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FOREWORD

This document is a machine translation of Russian
text vhich has been processed by the AN/GSQ-16(XW-2)
Machine Translator, owned and opereated by the United
Utates Arr Force. The machine cutput has been fully
post-edited. Ambiguity of meaning, vwords missing from
the machine's dictionury, and words out of the context
of meaning have been correctrad. The sentence word
order has beeu rearranged for readability due. to the
fact that Russian sentence structure does not follow
the English sublect-verb-predicate sentence structure.
The fact of translation does not guarantee editoriel
accuracy, nor does it indicate USAF approval or dis-

approval of the materiul translated.
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EFF=sCT CF FunmM Orf SaCT oitl MAGALINE ON URILLING

M, A, Chorikashvili

(North Caucasus “inine and Metallursical Institnute,
Facuitv of Srecial .ec-ure Courses on Mirirng.)

In shot drillaing one of the factors influencing the drill-
ing rate is the form of the bit masazine surplving shot *to the
face. There is as vet nocorman viewpoint as to what should be
the form of the shet bit magazine and how this form denends on
the drilling and overating conditions.

The most diverse forms of shot bit magszines exist. In
vractice square-edged and the triangular types are used, being
the simvler, althourh they are not the most nrofitatle.

In the process of drilling the bit magazine fulfills the
role of feeder, i.e., assures the striking of the shot on the
working face of the bit. In addition, a large portion of the
washing liguid entering the columnar annular space passes through the
magazine. Increase ir magazine width establishes favorable con-
ditions for retention of thLe shot between the bit face and the
rock face due to decreasea effect on the shot on the outzoing
stream of washing liquid, and, at relatively low revolutions per
minute of the drilling shell, leads to a reduction in the drill-
ing rate due to the decreased working area of the bit face.
Therefore, the magazine should be of such a shave which would
permit the most intensive entrance of the shot under the bit face,
and its dimensions would assure stability in verformance and a
maximum driliing rate.

It is also necessary to take into account that with in-
creasing perfermance the tody of the bit wears out as to height,
but the magazine changes its own form and size. This last fact
adversely affects drilling productivity. Thus, for instance, as
wear increases in the tit with a triangular magazine its working
area (its face) is increased, and the specific vressure decreased.




Po sustain the required specific pressure it is necessary gradual-
ly in the course of urilling to increase the axial force on the
rock face. However, the adjustment of specific vressure with
specific accuracy is difficult to achieve, since a frequent

change of load adversely affects the drilling rate, Accordingly,
the triangular form of the magazine, which had been recommended

by S. A. Volkov, V. M. Soltysh /1,2/ and other investizators has
lately been increasingly replaced by the square-edged magazine.
Such a magazine has both a parallel axis (straight arm) as well

as an axis inclined to the bit axis.

N. I. Blinov /3/ has suggested a right-angled magazine
positioned parallel to the axis of the bit, 150-200 mm in height,
and with a width equal to 1/4 -~ 1/8 of the length of the circum-
ierence. He however has noted that at the identical specific
pressure and peripheral velocity an increase in the magazine width
produces a slowdown in drilling rate. However, he does not pre-
sent the magazine width as definite functions of the drilling
parzmeters in his studies.

In a manual /4/ it is recommended that the shot bits with
an arc-shaved magazine of constant cross section be used, suggested
by A. N. Kirsanov /3/. In the same source (Table 201, vage 332)
are offered specific verivheral velocities of shot bit rotation
depending on the category of the ores being drilled. And in addi-
tion, the peripheral rates of bit rotaticn aopear to decrease with
increase in ore category.

The width of the magazine is selected as constent and egual
to 1/4 - 1/5 of the lensth of the external bit circumferapce. At
the same time, as results of experimental studies of mary investi-
gators have shown (I. A. Ostroushrxo, L. A. Shrevner, S. A. Volkov,
V. M. Soltysh, A. . hirsanov, etc.) the drilling rate increases
with increase in the revolutions ver minute of the borine shell,
and consequently also with increase in perivheral velocity. A
greater working area of the shot bit face also entails increase in
drilling rate. If this is so, then the width of the shot bit
magazine in our opinion devends on the perivheral velccity of
rotation.

When Jeep geological survey holes are drilled, when the
durability of the boring instrument does not permit high rates of
rotation of the poring snell, in practice it is usual to use stani-
ard snot bits with wide magazines that lowers the drilling rate
significantly.

I. A. OUstroushke correctly points out that when a steady
feed shot is suovnlied to the inteinal annular space of the bit it
is possible to successfully drill even without a magazine /6/.

Since the selection of the optimel forms and dimensions,
depending on the cperating conditions, is of significant vnracticai
and theoretical interasst, during 1G61-1962 a sevies of exveriments




wag conducted non the boring stand of the horth Caucasus Miring
and Metallurgical lIn=stitute using bits of various forms and maga-
zine sizes. During the course of sxneriments in drilling into
ores of catecory IX bits with triangular, trapezoidal, and ricght-
angled (parallel to the axis) magazines were used, and a right-
ansled incline (at various angles to the face) magazines as well.

Durinz the laboratory exveriments the_snecifi: pressure
for all the bits was held constant (35 ke/cm?). The marszine
width during comparative tests varied and was equal to 1/3, 1/4,
1/5, 1/6 and 1/8 of the circumference. 411 the bits had the same
diameter, equal to 91 mm. Drilling was carried out using steel
shot--chovped straw /sechka/ 3.5 mm in size.

Studies revealed that the best choice is the inclined mag-
azine which has a constant right-argled cross section, nroviding
good feeding of the shot at relatively high veripheral velocities
of the bit rotation (Table 1). This nhenomenon anparently is due
to the fact that the slove of the incident side of the magazine
favors direction of the shot to the face part of the bit.

Since the shot bit when functioring constantly changes its
center of rotation, and its rotation rate is hicher than the sveed
of the peliets alons the circumference, the leading side of the
magazine will capture the vellets.

#hen a direct-line magazine is used, the pellet colliding
with the edge of the leading side of the magazine has a high
probability of striking again in the radial clearance between the
bit and the wall of the slit, while with an inclined magazine the
pellet will head downward in the direction of the bit face, insur-
ing the best supply of shot to the face as compnared with the di-
rect-line magazine. 1In drilling it is necessary that the shot be
always on the face of the well. This condition is observed for
limited washing (with a feed rate uo to 1.0 m per one cm of the
bit diameter) and low verioheral velocities of shot bit rotation

< 6.6 m/sec.

3ut to attain high vassage rates drilling must be carried
out under forced conditions, i.e., at high nerirheral velocities
of bit rotation, high specific oressure, and intensive washing.
Under such cnnditions, the pellets between the bit and the wall
are moved by centrifugzal forces (in exiting from under the face)
and with rotation of the washing liquid lagging somewhat from the
bit.

It is logical to assume that the form of the magazine will
pe the most acceptable if it affords prolonged, at definite drill-
ing conditions, residence of the shot in the magazine slits, i.e.,
during its fall the shot is found between its front and rear
edges, but the trajectory of tne fall of the shct does nct have to
cross the trajectories of all the noints of the leading edge of
the magazine. Thus, preceding from these conditions it is possi-
ble to establish a relationship between the form of the magazine




Results of Laboratory Tests of Bits from Haga- Table 1
23835 oi Seversl Shapes and Widths. Drilling Done on Rocks of
Category IX with the ZIF-300 Rig at about 700_rpm. Water
Rate = 20 li/min. Specific Pressure = 35 kg/caZ.
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Legend to Table 1: a) Form of magazine; b) Width of magazire;

¢) Drilling rate (in mm/min) at the peripheral velocitiss listed,
m/sec; d) Wear of bit in height, mm/linear meter; e) Possible
passage per run when magazine is worn im height from 160 to 10
sm, meters; f) Triangular magazine; g) Ag above; n) Trapezoidal
magazine; i) Square-anglesd magazine; j) Inclined wagazins.

and drilling conditions.

Let us ceonsider the movement of pellets occurring in the
bit magazine. The pellet is under the influence of several forces.
Gravity causes the fall of the vellet at defirite velocity, which
can be determined by the Rittinger /7/ formula

r

’ 3(1' o 1‘
U=t} ——= .
&
i}
G!QU:(”
where U = rate of pellet drov, cm/sec;
K, = coefficient of shet form;
§ = average diemeter of shot, omg

specific sravity of the shot material;

« = soecific gravity of the washing liquid.

Howevar, the ascending flow of the washing stream moves at
the velocity

53 =
i

where Q = pumpy productivity, cm3/sec;
F = area of annular bit well walls.

Then, the drooping velocity cf the shot decreases to the
value C = ¥ -~ S.

Under steady-state driiling conditions shot hittinz the
mazazine will advance dowaward at a constant velocity.

The washing liquid in the bhore hole Jue to the influence of
the revelving bit, is ziven, simulteneously with a translational
movement a movement along its circumference, 2nd carries away the
shot in the magazine at a peripheral velocity of w, The perivheral
velocity of the shot will depend on the visceg:ity of the liquid,
the kind of flow motion, the form of the shot, and the rotation
rate of the bit itself. At certain operating conditions the veri-
pheral velocity of the shot as an approximste function can be rep-
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resented as follows:

w=Kuv,,
(b,

where K = variable coefficient taking the above factors into
account (K << 1);
Ux= Dberipheral velocity of bit rotation.

Based on the foregoing, the trajectory of shot motion in
the magazine can be aporoximately represented as the inclined
line AB (tig1 coinciding with the direction of the resultant ve-
locitye.

From Fig. 1 it is clear that the shot A when falling will
be in the magazine only for the case in which any voint of its
trajectory does not emerge beyond ithe limits of the cut.

Fig. 1. Scheme of movement of shot in the bit
magazine.

Let us consider the combined position of the shot A and the
cuts of the mi:gazine over a certain interval of time t. If for
simplicity of calculatirn we take t = 1 sec, then the shot will
appear at point P, after this interval of time. The leading edge
of the magazine HH shifts to the positioen HyH;. To observe the
condition of mutual movement of shot and cut }Fig. 1) it is neces-
sary that the shift along the periphery of the point N of the lead-
ing edge of the magazine not exceed a certain value, In 1 second
the point N moves tec the point N; where NN, = vy, In Fig. 1 NN, =
BD. Then the condition for shot being always in the magazine




slots can be expressed mathematically by

(1)
BE+ ENl < v,;
(4.1

but BC = w and from &\ AZD ED = ‘ After substitution

of the corresponding values in equatlon l) we have

w-*-C¢tg"’ ::’5)“'
k!
{ _v‘(l—K)
and since w = Kvi, Kvj + C'tg y = v, - Hence E1=—¢ -

The function derived allows us to see that the angle of
inclination of the magazine slits to the bit axis is directly
proportional to the perinheral velocity of rotation and inversely
vroportional to the falling velocity of the shot.

Tnus, with increase in the number of revolutions per minute
of the boring shell, the angle of inclination of the leading edge
of the magazine should decrease, since T = 90 - p s 1.2., the
angle f must be different for the various rotation rates, other
conditions being equal.

For verification, a series of exveriments were performed
using bits with various anzles of inclination (90°, 65°, and 45°)
of the leading side of a magazine of rizht-angled cross section
(rig. 2). ith increase in the number of revolutions per minute
of the boring shell from 30 to 140 rom, a signficant difference
in the drilling rate for bits at various angles of inclination
of the leading side of the magazine was not observed. And with
further increase in the number of revolutions ner minute in the
drilling rate the difference in the drilling rates was clearly
revealed. For bits with é = 65° an increase i the drllllng rate
was observed (at n = 378 rpm) as comrared with b1t= with S5 = 90°
amounting to 40%, and to 27% for bits w1th 6 Thus, tne
best suitable argle of inclination is 65°

Since operations under laboratory conditions are close to
those observed in vractice, it is vosgible to recommend for vprac-
tical use magazines with an angle of inclinatiocn of the incident
edge to the face equal to 65°. Here, the ontimal dimensicus of
the magazine width as a function of the peripheral velocit, and

the bit are as follows:

04— 0,6 wfsec §rD;

0,61—0,8 x/sec é- =D; 0,81 — 1,2 Mfsec -;; =D; 1,21 —16 M sec —: =D;
1,6 ajsec -} =D,




6 st e i

2F y
(X

1
%3 87 x
(b) obmun

Figure 2. Mechanical drilling rate (in cm/hr)
as a function of the rpm of the drilling
shell (rpm) for different slopes P of the
leading edge of the magazine. The bit
diameter = 91 mm, magazine width = 0.2 5 D.
LEGEND: a) cm/kr; b) rpa

The magazine dimensions suggested refer only to bits with a flat
working face and an outer diameter equal to G1 mm,

The height of the magazine, in our ovinion, must be chosen
as related to the category of the ores being drilled. From the
results of industrial tests (Table 2) it is clear how the bit wear
with height increases and the passage per run decreases as a func-
tion of the category of ores drilled. Therefore, in drilling ores
of category IX and higher shot bits with a magazine height of 200
mm should be used. Here the length of the run should be increased
significantly. And when drilling ores of categories lower than
IX a magazine height of 160 mm fully insures normal passage after
the run,

The investigations conducted with bits of various magazine
widths confirmed the relationship that with increase in working
area of the face the drilling rate rises (Cf. Table 1). This ef-
fect, in our opinion, is explained by the fact that with decrease
in magazine width the area of the face increases, i.e., and the
number of simultaneously effective shot and duration of contact
of the bit with the shot is increased.




TABLE 2

Results of production tests of bits for various forms of

magazines,
(1)
(b} (c¢) (d.) (e) ?—.:, (&)
Sg g2 2 [ES
(a) o z = g;lgi
¢ | 2%
$opua maramna ;5, : 2 : g 2 F gd §" TMpnsevanne
«X 0| Zex [ oF g8
2elge| 2. | 2&l €3
e | & | ESEE |22 1 22
o |Emj auzx —=s:2=
! | 23] 4 |51} 6] 7
(1) NMopoawm VI xateropun
(h) Tpeyroanuas 47 4.5 0.96 135 | 29 P (-)':.‘30 :‘z, xgwg':cn’liaa
CKOPOCTH  KOPOUK
(i) Tpancuucnunanas 43 44 102 {8 |27 Lxx{anummmaumm
- -~ =D, ray XH3-
(3) Npavoyroavnas il ocu 45 356 0.51 73.4] 20,4 {35 "[20”‘6:':"3 CKH
#unu 190 . Cranox
(k) Hanaonnas l 425 | 49 116 9221 189 3HP-670-A
(m) Nopoaw IX kateropnu
(h) Tpestoannas 576 12448 013 1291 52 Jp 30 k0 e’ oxpyaiw
. _ CROPOCTE ROPOITRI
(1) Tpancisenn wasn 343 1255 0.4 125 061 v o upens saa-
b P e
(j) Opavoyroawnan ‘ocu | 536 1220 | 041 90 | 41 =D, r-’}(""::“‘""
. whn 370 . TaNoK
(k) Hakacnuas 555 12721 049 [[DARCR L 3P 12007
(n) Nopoaw X xareropnu
(h) Tpcer.’H;HaR 564 | 0,76 0,135 74 a8 p = 35 ae -‘,.‘,? . ORPY®HIA
S CKOPOCTH  BPANICHIS KO-
(i) Tpanewennanas 537 [ 079 1 0147 | 728 | 92 lnoukn 061 A cox. Wnpu-
i _ Gsi-
(J ) Tpavovroasuas ! ocu 554 1072 0,13 63.4 | 8% [ua marasmua ﬁ...D, rayGOu
- - . Ha ckBaxRnnE 440 .
(k) Hakaounas 557 | 0,87 0,156 1 69 ] 80 Cranox 3UP-1200A

LEGEND: a) Form of magazine; b) Time of straight drilling,

hr; c) Passage per run, meters; d) Machanical drilling
rate, m/hr; e) Wear on bit per run, mm; f) Wear on bit
in beight, mm/linear meter; g) Remarks; h) Triangular;
i) Trapezsidal; j) Rectangular, parallel axes; k) In-
clined; 1) Category VIII rocks; m) Category IX rocks;

n) Category X rocks; o) P = 550 kg/peripheral bit velocity
= 1.3 m/sec. Magazine width 1/5 D, well Gepth = 190 =m.
Rig -~ ZIF-650A; p) ; = 30 kg/cm®, peripheral velocity
of bit -~ 0.61 m/sec. Magazine width 1/6 5D, well depth
- 370 m. Rig ZIF-1200A; q) p = 5 kg/cm®, peripheral
velocity of bit rotation - 0.61 m/sac. Magazine width
1/6 5D, well depth - 440 m. Rig ZIF-1200A.

(o)

(p)

(q)
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CONCLUSIONS

l. Bits with inclined magarine of constant cross section

have the best boring qualitiss compared to other forms of nmaga-

gines.

The angle of inclination of the magazine slots depends on

the peripheral velocity of the bit.

2. The width of the shot bit magazine must be selected in

relationship to its peripheral velocity, but the height--as a
function of the category of ores drilled within the 160-200 am
limits.

1.

2.
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LeVeEL RENCH IN /nE SY3TeM OF LAYER CAVING
Ye. I. Bakhrushin

(Morth Caucasus Mining and Metallursgical Institute,
Faculty of the Exnloitation of Mireral Deposits.)

(Article written under the supervision of
Prof. N. S. Demin.)

The system of layer caving has several advantages over
other systems of exploitation, which consists of its high extrac-
tion rate and low impoverishment of ore, relative fire-safety,
etc. However, this system is characterized by several shortcom-
ings, the chief of which is the low vproductivity of the face work-
er, The main reasons for this lower productivity are the addi-
tional amounts of labor spent in secondary scraping of broken ore,
which represents 15 - 204 of the tetal outlays in working the
blocke.

In 1939-1940 a variant was nrooosed using as the stope a
level open-cut trench. This trench, extended to the height of
the block, completely removed the necessity of double scraping of
broken ore, imoroved the working conditions of the scraper winch
in the washed layer and assured continuity in cleaning operations
in the transition from the overlying layer to the underlyving. The
correctness of the direction chosen in the designing of the laver
stoping system was entirely confirmed by experimental studies con~
ducted on several copper-pyritemines of the Urals and Zolotushin-
skiy Polymetallic Mines. The intensity of block working here was
130-140 tons ver 24 hours, which exceeded by approximately two
fold the twenty-four hour output at the existing method of block
exploitation with accumulated workings, The vroductivity of the
face worker in the system of layer caving using the level trench
was 3,5-4.5 m’ per shift, or 30-35% higher than the previously
applied variants. 1In particular blocks the face worker productiv-
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ity rose to 7.0 m> per shift /1,2/. Thus, one of the essential
advantages of the level trench is the high labor productivity as
the trench is being dug through.

However, in spite of the fact that calculations confirmed
the economic value of using level trenches at an angle of incidence
of ore deposits as high as 30% /3/, they have thus far not found
broad use in practice. The aovplication of the variant of the
layer stoping system with level trench in the mines of the country
is purely random. Thus, for 19562 not a single block was worked
~vith level trenches at the mines Zolotushinskiy and Jegtyarskiy
by the mine managements. This is explained mainly by the fact
that the method of bracing level trenches has until now been in-
sufficiently developed. When applied to the mine "III Internats-
ional" the methcd of supporting the trenches with a crib proved
to be a failure. Due to the difficulty in disassembling the arrays
of crib at the working layer, in most cases they were left in the
worked out spaces., As a result, under the pressure of the caved
country rock,crushing of the underlying arrays of trench support
occurred. Moreover, the arrays of supports left in the caved
space frequently led to accidents in the block.

The use of level trenches was practiced at the Zolotushin-
skiy mine entirely without! bracing. The role of the crib in this
case was played by the trench-stored ore which was exposed as the
layers were worked. However, in spite of the stability of the
ore, in this case rupture in the trench walls were observed that
hampered further cleaning of the excavation area.

At different times methods for bracing the level trenches
with square lining, metallic and reinforced concrete crib have
been proposed, however the methods found no nractical use because
of their complexity and laboriousness.

One of the reasons for the limited acceptance cf the level
trenches in the practice of the layer caving system is their
limited discussion and popularization in scientific and technical
literature. Therefore, we believe it imvortant in this article
once again to dwell on this question, considering mainly the method
of bracing the trench.

Bracing of level trenches should satisfy the following main
requirements: sustaining of the lateral vressure of the trench
walls with a 1.5-2-fold strength margin; to be simple in manufac-
ture, installation, and disassembly.

For the proper selection of the form and design of the
level trench supports approximate calculations of rock pressure on
its crib will be carried out. For this vurpose we used the cata
of Prof. R. M. Tsimbarevich /4, page 67/, which defines the lateral
pressure on the excavation wall as the value of the effective pres-
sure on the sugporting wall of the slipping prism klm loaded from
above (Fig. 1). The height of the prism in this case is equal to
the height of the trench, and the slipping angle of the prism

N
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FIGURE 1. Scheme by which rock pressure on the crib of the level trench
is determined.

-]
h= X3
2 14
where = angle of internal rock resistance, degrees.
The value of the effective pressure on the side of the
slipping prism ver linear meter of trench length is

. 290°-3
R o= 2k, + k)b g =2

where R = effective pressure on the side of the sli»ping prism,
ton/m;

Y» weight by volume of the ore in which the trench was

’ cut, ton/mJ;

N. = height of the vrism loaded from above, reduced to the
weight by volume of the ore ‘Y y M3

h trench height, m.
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In turn, the quantaty

atoh. g 507 z%
oo Ju. 2
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where 7Y = weight by volume of the caved reck, tons/m;
{8 half width of trench, m;
e‘ angle of internal frictiom of caved rock, degrees.
Values of effective preassure per 1 »° trench applied tc
center of gravity of the trapezium in the stress-strain diagram

R
P=

o8 u

Let us determine the values of the effective pressure per
1 m? of trench wall as a function of ore thickness under the fol=
lowing conditions: trench height = 45 m; trench width = 1.6 m;
weight by volume of ore = 3.8 tons/m’; weight by volume of caved
rock = 2.C tons/m3; angle of internal friction ef caved rock =
22M"15¢,

The results of the calculations are presented in theztable
and cdepicted in Fig. 2. As we can see, the pressure on 1 m° of

trench well is a very small quantity even under lean ore condi-
tions.
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FIGURE 2, Pressure on crib of layer trench as a functior of
thickness f of the rock. Cross-hatched portion = regica of 5
rational use of the layer caving system. LEGEND: a) P, %/z°.

The stress-strain diagram in Fig. 1 reveals an increase in
the load at the trench base, but even a maximum load at_the level
of the haulage horizon does not exceed 1.C - 1.5 tons/m“. For
cogparison we will determine the vermissible load on a crose trac-
ing using the formula suggested by Prof. R. M, Tsimbarevich /4,
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paze 237/ for mining cribs

n = permissibtle load on crouss hracing. ke

p = critical comnression stress, kg/cm®; 5
F = area of cross bracin: cross-section, cm”;
r = s~fety factor (k = 1.5 - 2).

The critical comrression stress is

99 5
S, :_0 1La -
Lers L)

lenzth of cross oracing, cm:
radius of inertia, wnich for a circular cross <ection
is taken eaual w0 d/u;
¢ = i1iameter of cross bracing, cm.

If we take = 15/w,= 3.75, Cxp = 220 - 1.% {(160/275) =
156 kg/cma, and F = 177 cm”, then th» nermissible load on the cross
oracing is p = 13 tons.

It is natural that with such @ relationship of the actual
and permissible loads on the cross bracing, the use of cortinuous
cribs for reinforcing the level trench can by no means be justified.
As it is known, the use of this form of suvvort is advisable under
conditions of intense rock nressure. Under conditions we are con-
sidering, when even for low ore thickness the pressure on 1lm of
trench is less than 1/8 of the permissible pressure of the cross
bracing, the use of cribbing will inevitablyv entail much extra
outlay in labor and mine timber, but alsc, as was indicated zabove,
will lead to additional complications in block working. Therefore,
we believe that cribbing is not vpractical in supvorting level
trenches and cannot be recommended for vractical use in the system
of layer stoping.

When we consider the relative simplicity in the raising of
peam supports, we cannat avoid dwelling on the Juestion of the
possitility of its use in bracirz srench walls., From Fig., 1 it
is clezr that beam cribning can resict pressure from the side of
the slioping prism only in the case when tihe lock of the beam
emerges beyond the slipping line km. To obvserve this condition
the average length of the beam must lie within the limits of 3 m,
and for the first layers excavated -- 6 m. It is natural that
bracing of walls by beams of such lensth for a trench with 1.6 m
will prove to be wholly imnossible. Thus, tke beam cribbing can
be used only in bracing separate local breakdowns in the trench
walls,

where jf
i

[+ IRV}

con e




P

P.ls

BRI

[V 4

In bracing level trenches under conditions of low rock
pressure we believe it possible to use a cross bracing with wooden
frames, The distances between the frames in the vertical row is
1 m, judging from the normal height of measuring tape. The dis-
tance between the supports of one frame is teken as 2 m. The
frames forming ore chute sections of the trench are strenghthened
with additional supports in order to prevent breakthrough of the
ore, and are covered from within and without by boards. The dis-
tanc¢ opetween the ore chute sections is taken as equal to é m
(Fig. 3). In this case, the largest area per single stand is 3.3
m~ and the pressure on it at a thickness coefficient 4 according
to the scale of Prof. M. M. Protod'yakonov is equal to 4-6 tons,
which is considerably below the permissible. Ac we can see, such
a form of bracing proves to be reliable erough under level trench
conditions and is the simvleet and most feasible,

TABLE
ssure Per One m2 of Trench Wall as a Function of Ore Thickness
(c)
(a)] (b) llasacune #a crenxy
g Tpaniney, m

4 (d)ya | (e),

1 nor.xl va 1 a”
4 & 36,2 0.50
7 |82°30° 1856 0.41
12 Infly 113 0,25
e 852 9.0 0.20

|

LEGEND: a) f, thickness; b) angle of internal friction of caved rock;

c) prgssure on trench wall, tons; d) per one running liter; e) per one

meter

Cutting of the *rench is done by the usual method accord-
ing to the diagram with the storing of broken ore (Fig. 4). To
protect the cross cut of the haulage horizon, a pillar 2.5 m high
is left above it, through which 6 m of ore-recovery ramps are cut.

In the cutting one should give special attention to produc-
ing smooth trench walls unbroken by the effects of explosion,

This can be achieved bv a certain increase in the numver of shap-
ing blast holes with a simultaneous decrease in the weight of
charge in each blast hole. For this purvrose the horizontal loca-
tion of blast heles in the face of the broken layer is recommended.
It is natural that this will result in a certain lowering of the
labor productivity in the cutting of the trench. However, one
should remember that the trench is not a cleaning face (although
it resembles such), and in this case a lowered productivity will
be justified by the high reliability of trench use during the en-

- 16 -
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FICURE 3. Design of level trench crib. LEGEND: &) Section 11i-11I1;
b) Section I-I; c¢) Protective shelf; d) Tramming level; e) Section II-
I1I; f) Ore chutes

tire neriod of the block wnorking.

Drilling is carried out by snuads of workers pogitioned on
the cross bracing supvorts shielded tv a protective shelf. During
operations it is necessary to regularly check the verticalness of
the trench walls with a »nlumb. The bracing of the trench is car-
ried cut as it is being cut. The crib elements of necessary sizes
are orevared at the surface. Assembling the c»oss bracing i th
the surporting oeam (which in this case is understood to be the
vertical element in the crib frame) is done on the one hand "in
mortise! and on the other--'"in corral', The verticalness of the
crib installation is checked by a rlumb line,

when the trench is being cut its extreme section is equinned
as the passageway ard is used for access to the main haulage hori-
zon, The ore broken in the cutting of the trerch remains stored

- 17 -
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General scheme oif passages of level trench

and receives some of the pressure from the trench walls. As the
layers are worked the excesses of this ore are sent through the
ore-recovery sections.

The provosed metrod of bracing was tested in the working
of molybdenum veins at the Daveniinskiy denosit using the system
of stored ore and cross brscing, and the methodcompletely justified
itself /5/.

Let us determine the productivity of the face worker in the
cutting of the trench. For this w~e will use the well known for-

mula .
1
R e
o(syp ) Onp
/:ablw'l)) (ot mreg”
where g = productivity of face worker in cuttinz the trenches,
~ tons/shift;
Y¢4p = productivity of drillman, tons/shift;
(w, = productivity of timberer, tons/shift.
Using Ehe numerical data in /6/: =¢,, = 29.6 tons per shift,
Q‘P = 166.0 tons ver shift, productivity of face worker is found




to be 2.55 tons ver -rhift.

The actual rroluctivity will be somewhat lcwer due to the
restricted cross section of the fzce and the incressed number of
spurs, Taking the reduction ar rroductivity tentatively as 15%,
we obtain a productivity of the face worker in cutting the trerch
of 21.3 tons per shift, which is more than twice as hish as in
the cuttinz of accumulat.ng workings.

Conclusions.

1. The reinforcing method of level trenches using cribbing
applied earlier under low rock pressure conditions is plainlv un-
advisable.

2. The beam bracing of the trench walls cannot be reccmmend-
ed since it is not sensitive to the load of the slinning »rism.

3. Cross bracing in the variation n»nrovosed is a fully reli-
able form of level trench cribbing.
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THERMAL CALCULATIONS uF LOCAL COOLING OF AIR IN
CLEANING FACsS USING MOBILE AIR CUNDITIONERS

3. V. Duganov and V. N. Kukharev

(Dneprovetrovsk Mining Institute,
Faculty of Mine Ventilation.)

Stemming from the increased depth of mining operations in
several metal mines, as for examrle, at the Sadonskiy volymetallic
pits, a need has arisen to regulate the thermal conditions in
cleaning and preparatory faces. (ne of the most effective and
universal methods of such control is the use of artificial cool-
ing of fire damp by means of mine refrigerating equivment.

However, this method is best applied only in the case when
further increase in volume and flow of the air entering the work-
ings becomes economically unprofitable, or when the measures do
not achieve the required effect -f cocling the mine atmosvhere,

In several cases, natural sources of cold have been used with
success in cooling fire damv, as for instance, the air-cooling in-
stallation Sadonskiy pit, working on the basis of the cold melted
waters of glaciers /1/.

Analysis of the methods and means for conditioning fire
damp used in mines of the USSR and abroad shows that in the
great majority of cases the most economic method is the local
cooling scueme using underground refrigerating installations /2/.
Scientific studies conducted by the Dnepropetrovsk Mining Institute
/Dnepropetrovskiy gornyy institut; DGI) revealed that in a large
number of cases the cooling air enteringz to air out the cleaning
faces (blocks, lava, chambers) can be expeditiously produced by
mobile refrigerating installations (mine conditioners) of KPSh
type, of the Dongiprouglemash design /5/. These installations are
used for lowering the air temverature in the faces of preliminary
workings, but as proven by calculations and materials of mining
measurements, tney can be successfully avplied also in cleaning
faces of metallic pits and coal mines.




Use of the mine mobile conditioners is envisaged, for ex-
amvle, in cooling air at deep levels of the Sadonskiy mine, where
the potenticsl reserve of a natural source of cold in melted
11cier waters will be insufficient. Studies in this direction
were conducted in the Sadonskiy mine by DGI in 1962. A similar
scheme of fire damp conditioning in cleaning faces (lavas) is
also olanned by the Institute Dneorogiproshakht for the mines imeni
Avtem, imeni Dzerzhinskiy, and others in the Tsentral'nyy Rayon
of the Jonets Basin /2/.

The scheme of local conditioning using mobile conditioners
has significart advantages as comvnared with the central and seri-
cantral scheme of the distribution of refrigerating installations
in mines which have z great dispersion of =ining overations, sirnce
in the use of =obils corditioners the necessity cof carrying out
ventilation diggings is eliminated-~for collectors used in the
concertrated suppty of air to the cleaning faces of several blocks
(recovery sections).

The essentials of the scheme of local conoling of firedamn
mobile conditioners consists of the following. A conditioner is
placed in a broadened 2rea of the haulage drift near a cleaning
block (Fig.) and as the cleaning face continues to be advanced to
more than 15C m away, the conditioner is shifted to a closer loca-

tion.
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FIGURE. Design scheme for air cooling in a cleaning face. LEGEND:
a) Moveable air conditioner; b) To cleaning face; c) Hot air;
d) Cooled air; e) Mixture of hot and cooled air

-

For a smaller change in distance from conditioner to tne
face the lenzth of airline throush which the cool air vnasses to
the cleaning block or longwall is extended. COCnly part of the air
admitted to the face is cooled (namely the portion ~hich passes
through its air cooler), and is comvressed by ar auxiliary fan
through the flexible airline to the lower part of the blind pit of
the block or the recovery furnace of the longwall., Then the cooled
air is mixed with its incooled part so that the temverature of the
air mixture corresponds to the given air temperature at the face.

- 21 -
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The authors of this article have developed a method for cal-
culating the required cold-productivity of the installation for
local cooling of air, taking into account the variation of para-
meters of the ventilation stream as various factors act on it,
which should above all include: difference in temperatures of the
rock massiv and the ventilation stream; heat emission in the func-
tioning of the equipment; heat exchange between the cooled and un-
cooled air; heat increases due to friction of the air in the pipes;
heat emission in the overation of the fan and from other sources.
The method of calculation is marked by simnlicity and fully satis-
fies the requirements of accuracy in engineering calculations.

The cold-productivity of the installation 3, is determined
from the formula

Qu= th ”l - i'l) ' (l)
H: ~.0)

ziven 1uantity of air subject to cooling in the con-
ditioner, kg/hr (usually 6000-10,000 kg/hr);
enthalpy of the air before and after cooling, corre-
sponding to the temperatures t; and tp, Filocalories/
kg
temperature of air in the stope in front of the air
cooler, determined by the method of direct thermal
calculation, © C /2/;
temperature of cooled air upon leaving the conditioner,
o
c.
The value of t, can pe calculated from the following exvression:

where GTF

2' ond 11

£,

t;

t_,=f3-.\L_t”_)——AIw——.\f,_°, (2)
an e ey ""’". hewh eV
where t3 = air temperature at end of airline, °c;
‘At&y = increase in temperature of firedamp in the fan, °C;
Oty = increase in temperature due to friction of air against

the walls of the airline, ©C;

At = increzse in temperature due to heat exchange between
the cooled air in the pipeline and the uncooled air
in the stope, °C.

The temperature of the air t, entering into exvression (2)
18 tound from the heat balance equation
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total amount of air admitted for ventilaticn of the
tongwall (cieaning block), kg/hr;
iz = amount of air passing through the stcpe {bynassing
the conditioner), kg/hr;
tew = temverature of the mixture of air cooled in the c¢en-
ditioner and admitted for ventilation of the clean-
ing fece; determined by the method of inverse ther-
mal calculations /2/, the temperature arplicable to
conditions of the Sadonskiy mine is taken as egqual
to +25° C;
*a = tem-erature of air in stone (before mixing) /See
lote/, °C.
(/Note/ The air :temrerature in the excavations ventilatea
for unz to one year was determined by thermal calculations using
the method of C. A. Kremnev /2/, while for excavations in which the
length of the ventilation pipeline was short (un to 25 m), is taken
as equal to tl.)
The increase in temrerature A te of the air in the fan
is determined by the formulas /3/: Y
For axial fans

where G.“

at, =98%('”‘)10‘3+ 7.5H, - 107,
{ St

For centrifugal fans

N - .3
"\1'-) = 9-8 gA(—'IL - ])l() 3+ 7'5 Hu - 10 ’
(»—‘-.‘)
where H = total pressure of the fan, mmHa0:
Y = specific gravity of the air, kg/cm>;
H., = static pressure of ine fan, ma/ag;

nn




7N = overall efficiency of fan;
o™ efficiency of electric motor.
he increase in air temperature due to friction against the
wails of the airline is about one degree and can be calculated
from the formula

860 R, v*
Atw= BU!XWIHC? L, (3)
where Ry = resistance of 1 linear meter of airline, kg'gecz/mB;
1~ = amount of air passing through_the airline, m /sec;
Y = specific gravity of air, kg/m>;

/ length of airline, m.

The quantity At,{, calculated according to formula (3) has
some additional value in the air temperature increase, since here
the cooling action of air seeping through the leakages in the air-
line connections. However, the error in this case does not exceed
5%, which is quite permissible for ventilation calculations,

The increase in temperature due to heat exchange between the
cool air in the pipeline and the uncooled air in the workings is
determined by the formula

At =f',v_f_(‘l+’-_ bt
0" Gpcp 2 2 *

where F—r? = heat-transfer surface of airline, m2;

K = heat-transfer coefficient frgm the wall of the air-
line tc air, kilocalories/m“<hr+deg (taken from
handbook data in special literature, for example,
/4/, etc.);

t's = ts + Atg -~ air temperature in airline after pass-

ing through the fan, °C,
Placing the values of the quantities obtained ts, A tgy
At"P y and Aty in formula (2) and carrying out simple trans-
formations, we obtain the final formula for determination of air
temperature after passage through the air cooler

! '
132'3—_'5[‘3(17‘53‘“5( L+ L) —AaL,|—ag,

F x
where o= TP .
¢ & 7G,,C,
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If the value of calculated by formula (1) exceeds the
cold-productivity of 1 XPSh conditioner (Qq * 90,000 kcal/hour),
then in this case coupled operation of two ccnditioners on a
single air conduit can be carried out; here a series of parallel
scheme of conditioner operation is possible.

Under otherwise equal conditions preference must be given
to the scheme with parallel arrangement of conditioners, since
in this case the aerodynamic drag of the installations and the
extent of air cocling is considerably reduced, compared with the
series operation of conditioners.,

The series performance of conditioners can be recommended
for a re]atlvely small amount of air entering the cleaning face
(2.5 - 4,0 m /sec) and in the presence of a higher high-pressure
auxiliary fan.
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APPLICATION OF THE TEMPLATE AMD 2.0 FOR TRAMNSFER OF
INDICATOR DIAGRAMS RECORDED BY THE MAI~2 INSTRUMENT
TO THE SYSTEM OF P-V COORDIKATES

N. M. Bsrannikov

Moscow Institute of Steel and Alloys,
Faculty of Mining Mechanization

The MAI-2 strobouscopic iudicator permits the recording,with
high accuracy, of indicator diagrams in investigating piston machines,
and in particular, piston compressors as the function of the angle of
rotation of the compressor crankshaft in the coordinates P - ¢
(Figure 1). For analysis of compressor operation it is necessary to
bave indicator diagrams in the coordinates pressure - stroke (P - V).
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FIGURE 1. Indicatorzdiagram of compressor in the ccordinates P - ¢ -
LEGEND: a) 1 kg/cm®; b) Atmospheric pressure line; c) Dead point

line; 4) Tfm,liﬁf the present article /See Note/ we consider the
question of how to reconstruct indicator diagrams recorded by the

MAI-2 instrument from P - ¢ coordinates to P - V coordinates using
specialiv prepared template and grid.

/ROTE/ Scientific leader, Professor V. I. Kiselev, (Doctor
of Technical Sciences).




For this, it is first of al) necessary to calculate the piston
displacement as the function of the angle of crankshaft rotation.
/See Notef. According to Figure 2, the piston displacement has the
function of angle of crankshaft rotation can be determined by the
formula U,
s=R[(l~cos;)-i-}.(l '/l -,.-sm'-;)],

where s = piston displacement, mm;
R = radius of crank, mu;
A = ratio of length of connecting rod to radius of
crank
@ = angle of rotation of crank, measured from upper dead point
in the direction of rotation;
L = length of connecting rod, mm.
TN FIGURE 2. Scheme of compressor

» 7 -'\\\ for determination of g8 = f (7).
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[ N ./

~

|

- §

(/NOTE/ B. G. I. Librovich, S. N. Poznyakov, Teplovozryye
dvigateli /Diesel Locomotive Engines/, ONTI, 1937.)

The piston displacement as & function of the angle crankshaft
rotation for the compressors most widely used in mining is shown on
the table.

Movement of Piston as a Function of Angle of
Rotation of Compressor Crankshaft

(a) ! {b) S, MM S, MU i
T 57 T . . By

2pa0 | 200R-108 | B-300-2K .:B-?fix' pas | o00B-10s | B-300-2K gm.

0 0 0 o | 1o | 1267 19100 | 33110

10 1.89 2,50 516 | 110 | 13530 206,70 | 39000
2 749 11,00 020 | 10 | 150949 2420 | 4590
30 16,54 2440 44.60 130 175.68 20,70 168,50
40 2860 1220 7790 | 110 | 18180 2700 | 48w
0 1312 6380 | 11650 | 150 | 1397 200 | 500
60 £9.49 8510 | 16100 | 10 | 1usi3 20090 | 5700
70 76.99 11100 | 20850 | 170 | 19583 29550 ] BI60
80 4,95 1000 | 2760 | 180 | 200009 30000 | 500
90 112,70 16750 | 30620 | — - - -

LEGEND: a) Degrees; b) mm

For reconstructicn of the indicator diagrams it is necessary
to prepare a template and grid. The template can be made most
conveniently from transparent organic glass 360 x 180 mm in size. The
template dimensions are determined by the diameter and width of the
indicator drum of the MAI~2 instrument. The diameter of the indicator
drum is prepared sc that its circumference is equal to 360 mm, i. e.,
each millimeter of the diagram corresponds to one degree of
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crankshaft rotation. The width of the indicator drum is 130mm. The
pattern is carried out as follows: Along its center (Figure 3) the
lines ab is drawn, then on both sides of it lincs are drawn at

equal intervels (K Figure 3, each 10°) parallel to lines ab all along
the template. The line I - I is drawn perpendicular to lines ab at

a distance of 10 mn from the lower margin of the template, and 70 mm
from line I ~ I line II - II is drawm.

The extension of two lines on the templats is dictated by the
following fact. The MAI-2 indicator is designed simultaneously to
record the disgram from the cylinder interior at the first and
second compression step in different scales. For diagrams recorded
from the cylinder interior at the first step a scale is used in which
the line of atmospheric pressure is spproximately $0 mm from the edge
of the diagram (see line of atmospheric pressure in § Figure 1), and
for diagrams recorded from cylinder interiors at the second step,
the atmospheric pressure line is locaied almost along the margia of
the disgram. Hence it is obvious that the template line I - I is
used in transferring diagraws from cylinder intericrs at the second
step, and line II - II im transferring diagrams from cylinder
interiors at the first step.

']
i
; FIGURE 3. Pattern for
rearranging diagram
from the P - ¢ co-
] - 11 ordinates to the P -
V coordinates.

-~

Here one should note that this template is useful in dealing
with indicator diagrams recorded from any piston compressor
irregardless of type and method of action. The grid, however, should
be prepared for each type of compressor studied. It is most
suitably made frou tracing paper. Tae comstruction of the grid
shown is suitable for the 200 B-10/8 compressor (Figuve 4). For
this ccapressor, according to the table, a stroke is 200 mm.
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FIGURE 4. Grid for rearrangiug the diagras from
P -7 coordinates to P - V coordinates.

Let us assume that we wish to have the length of the
indicator diagram in the P - V coordinates equal to 100 mm (scale in
reconstructing indicator diagrams from the P - ¢ coordinates to
P - V coordinates can be chosen by the experimenter as desired).

On a sheet of tracing paper (see Figure 4) we extent on the left the
vertical line cd, which will correspond to the position of the
piston at the upper dead point. Then from the line cd we draw a
second vertical line ek 100 mm to the right, which will correspond
to the position of the piston at the lower dead point. The inter-
mediace lines between cd and ek are drawn &t the base of the table,
reducing all values down to one half, since the total length of the
indicator diagram was selected to be less than one half of the
compressor stroke,

Measured off from line cd to the left is a distance
corresponding to the dead space of the cylinder (see Figure 4, line
hn). For the compressor in question the dead space amounts to 4&4%4.
Then, the extent of the dead space in the diagram scale is 100X
0.4 = 4mm., The lines I - I and II - 1I are plotted in exactly
the same way as was done on the template. Hence, the line I - I
will be used in transferring diagrams recorded from cylinder interiors
at the second step, and the lime II - II -- from cylinder interiors
at the first step. With this the plotting of the grid for the 200
B-10/8 compressoi is completed. X

Further on the sheet of paper on which we wish to record the
indicator diagram in P - V coordinates, we plot an axis of P - V
coordinates draw the &xis of P - V coordinates, and plot the
atmospheric pressure line (Figure 5). Then, we place the grid om
this sheet of paper so that the line hn coincides with the axis of
pressure P, and the line II - II with the line of atmospheric
pressure, if we are transferring a dxagrsm recorded from the cylinder
interior at the first step. In transferring disgrams recorded from
the cylinder interior at the second step, the line hn is combined
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with the axis of pressures P, and the atmospheric pressure line
with the line I - I.
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FIGURE 5. Indicator diagram of the conprosgor in P -V

coordinates. LEGEND: a) P, atm. or kg/cm“; b) line
of atmospheric pressure.
Transfer of the diagram is carried out as follows: On the

template superimposed on the diagram recorded measure the distance
from the atmospheric pressure line to its crossing with the process
line of the disgram (See Figure 1) and mark (perforate) this section
through the grid ontc the sheet of psper. Then using the measure
thus obtained sucgessively transfer all points of the diagram( in
our case every 10 ), the grid is removed from the sheet of paper,
and from the prickholes on it the indicator diagram of the
compresgor is outlined in P - V coordinates (See Figure S).
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EXPERIENCE IN MODELING A FLOTATION PROCESS
A. D. Pogorelyy, M. A. Sartayeva, and A. S. Malyugin

(North Caucasus Mining and Metallurgical Institute
Chair of General Metallurgy)

The principle of the flotation of real pulps is very complex
even for a simple instrument -- the periodic-action laboratory machine.
The analytic expression of the principle of the process, the function
extraction versus time, depends on a numerical coefficient
characterizing the hydrodynamic properties of the applied flotatiom
machine -- the amount of “aeration", and also depends on a very
complex functional parameter characterizing the pulp.

Investigators of the flotation process have long noticed a very
simple regularity in the behavior of monomineral and monodisperse
pulp. This is the well known formula of the kinetics of periodic
flotation

g L—t 2308 (1)

which is called the K. F. Beloglazov formula in our literature.
At the basis of this expression, lies the differential function

dC=—Cedt¢, @)

where C = concentration
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= constant of flotation rate
t = time.
For the particular case of the periodically operating laboratory
machine integration leads to the formula (1) for the csse of the
multiple-cell machine, functioning under steady-state conditions
/1/, to the formula

0 L
Cu = pru (F.:—:V) ' (3)
Hoiltags) (crude)

where w = rate of feed supply
V = volume of machine cell
n = nuaber of cells ..

In the function (2) and its particular cases (1) and (3) it is
postulated that the rate of the process is proporticnal to the con-
centration C and that the flotation rate constant is not dependent
on time.

By virtue of the assumptions lying at the basis of the differen-
tial fuaction (2), sll particular regularities are valid for pulp composed
of identical hard-grains, with ¢ unchanging with time, and with the in-
variable observance of '"free flotation" conditions. ''Pree flotatiom'
requires but little filling of the surface of air bubbles with mineral
particles. In the study (2) it is shown that during the filling of
air bubble surface to the extent of 20 %, deviations from the regularity
(1) become very significant For a complex pulp, the relationship
extraction-time is arrived &t by summation of extractions for all
sizes of particles differing in ¢ since very particle size obeys the
simple relationship (2). The forms of such relationships, upon
sssigning the properties of the pulp by the function of the distribu-
tion of hard masses based on floatability M = pH(g), are pre-
sented in the study (3). a9

In constructing the regularities of continuous fluctuation /1,

5/, additional conditions beside the assumptions related to the
differential regularity (2) were introduced, whose justification can
be proven only by experiment.

Valid analytic relationships are very valuable, since they permit
calculations to do much of what earlier would require experimentation.
Therefore, it is very essentisl to know as precisely ss possible whst
the main relationships for identical particles are, and sbove all,
formula (1).

An experimental check of formula (1) has been the subject of
a8 large number of studies dealing with narrow size classes
of pure natural materials and with artificisl materials: electrogrsphite




/4!, glans beads, etc., ~hich yielded a relationship close to
formula (1).

In flotation practice, it has been difficult to accurately
maintain the conditions of the relationship (2): identity of all
floatable articles and invariability of flotational properties with
time, Therefore, it is very useful to have a model of the flotation
process with precise compliance with the conditions of the differential
relationship (2).

In this study, flotation is modeled according to the process of
evaporation of dissolved volatile subctance in a current of air bubbled
through a layer of the solution, i{f the golution is governed by Henry‘s
law. The partial pressure of the vapor of the volatike substance above
such a solution is proportional to its concentration in the solution,

I¢ the rate of the entering bubbling gas, the dispersity of its bubbles,
the height of the column of solution, und the temperature are stabilized,
then the rate of removal of the volatile substace will be proportional
to ite concentration in the solution. Consequently, this process of
removal of the volatile substance obeys the differential relationship (2),
i.e., models the flotation process. By virtue of the identity of all

the particles of the dissolved substance -- its molecules, the causes
complicating the simple relationship (2) for flotation are eliminated.

The process can be carried out in a model of a pneurstic flotation
machine. Inasmuch as it contains no impeller all the causes of changes
in "aeration" due to the number of revolutions and the extent of
impeller wear sre eliminated. Chosen as the pulp model is a solution
of elemental bromine in water at concentrations close to 0.03 mole/liter
Brz(Sg/Iiter). When dissolved, the bromine remains as diatomic molecules
at chemical changes upsetting the Henry's law agreement of the solution
do not appear. The advantage of working with bromine is simplicity and
accuracy in determining its concentration by the iodometric method, a
disadvantage is the need for working under forced current., The bubbling
of the solution will be donme by oxygen, which is inert to bromine and
water,

A model of the pneumatic machine for study of flotation is
represented in Figure 1. The instrument is constructed from plexiglas
sheets of 3 mm thickness and from the top view represents a square
cornered chamber with a double bottom. The upper bottom is built of
perforated sheets along which a layer of filtration glass cloth is
placed.

The iower sheet has 0.35 mm-diameter: holes situated in the
Junctions of the grid of 5.6 mm squares. The upper sheet includes 4 mm
diameter holes located above the holes of the lower sheet, serving as
a screen securing the filtration cloth. In the space between tle upper
and lower bottom, oxygen is admitted, passing through the pores of the
glass cloth into the filling cell . of liquid as bubbles 3-5 mm in
dismeter. The top-exposed cell has on its long sides vertical
slots for installing 11 detachable partitions, not reaching to the bottom,
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FPigure 1. Model of pneumatic flotation machine. Dashed line shows
path of air bubbles along the machine faces. LEGEND: a) feed;
b) gas; c) overflow.

dividing the cell into 12 smaller sections. The extreme partitions
are made of sheets 3 mm in thickness and will form the receiving and
mixing cell of the equipment for working under continuous process
conditions. The lower bottom has no holes on the sections under the
recelving and mixing cells of the equipment. Openings are drilled
into the right, mixing cell in its facing wall, determining the
filling level of the cell along with a groove for release of

spent liquid. The remaining 9 partitions are made of nitrocellulose
film of 1.5 mm thickness and are used for breaking down the long chamber
into a desired number of shorter sections.

The oxygen for boiling is fed into the equipment from s steel
"oxygen'' cylinder through a reducing vslve, to gas heaters arranged in
parallel, and a diaphragm fuel gauge. The consumption of oxygen is
controlled by the gauge cock of the reducing valve on the fuel gauge
and is governed by the gas meter readings.

The solution is prepared from elemental bromine and water
containing 20 g/liter KBr. The addition of the KBr was intended to
lower the bromine vspor pressure above the solution in order to increase
the duration of the experiments and to avoid overfrequent readings.
During the experiments under continuous process conditions, the
solution was fed into a special pressure tank with a constant solution
level (level regulator), and from there through glass tubes through
the regulating cock in the receiving section of the machine, The
rate of solution supplied was determined by the msasurements of the
volume of solution flowing from the machine. The cylinder containing
the bromine, the level regulator, and the machine weru located in
a hood.

The determination of bromine in the solutions was carried out by
the volumetric iodometric method. A volume of solution removed by




pipette was poured into & beaker containing 15 ml of 20 7 KI solutiom,
and the liberated iodine was back-titrated by a solution of sodium
hyposulfite with the addition of starch before the end point. _

Preliminary experiments with pure water determine the capacity of
the machine under various working conditions for the continuous process
use and established that it was best to work with a 960 mi volume of
liquid and a consumption of 10-25 liters/minute of oxygen. During
experiments under the condition of the periodically operating
laboratory equipment, all the partitions were removed, the overflow
openings were closed, and the following operations performed. 970 ml
of the initial bromine solution was accurately poured into a porcelain
jar. Oxygen was fed into the empty machine at a given rate. 10 ml
of the initial bromine solution was removed for analysis, a stop watch
was started, and as fast as possible, the bromine solution was poured
into the machine, which tock 2-3 seconds. Then samples of the solution
for analysis were removed by pipette from the machine cell at
equally spaced intervals of time, compensating for the decreased volume
of the liquid in the cell - by submersion of the plexiglas plates of
the corresponding volume at the left face cf the cell. Upon comple-
tion of the experiment, liquid was poured from the <cell, and only
then was the stream of okygen turned off. The results of analyses
made of the chamber contents are plotted on the graph in the coordinates
1g CBr versus time,

During experiments under continuous process operations, at
least two of the extreme partitions were left in the machine, in order
to form a receiving and overflow cell, and the outlet hole of the
machine was open. The feeding installation was set at the desired
rate of bromine solutions supplied. The porcelain jar was filled with
the original solution, the oxygen was admitted, the chamber filled, the
supply of the feed solution was begun, and the stop watch started.

The solution flowing out was periodically analyzed and collected in

8 receiver for volume messurements. Analyses showed that the bromine
concentration in the solution had been lowered to a definite limit,
After three identical bromine concentrations were obtained, it was
assumed that a steady state of the process had been achieved and the
needed measurements made. A beginning was also made in investigating
the performance of the multiple-rcell machine, after the necessary
number of thin partitions had been installed in it.

Inasmuch as the partial pressure of the bromine vapor above the
solution depends on temperature, this quantity was stabilized at an
accuracy of up to 0.5,

The first group of experiments had the purpose of checking the
maintenance of the general relationship of periodic flotation (1) for
various conditions. Table 1 includes the results of 3 experiments, and
Figure 2 presents the three corresponding graphs of change in solution
concentration with time.
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As can be seen from Figure 2, the graphs of the process using
coordinates lg Cy ~tize are straignt lines, fitting well the experimental
points. For eacﬁ of the lines, the value of the constent of the bromine
removal rate from the solution is shown calculated from experimental data;
it is an analog of the flotation rate constant in the equation of K. F.
Beloglazov. We emphasize that in the experiments, 3 bromine ccncentra-
tions decreased down to more than one-thirtieth, although the relation-
ship maintained its rectilinearity. The experimental data presented
indicates that the process of removal of elemental bromine deacribed
from the solution by currents of oxygen bubbles does model the process
of the flotgtion of uniform particles.

In order to evaluate the results of the continuous process in
this particular machine we will need to kmow the value of the constant
of bromine removal rate ¢ calculated from experimental data for the
periodic process. This data showed that the rate of bramine removsl
at constant temperature and solution concentration is proportional to
the rate of bubbling.oxygen supplied. 1In this equipment, the dispersion
of the air bubbles rising tc the surface of the solution only wader the
action of gravity and their residence in the liquid are constant.

TABLE 1
Results of Experiments on the R,moval of Bromine from Solution
Under Periodic Process Conditions

(a) | (p) Onmurl | (o) Omr2 " T(%) Omard
Bpema [(¢) Pacxoa ram (d) Pacxoa rau (e) Pacxoa rasa
or Haua- n. = 17° -1 - 10
IS '_ll:_‘z MUH, L 7 224 . mun, t = 17 20 .t amus, t=21
MUN
Cyeo 21| 1g Cy, Cye .2 Ig Cy, Car . 2'a | Ig Cy,
0 2,80 0,447 4,29 0,632 4
! Zi4 033 g S5 g 056
0,190 1.40 0,146 1, 55
3 1,18 0071 = =z A3 0.1%
4 091 1,959 053 1724 0,457 1,66
5 on 1,891 — _ —_ — ’
6 054 | Tizm 018 | T2k o1 | 11z
7 0.42 1,623 — — —

LEGEND: a) time from beginning of experiment, minute; b) experiment 1;
c) consumption of gas = 11.5 liters/minute, t = 17°; d) consumption

of gas = 22.4 liters/minute, t = 179; e) consumption of gas = 20 liters/
minute, t = 210,

Then, the mass of bromine removed per unit volume gas should be pro-
portional to the partial pressure of the bromine above the solutiom,
which by virtue of Henry's law, is proportional to the concentration
of bromine in the solution and to the pressure of the saturated
bromine vapor. At the room temperaturcs at which the experiments were
conducted, the pressure of the saturated bromine vapor is increased by
approximately 15 % during a 3 change in temperature, which points to




the need to calculate the temperature dependence. Based on the known
function relating pressure of the ssturated bromine vapor with the
temperature, and using the experimental data of the investigation of
the periodic process, the following formula is obtained.

= 0,000 146 Q (30 + 7,881), (#)

describing the variation in the constant of bromine removal rate for
the machine considered, depending on the feed rate of the bubbling
oxygen @ (liters/minute) and the temperature t.

&
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Figure 2. Graph change in composition of the bromine solution as
a function of the duration of the experiment under periodic-
process conditions. LEGEND: a)minutes.

We must dwell here on the peculiarities in the movement of the
gas bubbles through the liquid in the machine. As can be seen from
Figure 1, at the machine faces, the flow of bubbles at first deviates
from the wall, and then, describing a steep arc, again approaches the
machine faces at the surface of the liquid, Thus, a volume of liquid
significantly free of bubbles is obtained, in which satrong eddy flow of
liquid will arise. During the instailation of the partitions, this
peculiarity in the movement of the bubble flow is retained, but is
less clearly pronounced.

The second group of experiments had the purpose of investigsting
the continuous process in the machine fitted with extreme partiticns,
forming a receiving and overflow cell. Figure 3 shows the results
of three experiments in the sublimation of bromine during a constant
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consumption of oxygun and at fixed rates of bromine solution supplied
until the steady state was arrived at.
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Pigure 3. Graph of varistion and the composition of the bromine
solution under continugue process conditions up to stabilization

of the process. t = 18, consusption of gas = 20 liters/minute,
voluae of cell = 960 ml, rate of solution supply (in ml/min);

1 +-130; 2 - 100; 3 - 69; 4 - periodic process. LEGEND: ‘)Ctlgn :

Craw material’ b) -minutes.

Plotted on the abscissae axis is the time elapsed, on the ordinate
axis -- the ratio C : C , since this quantity does not
depend on the compa§1§ion of‘gh:‘gg %tion supplied. In 10-12 minutes,
the compositin of the solutior flowing from the cell no longer
changes, which poiats to a steady state. Observation of the intensity
of the color of the bromine solution showec that i{n the head part of
the machine a very decided fading of the color of the solution flowing
from the entrance cell is observed, then it is steadily fainter along
the direction of fiow. In this cell, whose length exceeds the width
by ten times, the mixing acticn of the gas bubbles does not equalize the
cemposition of tae aolution and ap appreciable drop in concentrationm is
eatablished in the directlion of the flow. A zample of solution measured
at & distance of one-third of the machine length from the entrance chember
showed that the bromime concentration was 0.97 g/liter at a composition
of the tailings of G.63 g/liter and of the feed composition equal to 6.47
g/liter,

Table 2 shows the characteristics of the action o the machine under
steady state conditions and the results of calculstions made for five
oxperim:;uts,




TABLE 2
Characteristics of the Prccess of Bromine Removal from
Seluticn in & Single-cell Machine Functioning
in a Steady State Coundition

. (a) Fhanepia RIS m.:c(;aunue o (} )- K'b))awcnu.m ,Jmmuc,
E’.{ Cj g(d) (ex) (f) , _.(gj 4 i Tevnoaoty- (J) (k)
= « £ Pucckoe ael- ¢ nepuo- € nenpe-
= i ™ x « * . cigre npo-  M* \h
€. e - i = . ~ 1e« g MaCLhOLO PHBHOCO
c > - = [
e S 3 N . Ex 3 ~ ¢ ipoLecca (H). aponecca (3).
> “ = . .o,
v r:‘ . . c % . 2 ] w}g__,\'” 2. A
= e, 8 = E.ua ¢ ( ' '
e | L My
) { . Tt B T
HE l 20 S48 b 0155 10,237 | l 0,000
- ! L& K 0.
s |20 | oew 027 0wl 1647 06301 7w L gt ! ugi
oo doee | 8y o 524 lo70 ' 1 gloss 097
ol e des oSl b0 0770 ool oo®m | ow
'8 2 1, 67 0.1 {00 10,534 - i 0.094 } 0-85

LEGEND: a) experimental data; b) calculated data; c) temperature, °C;
d) gas consumed, liters/min; e) w, ml/min; f) v/w, minute; g) at C =
1, g/min; h) craw materi*" g/liter; i) technological action of the
process w lg Crav vt . j) C lgs of periodic process (5), g/l; k)
Ctlgs of coniinuous proceSﬁ (g) g/l.

Listed are: temperature, rate of oxygen supplied, composition and

rate of feed, the quantity ¢’ calculated according to formula (4),

the value of the formal residence of the solution through the working
cell of the machine V/w in minutes, composition of tailings (capacity
of cells taken as 880 ml, since of the 960 m]l in the machine 80 ml
are in the receiving and overflow cells, where the solution is not
aerated and do=s not change in its composition), and the special charac-
teristics of "technological action of the process," equal to the product
of productivity w by the logarithm oI the extent of tailings depletion.

e

'lo ('rupm
w - -

& C‘

B

In the study /5/ is presented the value of such a characteristic
in the analysis of the performance of the machine during continuous-
process conditions, since & similiar characteristic of this machine
operative under the same value of the constant ¢ , under pericdic~
process conditions does not depend on the composition of the tailings
and has a maximum value. In the next to the last column in Table 2 is
presented the composition of the tailings calculated by the formula
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describing the operation of a hypothitical machine in which mixing

ic the longitudinal direction is wholly excluded /S/. Such a tailings
composition in this machine would be found during periodic-process
operating conditions for a pericd of V/minutes. Presented in the last
colum are the tailings compositions calculated by formula (3) describing
the operation of the machine under the conditim of complete equalization
of the composition of the cell contents. Such operating conditions
correspond to mechanical flotational machines with a short cell.

Comparison of the experimental values of the bramire concentration
in the machine tailings with the calculated values for these quantities
for the two limiting performance cases {next to the last and last
column in Table 2), it is shown ttat at the machine length considered,
the effect of mixing is very great, but is still far from maximum, since
the sxperimental values of the concentrations are very far from the upper
limit (next to the last column) but differ substantially from the
lower limit (last columm). Comparison of the values of the "technologi-
cal action of the machine” shows that increasing the supply rate, other
conditions being equal, increases process efficiency.

The third group of experiments was designed toetimate the
influence of partitions forming a row of identical sections on the
results of steady-gtate processing. In Table 3, are included the results
of the experiments for various numbers (1, 2, 5, 10) of identical
sectione in the machine. Presented ars the observed concentrations of
browins in the machine tailings ancd the calculated concentratiaoms,
according te formula (3) for a unit composed of n consecutively linked
machines. In the calculation of the value of V, the section volume
equal to the volume of a mechine BEQ ml in volume is used dividel by the
nusber of sectioms.

Comparison with experimental dats shows that the insulation of
partizions is useful, since the roaming content in the tailings in-
varisbly decresses with increase in number of partitions. Machines
with 2, 5, and 10 sections produce richer tailings than aggregate units
of the same number of flotation cells, i.e., the sections considered
are not equivalent to the theoretical cells of s flotation machine
which has intensive mixing. The reason for lower indices of the
mschine in question is the imperfecit separaticn of its sections formed
by the partitions falling shy of the mshhine bottom by 6 mm. Actually,
under sech partition there will be formed a free opening extending
the entire width of the cell occupying sbout 10 % of its transverse
working cross rection.
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TABLE 3
Concentration of Bromine in the Tailings of a Machine Functioning
Under Steady-State Conditions for the Listed Number of
Partitions Forming Idemticsl Cells, Temperature = 18°,
Rate of Gas Feed = 20 liters/minute

- (b)
EvL "““._} { c) Uncao arcone s novanatie
(&) Xapantepioiung sponcas pesin l | | ) C T
(q) Cogpe 224 2 bz 0,000 (g)
@} UKopocrt e tatth Sthtannis MK 100 ‘A - -~
£ ) Kouncwrpauma Br u anccran (h.s
[TTFETIRYY 2.1 Q.N7 0, - —
pacucinan . 1,86 0.4 - -
(1) Ceupa - 647 ¢ B g 0701 ‘ *
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LEGEND: a) process characteristics; b) units of measurement; c) ndémber
of sections in machine; d) Cpgy material ™ 5-24 grams/liter Br, ¢ =

0.501; e) rate of feed; f) concent.ation of Br in tailings: experi-

mental, calculated; g) ml/min; h) g/liter; 1) Crgw material = 6-47 g/liter

Br; ) and k) as in e and f, respectivaly.

Through these openings the exchange of mass tal'2s plece in both directions

with the neighboring sections that results in 8 lower efficiency of the
machine, It is obviocus that improving the partition construction to
limit exchange between sections should iwprove the indices of machine
performance.

Resulte of the investigation showed that the process cf bromine
removal from the solution by the current of oxygen in the described
model of the flotational machine under periodic-flotation conditions,
obeys t..c relationship (1) only for the flotation of ideal, monomineral
and monodisperse pulp. From this follows the wvalidity, for the process
of bromine removal, of the differential relationehip (2) and alsc other
relatior=2i:"~s at the basis of which 8his differentisl dependence lies.

E¥p v iments with solutions of bromine under continuous-process
conditions demonstrated the justification for the propesitions derived
from the theoretical calculation for machines with a long cell,
carried out in the study /5/. The experiments permitted an estimste of
the role of longitudinal mixing in the long cell, tha value of the
partitions dividing the long machine into a number of sections, and the
positive benefit from increasing the feed rate on the process indices.




Experiments with bromine solutions under continuous-anrocess
conditions c&n be used in investigating the variocus models of machines
and the various constructionr of partitiona in order o sclect the best
variants. It is possible to experimentally study by means of model
machines transieat conditions, whose calculstion is very laborious.
With a model of the process, these studies can bé carried out with much
less effort and with higher accuracy than with real pulps. Browmine is
not the only material useful in modeling the flotational process. Any
volatile subctance inert to oxygen ami which i3 soluble, obeying Heury's
lav, can serve for this purpose. Bromire tempted us by the simplicity
and precision of its analytic determinations, which are the most laborious
part of any technological study. Undoubtedly, the arsenal of chemistry
will include other, more convenient materials for modeling flotationm,
with which it will be poasible to imvestigate industrial equipmemt as
well.

It must be emphasized that from the viewpoint of the theory of
similarity, in this study we are talking about similarity of processes
governed by the relationship (2) at constant , but not about simi-
larity of the solution of the volatile substance of an ideal pulp. Pro-
ducing & solution modeligg pulp under any conditions of the flotatiem
process would be very tempting, since it would open up the way for ob-
taining an objective and reproducible quantitative evaluation of such
characteristics as the quantities "aeration" and "flotation activity" of
the mineral jin the pulp. However, available experimental material is
inadequate to resolve the question of the presence or absence of more
profound analogies in the processes compared.

CONCLUSION

It has been shown that the procesa of removing a volatile
substance by currents of gas bubbles from an agueous golution obeying
Henry's law models the process of the flotation of an ideal, momno-

mineral, and monodisperse pulp. Experiments cn models shows the validity
of all the relationships stemming from the differentisl equation

dC=—Cgqdt,

describing the relationship of ideal pulp flotation under '"free flotation"
conditions.
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SUITABILITY OF AN AQUEOUS ACETONE SOLUTION FOR MODELING
TRE FLOTATIORAL PROCESS

The inconvenience of working with elemental bromine forced us
(the study was carried out with the participation of Engineec G. F.
Kochetova) to search for substitutes avoiding the necessity for working
under pressure, Acetome, CH;COCH3, boiling at 560, soluble without limit
in water, and casily and accurately determined quantitatively by the
iodometric method, can serve as such a substitute, Experience in the
evaporation of acetone from aqueous solutions containing & grams/liter
of CHyCOCHy in stabilized current of air bubbles at room temperatures
showed that the rate of acetone removal is proportional to its concen-
tration in soiution. It follows from this, that such solutions can be
used for modeling the process of flotation of an ideal pulp, instead of
bromine. Working with such solutions can be conducted without special
precautions taken, in fhe usual laboratory setting with normal ventilg-
tion. For the determination of acetome in solution, it is possible to uese
the Messinger method (Berl' Lunge, Khimiko-tekhnicheskiye metody issledo-

vaniya (Chemical-Technical Research Methods), Vol III, No 2, page 267,

GNTI, 1941). According to this methods, 50 ml of 1 IN KOH solution and
50 ml of 0.1 N iocdine solution is added to 10 ml ef the acetone solution
to be analyzed which has been poured into & conical flask fitted with

a ground glass stopper, the acetorne is combined with the iodoform
according to the reaction

C:iBC(JCh3 + 61 + ULKLH = C,HI3 + CHBCOUK + 2L BEEC

The excess iodine in the zlkaline medium is convarted into s mixture

of 1odide and iodsate. Tc complete the reaction and to cosgulate the
icdoform, the mixture is kept in the flask for 30 minutes with periedic
agitation. Then, 50 ml of 1 MHCl solution is sccurately poured into the
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flask. Here, the iodide and iodate form elemental iodine, which is
back titrated with thiesulfate in the presence of starch; the
iodoform here remains unchsnced, Ths diffsrence between the
amount of iodine introduced into the sample and the axcess iodidine
hack titrared with Chicsulfste gives the smeunt of iodine reacting

vith the acetome. Oune ml of an Q.1 X% iodine solution is equivalent

to 0.9667 mg CS3COCH3.

Recsived by editor
6 Pebruary 1963
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MeCHANISM OF ACTION OF POLYACRYLAMIDE FLOCCULANTS
S. F. Kuzkin, V. P. Neber, I. A, Yakubovich, S. N. Zolin

(Moscow Institute of Steel and Alloys, Chair of Rare
Metal Ore Beneficiation.)

At present there does not exist a unified unanimous con-
cept of the mechanism of action of polyacrylamide flocculants.
This is due not only to the complexity and variety of the compo-
sition of the solid and liquid vphases of the suspension, but of
the flocculants themselves, Also, a unified opinion deces not
exist as to the optimum composition of polyacrylemide flocculants.
The flocculants produced presantly are not pure polyacrylamides,
but the copolymer acrylamide and acrylic acid of wvarious composi-
tions and molecular weights (in the following, products contain-
ing polyacrylamide and its derivatives will be noted by the symbol
PAA),

Authors studying the adsorption of PAA or minerals /1,2/
assumed that its molecules are attached .ue to hydrogen honds
through the amide and undissociated carboxyl group simul taneously
on two or more particles, forming "bridges' uniting them into
aggregates., The diesociated carbexyl groups, due to alectrostatic
repulsicn, induce the straighteuning of the polymer chain in solu-
tion and increase its lengzth, promoting adeorption of the macro-
molecules simultaneously on several particles, The possibility
of bonding by means of the car. >xylate ion is not precluded.

Several investigstors established that in the vresence of
PAA the ¢ ~potential of mineral particlea is lowered as the re-
sult of their coagulation /3-5/. Binding of the particles by PAA
macromcleculss {flocculation) intensifies this effect. However,
tha opinion does exist 76/ that the - potentiat does not have
decisive significance in the aggregation of & PAA suspension.

In our investigations, in addition to the sedimentation
sxperinents we measured the ;’-potentiul by the flow and adsorp-~
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tion method /5/ using specially synthesized labelled PAx of sav-
eral @moiecular weights and extensive hydrolysis (See Tables 1 and
2). The labelled PAA was produced from ethylense chlorchydrism and
labelled with Ci%-sodium cysnide. Determination of the molecular
weight was carried out according to the formula in /7/. Measure-
ments of viscosity were performed using a capillary medical visco-
simeter. Precipitation of pvre minerals (quartz, microcline,
muscovite, calcite, and othe.s) and mixtures was carried out both
with industrial as well as with specially synthesized samples of
PAA of various molecular weights and degrees of hydrolysis. The
minerals were crushed in porcelain mortars to a ccarr-ness of -4i4
microns. The sedimentation experiments were carried oat at room
temperature and a solid:liquid ratio of 1:10,

Unlabelled samples of hydrolyzed PAA were produced from the
unhydrolyzed sample 1, and the labelled samples -- from sample 4,
Hydrolysis was performed by heating equal volumes of a 1% solution
of PAA and 1N sodium hydroxide on a waterbath at 6C - 70° for var-
ious intervals of time. The degrees of hydrolysis was determined
by Kjeldahl combustion and colorimetric determination of the am-
monium salts,

In the adsorption messurements a mineral sample weighing
1 - 2 grams was mixed with a soluticn of labelled PAA in a test
tube with a so0lid: liquid ratio of 1:5, After filtration of the
suspension, the precipitate was repulped with distilled water at
a S:L ratio of 1:10, and was filtered once again. Drying was con-
ducted at a temperature not sbove 309, after which the powder was
mixed thoroughly and part of it was transferred into a cassette,
The activity was measured by an end-window counter fitted with a
thin mica aperture.

It was found /S/ that PAA strongly aggregstes particles of
positively churged minerals {calcite, fluorite), lowering their
electrokinetic potential. On negatively charged minerals--quartz
and microcline in distilled water or in alkseline medium and in
the absence of reagents lowering the negative ¢ ~-potential, PAA
does not adhere to surfaces of minerals, does not change their

;3~potential, and does not aggregate the suspension. Floceula-
tion can occur only during preliminary lowering of the ~poten~
tial of minerals down to less than 30~40 miliivolts. The carboxyl
groups PAA act not only toward the extgnsion of the polymeric
chaim, but also toward preverting adsorption of the flocsulant on
surfaces, waich fact proves to be decisive for negatirely charged
particl=e of quartz and microcline. At the same time, carbaxyl
groups promote adsorption of the reagent on positively charged
surfaces,

It was also established that in spite of the negative Eo
-notential of natural mineralas--quartz and microcline, PAA is
ageorbed or tham, lowers their ¢ -potential, and flecculates
suspensions of these minerals (Fig. 1). This is accounted for by
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TABLE 1

Characteristicas of Ssmples of Unhydroiyzed PAA.
AR (b ) ( c .)
es_ .
. Napanrepnes ygo oo (a)
S oTmeskan T '" AKIHBHOCTE,
o ﬁ \ amu?cn.. x.;n. (;‘ ea MC, 2
%e . myas b
1 5.1 ! 1.52 -
2 3.2 ' 0.91 —
3 26 ! 068 -
4 19 l 043 ok. 0.6
) 1.3 l 0,23 ox. U6
LEGEND: a) Sample No.; b) Characteristic viscosity,

poises; c) Molecular weight in millions of O

units; d) Activity, mc/g. 2

TABLE 2
Characteristics of Hydrolyzed Samples of PAA.

(c)
fa) (o) nEE (a)
A oG- ?CP‘I(:;:I(:;'):: ) ég-o. Crencun ru-
) ; R
Pasua - farpesa, aun § o5 Apoanaa, %
Oza
6 10 17,2 12,7
7 20 15,1 232
: o 1 17 | 407
Y (l(cqsli.) 2 i 157 203
e i

LEGEND: a) Sample No.; b) Duration of heating, minutes;
c) Content of organic nitrogen, %¥; d) Extent of
hydrolysis, ¥; e) Labelad.

the natural activation of the minerals by volyvalent ketones.
After treatment of the mineral surfaces with hydrochloric acid
and washing, the 3 -potential of quartz and microcline remained
almost unchanged. However, thereafter PAA did not adhere o
minerals, did not reduce their g’-potential, and did not fleccu-
late. In the attachment of PAA on the ketone centers of the min-
erals, which have a total negative charge, the charge was reduced
to the coagulation threshold (=30 millivolts).

If PAA adheres to particles with a positive 5> ~potential,
then full compensation of the charge on the internal facing of
the double electric layer occurs; the particle becomes electric-
ally neutral (for low amounts of PAA), or actually acquires a low
common negative -potential (for large amounts of PAA),




As the resvlt of experiments conducted it was satablished
that witk ircreased golecolar weight of PAA floceculation of min~
erals rises {Fig. 2}, cnd that the higher ths molecular weight
of PAA, the more of it is =dsorvsd on minerals, but the monomers
are pot &adaorbed.

1B, o JEOR

(D) Bocxad nep. g

» .
] )
{ b} Kompenmpayus DR, wafe

FIGURE 1. Effect of PAA on FIGURE 2. Effect of molecular
the §’~pctential of the weight of PAA on the precipi-
following minerals: 1 - tation of Si0, {pE = 2]}.
quartz; 2 - microcline; Molecular weight ip =mililions:
3 . calcite; 4 - fluorite. 1 -1.8; 2 -~ 0.91; 3 - 0.68;
LEGEND: a) ¢ -potential, 4 - ¢.43; 5 - 0.23. LEGEND:
mv; b) Concentration of a) Precipitation rate, sm/
PAA, =g/l ijs; b) Consumption of PAR,

g/t

tudy of the effect of the pE of the medium showsd that
pure silicic acid, whose surface is compistely free of gaiions,
does not aggregate PRA independentiy of the extent cf hydrolysis
and mclecular weight ian neutral and weakly alkaline media; for
vH values lower than 3, strong aggregation is observed (Fig. 3).
Ir accordance with this, PAA iadepsndently of the extent of
hydrolys‘s is adsorbed sirongly in an acid medium (Fig. 4). 1In
contrast to pure silicon dioxide, natural quartz, and also micro-
cline and muscovite, are readily filscculated with PAA in acidic
&nd nautral megis; accordingly, adsorption in a neutral medium
is almost eyyal %e adsorptior in an acidic mediua.

It was gdditiona’ly established that with an increase in
the effect of the extent of PAA hydrolysis flocculation of 3ili-
cate minerals is worsensd independently of the medium pH, here —-
the adsorption of hydrolyzed PAA is somewhat weaker. PAA adsorbed
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FIGURE 3. Effective pH of the FIGURE 4. Effective pH of the
medium on the precipitation of medium on the adsorption of PAA on
Si0, with PAA. Extent of hy- 8102. Extent of hydrolysis of PAA
drofysis of PAA (in %): 1 - <& (in“%): 1 - <L1; 2 - 20.3.
1; 2 - 12.7; 3 - 23.2; 4 - 40.7
LEGEND: a) Sedimentation rate. LEGEND: a) Adsorbed, g/ton

nm/sec

in an acidic medium, both when hydrolyzed and when unhydrolyzed,
can be removed by simple rinsing with distilled water almost com-
pletely from the surface of pure silicon dioxide, and to a signif-
icant extent from the surface of natural silicate minerals. More-
over, hydrolyzed PAA is more rapidly eliminated (Fig. 5). A dimilar
picture is also observed in strongly alkaline medium (pH = 12-14),
where certain increase in flocculation is observed as compared with
a weakly alkxaline medium {Fig. 3). In contrast to silicate miner-
als, flocculation of salt-like minerals depends little on these

pH (calcite, apatite, barite), and adsorption is significantly
greater and is irreversible. An increase in the extent of hydrol-
ysis lessens their flocculation with PAA in a neutral medium only
for increased concentrations of the flocculant. Adsorption changes
little with increase in extent of PAA hydrolysis.

These facts suggest the thought that the mechanism of at-
tachment and flocculation with PAA in acidic, neutral and alkaline
media i& dissimilar. If in neutral and slkaline media, where
strong dissociation of carboxyl groups takes place, the action of
the PAA is satisfactorily explained by a reduction in the ({ -po-
tential of the minerals when PAA is adsorbed on them (at the car-
boxyl groups), and also is accounted for by the binding of the
particles by PAA molecules, than in an acidic medium where the
carboxyl groups do not dissociate, and the { -potential of miner-
als is near zero, such an explanation is unsatisfactory. Favor-
able conditions exist in an acidic medium for formation of hydro-
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gen bonds between the mineral surface and the amide and undisso-
ciated carboxyl groups of the PAA, also ketonic bonding through
the dissociating amide groups. Therefore, the action of PAA in
an acidic medium is dus only to the formation of bridges of PAA
molecules uniting the particles into aggregates, but the ( -po-
tential and mechanism of usual coagulation do not play a signifi-
cant role.

e
(a) }
o o}
(a) ™ §
£ 3
= 20} Sw
-
<
| i,
g nl' 3 ’ f < gm
Keawvesmbe anmtlal((bs ¥ S N S S S WD S
- [ + ] 2 M
FIGURE 5. Desorption of PAA from FIGURE 6. Viscosity of 0.5%
the S5i0,, surface in rinsing with solutions of PAA as function of
water (gfter adsorption in an pH and extent of hydrolysis.
acidic medium). Extent of PAA LEGEND: a) Relative viscosity

hydrolysis (in %): 1 - <L1;
2 - 20.3, LEGEND: a) Adsorped,
g/ton; b) Number of rinsings

Study of the viscosity of solutions of various PAA as a
function of pH revealed that PAA had a minimum viscosity at pE =
1.2, however, with further increase in the acidity of the medium
the viscosity beging to rise, confirming the existence of weak
dissociation of the amide groups(Fig. 6). Thus, in a strongly &cidic
medium PAA manifests the properties of a weakly cationic polyelec-
trolyte. The minimum viscosity in the acidic medium is accounted
for by the strong intramoleculay-interaction of undissociated car-
boxyl groups, causing the coagulation of PAA molecules. This ap-
parenily is caused by the weakening of the flocculation of the
suspensions with increase in extent of hydrolysis (in an acidic
medium).

The maximum viscosity is observed in a weakly alkaline
medium due to the dissociation of PAA in the anionic mode due to
the carboxyl groups. With increase in extent of hydrolysis, i.e.,
the content of carboxyl groups, the viscosity is increased, while
in an acidic medium it is lowered.

In neutral and weakly alkalines media pure silicon dioxide
does not adsorb PAA and is not flocculated, since the negatively
charged carboxylate ions do not adhere to its surface. Upon the
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addition of iren or calcium cations pure silicon dioxide begins to
attract PAA and is strongly agsregated ir neutral and alkaline
(Figs.?7,8). However, with increase in extsnt of hydrclysis of PAx
flocculation deteriorates, in spite of the iancrease in the length
of the flocculant mclecules in the soclution. Such behavior is
caused by the fact that the increase in the number of dissociated
carboxyl groups in the PAA molecules increases fhe negative charsge
of the particles after FAA is attached to them, and on the other
hand, this increase in the number of dissociated carboxyl groups
prevents adsorpt.on of the groups on negatively charged surfaces.

. N
Pacxod conu. aim (D)

FIGURE 7. Effect of inorganic salts on adsorption of PAA on SiC

a neutral mediun; 1-FeCl, - unhydrolyzed PAR; 2-FeCl, + PAL, 20. §%
hydzolyzed 3-CaCl., + unaydrolyzed PAA; 4- CaCl? + 207 3%»hydrolyzed PAA.
LEGEND: a Adsorbed, g/ton; b) Salt consuméd , g/ton;

~

~~

o

~
-

Crapocme scancdenus, mwjces
tn

- -

18

R 7
Pacxod N3 om (b)
FIGURE 8. Effect of extent of PAA hydrolysis cn the precipitation of
510, activated with iron salts. Extent of PAA hydrolysis (in%): 1 -
1; 2 - 12.7; 3 - 23.2
LEGEND: 1a) Sedimentation rate, mm/sec; b) Consumption of PAA, g/tons

With an increase in the number of positively charged centers
on the surfaces (which for instance is always achieved on salt-like
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mingxals), ihe ddstinction in attraction as between hydrolyzed and
unhydrolyzad PAA disappears, while the difference in the aggregat-
ing action 18 diminished, This can be explained as dus to a de-
srease in th> { ~potential of the particles in the presence of
caticne, but &lso by the facilitation of bridge-~formation due to
the association of macromolscules through cations and carboexyl
groups with the formation of more durable and longer bridges., It
is known that; nowever, when the salt content is too high the ag-
aregating action of PAA diminishes, Thus, in real pulps, depend-
ing on the pH, s3lt concentration, diameter and composition of the
solid phase, the consumption of the flocculant, the size, form,
and adsorpiion of macromolecules, their association and bridge-
formation will fluctuate. 1In agresment with this variability,

the optimal extent of hydrolysis in neutral and alkaline media
will be dissimilar and each casze must be approached individually.

In an acidic medium, in all cases the carboxyl groups cause
the coaguiation of PAA molecules and these hinder the formation of
connecting bridges between the particles, Therefore, in an acidic
medium, it is necessary for all ore pulps to use unhydrolyzed PAA,
A study of the effect of mixing has on the action of PAA revealed
that with increased duration of mixing with the flocculant, in-
dependently of its composition and pH, flocculation of suspensions
is detericrated, although the amount of reagent adsorbed for a
small consumption of flocculant remains unchanged, while for large
amounts coasumed, the amount of reagent adsorbed in some cases is
aven increased. This suggests that during flocculation, geometric
configuration and mutual location of molecules in the adsorbed
state play important roles in addition to adsorption.

For all the minerals studied, when the consumption of PAA
was raised abcve a certain value, depending on the mineral and the
conditions of the medium, deterioration of PAA flocculating action
set in.

This data leads to the conclusions that during floccula-
tion partial non-uniforam covering of the mineral grain surfaces
occurs. Upon total covering being achieved stabilization begins.
In flocculation with high-molecular weight macromolecules bridges
will be formed between the particles, binding them into a stable
aggregate., The existence of such bridges is proved by direct ob-
servations ~.th the electron microscope /8/. This feature dif-
ferentiates their action from the action of other compounds and is
caused by the specific properties of the polyelectrolyte molecules:
high molecular weight, flexibility, sharply asymmetric structure,
and the presence of ionogenic groups capable of forming various
kinds of bonds, both strong and weak.

Upon addition to the suspension of a PAA solution, its
molecules as a result of tiemal motion arrive at the particle sur-
faces and given the presence of the appropriate centers are held




there., The remaining part of the macromolecule remains in solu-
tion in the form of the waving tail or tentacle. Wwhen con*inuous
collision of particles is in effect, these tentacles are fastened
tc other particles. The probability of such cohesion of particles
is increased with greater tentacle length; this cohesion is possi-
ble only in the case when their leugth is not less than the thick-
ness of the double electrical layers surrounding the particles.

Thus, for the most effective bridge formation the macro-
molecule should include in its composition ionogenic groups in
small numbers. Weakly hydrolyzed PAA satisfies this requirement,
having a small number of carboxyl groups in neutral and alkaline
media, but in strongly acidic medium-~a small number of dissociat-
ing amide groups.

The situation is however complicated by the fact that the
macromolecules in solution have a great tendency toward association
/9,10/. The size and nature of these associates depends on the
concentration of the polymer, salts, on the pH, molecular weight,
and other factors. The effective cohesion of two or more particles
can be achieved as the result of the association of macromolecules
already adsorbed at one end. Durable associates will most fre-
quently be formed as the result of the action of hydrogen bonds,
however, in the presence of polyvalent cations they can be formed
also between ionogenic grouns united through cations. Association
is promoted by the heterogeneity of the surface of the solid par-
ticles, as a result of which local increase in the macromolecular
concentration occurs (both those attached to one particle as well
as those attached to two at the same time)., The association of
macromolecules after adsorption leads to an increase in the dura-
bility of the cohesion of particles by virtue of .ne formation of
polymolecular bridges, which under certain conditions take on the
character of a secparate phase of the gel type, exhibiting mechani-
cal durability and elastieity /10,11/.

With increase in PAA concentration its adsorvtion on sur-
faces increases., If the PAA has many dissociating carboxyl groups
(as in the case of strongly hydrolyzed PAA in neutral medium),
then as a result the ( -potential of the particles increases and
their stability is greater. However, stabilization during in-
creased sonsumption of weakly hydrolyzed PAA flocculants cannot be
explained by the increase in the ( =-potential, since the floccu-
lants do not bring about a significantly higher { -potential,

As was shown by B. V. Deryagin and co-workers /12/, during
adsorption of polymers the thickness and stability of the wedging
hydrate layers increuaces., A similar effect is revesled also with
PAA: by means of fletation experiments /13/ and measurement of
the boundary angles of wetting /14/ it was revealed that PAA in-
creases the hydrophilization of the surface, especially at high
conceatrations.,
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Initially, with increased consumption of PAA a two-dimen-
gional strongly hydrated film will be formed, giving the particles
additional stability /12/. With still higher consumption an: in-
dependent phase will be formed in the form of a thick gel-like
film, and with sufficient amount of PAA a mechanically strong gel-
like structural network will be formed at distances exceeding the
dimensions of separate grains and their aggregates all throughout
the bulk of this suspension or of a significant portion of it
/11/. As a result, precipitation of particles and their units is
greatly retarded or halted completely.

Conclusions.

1. Aggregation of suspensions by polyacrylamide flocculants
is caused by strong adsorption of the macromolecules simultaneous-
ly on several particles with the formation of durable bridges be-
tween them., This effect can be intensified as a result of a reduc-
tion in electrical charge on the particles.

2. Stabilization of suspensions at increased concentrations
of the polyacrylamide flocculants is caused by an increased attach-
ment of the polymer molecules on the particles. As a result of the
significant surface covering by these macromolecules the charge
of the particles is increased, along with an increase in the
thickness and durability of the wedging hydrate layers up to the
forwation of a mechanically stable gel-like structure throughout
the bulk of the suspension.

3, To accelerate thickening and filtration of ore pulp in
an acidic medium it is necessary to apply weakly hydrolyzed poly-
acrylamide flocculant, ard in neutral and alkaline media~-hydro--
lyze. The optimal exteat of hydrolysis in a neutral medium should
pe selected individually for each pulp together with reagents con-
taining polyvalent cations.
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DETERMINATION OF THE OPENNESS OF MINERAL GRAINS
USING AN ANALYTICAL METHOD

V. M. Galich

(Mekhanobr Institute)

For quantitacive evaluation of the relationships between free
mineral grains and their concretions at present the gravitational method
of determining the nature of impregnation by meaus of separation of graded
material in gravity solutions (1,2) is used. With this method the total
content of inclusions is determinad and not sovlitary inclusions, therefore
the data obtained is more reliable in predicting the behavior of ore
during beneficiation.

An advantage of the gravitational method is also thepossibility of
operating with comparatively large batches, wiich is particularly import-
ant in appraising cres with uneven impregnation and with a low metal con-
tent, where the application of other analytical methods proves to be
not very effective.

Comparison of the results of gravitational analysis of similar
size classes of ore samples for variius degrees of crushing showed that
the increase in extractiou of ore minerals in the hzavy fractioms with
increasing extent of crushing of the samples is due in the main to an
increase in the yield of the finer classes, affording increased extraction
as compared to the coarser material.

The research methods developed and treatment of results made it
possible to establish, in studying various ore types, with sufficient
accuracy the relationship of the freeing wmolybdenite from concretions
ard revealed the character of the concretion of minerals in molybdenum
and copper-molybdenum ores of the Kauzkidinskiy, Shakhtominskiy, aad
Syrygichinak iy deposits.

A preliminary microscopic study of the samples produced a general
picture of the mineralogical composition and impregnatisn of molybdenite.
The samples studied can be divided into three types:
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The first type is characterized by a cimparatively large sulfide
separations; the main aize of the molybdenite acales associsted with the
sulfide aggregates are as long as 0.32-0.48 mm, and 0.01-0.03 am in thick-
cess (samples of zhe Dzhidinskiy and Shakhtominskiy deposits);

The second type is represented by thin non-uniforr impregnation of
molybdenite and sulfide. The main size of the molybdenite inclusions
smmounts to a length of 0.22-0.36 mm, a thickness of 0.01-0.02 sm (sample
from the Kadzhidinskiy deposit);

The third form is distinguished by very fine non-uniform impregration
with intimate mutuel intergrowth of gulfides and rock. The size of the
molybdenite inclusions varies from 1/1000th millimeter to 0.21 mm (ssmples
from the Shakhtominskiy demosit).

Below the Dzhidinskiy and Shakhtominskiy deposits are considered
in detail, which differs sharply from each other hoth as to actual
composition as well &s impregnation.

Each of the samples investigated was crusghed over diiferent periods
of time, the unloading of the grinding mills and also the flotation
products underwent dispersion-~-screen analysis with subsequent chemical
analysis of each class. This data vas compared with the results of the

separation of narrowly classified material in gravity solutions(Tables 1
and 2, Figure 1).
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Figure 1. Results of separation in gravity ligquids of pul-
verized or of the Dzhida fraction: 1 -- heavy; 2 -- light;
3 -- average. Syrygichiy fraction: 4 -- heavy; 5 --
light; 6 ~- average. Time of pulverization = 10 minutes.
LEGEND: a) Recovery of Mo, %; b) microns

In so doing, reistionships were obtained between the molybdenite in the
form of free graims or rich concretions (heavy fractions) and molybdenite
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TABLE 1

Results of Separation in Gravity Fluid of Size Classes of D2hidinskiy Deposit Ore
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TABLE 2

Results of Separation in Gravity Fluid of Size Classes of Syrygichinskiy Deposit Ore
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thindy: interspersed in the country rock mineral in the form of very
lean concretions containing empty ore (light fractioms).

Used as the gravity liquid was bromscform with a specific gravity
of 2.89 and bromoform, diluted with alcohol, with specific gravity of
2.7.

The operation of separation in gravity solutions for the size
classes was carried out by means of standing in separatory fumnels, for
the fine classes -- by centrifuging in special plexiglas ampules. The
fractions separated were rinsed free of the gravity solutiom, dried im
a thermostat, and subjected to chemical analysis.

The results of the analysis (cf Tables 1 and 2) revealed that with
reduced class size in each sample, the extraction of molybdenite imto
heavy fractions with increased, while in the intermediate and light
fractions -~ this extraction rate was reduced.

It is known that a high value of mineral openness leads to an
increase in the extent of extraction imn flotation given a favorable
ratio of openness and cvepulverization, i.e., when the first factor
predominates -over the second. Therefore, the optimum fineness range
of ore pulverization is of undoubted interest.

LEGEND TO TABLE 1: a) Class size, microns; b) Heavy fraction,
specific weight =>2.89; c) Intermediate fraction, specific
weight <<2,89 >>2,70; d) Light fraction, specific weight <
2.70; e) Yield, %; f)of class; g) of ore;h) Mo content, %;
i) Recovery of Mo content in the class, %; j) Recovery from
Mo content in the ore, %; k) Original material.

LEGEND TO TABLE 2: As for Table 1
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According to Che flotation experiments conducted followed by
classification of the beneficiation products an evaluation was made
and curves of the molybdenum extraction in the concentrate from the
narrow classes of the original ore (Figure 2) were plotted. The curves
show that the maximum molybdenite extractioa from the products of the
crushed Dzhidinskiy sample (at the optimum extent of pulverization)
can be obtained from the size clesses of -100 + 18.5 microms. For
the corresponding products of the Shskhtominskiy sample the maximum
extraction is ootained from size classes of -52 + 2.25 microns.

CHEF

1 Y1y h
»

L

»,
S IB A RS X T ST % OF u0 0 W
(a) ¢ (b) I\
Figure 2. Recovery of molybdenum from narrowly classified
material of grinding mill loads. 1 -- Dzhida; 2 -- Syrygichi.
LEGEND: a) Recovery of Mo, %; b) Microns.

Tue results obtained (cf Table 1 aad 2) give us a graphic
picture of the limits of optimal openness of minerals, where the
negative effect of overpulverization worsening the flomtability of
the mineral particles is not yet in evidence.

During the investigations it was found that the distribution
of molybdenum by size classes is quite uniform with gradual increase
in mineral content as the class size is reduced and with a certain
drop in content in the firest classes of the pulverization products.

For the same duration of pulverization, in spite of the identical
total yield of the classes im two, samples, the molybdenum distribution
differed in these twc samples; the extraction in the slurry portion (-4.5
microng) is lower for the more finely impregnated of Syrygichinskiy
ors, in which consequently the useful minerals are subject to over-
puiverization tc a lesser extent.

The curve in Figure 3 illustrates this situation. Thus, in the
pulverization of samples for thirty minutes, 17.39 per cent of the
molybdenite belongs to the 13 micron class for the Syrygichinskiy sample,
while 40.10, for the Dzhidinskiy sample.

Upon comparing the tests made it was noticed that the extraction
of molybdenite concretions in corresponding classes of the intermediate
fractions is significantly ircreased for the finely impregnated ore
of the Syrygichinskiy sample, while in the hesvy fractions of this sample
molybdenite extractipm falls off. This indicates that the cpenness of the
mineral grains in finely impregnated ore occurs lass intensively than in
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coarsely impregnated ore of the Dzhidinskiy deposit. This is confirmed
by theoretical calculationsimade fer the purpose of determining the number
of molybdenite concretions containing ore in each sample pulverized

to differing coarsenesses.
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Figure 3. Distribution of Molybdenum by Size Classes in the
Pulverization Products. Solid lines -- Dzhida; dashed lines
-- Syrygichi. Numbers on the curves -- pulverization time in
minutes. LEGEND: &) Recovery of Mo, %; b) Minute; c¢) Original
ore; d) Microns

From Yables 1 and 2 we know the extraction in the 11§ht fraction
of each class; for the calculitions the average value €cp= E15  of
extractions between classes was adopted. 2

The amount of concretions Qer of molybdenite in each ore class
was determined from the formula

(aver)

— (‘.p"

Qf?“ Tw °’
(Aver)

where (¢ = average extraction in the light fractioms;
€ = extraction of mineral in the narrow class.
Then, the total number of concretions Q in each class will be
Q+Q+Q+---+Q =Q,

vhere Q;, Q),..Q, = number of concretions in each class.
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The results of the calculations are presented in the form
of curves in Figure 4 and Table 3.
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Figure 4. Comparative results of recovery of molybdenum
in light fraction (1) and its content in the light frac-
tion (2) and in the tailing (3) as a function of the
pulverization time; a -- Syrygichi; b -- Dzhida. LEGEND:
a) Recovery of Mo, %; b) Pulverization time, minutes; c)
Content of Mo in (2), %; d) Content of Mo in (3), %

A sharp decrease in the number of concretions during the beginning
moments (for pulverization lasting 5 and 10 minutes) occurrs with
decreased coarseness of material, and then the cpening up of the
concretions takes place at this lower rate.

A practically quite complete release of molybdenum from the
concretions containing country rock begins for coarsely-impregnated
ore (Dzhida) for & coarseness of the order of seventy-four microns,
when the content of these concretions does not exceed 8-10%, for
finely impregrated ore (Syrygichi) at the same coarseness the release
of molybdenum amounts to 25-30%, even for the 18.5+i0 microns material

-- only 20-227 of the total molybdenum content.

Orn comparing the data obtained with the results of flotation
experiments conducted with various pulverization times, an increzse
in extraction is observed tp to a definite point when mineral continues
to be freed from the coucretions, and then in spite of the fact that
the opening of the minerals continues, extraction dimipishes due to
the slurrying of the molybdenite. It is easy to trace using curve 3
of Figure 4 that with increase in pulverization fineness the molybdenite
content in the tailings is reduced due to the additional opening up
of the concretions, but then increases dve to overpulverization of




the free wmolybdenite grainms.

TABLE 3

Comparative Results of the Quantitative Estimation of
Concretions for Different Pulverization Times and Flotation

Methods _
; Co:xc‘ﬁ)uuc B(&B) KOSSI)cuso
kaacca HIMCABHCHHA, | CPOUCTKOY,
—0,0/4 nM, % MUNR %
e (4) nwmwza
Kcxoauax pyaa .
0-3 MM — 2869
37 5 19,4
53 10 14,86
67 15 12,32
76 2 16,76
88 30 884
92 40 7.81
e (£)Cupuruun
Hexoasian pyaa
0—3 .ou? — 5720
28 5 38,24
41 10 32,15
5¢2 15 29,85
64 20 27,45
80 0 24,77
88 40 279
]

LEGEND: &) Class content, -0.074 mn, %; t) Pulveriza-
tion time, minutes; c) Number of concretions, %; d)
Dzhida; e) Original ore; f) Syrygichi.

Conclusions

1. The dispersion-screen analysis of the pulverization products
established the characteristics in molybdenite distcribution into ore
samples with differing Mo content and impregnation. It is shown that
under identical conditions coarsely-impregrated ore of the Dzhidinskiy
sample is subjected to overpulverization to a greater extent tham is
the finely impregnated ore of the Syrygichinskiy ssmple.

2. Based on the dispersion-screen and gravitational analysis
a cslculation was made-of the number of molybdenum concretions in the
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material obtained for various pulverization times that affords a
clear picture of the optimal finensss in ore pulverization of differ-
ing impregnation.

3. Gravitational analysis of the products of narrowly classified
samples esiablished that with decrease in class coarseness in each
sample, che extraction of molybdenite is increased in the heavy and
decreased in the intermedigte and light fractions; the degree of pulver-
ization needed to liberate the minerals and concretions is achieved
for the coarsely-impregnated ore (Dzhida) significantly earlier and
more completely than for the finely-impregnated ore (Syrygichi). Thus,
for practically opening up of molybdenum concretions containing rock,
pulverizatica to 74 - 52 microns is sufficient for coarsely-impregnated
ore, and 37 - 26 microns for finely-impregnated.

4. Preliminary iavestigation of ores using the gravitational-
anglytic method affords a possibility of obtaining a correct and suffi-
ciently complete idea of the extent of openness of mineral components.
This is of essential value both for the study of ores of new deposits
as well as in the adjustment and control of technological processes at
existing beneficiation plants.
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CALCULATION OF SURFACE TENSION OF MOLTEN HALOCGENIDES
AT INTERFACE WITH INERT PHASE AT MELTING POINT

0.K. Sokolov

Institute of Metallurgy of the Academy of
Sciences US S R

Knowledge of the surface tension of molten salts is highly
important in pyrometallurgical processes, but also promotes advances
in our ideas of the structure molten substances. In several studies
/1-3/ are presented various criteris sffording qualitative estimation
of the surface tension of melts. In this article the problem is
posed of deriving an 2quation for calculation of the surface tension
of molten salts at the boundary with the inart phase at the melting point.

As [s kanown /4/, the surface tension of molten salts at the
boundary width the inert phase is determined by the following: inter-
action betwezen the particles within the melt; crystal structure of
the salt; value of the crystal lattice energy of the salt; size of
the cationic radius for constant anionic radius. The surface tension
of the melt itself can be defined as the Force acting on the surface
layer over unit length.

As our starting point, we take the assumption that the melt
consists of coordinatinns of iuns, i. e., such & mutual orientation
which correspords tv short-range orders of structure of the chrystal
lattice. Thus, for instance, a melt of sodium iodide will be character-
ized by mutual orientation of catioms with anions of iodinc N ’
and a melt of calcium chloride -- by cations of calcium with anions of
chlorine Ca _Cl2y, etc., in which the coordinstions of the ions in the
melt are zot detached, but are in interaction with esch other.




1f, however, it is assumed that the melt consists of distinct
ion coordinations, i.e., coordinations of ions not interacting with
each other, and that the number of ions entering into coordination
is minimum, then in this case the surface tension is

. (1)

g =

£
I

where F = force of interaction between the ions c¢f opposite sign, dyne;
= path along which the force acts, cm.
The force then of interaction between ions of opposite sign is

2.z, ¢

F=—, (2)

where Zk and Z3 = valencies of cation and_gnion;

£ = charge on electron = 4.8 °~ 10 *" absolute electrostatic
unit;

d = distance between anion and cation in crystal, cm.

Calculating the force P  according to equation (2), we in so
doing take account of the main principles which govern the surface
tension of melts.

It must alsc be noted that we have made certain assumption,
when in equation (2) we place the value d equal to the distance between
the anioa and the cation in the crystal, and not in the value d equal
to the distance in the anion and the cation for the melt at the melting
point. This is necessitated by the fact that at present for most salts
values of distance between anion and cation at the melting point are
lacking. But since the value of the distance between the anion and
the cation for the crystal and the melt at the melting point are close
to each other /5-7/, then the error in calculating the surface tension
at the melting point wiil be insiznificant.
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Figure 1. Minimum path along which the force acts in
the mslt (schematically).

The minimum path along which the force F acts (Fig 1) can be
calculated from the equation

sd + ar,
l= m ’
where R, = radius of anion;
s = number of distances between aniopr and cation In the crystal

for a "molecule";

& = number of anion radii in the "molecule" not entering into
d;

w = number of cation radii in ‘molecule’.

Lctually, if we have a substance of the MeX type, then in this
case b = 2, a=0,m=2, i.e.,

2d
l=—2-—=d.

For a compound of MeXs we have: b =2, a =2, m =2, i.e.,

24427
I=—g—=d+r,.

As follows from Figure 1, the value of the £ is that min-
imum distance at which the force F acts, and the entire melt will be
comprised of the given minimal distances.

If the melt in realily consists of coordinations of ions that
are isolated and that contain the minima] number of ions in coordina-
t’m, them by placing the values of Fami L in equation (1), we will ob-
tein the value of the surface tensicn at the interface with the inert
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phase at the compound's meiting point. And ia order to obtain from
equation (1) the value of the surface temsion exgre.oed in dynes/cm,
it must be multiplied by the coefficient K = 10~

a—:-‘-?—l('. (3)

In Table I are presented data on surface tension calculated acz~
cording to equation (3). As follows from the data obtained, both salts
have a calculated surface &erision value below the experimental (Tables
1 and 2).

TABLE 1
Values of the Surface Tension Calculated frem Equation (3)

{c) \d)
(a) Paccroanne z §
!lt‘)(ll)' antrHonoM ] §
M XaTHONOM B ° -
Coxe xpucraaace {8,9) LA i?_ :.
o
, (b) 4. A w | e
LICI 256 256 {353 | 1380
NaCl 2,81 2,81 |29t | 1035
KCI 3,14 314 123t | 745
RbCl 397 327 1216 | 660
CsCl 3.56 356 | 1.8 | 512
MgCl, 2,59¢ 440 | 687 | 1362
CaCl, 2,70 451 | 632 | 1400
StCl, 302 483 | 507 | 1050
BaCl, 3.18 49 |45 | 915
PbCi, 3,13¢ 401 | 469 | 950
SnCl, 2.81* 464 | 575 11240
LIF 201 201 | 572 ! 2842
NaF 2.31 231 | 433 | 1874
KFP 2,67 267 {325 | 1218
NaB¢ 2,08 298 | 258 | 865
KBr 320 32 1213 | 647
Nal 323 393 1221 | 684
KJ 353 353 |4, 525
RbE 282 282 | 251 | 1032
Rb Br 343 342 1195 | 569
RbJ 3,66 366 | 1.72 | 470
CsF 3.00 300 [ 256 | 854:
CsBr 37 371 | 167 | 450
ic.s-.l 395 395 | 147 | 372

LEGEND: *The value of d) is taken as equal to the sum of
the radii. a) Salt; b) Distance between anion and cation
in the crystal /8, 9/; c) F*10~4 dyne; d) Dynes/cm
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TABLE 2
Surface Tension Values for the Ealogenides at the Melting Point

{) (c) (&) (e)
(a) Paasyc ! Py pacqcr.’ 3uavenis ¢ NO OUWTHIN JanHus
Coxs KaThONA % 3“(,2; Has, PasaslNX 2NTOPOB
1 Qux, . — —

piof. & { duwes | T g | usp | =12

3

: LiC} 0.78 0 138.0 1378 — 140,2 —

i NaCi 0.98 21,1 124,6 1158 | 1164 14,1 109.0

! KCl 1,33 20,6 105.1 97.4 98,53 7.4 1.0
RbCI 1.49 34 974 96.3 - 98,3 83.0
CsCl 1.65 270 782 91.3 — 913 720

1 MgCl, 0,78 0 1562 1385 - - 66,0°

E CaCl, 1,06 363 176,9 152,0 - -- —_
S¢Cl, 127 40.5 145.5 176,4 — — -
BaCi, 1,43 41.6 133.1 1744 - — 1750
PbCl, 1,32 38.9 133.9 1350 | 1365 —

- SnCi, Lo2 292 153,2 9.5 - —
LiF 0,78 0 2842 2495 —_ 2552 -
NaF 0,98 38.3 2257 1995 - 21,6 —
KF 1,33 56,3 172, 138.4 — 1432 —_
NaBr 0,98 17,7 104.2 — 99,96 1065 —

- KBr 1,33 26,7 Si.4 — 89,78 88.8 810
Na) 098 14,0 82,4 — 87.91 882 —
KJ 133 21,7 7.2 - 79.54 783 72,7
RtF 149 49,1 152,3 - —_ 1320 —
RbBr 1,49 27, 84.0 - — 90,7 -
RS} 1,49 224 69.6 - - 80.3 -
CsF 1.65 45.0 1300 — - 107.1 -
CsBr, 1.65 27 68,7 - - 836 -
CsJ 1,65 185 56,8 - - 9.6 -—

LEGEND: *According to data of 0. G. Desyatnikov, Zhurnal priklad-
noy khimii. XXXIX, 870, 1956. &) Selt; b) Cation radius; c)
dynea?cm; d) o calculated, dynes/cm; e) Values of & from experi-
mental data of several authors
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The deviation of the calculated data from the experimental is
due to the fact that the melt consists of ion coordinations that are
not isolated, but which are in interaction with each other, and that
the coordinations themselves do not always contain the minimum number
of ions. Therefore, in order to obtain a true value of the surface

tension at the interface with the imert phsse, it is necessary to add tbo

equation (3) the quantity Ac , i.e.,

a=—‘fi-K+A°- (4)

The variation in surface tension at the interface with the inert
phase is accounted for by the interactions of ion coordinations with
each other, such as the number of ions in coordination will probably
be determined by the size of the cation. Actually (Figure 2) the
smaller the cation radius, the more densely it is enclosed (screened)
by the surrounding ions of the coordination itself, and consequently,

the less open for action on it of ions of mixed cocrdications,
and the greater the cation radius, the less it is ''screened” by the
ions of the coordimation itself and, therefore, the more accessible it
is to the influence of the inner ions of its surrounding coordinations.
As follows from (Figure 2), the "shielding"” of the cations by the co-
ordination snions will increase from cocordination of ions ¢ to cocr-
dination of ions a. If however the above stated requirements are valid
then there probably must be some value for the cation radius at which
Ao = 0. Thus, assuming that when (ra /ri ) A6 =0, or (ra /ry)
charge in surface tension will be

Ang‘_/([l_(fi:—’%-)}.
r" ,‘

Transforning this equation, we obiain

A3=—‘;-K(r‘ —f‘). )

£ e e BB e
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Figure 2. "Screening" of cation as a function of its size by anions

of given coordination in the melt.

LEGEND: a) Coordination aj b) Coordination b; ¢) Coordination c.
Placing the value of A0 in the equation (4), we will have

F F "':)
o=K+ TK(.r )

1
Further, assuming that r, is numerically equal to the radius
of the lithium cation (from experimental data), we get

—078
a-.:-f-f(-;--’;-/((-'!, )- (6)
[ 3
Thus, the surface tension of melted halogens is determined by
the force of interaction between ions of opposite sign as in the ion
coordination itself, and also between mixed coordinations of ions
per unit path,.




The equstion (6) is recommended for calculation of surface ten-
sion of molten halogenides at the inner phase with the inert phase.
It follows from the equation that at a cation radius of the molten salt
equal to 0.78 AU, the second member of the equation will be for the
zefo period at a cation radius of thz molten sait less than 0.78 AU,
the gsecond nuuber in the equation will have a negative sign, and in
the case when the value of the cation radius is greater tham 0.78 AU,
-- a positive sign.

Table II presents data calculated according to equation (6) and
experimental data of several authors. As follows from the data in
Table II, for monovalent halogenides the experimentsl and calculation
data are quite close to each other, while deviations of halogenides
bivalent metals are somewhat greater.

In our opinion, the deviation of the calculated values of the
surface tension at the interface with the inert phase from experimen-
tal values is caused mainly by the fact that our values for the cation
vadii are taken equal to the value of the radius in six-fold coordina-
tion, while in the melt radii can differ significantly from their
values in six~-fold coordination of iomns.

In conclusion, it is necessary to note that the proposed equa-
tion can be used in calculating surface tension of molten halogenides
at the melting point and is applicable only for those halogenides for
which not more than two anions are required for one cation. This last
requirement stems from the fact that the suggested equation cannot take
into account the force F acting per unit path for salts in which more
than two anions are necessary for one cation.

CORCLUSION

1. It is shown that the surface tensi.n of molten halogenides
at the boundary with the inert phase is det- -mined by the force of
interaction between the ions of both the coordination itself as well as
of ions of adjacent coordinations per unit path.

2. An equation is derived for calculation of the surface tension
of molten halogenides &t the boundar~ with the imert phase for the
melting point and good agreement is shown between the experimental snd
calculated data.
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DIFFUSION KINETICS OF THE DISSOCLUTION OF COPPER,
NICKEL AND IRON IN MOLTEN METALS

P. M. Shurygin and V. D. Shantarin

(Ural Polytechnical Institute, Faculty of the
Pheory o:f Metallurgical Processes.)

As has already been noted /1/, investigations of dissolu-
tion kinetics from the equally accessible surface of the revolv-
ing sample /2/ can be one of the methods of determining the diffu-
sion coefficient D in melts. Therefore, we attemoted to obtain as
far as possible systematic data on the rates of dissolution of
copper, nickel and iron in melts of the more fusible metals, and
to find the value of D for covper in severzl different solvents.

Information on the coefficients of diffusion are of inter-
est in the analysis of kinetic relationships of a large number of
processes of alloying, deoxidation, producing alloys, zone melt-
ing, corrosional stability, etc. Moreover, the study of diffusion
aids us in discovering certai:. peculiarities in the structure of
liguid metals. Data on diffusion coefficients in the literature
are limited to a few studies by several authors, a summary of which
is given in the works /3,4/.

We present in the present report results of measurements
of dissolution velocities and diffusion coefficients of conper,
an liquid zinc, cadmium, tin, lead, antimorny, bismuth and an alloy
of aluminum with copper, and also iron and nickel in molten covoper.

The exverimental method was described in detzil in the
work /1/. The molten metal was placed in a graphite crucible.

The samples were reinforced with fireproof material in graphite
holders. To protect the dissolved disks from possible oxidation
as they were heated in a furnxe to experimental temperature ihey
were covered by a film of sclder beforeharnd. Considering the low
valueg of kinematic viscosity of the liquid metals, and the
danger of turbulent flows caused thereby, for the experiments
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ssall samples were used not more than 10 mm in diameter. With decresse
in veight (by 300-500 mgj, the surface area of the disks and the time of
dissolution (up to 2 uinntcn) were used in calculating the rate of the
process v (in mg/cme.sec).

The latter quantity, in accordance with the equation of physical
chemistry hydrodynamics /2/, is equal to

2 1
©=0624%v *(C,—C)Vo=K}Vuw, (1)
(sat) (bt

vhere C;, and C,; = concentrationsof dissolved substance in bulk
of solution amd about sample, wrespectively.

The quantity v according to this equation should vary linearly
with the square root of the angular velocity of disk rotation & .
Actually, for all the systems studied the dissolution rates were under
diffusion conditions and within the limits of accuracy of the experiment
were described at constant temperature fixed C, of the equation (1)
(Figure 1).

Figure 1, Xinetics of the dissolution of metals as a function of
the angular rate of rotation; iron (1, 2, 3) and nickel (4) in
copper, copper in aluminum (5), in antimony (6), in zinc (7), in
lead (8), in bismuth (9), and in tin (10). LEGEND: a) mg/cml-sec

High values of v for copper in aluminum and nickel in copper are
caused not only by the relatively high temperatures, but also by the
high saturation concentrations C4 of these metals. Moreover, when Cu
is dissolved in Al the rate will be so high that they could not even be
measured by the method used. Therefore, for a reduction in v, 50% by
weight of Cu is added to the molten aluminum, thus 1ncreaslng Cy itself.

As is to be expected, with increase in temperature the dissolu-
tion rate is increased, determined by the change in viscosity, diffusion
coefficient, and solubility C, . Therefore, when C, = O, the quantity
v varies with temperature according to an exponential law. In Figure 2
the 2ffect of temperature on the dissolution
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rate of nickel and iron in copper is plotted in the coordinates
1lg %/—(3 - 1/T, and also of conper in lead.

10 0 n 7"
v ' IV Lk
2} ' 3 {02

i
4 ah - 4
b J0
Qe '} ja
7\ ]
u'o W .7,‘74 .,'.;.1’

Figure 2. Temperature dependence of the dissolution rate used:
1, 2 == nickel and iron in copper; 3 -- copper in lead.

If one were to use literature data on the viscosity of
liquid metal /5/ solubility /6/ and density, then according to
equation {1) it is possible to calculate the quantity D in disso-
lution and from it the energy of activation E of the diffusion.
The results of calculations for three metals are shown in Fyg. 3
in semi-logarithmic coordinates. The remaining values are shown
in Table 1.

Noteworthy are the large differences in E, for various
metals within limits from 5.8 kilojoules/mole for the diffusion of
copper and cadmium to 50.0 kilojoules/mole in the diffusion of iron
and copper, in which the lower values of the pre-exponential fac-
tor I, in the following equation correspond to the low E
-.E

Rt

A =UN0,e

During dissolution migration of atoms occurs through the
layer with variable composition from Cy to & and the effective
coefficient of diffusion refers to some average concentration,

Knowledge of the values of the diffusion coefficients in
various solvents allows us to make certain comparisons. Solubility
of copper Cy in metals at a fixed temperature of the 700  rises
from bismuth to cadmium, i.e., with decreasing atomic number.
This is accompanied by a regular reduction in the diffusion ener-
gy of activation (Fig. 4). As a rule, the high slopes of the
liquidus lines correspond to the higher heats of solution, since
the heat of fusion of copver remains unchanged. In other words,
large Cnu corresponds to high heats of solution of copper in the
alloy.
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Figure 3. Temperature functions of diffusion coefficients:
l, 2 -- iron and nickel in copper; 3 -- copper in aluminuc.,

TABLE 1
Diffusional Characteristice in the Process of Dissolution of Metals
() | £ |. By -1 Te) (d)
Pacrsopu- .} .
:El.: 1€3b Ao, ca’fcex Kdxc|Mons
m
Cu Al--Cu 66 - 10° 177
(e) [Toxe Zn 33.10°5 8.2
_— cd 27.10°8 58
—— Sn 54 -107° 6.1
— s | 223-107¢ 15,0
—_ Pb 41107 96
—— B L4-107Y 16
Fe Cu 0,57 - 102 50,0
Nt Cu 470 - 1073 418 ‘

LEGEND: a) Element; b) Solvent; c) cmZ/sec; d) Kilojoules/mole;
e) Also.

Therefore, the function in Fig. 4 is to a certain extent
similar to the rule of chemical kinretics which holds that the en-~
ergy of activation of a process decreases linearly with increase
in its heat effect. Moreover, in most cases /3/ the activation
energy of self-diffusion comnsiderably exceeds the E of diffusion.,
The process of migration in solids /7/ is characterized by values
of E comprising a significant (0.4 - 0.7) proportion of the heat
of sublimation AH. In molten metals E proves to be smaller by
an order of magnitude /4/. But in this case as well a correlation
is revealed (Cf. Fig. 4) between the activation energy of diffu-
sicn and the heat of vaporization, With increase in the latter
¥ also rises, amounting to however only a small proportion of AR,
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A direct relationship between the saturation concentration
and the heat of vaporization can be found from Fig. 4 by compar-
ing the curves 1 and 2. As is known, such a relationship cannot
be strictly substantiated thermodynamically and therefore the
functions found are kinetic, are particular in character and
justified evidently only for a certain group of alloys.

In the liquid phase, due to the appearance of a large free
volume, the displacement of particles compared with solids is ap-
preciably facilitated. For ready fluidity of the melts, a vacancy
that is even substantially smaller in terms of the dimensions of
the diffusing particles can serve as a site for the penetration of
migrating atoms., Therefore, noteworthy is the fact of an increase
in E and a decrease in [ with rise in atomic number Z of the ele-
ment (Table 2).

TABLE 2

Energy of Activation of Diffusion E, Compressibility P ’
wnd Atomic Volumes of the Solvent Elements

(c) (d) (e) (f)

- |
(b) 2 !
(a) AToMHWIY _g § §' 3
Aaesmenr ¥ £ _ }_
SRR A
SUTIE R B I O
7n 30 B21] 9.16] 19 { 754
Cd 48 5811300 25 | 630
Sn 50 6.1 1 16,301 2,7 { 581
Sb 51 1.0 1 1839] — | 274
Pb 82 96 | 18307 29 | 431
Bi 83 | 116) 2331 3.7 | 316

LEGEND: a) Element; b) Atomic number; c) Kilojoules/mole; d)
cm’/g-atom; e) bar-1, adiabatic; f) erg/cm?

The atomic volume of the solvent also increases in the
same direction. In the physics of metals, moreover, it is known
that the compressibility of elements with increase in Z rises.
A similar relationship has been observed for the adiabatic com-
pressibility Q of molten metals /8/ as well. Nevertheless, Sece
Table 2, it is possible to trace an unexpected parallel between
B and E, i.e., the energy requirements in an elementary act of
diffusion increase with increase in compressibility of melt,
Comparison of the diffusion coefficients of copper in solid
/3/ and liquid metals does not provide a simple relationship link-
ing the quantity A, fA,; and the relative change in volume AY: V
in fusiopg. The value of le" 1,5 of the metal differs from 10 for
Sb to 107 for Fb. [N, .1, = "i'D*‘]
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In spite of an increase in the coordination number during
melting and negative value of the AV for bismuth, [y alsc ex-
ceeds Ay by 2 orders of magnitude for several elements /3/.

The high surface tensions of melts G /9/ of zinc, cadmium,
and tin correspond to the smaller values of M, (Table 1), And in
contrast, smaller O for antimony, lead, and »ismuth correspond to
a largexy Ile.

However, a simpnle relationship linking the volume of holes
Vi = 0.68 {kT :0)% wath the pre-exponential multiplier cannot
be viewed yet as possible. Only a qualitative relationship can be
traced out between the activation energy of diffusion and surface
tension, Hign interparticie bonds of the melt with high value of

O as a rule correspond to lower energies E,

Analysis of diffusion in s5lid metals taking into account
their compressibility, thermal expansion, heat of sublimation, and
melting point Taz have led /7/ to an expression for [I, as a function
of activation energy in the form

Ind, = A+ B+, (2)
na
>

where A and B = constants.

In other words, a linear relationship should hkold between
iz D, and EMpp. In the derivation of equation {2) no sapecial limita-
tions were imposed characteristic of an anisotropik crystalline
body. Th refore, we attempted to verify its apvlication to molten
me-als.

It w }fd

{5 n
1~ i \Sn
X 4
!
[+

, e
A" ]

127

L4

» ¢

s L
4 \» 56

~
o
- ~
2} 14
& -
<2
- .a‘____ .
- e
~&
~
“w
o>
-

o < sy e % 2 X
3 ? ] 7
(b) { ein/nzze (.)_fl_ oxc(x0.18, 1pa¥
na?

Figure 4. Relationship of energy Figure 5. Pre-exponential
of activation of the diffusion quantity as a function of
process with the value of the solu- E/Trn for various metala.
bility of copper in the metals Cg _ep) )
at 700° (1) and the heet of vapori- Lz3END: a) joules/mole, deg.

zation of the elements DHygy (2).
LEGEND: &) g/emd; b) Kilojoules/mole;
¢)AByap, kilojoules/mole _ g




Fig. 5 shows tnat in addition to bismuth all the measured
values ofln,ﬂofbr the diffusion of cooper in melts are satis-~
factorily described by equacion (2). The exclusion of bismuth
from the general function probably cannot be zmccounted for by the
low melting point and the high E, sirce these variables were con-
sidered along with the volume of the solvent in the derivation of
the formula used.

The application to liquid metals of the equation

7T
ﬂ * 1I= Gzr

encounters the limitations related to two facts. First, it is
necessary to substitute in it the value of 7 (1n C/d 1n a), i.e.,
the self~diffusion coefficient, and consequently, information is
needed on the concentration dependence of activity. Secondly,

at constant temperature, as was noted in /10/, the first member
depends on characteristics of melt structure. Therefore, in dis-
tinction to the very dilute amalgams, our data on diffusion cannot
be described by the simple Stokes-Einstein equation.

Conclusions.

1. The method of dissolution from an ezually accessible
surface was used to measure the dissolution rates and the diffu-
sion coefficients of copper in liquid 2zine, cadmium, tin, antimony,
lead, and bismuth and elso of iron and nickel in molten covover.

2. It was found that the =2nergy of activation of the diffu-
sion vrocess in the metals studied ranged from 5.8 to 11.6 kilo-
joules/mole and are uniformly lowered with increase in cooper solu-
bility.

3, The diffusion coefficients are of the order of 10=2 cmz/
sec, and the values of the pre-exponential factors for iron and
nickel in their diffusion in copper exceeds by 1l0-fold the corre-
sponding values in the diffusion of covper in fusible metals.

4, The qualitative apvolicability of ideas develoved fer
diffusicon in the solid state i1s shown for liquid metals and an at~
tempt is rade to explain the results obtained from tha vantage
point of the nole structure of liguids.
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ANUDE POLARIZATIION OF SILICON IN
THE COPPER-SLaG SYSTEM

3. A. Toporishchev, 0. A. Yesin and V. N. Kalugin

(Ural Polytechnic Institute, Chair of the
Theory of Metallurgical Processes.)

The interaction between molten metals and slag in some
cases is limited by the access of reagents to the interface sur-
face. In the passage of direct current this limitation is shewn
ir concentration polarization /1-3/ developing. This relationship
has been studied chiefly for the cathodic process. Information on
anode polarization is still limited /2/. In this connection, we
investigated the change in electrode potential with current den-
sity and with time in the transition of silicon from liquid copper
to molten slag.

The alloys were prepared from grade MOc copper and pure
silicon (99.98% Si). Slags containing CaO, SiOp, Al,0s, MgO,
Na,0, and B,0, were prepared from oxides of the pure and of the
analytical grades. The electrolytic cells are depicted schematic-
ally in Fig., 2. The construction a is a cylinder of molten mag-
nesium 50-60 mm in diameter, and 70-80 mm in height, in which
four vertical channels are arilled (20-25 mm in depth, and 4-5 mm
in diameter and with inclined openings to these channels fc+ tung-
sten current-lines. In the use of this cell, liquid alloys of
Cu~Si of the same composition serve as the anode, cathode and
reference electrode, In the assemblies 4 and 8 a magnesite or co-
rundum crucible is placed in a graphite or alundum cylinder. In
the bottom of the corundum crucible is an opening 0.5-2 mm in di-
ameter. The arrangement of the electrodes and the current lines
to it can be seen from Fig. 1. Ir cells of this type a tungsten
wire (1-1.2 mm in diameter) serves as the cathode, bent in its
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lower portion in the form of a circle (5-10 mm in diameter).
Through ite center passed the reference electrode made of plati-
num wire (0.5 mm ir diameter). The depth of submersion of the
electrode and its position was regulated by micrometric scew.

(a) « i
) Xansdmpedy
o ;;
Yz N, 2. .
o Mno-2 (.)
e
P

Figure 1. Diegram of measuring circuit and cell design: 1 -- oxide
nelt, 2 -- metallic alloy, 3 -- magnesite crucible, 4 -- graphite or
corundum crucible, 5 -- platinum reference electrode, 6 -- tungsten
wire cathode, 7 -- anode, 8 -- multi-limit ammeter, 9 -- EO0-7 elec-
tronic oscillograph, 10 -- resistance magazine, 11 -- series of
batteries, 12, 15 -- two-position switches, 1% -- cathode oscillograph
with afterglow, 14 -- contacts of depolarization relay, 16 -- contacts
of polarizing current relay, 17 -- PPTV-1 type potentiometer, 18 -~
amplifying current attachment, 19 -- galvanometer with scale of 24-10-9
amp/division, 20 -- commutstor, 21 -- tube voltmeter, 22 -- milliammeter,
23 -~ MPO-2 slave oscillograph. LEGEND: a) To reference electrode;

b) To cathode, to &node; c) PPTV-1; d) Current amplifier; e) MPO-2
slave oscillograph.

The diagram of the rieasuring circuit is shown in Fig. 1,
It permits recording of the volt-ampere cirve by the commutator
method and the recording on photographic film by means of the
oscillograph--of change in polarization with time during the
switching on and switching off of current.

Used 28 the commutator wae a collector seated on the shaft
of a small motor. The current from the anode wvas led to the face
of the collector with the help of a spring plate., The reference
electrode and the cathode were connected to brushes. In one revo-
lution of the shaft four switchings elapsed, such that at 1400 rom
up to 186 current discharges per second was attained.
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The nature of commutator performance is shown in Fig. 2 by
the oscillograms of current and polarization period to record the
current oscillogram a loop of the MPO-2 oscillograph was connected
in series through the attachment of the R-1 type with the rheo-
stat 10 (Cf. Fig. 1). The variation in anode potential was photo-

(@)

2R o p

‘ 110 ten
J ""’-—-- L

Figure 2. 0Oscillogram of current (€) and anode polarization

(b), of the Cu-Si alloy. Cq; = 0.1 °
. Csi = 0.13%, t = 1420°, I = 0.1 .
LEGEND: a) Second ' ’ 4 ’ 4 anp

graphed with the screen of the EO-7 oscillograph. At the moment
the current was switched on (point a Fig. 2) a sharp jump in volt-
age was observed caused by the ohmic resistance, then a smooth in-
crease in potential due to polarization of the electrode occurred.
VWhnen the current was connected (point b' in Fig. 2) the ohmic volt-
age disappears rapidly, after which polarization of is gradually
reduced.

Measurement of the values of - the commutator was carried
out in the interval of time from c¢c to d. The neglected change in
potential occurring from the moment the current was switched off
to the beginning of measurement represented not more than 5-7%.
The stability of the number of commutator switchings and the
sharpness of the discharges were controlled during the experiments
by the EO-7 electronic oscillograph in conjunction with the ZG-10
generator. To reduce interference and induction in the measuring
circuit the reference electrode was grounded.

The experiments were conducted in vertical resistance fur-
naces, the heating element of which was a graphite tube. The
temperature held constant by a manual or sutomatic control using
the EPV-0Ol1l potentiometer. It was measured with a platinum-rhodium
thermocouple and the optical OPPIR-17 pyrometer.
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Before determination of palarization the system was conditioned
with weak currents. Then successively increasing values of i were intro-
duced and for each of these the variation in wnode potential with time was
established. The curves 1) - i were constructed from the polarization
values established.

Initially, the behavior of the copper anode without silicon
added was investigated. Used as electrolyte was slag containing 55%
Si0o, 10% MgO and 35% Ca0. The polarization curves obtained (Figure 3,
curve 1) closely adjoined the abacissae axis and had no maximum currents,

La

48
g5
4
Q"‘ :;.\Q
<
: ‘3
-
¢ ¥
! 7—"1.“
2. U [
F] w0 ) 620 n,»f (a)

Figure 3. Anode polarization curves for pure copper at 1290° (1) and
for the following Si content in it: 0.006% at 1240° (2 and 2'): 0.07%
at 1230° /5 and 3'); 0.013% at 1430° (4 and 4'). Slag in experiments
3, 3t, 4, and 4': 15% Si0p, 45% Ca0, 35% 41203, 5% B03; in experi-
ments 1, 2, and 2': 55% Si0p, 35% CaO, 10% MgO. The diameter of the
alloy-slag interface in experiments 1, 2, 2' is 0.3 cm; in experiments
3, 3!, 4, 4' is 0.2 cm. LEGEND: a) millivolts

nor inflection points. With the addition to copper of smell amounts of
silicon clearly pronounced limiting currents appear (cf Figure 3). They
are probably caused by delayed diffusion of Si atoms in copper. This is
attested to, in particular, by the proportionality between the limiting
currents i0 and the concentration observed at the given temperature:

Cy in Cu,wgt % 0006 007 0. 0006 002 0,23 0,005 0,07
Temperatué*e,OC 1240 1240 1230 1300 1320 1330 1480 1480
i, amp/cm 05 54 7.2 095 40 2.2 34 38,0

Deviations from this function are caused by fluctuations in temperature,

by errcr in the determination of the anode composition, and by the change
of its surface during polarization.

The presence of limiting currents, the proportionality of their
concentration of Si in copper, and also the slow decrease
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and increase in potential with time (Fig. 2) indicates the diffu-
sion nature of polarization.

The following reactions /See lote/ are possible on the
copper-silicon anode:

S{— Si*t 4 4e; (1)
S1— St** 4 2e. (2)

(/NOTE/ Here, and below, the symbols of the ions are given
schematically without accounting for their complexation.)

Diffusional polariza*ion in this case is caused only by
deviations at the electrode concentratione of atomic silicon /Si/
and the ions Sit' and Si2* from equilibrium values. Therefore,
for the processes (1) and (2) it can be represented by the equa-
tion

RT, (Si"*) RT. |(si]

W (g ), " F iy, -

where p = equilibrium composition,

The concentrations of Si on the surfaces of the copper-sili-
con alloy ané the ions of Si in the near-anode layer of the slaz
vary with the current density in accordance with the exoressions

[S1] = [Si], — &i = 1511,(1 - ’?)

and

n a . n+ i
(SI*) = (SI"™ ), + ki = (S1 )v(“*“'.«;“)-

Hence,

0.0002 ; 00002, (, L
n-—--——n—-lg(H —‘:{)— a 1g(1— ,g)~ (3)

Here the first term is caused by the accumulation of Sin+ ions at
the anode, and the second-«by the excess of Si atoms at the sur-
face of the alloy, due to their rapid removal by diffuﬁion within
both phases. Since the concentrations of the ions (Si ")y is high,
then i® j§> i and the first term in the process (1) can be neglect-

ed. Then
) 000027 i
hW= -7 1g(l——‘-‘,-). (4)
2
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Figure 4. Change in anode polarization with time for Cgj = 0.08%
and 1250° (1) and with current strength for Cgj = 0.11% and 1230~
(2). Slag: 15% Si0p, 35% Ca0, 20% Alp0z, 10% Nag0, 20% BpOs3;

~ = 4.95 seconds. LEGEND: a) Seconds

It is known that in melts the ions of the lower valency of
the non-transitional metals can exist only at low concentrations
/4/. Therefore, the value of (Si2+)4 is low and for the process
(2) 3i° & 1. This allows us to neglect unity in the first term
of equation (3) and give it the form

A Y

0,0002 { 00002 T {
1 4

As Tig. 3 shows the experimental points on the pclarization curve
fall on straight lines plotted according to the coordinates

= for-sl-5)]

Their angular coefficients (0.16 - 0.21) are close to the required
equations (5) ot the experimental temperatures. In other words,
the anodic dissolution of silicon under the conditions adonted
occurs mainly in the form of bivalent ions. Their formation on the
cathode was established earlier /3/, but only at high concentrations
of silica (> 30% SiOp) in the slag.

We should note that in certain experiments (Cf. Fig. 3,
curve 4) still another limiting current was observed at the out-
set of the polarization curve. Hgwever, its magnitude did not
depend on the concentration of silicon in copper. Experimental
points of “his initial section of the curve are described by the
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equation

At experimentel temperatures the angular coefficients correspond

in some cases to small n = 2.5 - 3.0, and in others--n = 0,95 =~

1.3, The last value was attained only in the case when the measure-
ments were conducted over a prolonged time in a cell made of molten
magnesium.

Apparently, in the first cagi the anodic wave corresponds
to the dissolution of boron B — B + 3e, inasmuch as it has a
higher electronegative potential as compared with Si. Boron ap-
peared in the process of preparing the Cu - Si alloy, which was
carried out under borate slag. Its presence in the metal was
confirmed by chemical analysis.

In the second case, the wave probably corresponds to the
oxidation of bivalent iron to trivalent. The source of the iron
oxide was molten magnesium.

To confirm the valency with which silicon enters the slag,
the change in polarization with time at a current density above
the maximum was studied. Under these conditions, during a trans-
itional time equeal to T the polarization curve can be represented
/S5/ either by the function

31

00002 T 2

m{1-1-}.

2

corresponding to the eguation (4), or by formula

corresponding to the expression (5).

One of the curves of the polarization increase with time
for the alloy containing 0.08% Si is shown in Fig. 4. The points
of this curve, iu the coordinates

1 - 1

.- 3 )
n— Jlgtt —ig l—LT no—lg l~ir
=7 <2
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fall on a straight line only for case 1 (Fig. 5). The line has an
angular coefficient of 0.17, which corresponds to a value of n =
2 at the experimental temperature, A similer result yields analy-
sis of the quantity 7 as a function of i (Fyg. &, curve 2), for
the alloy containing 0.11% Si obtained under the same conditions
as was curve 1. He;e the angular coefficient of the line in the
coordinates J --[@l“’ﬂ(“‘é)]also yields n = 2, 24

From this it follows that the diffusion of Si occggs at
least at an order of magnitude higher more rapidly than Si~ .
Evidently, this is due to the lower charge and large size of the
si2* cation, which in this respect is closer to the modifier-ions
(for example, Ca?*, Ba®¥).

200 X0 9,08
11117 ™17
X
Lfe ot , 146
] 35
Ll 02{ 4 -l
3 z 1
& ot 1-a2 N
L L 3
8 -~
u} ]
o
'QA PR VU TN NN SN N N 8
xe 300 (7
7, b

P 4.
Figure 5. Lgtd - 1g (I —t*/¢s ) and 1g (I-—i?& ) as functions
of anode potential for alleys containing 0.08% Si at 1250°.
Slag: 15% Si0,, 35% CaO, 20% A0z, 20% Bp03, 10% Naj03.

To determine the diffusion coefficients a method was used
/5,6/ based on the fact that at a current density higher than the
limiting value, after a certain interva: of time a jump in poten-
tial is observed caused by the reduction in the concentration of
the dissolving element down to zero. The transitional time
can be found from the curve of increase in polari~ation with time
(Cf. Fig. 4) and the diffusion coefficient calculated /7/ from the
formula

_ 4
:nC;fa )

Under the assumption that the surface of the liquid covpper anode
is a hemisphere /2/, values of D were obtained in the 1100-1350°
temperature interval which are described by the equation
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ﬂ.= 14,8107 exp( "}fgp-'i)

Here the diffusion energy of activation is 12 kilocalories.

The values of Dsij in copper that were found afford an evalu-
ation of the radius of the diffusing particle rgj by means of the
equation /&/

A=A (6)

nnvr
51

Init, n = 4 when the r_ of the solvent atoms is large and r_ >

: p
rgiy, and n = at rp'<:rsi. If Ty F Tgio then
AT
A=rr (7)

The cdimensions of the diffusing vparticle calculated from the for-
muias (6) and (7) are obtained as ecual tc .9 AV at n = 4, 0.6 AU
at n = 6, and 5.9 AU at ry = Ty = 1.2 AU. The best asreement
occurs for the case when r_ > rgij. Then the radius of the diffus-
ing particle calculated by equation (&) is close to that for the
ien Sic*. 1In other words, silicon Jiffuses orobably in the form

of an ion, but not as the atom. The data on cooper viscosity

is taken from the study /9/.

In conclusion, let us note that the use of the chronopoten-
tiometric method for determination of the coe“ficient of diffusion
cf an element dissolved in liguid metal is possible only within a
definite interval of its concentrations. The lower limit is 0.005
~ 0.01% and is due to the difficulties related in determination of
the true concentration, and also with its commensurability with
the concentration for impurities present in the metal. The upper
limit can be taken as 0.2 - 0.5% It is related to the need to
use high current densities. This c¢ften leads to distortion of the
initial section of the polarization curve on which appear ''veaks"
“"surges' caused by changes in electrode surface with time and its
local overheating.

Conclusions.

1. The commutator method at 1200-1500o for various cell
constructions was used to establish that the ancdic transition of
silicon from copper to slag under the conditions studied is in-
hibited by its delayed diffusion in the metal,

2, It is shown that the anodic dissolution of silicon occurs
chiefly in the form of the bivalent ion.




3. The coefficients of diffusion and the energy of activa-

tion are estimated for silicon in molten copper.

4, The limits of concentration of an element are found

which are advisable to be used for the chronopotentiometric
method cf determining diffusion coefficients in liquid metals.,

1.
2.

3.
‘4'

Se

6.
7.

8.
9.
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EFFeCl OF oLXTeni ur xOASTING Or CUPPER-ZINC
CONCian /RATES ON J/HE «=3SULTS Or SmrLiiNG OF CINDERS

V.I. Smirnov, A.P. Doroshkevich and Yu.A. Yablonskiy

(Ural Polvtechnical Institute, Chair of
Metallurgy of Heavy Mon-Ferrous Metals.)

Ihe sulfide ores of Ural covnper deposits are claracterized
by the presence of zinc, the content of which in many cases ex-
ceeds the copper content. Due to mutual thir ingrowths in the
ores ol cooper and zinc sulfides, when these ores are subjected
to selective flotation copper concentrates are obtained with a
significant zinc content. Smelting of such concentrates in re-
verberatory furnaces encounters great difficulties.

A method of preliminary roasting of ccpper-zinc concen-
trates introduced at one of the plants affords much improvement in
tne smelting results and increases the coefficient of complex
utilization of the actual composition of the concentrates, Ac-
cordingly, it appears advisable to establish the rational extent
of charge roasting which would assure the highest recovery of
copper in the matte and of zinc in the slag.

Investigations were conducted with copper concentrates,
whose composition is shown in Table 1. Coprer in the sulfide con-
centrations is found mainly as chalcopyrite, zinc--as sphalerite,
residual iron--as pyrite; in the Altyn-Top% nskiy concentrate
copper is present in the form of chrysocolla.

The sulfide concentrations presented in Table 1 underwent
granulation in a cup granulator and then the granules obtained,
of the fractions - 1.6 + 0.63 wm, after natural drying were
roasted in the laboratory furnace on a fluidized bed. As the
result of the roasting of granules cinders were obtained with
various sulfur contents (Table 2).
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Chemical Composition uvf Corcentrates

(b) Conepwanne, %
e
(s) ii::::::);:;g‘- Cu | 2o | Fe \ s, | si0,| €0 |Mgo|ALO,s
t
é |
< 130 { 28.7 1 38.2| 28 0.4 0.3 13
§°§ Cpemneypatmiuhd - - - - - H’g 22 | 336 | 399 | 47 ruc o6- | 03 | 06
d) BypnbaesckH PR ig%‘- - ;
051 29.5 | 334 3.8 , A §
e) BaMuncxuit . . -« . - 24.1 0._' ' 0 0/
21’; Aarsn-Tonkancknit . . . : 164 | 02 (119 ] 08 | 407 0.4
uet- . _ _
(g) 53342’.‘ " ” euect f‘o." " 112 soloes |30 | 85 05

LEGEND: a) Concentrate; b) Content; c) Central Ural; d) Buribayevskiy;
e) Pyshminskiy; f) Altyn-Topkanskiy; g) Granulass of a concentrate mix-

ture; h) Not detected. Chemical Composition of Cinders  TABLE 2

{b) ancpu\'auue. %
(a)  Orapxn Cu Zn S st s,
— ey L

M3 cpeaseypasLekoro kouuentpara 1 1490 140 13.4 126

(d) ¥ " P 2 14,3 144 124 11,7
3 16,1 13,8 10,1 8,5

W3 6ypubGacscroro Kosueurpara 4 154 23 14.1 11.6

(e) Mo rp P s 62 . 24 1 95 | 78
6 16,7 26 8.9 8.2

(£) M3 nuussuckoro xonuentpard 7 26.0 0,05 17,6 15,8
HY 21.2 0.06 13,9 120

9 73 066 13.5 11,5

LEGEND: a) Cinders; b) Content; c) S¢gt; d) From Central Ural
concentrate: e) From Buribevevskiy concentrate; f) From Pyshmin-
skiy concentrate.

TABLE 3
Elementary Composition of Cinders
(a)' | {b) Coxcpwanne, &
Ora- —
por | CulZn| Fe[Sy, s,lsao, lc;o'
<y |
1 153| 7.8{30.1} i2.0 105 100 {04
2 (149]8.1290] 160 144! 46 |05
3 (143|791 20 | 1861 97 |65

LEGEND: &) Cinder; b) Content, %; c) Siot
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The cinders obtained were charged with fluxes (quartz and
limestone) and converter slag and underwent smelting in corundum
crucibles in a Kryptol furnace at 1350°. Twe fusion and residence
of the melt in the furnace after this temperature was continued
for 30-35 minutes. The purpose of the smeltings of the roasted
concentrates in a given series of experiments was an orientational
study of the influence that the extent of roasting of sulfide
materials have on the distribution of the main metals--cooper and
zinc--petween slag and matte.

The orientaticnal smeltings 'conducted revealed that the
smelting of fluxed cinders with low sulfur content (8.5 - 10,5% or
6 - % total gulfur in the charge) res»lts in rich matte being
produced (from 65 to 79% Cu). As a result, slag is produced with
a high copper content. The deficiency of sulfur in the cinders
not only results in rich matte, but also the formation of metallic
copper in the bulk of the matte. Direct extraction cf the copper
in the matte in the smelting of such cinders amounts to 84 - 87%,
in the best instance--92%, and the loss of copper with the slag
is 6%, and in some cases as much as 11% of the total copper con-
tent in the cinders.

Smelting of cinders with a higher sulfur content affords
production of matte containing LO - 55% Cu, in addition, the direct
extraction of copper in the matte is increased to 97%. Smelting
permits the concentration in the slag of 80 - 95% of the Zn origi-
nally in the cinders. Thus, preliminary smelting of cinders showed
the need for less extensive roasting of cooper concentrates in
order to obtain cinders containing more than 13% sulfur.

Since concentrates differing in composition are received at
copper-smelting plants, subsequently work was conducted with a mix-
ture of concentirates, consisting of 60% Ural-average, 10% Altyn-
topkanskiy, 15% Buribayuvskiy, and 15% Rushminskiy concentrates
with 2% bentonite tc the mixture to improve rolling and to achieve
durable granules. The comvosition of the rranules preoduced from
this mixture is shown in Table 1,

The gzranules vroduced from the mixture of concentrates were
roasted in a fluidized bed furnace and cinders of three types were
obtained (Table 3). The cinders were studied as to the form in
which copper, zinec, and iror (Table 4) appeared in them.

As can be seen, in the roasting of sranules at temperatures
of the order of 720 - 780° significant oxidation of sulfide miner-
als occurs. Up to 39 - 48% Cu of its total content in the cinders
enters the oxidized form, including 12 -~ 18% vresent in the ferrite
form, 21 - 26% as the free oxide, and 3 - 4.5% in the sulfate
form.

For zinc at the temperatures indicated a higher extent of
sulfate- and ferrite formation is characteristic than for copper:
20 - 21.5% of the total zinc content is present in the sulfate and
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25 - 232% in the ferrite forms; 6 - 7% is present as the free
oxide., TABLE 4

Forms of Compounds of Copper, 4inc, and Iron in Cinders

(a) (b)% uezn ot oémcroq)concpu\'a- % wika o1 obuerD CoACPKA- ’Sd)
A rapke 8 ¢opue KHY 8 oraphe B dopue weaca
Ora- |— SRt '____‘__“_______(G) P Gopv — | {n71 0butcro
poK | cyas-|oxuc- [cyau-! dep- CVaL- | OKHC- | cyas- | cuan- | dhep- coacpKania)
prec e | gna | pur 050 | gar. | sen- By [ ore | . | e war-
Ha | o 1o |  Ho yoii_| pow | poil | noji | wuit "
GEGRIGGTRREITC TN 1 NS -
1 28 1262 |51,1 11891 10 1203 | 69 4Q5l 08 | 315 512
2 46 1213 1605 (130 | 06 | 204 | 62 457 + 15 | 232 40,1
3 | 39 [235 |66 [ 114 [ 6 |24 | 5y 453 | 24 |20 | 339

LEGEND: &) Cinder; b) % copper of total content in cinder in

form listed; ¢) % zinc of total content in cinder in fomm

listed; d) % of iron (of total content) as the magnetite; e)

Sulphate; f) Oxide; g) Sulfide; h) Ferrite; i) Fesiduals ) SilicaTe
A significant amount of iron in the cinders (34 - 51%) is in the
magnetite form.

The cinders produced undergo smelting in order to study the
effect of the rcasting on the distribution of copper and zinc,
between the matte and the slag. The composition of the slag from
which the smelting was calculted, and the composition of the guartz,
limestone, and converter slag used here are shown in Table 5.

The 1esults of smelting of slags of the first tyve are shown
in Table 6, and for slags of the second type -- in Table 7.

The results of laboratory experiments on smelting of roasted
material allows us to recommend to a cooper-smelting plant switch-
ing over to the smelting of pre-roasted concentrates on fluidized
beds the most profitable sulfur content in the cinders, which
would yield the most advantageous distribution of zinc between
these smelting oroducts and the maximum extraction of copper in the
matte.

Even in previous studies /1,2/ it was established that the
distribution of zinc in smelting of cinders devends on the extent
of preliminary roasting of the material. Comvarison of the results
of smelting of cinders with sulfur content at 12, 16 and 20% (cor=-
responding to $.5%, .3.5% and 17.5% Siot in the charge) leads to
the conclusion that the most advantageous cinder has a sulfur con-
tent close to 16%. In smelting this cinder fully satisfactory
slzgging of zime (50 - 4% of its content in the charge) is ob-
served, a slag fully satisfactory in copper content is achieved,
and the extraction of copper in the matte amounts to 94 - 95%.

The matte in these series of smeltings was held at 38 - 42% Cu,
which corresponds to an average comoosition of the matte at many
copper-smelting plants.
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TARLE 5

Chemical Composition (in %) of Estimated Slags, Fluxes, and
e . LConverter Siag.___

Feo | si0, |ca0

a Waak1 . . ... 45,0 350 245
b Waak 2 . .. -. 41, 320 245
c Ksapuy . - ., ... — 999 —

d) {Haseccrnnx . . . . .4 8.0 49,9
e Kouseprepuuiit maax | 56,2 23.8 0.8

LEGEND: Remark: Converter slag contains 2% Cu and 7% Zn.
a) Slag 1; b) Slag 2; c) Quartz; 4) Limestone; €) Converter
slag

In gmelting cinders with total sulfur content close to 12%
slags were produced with high copper content (0.94 - 1%), the ex-
‘raction of which in the matte was reduced to 90 - 92%. Althoucgh
here the extractior of sinc in the slag increased to 90 - 95%,
but obviously this incre:zse does not represent a great advantage
compared to the decrease in the corper recovery in the matte.

Smelting of cinders with a 20% sulfur content reveals a
significant decrease in the slagging of zinc and a noticeable im-
poverishment in the copper content of the matte vproduced. Addi-
tionally, when cinders with the sulfur content shown are produced
less sulfur is available for sulfuric acid production.

To avoid difficulties in fuming of slags, smelting of
roasted zinc charge must be carried out with sufficiently basic
slags having a content of not less than 33 -35% SiO, and a limited
Ca0 content. Experiments show that increasing the éao content in
slags more than &4 - 5% does not oroduce a substantial reduction
in the covoper loss in slags, while decreasing the CaC content down
to 1 - 2% results in some increased copper ccntent.

When we take literature data into account, in varticular
/2/, and the results of experimental smeltings, we conclude that
in smelting roasted zinc charge the optimal level slag must con-
tain 32 - 35% SiO,, 4 - 5% Ca0, 9.5 - 10.5% 2n0, 40 - 45% (FoO +
Fe3Ol+).

LITERATURE

1. V. I. Smirnov, V. D. Mishin, Trudy Ural 'skogo Politekh-
nicheskogo instituta imeni S. M. Kirova (Works of the polytechric
institute imeni S. M. Kirov), No 5, 1938,
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Results of Smelting of the First

PABLE

Type of Slag
(d)

6

(b) (¢) :

(&)1 Cocras wrehna, % Cocras waaks, % . Pacnpeaesenne, %
Ora- N . (@ Nean s umnka 8 (£)

pok [ cu | zn | S | Cu| Zn | PeO | SiO, | CaO equlursar, e wra

31096 | 71 1437 {347 | 42 |894 | 56 | 119 | 850

} ﬁs‘; :} 22?.3 103 | 75 [ 434 {355 | 22 {902 | 72 11211 | 883

2 | 387164 {230 (078 | 73 [438 1346 | 46 944 | 49 {172 | 822

2 {426 |55 {231 {080 | 85 460 {350 | 22 [ 935 | 54 | 142 | 837

3 [242 ) 76 236 {076 | 60 [ 432 | 332 | 51 | 964 | 56 | 411 | 447

3 1240 175 1235 }078 | 6.1 444 | 344 | 21 | 955 | 40 | 404 | 462
LEGEND: a) Cinder; b) Matte composition; c) Slag composition; d)

Distribution; e) Copper in; f

) Zinc in; g) Matte;

h) Slag

TABLE 7

Res%lga of Smelting of the Second Type of Slag
b

83) Cocrvae wrehuna. %! (¢) Cocras _waaxa, % _d) Pacnpeaesenne, %

ra- ———
Pox | Cu| 2o | S | Cuf 2n |Feo|sio,| cao ‘;-é)!f:"i—:—? r“'f:"" ’a(f )
UoIsstl 41 12231094 ] 82 411|320 49 |o12] 62| — Igs_s

1 1601 1 33 1217 0961 85 | 423 | 321 23 | 920 | 62 — 1960

2 14191 60 12151077 | 86400 |327 ] 49 Jo10 ]| 47 202 ] 785

2 14001 63 |219 1078 | 85 |41 J327 1 21 1938 | 50 | — 83.5

I JU42 1 75251072 78 1412 {310 ] 47 | 945 44 1372 | 636

3 1261 701223 1074 | 68 {408 | 317 19 19521 46 1318 | 545

LEGEND: As in Table 6

2. V. I, Smirnoev, 5, V, Berenov, Sbornik nauchno-issledova-
tel'skikh rabot Uralgintsvetmeta (Collection: Scientific Research

of the Uralgintsvetmet), No. 1, 1935,
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THEORY OF THREE-LAYER CONTINUOUS CONVERSION
OF COPPER MATTES

Yu. 3Goletsi, Yu. Shmidl and F. Segnalek

{(Chair of Non-Ferrous Metallurgy of the Vvssheve
tekhnicheskoye uchebnoye zavedeniye /Higher
Technical School/, city of Koshitse,
Czechoslovak Socialist Republic.)

In the second half of the 19th centuiy copver began to be
produced from copper matte by blowing comrressed air through a
layer of the molten matte. From analogy with the process of purg-
ing pig iron this process was called conversion or the Bessemer
process, from the name cf the Epglish metallurgist Bessemer, al-
though he did not deal with the purging of conper mattes. The
predecessor to the conversion process is the Mabuki vrocess, under
which even in the 16th century purging of molten matte /1/ was
already being applied in Japan.

The first initiator of the method of purging cooper matte,
similar to the Bessemer process for pig iron, were the Ryssian
engineers V, A, Semennikov, N. A. Iossa, and A, A. Auerbakh in
1966-1880 /3/. Conversion in Egil was carried out by I. Holloway
and F. P, Mann in 1880 /4/. 1In the U.S. conversion was used at
the Parro metallurgical plant in 1884 from whence it took the name
of Parro conversion.

Over the past century the essential changes were not in-
troduced into converter design. The discontinuity of the process
causes substantial stoppages in performance, resulting in signifi-
cant heat losses., Fluctuations in the temnwerature of the lining
reduces its service, which means additional idle time during re-
pair of linings. The hermetic sealing of the converter top has
not been resolved, which hinders the use of heat and sulfur dioxide
from the outgoing gases. The converter slag, due to its high con-
tent of useful metals, represents reversible material. The main
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shortcoming of the existing :onverters is the imperfect system of
blast feed, limiting productivity, and resulting in premature wear
of the lining near the tuyeres and, furthermore, raquiring much
laboricus physical work in cleaning the tuyeres, al.hough in recent
years experiments have been successfully made on mechanizing tuyere
clearing,

One of the ways of intensifying conversion is the use of
oxygen~-enriched air. However, under the presently existing design,
the converter, even when oxygen-enriched air is use., would be un-
suitable even for partial automatization. Therefore, for conver-
sion it is necessary to build a new installation which would afford
the possibility of carrying out a continuous process.

In our own research into an installation for continuous
conversion we relied in part on the results of the investigations
by D. A. Dicmidovskiy /5,6/, who suggested that the vprocess be
carried out in two separate installations for the first and second
periods. He undertook experimental studies in the installation
described in the article /5/, using the technology that was the
same for converters of existing design.

However, in addition to a new installation, to achieve con-
tinuous conversion it is necessary to create a new technology of
the continuous production of converter covper in a single installa-
tion. The purpose of this article is to consider prerequisites for
the continuous conversion of copper matte aimed at the production
of crude copper in a single installation.

Thermodynamic analysis of the conversion of copper matte.
Before beginning the analysis of the possbility of continuous con-
version of copper matte, we present a survey of the theory of the
existing process.

It is possible to assume the course of a whole series of re-
actions between oxygen, copper matte, flux, and their reaction
products. Thermodynamic calculations of the reactions of corper
matte conversion are given in article /7/ and here we only summar-~
ize their results,

The most negative free enthaslpy values are found for reac-
tions of the first period, in particular the reacticns

FeS + 1;502 = FeO+S0O;; (1)
3FeS +502= Fe30¢+3501; ( pd )
2FeS +30;+ Si0;=2Fe0-SiQ, +2S0,. (3)

.

Reaction (1) is part of reaction (3), tiaerefore in what
follows we will look only at reactions (2, and (3). The values of
the free enthalpies of these reactione are the most negative.
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Temperature affects their order, For instance, in spite or the
presence of silica at 11500, the formation of magnetite occurs
predominantly. With increase in temperature the formation of
magnetite is reduced and above 1450° it 1is theoretically precluded,
since the value of the free enthalpy of reaction {3) at any con-
centrations of FeS in the bath will be significantly more negative.
The theoretical yiesld obtained wholly corresponds to practical ex-
periments. Prevention of magnetite appearing at low temperatures
by addition of silica is impossible, since at these temperatures
silica does not react rapidly enough with the ferrous oxide appear-
ing on the fayalite.

In practical terms, copper mattes almost always contain
magnetite and in conversion its further appearance is possible,
therefore it is necessary to explain that it occurs with the mattes
during conversion. It is obvious that it is either reduced by
some one of the compounds presents to ferrous oxide, or enters the
slag.

Baged on analysis of the modes of magnetite reacting with
sulfide it is possible to co..sider only the overall reaction

Fe.O,+FeS+55i0,=5(2Fc0-Si0.) +SO.. (%)

The negative value of free enthalpy of reaction (4) with increase
in temperature is increased.

The value of the free enthalpy of the reaction of magnetite
with Cu,S is positive, therefore this reaction does not take place.
The formation of metalliciram from the reaction

2Fe0+FeS=3Fe+S0, (5)

at conversion temperatures also is impossible. Other reactions be-
tween the suifide and the oxide at conversion temveratures do not
take place,

Let us now consider the reaction between cuprous sulfide,
ferric sulfide, oxygen, and their products. These reactions are
as follows:
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CU3S+1,502==CU30+ SO?; (6)

- Cu;0+FeS=Cu,S+FeQ; (?7)
2Cu;0+2FeS+Si0;=2Cu,S +2Fe0-Si0,; .8)
2EU:0+CU25 =5Cu +S0,. { 9 )

The value of free enthalpy of reaction (6) at conversion
temperatures is sufficiently negative to theoretically orove the
possibility of this reaction occurring in the first period. The
possibility of its occurrence is greater the lower the FeS concen-
tration.

The Cu,0 formed can react either with FeS by reactions (7)
and (8), or with Cu,S by reaction (9). The value of free enthal-
pies of reactions (3) and (8) is more negative than the value of
the free enthalpy of reaction {9), therefore at appreciable FeS
concentrations its oxidation occurs chiefly.

During purging of copper matte two periods are distinguished.
In the first period oxidation of FeS to FeO and Fe_pO takes vlace,
end the slag formation of the FeO forming occurs simultaneously.
In the second period the oxidation of CupS occurs bv the reaction

CU25+02=2CU+502, (10)

which is the composite of reactions (6) and (9).

Theoretical possibilities of the continuous conversion of
copper matte., Careful thermodynamic zanalysis of the crder of the
reacti ons occurring under the existing methods of copper matte con-
version and a study of the changes in their free enthalpy values
as a function of temperature and concentration affords the possibil-
ity of finding the thermodynamic prerequisites on which to develop
a technology for continuous conversion of copper mattes to produce
crude copper in a single installation. The main problem is to
establish conditions for the simultaneous occurrence of reactions
in the first and second periods.

It follows from the foregoing that without lowering the
ferric sulfide concentration in the copper matte tc a low level,
it is impossible to expect metallic copper to be formed. The
problem consists in establishing such conditions so that simultane-
ously with the reactions (1), (2) and (3) the reaction (6) occurs,
and such a quantity of Cu,0 is formed which would not wholly react
according to equations (7% and (8), but react partially also ac-
cording to reaction (9).
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Change in the values of the¢ free enthalpies of the reactions
(1), (2), and (3) depending cn the concentration of FeS and Cu.S
is shown in Fig. 1 /8/. Vith decrease in concentration of FeS the
values of the free enthalpies of these reactions are reduced,
Simultaneously, during the first period the concentration of Cu,S
is increased, therefore it is possible to obtain such a state of
the system in which the free enthalpies of the reactions will be-
come identical. This state, corresponding to the content of 0.002%
FeS (-1g Cp,5 = 4.38), shown in Fig. 1 (.1 al.

IN[ ]
(‘)MX
B oI
3 L
LN
~4 +
S
-

0 2 448 640,

Figure 1. Value of the AHy as a function of the concen-
tration of FeS at 1250°. LEGEND: a) KCal.

From the viewpoint of thermodynamics continucus conversion
of copper matte with the production of crude copper in a single
installation can be carried out in the following way. In the bath
of white matte copper matte is obtained and such a quantity of air
which is capable of simultaneously oxidizing the ferrous sulfide
supplied with its transition into slag, and cuprous sulfide with
the production of converter copper. Here three components are
present simultaneously in the bath: converter slag, matte and
converter copper. To substantiate the poscibility of continuous
conversion it is necessary to investigate whether these three
compounds can pecssibly be simultaneousl, present from the view-
point of their svecific gravity mutual solubility.

The snecific gravity depends on temperature, 1In order to
verify the possitility of the stratifizatior of the 3 components,
we present the specific gravities for the solid (20°) and molten
(1200°) states for several clags and mattes.

The specific gravitles of the converter slags are as fol~

lows /9/
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At 20° 400 T 404 402 391 3.2
Ay 1200° 362 357 355 341 399

The specific graviiies of copper mattes as a function of copper
content are as follows /9/:

corper content % specific gravity/cm’
at 20° at 1200°

30 4,96 4,13

40 4,99 4,28

50 5,05 {44

70 5,46 4,93

80 577 5,22

In this case the fact that for white matte the highest
specific weight is achieved (Fig. 2) is favoravle, which results
in i¢s improved separation from converter slag.

The specific gravity_,of converter copper (98.3% Cu) /9/
represents at 20° 8,61 g/cm’, at 1200° -- 7,78 g/em>.

The literature presents various opinions on the solubility
of Cu,S and FeS in slag. Based on latest information it can be
assumed that the solubility is limited to such an extent that from
the viewpoint of practice one can disregard it. 1In the FeS - Cu,5S
system when moltern unlimited mutual solubility exists, Limited
solubility is known to exist in the Cu - CuZS system. In the con-
tinuous conversion an independent layer of converter covper will
begin tO appear only after the sulfur content in the white matte
is reduced to 17.9%, and in addition, the sulfur content in con-
verter copper will amount to 1.8% S. It is true that in the lit-
erature it is mentioned /10/ that the Cu - CupS diagram is not
accurate and that the solubility of cuprous sulfide is less.

Based on verification of these specific gravities in the
molten state and mutual solubilities, it can be concluded that the
converter slag, the matte and converter copper will form three
layers, will separate from each other.

As has already been indicated, vproducing converter copper
occurs at a very insubstantial (of the orderof 0.001%) FeS content.
Hence, to realize continuous conversion of copper matte in a single
installation it is necessary to undertake conversion in a white
matte environment.

As the air sweeps through the level of the melt it encoun-
ters a relatively small amount of melt, which is the basis for
the mechanism. of continucus conversion,
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Figure 2. ©Specific gravities of copper msttes: 1 -- theoret-
ical line; 2 -- for the solid state; 3 -- for the liquid state.
LEGEND: a) Specific weight, g/cm’

Reaction (6), oxidation of Cu,S with the formation of me-
tallic copper (9) is the chief reaction. The reaction of dire. .
oxidation of ferrcus sulfide with air oxygen is of low nrobabil.ty,
since the possibility of these two compovnds contacting is irnstb-
stantiil; ctherefore, the chief oxidizer of FeS is Cuy;0 according
to reactior (7).

Part of the metallic covper formed, encountering Fe3, can
react with it accordirg to the equation

2Cu+FeS=Cu,S+Fe, (11)
and metalic iron will be oxidized by cuprous oxide
Fe+Cu,0=2Cu+Fe0, (12)

The .FeO forming reacts with the present SiO, forming fayalite,
Direct oxidation of metallic iron and copper by atmoscheric oxy~en,
as true also for the oxidation of FeS, is doubtful.

Taking the law of effective masses into account, one should
expect that the layer of metallic copper appears st a significantly
higher FeS content in the matte than would be assumed based on the
values of the free enthalpies of the reactions occurring during
conversion.

Based on analysis of theoretical assumptions of continucus
conversion of copper matte in the prcduction of converter cepper
in a single installation the following technology can be presented
/11/.

Initially, it is necessary to prepare the bath to consist
of three layers: an upper thin layer cf converter slag, a central
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thickest layer cf white matte, and a lower, =2l=zc thi; layjer of con-
verter copper. Preparation is schizved by charging in the continu-
ous converter copper matte and purging air through it to the par-
tisl vroduction of crude copper accoriing to the formula convera
sion technology. After such diepersion contiauous conversion com-
mences, corsisting of the steady addition to the bath of the origi-
nal copper matte. The amount ot copper matte and flux added should
be in agreement with the azount of air bloewn through, which should
be sufficient not only to oxidize the entering ferrous sulfide and
to convert it into slag, but also to oxidize the resulting cuprous
sulfide. With constant maintsnance of the thickness of the sepa-
rate layers continuous overfiowing of the amounts ¢f convertsr slag
and converter copper formed take place.

Conclusions.

The method of conversion of copper matte used thus far has
serious deficiencies, especially in that it is unsuitable for auto~-
mation. 7To determine the possibility of eliminating these short-
ages a description has been given in the article of the theoretical
analysis of prerequisites for the use of continuocus conversion of
copper mattes in the production of converter copper in a single
installation and the technology of such a process has been suggested.
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ELECTRODEFOSITION OF SILVER FROM MOLTEN NITRATES
P. V. Polyakov

(Lemingrad Polytechnical Institute, Chair of
Electropyrometallurgy of Non-Ferrous Metals.)

-

Electrolytic winning of refractory metals--titanium,
girconium, tantaluam, beryllium, and others--are gaiming ever
greater importance in the national economy. Accordingly, the
study of phenomenon related tu the electrocrystallization of
metals in the electrolysis of moltem salts ié8 of great practical
interest. No less important is the theoretical side of the
question, dealing with the origim and development cf ihe new
phase at the cathode,

The requirement placed om the deposits obdtained from =sits
differ, but generally, they lead to macrocrystallim deposits,
As is known, the size of the crystal ix determined by the ratio
of the rates of formation of crystallizatiorn centers and taeir
sursequent growth /1/.

Silver belongs tc the group of metals that are the acst
convenient for investigatioa of the phencmenon of electro-
crystallization frcx melts. Aten with co-workers /2/ were scose
of the first investigatores of deposits of silver obtained from
nitrate, halogenide, and sulfate melts. It was shown that the
character of the deposits depends on the prelimimary heat
treatment of the silver cethode. These researchers estadblishes
the dissolution of the silver along sections with increased
temporature and its precipitation om colder sections of the
unpolarized electrode. The crystals cf silver formed in the
electrolysis of meits as a ~ule wer: larger than those separated
{rom aquecis solutions. The greatest polarization is observed
in the separation of silver from chloride and iodide melts, the
least -- from nitrate melts. Polarizatiom increases with
decrease izn <oncentration of the silver ion and with decreasing
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temperature. Dilution leads to a fine crystallindeposit beiag
obtained.

K. M. Gorbunovaya /3/ alsc¢ established the dimaolution
of silver in the zone of increased texperaturs. Iacresasing the
concentration and temperature according o her data leads to the
growth of large crystals only in ritrate melte, 2ut nct in
chlorides. It was observed that freqguertly accretion of the
gseparated metal onto the silver cathode occurs and the opimien
was stated that high temperature, aad the ability of atoms
caused by it, facilitates the possibility of their access to
sections having a minimum free enerzy, due to wkich cempact
deposits cannot be obtained.

T. Erdey-Gruz and R. 7. Kardos /4/ detersined the optimal
conditions for the growth of & sipgie crystal of silver, for
which the best electrolyte is pure nitrate; whereas & single
crystal cannot be grown from chlorides. It was eetablished that
the growth of crystals is accompanied by certain fluctuationms
from the regularities formulated by XKossell and Stranskiy; this
is accounted for by the adsorption of melt anione along crystal
edges. The function ?-A¢ is linear. In asome cases an
inflection is observed on the polarization curve corresponding
to current densities most favorable for crystal growing.

S. Shternbergz and D. I. Markhidan /5/ showed that in the
electrolysis of molten AgCl chemical polarizatior is absent. At
D, = 0.2 amp/cm® they found a polarization minimunm on the
switching off curve,

The study /6/ is concerned with the growth of crystals in
the electrocrystallizaticn of silver frox molten chlorides.

P. Drossbakh /7/ poinis to a high 7alue of the surface
energy of the electrode, influencing the fcrmation of the
electrolytic deposit in the precipitation of silver from
chloride melts.

Some of the conditions determining whether compact ilver
deposits are obtained from molten nitrates are presented in a
short report by S. Dbalik, I. Lindsu, and F. Z. Sauerwal.)/
Zauerval'd/ /8/. 1t was established, in particular, that a
positive effect is shown om production of compact deposits by
reduced temperature, rotation of cathodes, and application cof
pulsating current, hut also with the additicn of salts having
low elsctrocomductivity.

The pregeni study presents results af rezearch or the
deternmination of the number of crystaline silver seeds as a
function of the elecirolysis conditions of mclten nitrates.

In the expsriments & test tube of molybdenite glass was
used, which was placed in an electric furnace with high thsraal
inertia. The temperature was measured tc an accurasy of one
degree by 3 high~-temperature tharmometer.
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Ussd as cathodes ware, cargfull, buffzd_piaiinum end-.cathodes
«ith an area of 7°10"% ca® and 0.25 cl2 in the form of wire
a0ldesred on the subface in tubes made of milybdenum glass.

The experiments wer~ comducted with a soluble silver
szode at constant current intensity using & circuit not
fusdesentally different from one used previously /9/. The
coratancy of current intensity with time was achieved by
igcluding ip the circuit in series 3 cell of large ohmic
resistence. The electrolyte was made of the re-crystallized
saitns KNO; and N¢N03. chemically pure grade, and aralytically
pure Ag HG3.

Before being used the electrode wes washed in concentrated
nitric esid, then in boiling distilled water, and was thoroughly
dried. "he condition of the electrods suriace was controlled
under = microscope &t & magnification of 450.

Tho alectrode was kept in the melt for 10 minutes, and
then, after being polarized by & current of given intensity, it
wes wsshed free of salts in boiling water and its surface with
szall crystals of ailver appearing was examined under microscope.

Bafore a new experiment the deporit was dissolved in
concentrated nitric acid, the elsctrode was washed and dried.

In the study of the influence of electrolyasis ccnditions
the micro~cathode was used in order to have within the field
of sight the entire surface on which precipitation occurred.

Preliminary experiments with & large cathode showed that
the number of crystallization centers at low concentratiocns
depends in great measure on the surface energy ¢f the faces of
separate crystals of pletinum constituting the cathode surface
(Pigure 1). The time required for polarization of the electrode
to obtain crystal seeds accessible for observation under the
mlcroscope &t a magnification of 45C was usually 30 secords.
For longer pelarizatiens the number of crystal seeds was not
igcrezsed, independent of current density, temperature, and
coacentration of allver.

In the detarmination of the number of crystal seeds not
less thanp three experiments under identical conditions were
zonducted. In most, the resulis vere ia agreement. However,

iu certein caszesn, passivity of the electrode was found,
resulting in & several-fold decrease in the number of the
precipitating crystals. Used as electrclyte was a melt
consisting of an equimelar aixture of KN¥Ox and NaNO3z with tbe
addition of 0.005, C.02, 0.06, and O.4 noie AgNO3 pcr 1 mole
of ithe mixture. Several experimerts weze conducted with a melt
of rure Agxsx

The numbsr of crystal sesda {(perl ca% as a function of
varistion in current density, temperature, and conceuntration of
s8ilver iozs, i8 presented in the table. At comstant
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concentrations and teaperature the number of crystal seeds in-
creases almost linearly with increase in the current demsity
(Figures 2 and 3).

Number of Silver Crystallization Centers (per 1 cm2) as a Function of
Current Density, Concentration of AgNOz (molar %) and Temperature

D, . alex’(a) 210° 270° l 300° l 350°
CA(NO’ = 0,005 M. 0.“’)

12-10°3 6.7-10° 3.2-16° 0.7-10° ‘ 05 -10°

2,4-10~3 17,2-10° 7.2-10° 19-10° 107.10°

36-1073 25,0-10° - —_ -

60-107° 46,5-10° 28,6-10° 11,4108 35 -10°

CA‘NO; = 0,02 M. a.

1.2.1073 16-10° 0,58.10° 0.28-10° 0,14-10°

80-1073 114-10° 6.9-10° 26-10° 0,86-10°
22-10 - — 10,0-10° —_
34-10°° 64,3-10° 30,7-10° 17,2-10° 8.6-10°

! H
CA'NOJ = 0.% M. 0.

32-10°2 — 0,13-10 0,3-10° 0.03-10°

80-10~2 0.57-10° 0.27-16° 0,13-10° 0,1i-10°
34.10-3 47-10° 285.1.5 0,57-10° 0.57-10°
60-103 I 7.8-10° 4,70 i0° 12.8.10° 1,28-10°

CA NO, = 0,46 A, 0.

80-10 3 0.11-10° 0.03-'¢* 0.03-10° 0.03.10°
60-10 2 0,56-10° 0.35-10° 0.22-1¢° -
i20-10 ° 2.0-10° 14-10° 1.1-10° -
210-10 3 36-10° ' 2.3-10° ! 27100 | -

i

LEGEND: a) amp/CmZ; ©) melar fraction

For a pure silver nitrate meit the number of crystal seeds
a5 a functiona of current Gensity under otherwise constant condi-
tions is not so distinctly pronouanced.
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' ##Figure 1. Formation of silver crystallization centers

sad 5%f the platinum cathode. Addition of AgNOz - 0.2 molar
fraction, Dy - 8-10~3 amp/cm?, t = 250°.

For example, wjithin the range of current densities of 1+1070 -
602103 amp/cw? after 300° most frequently 1-2 crystals of
silver grew, whereas increasing the current density to 240.
1072 anp/cm-led to the formatiocm of 6-10 crystals.
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Figure 2. Fumber of silver crystallization centers (per

1 co?) as a function of current density at 300° and for the
molar fractions of AgNQz listed: 0.005 (1); 0.02 (2); 0.06
{(3). LEGEND: a) D-10-3, amp/cm?
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At low AgNO, concentrations, redicing the temperature
regularly led to igcreased number of crystallization centers,
in which tbis effect was especially evident at low temperatures
(Figure 4). Change in temperature has a relatively slight
effect cn the number of crystallization centers at high AgRO3
concentrations (0.4 molar fraction) and in a melt of pure silver
pitrate. The change in concentration of AgNO; decidedly affects
the number of crystsllization centers formed ?Figure 5).

The data obtained allows us to make a comparison of the
kinetics ¢f crystal seed formation appearing in the
electrolysis of molten nitrates with the kinetics of their
formation in soluiions of silver nitrate /10-13/.

wu’ Nio'y
6 /,/ 2N
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2 ///// i T
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Figure 3. Number of gilver crys- Figure 4. Number of silver crys-

tallization centers (per 1 cm?) tallization centers as a function
as-a function of current density of temperature for the melt con-
for the molar fraction of 0.06 taining 0.02 mole AghO3z. Dk =
AgNQO3 and the temperatures: 1 -- 8.1073 amp/cm?

240°; 2 -- 270°; 3 -- 300°

LEGEND: a) D-10-3, amp/cm?
In both cases the dependence of the nuzber of centers formed
on the current demsity and concentration is identical in
charzcter. This similarity allows us to assume that in both
aqueous solutions of AgNOs, as well as in its melts, the procesrs
of crystal seed formation is based on the same phenomenon and
differs only quantitatively. High temperature and the
possibility of conducting electrolysis at very high concentratiozns
allowshus ts vary the number of centers on the micro-cathode
(7¢10~" cm?/,, from a monocrystal cbtained in the AgNOz melt
to thousands in low-conceniration melts.

The number of crysial centers formed as a function of the
variation in currsnt density is linear at constant concentratien
and temperature, but when the concentration or temperature is
varied the slope of the linear function is changed {See Figures
2 and 3), exercising an equivalent influence on the kinetics of
crystal seed formation. Increase in comcentration or
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temperature favors lowering the quantity of ceniers formed.
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Figure 5. Number of crystallization centers as a function
of AgNOz concentration &t Dy = 6 10-3 amp/cm and the temper-
atures: 1 -- 24g 3 2 -- 27C°; 3 -- 300°; and 4 -- 350°.
LEGEND: a) N-10%/cm?; b) Molar fraction

A point of view exists on the process of silver
crystallization on an indifferent cathode in the electrolysis
of AgNOz soiutions whick helds that the process of ion-seed
(or edge of crystal) passes through the stage of formation of an
"intersediate phase" /9/. Similar ideas have been expressed
by M. Le Blanc /15/ in his time, and also by V. Kohlschutter
/14/, and analyzed by H. Fischer /16/.

Schottky /17/ believes that the cathode process does
exigt: the ion ims a mobile atom adsorbed by the catnode's
surface--surface diffusion of the atom to the position of lowest
energy lovel {potential weli). Tie assumption can be made that
in melts at high temperatures such a process can exist,
especially given a high concentration of cations in the melt.

In tris case the decrease in the number of crystal seede with
increase in temperature and ion concentratiocn can be related

to the increase in rate of surfsce diffumsion of the adsorbed
atoms of siivsr and the increasing probability of the formation
of a ssalier number of crystal seeda., Hgwever, this point of
view rejuires experizental confiraation.

Conciuaions.
1. Experiments are conducted on the elsctrolysis cf tha

nelte ENC; + ltHG with various AgNO3 concentratiomz. For ths
purpose o; atudying the kinetics of formation of cryatal sesds —
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of silver on a platinum micro-cathode.

2. A linear dependence was estzblished between the number

of crystal seeds formed and current density at constant concen-
tratioa and temperature. Increase in temperature :nd concen-
tration resuits in a decrease in the slope of the linear func-
tion curve,

1.
2.

3.

10.

11.

12.

130

1‘*.

i5.
16.
17.
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CRYSTALLOPTICAL AND THERMOGRAPLIC ANALYSES OF
DEPOSITS OBTAINED IN THi PrOCESSING OF NEPHELINIC
ORE OBTAINED BY A HYDROCHEMICAL METHOD

M. N. Kazov, Z. T. Fateyev, V. D. Ponomarev,
S. F. Akhmetov and Kh. N, Nurmagambetov

(Kazakh Polytechnical Institute, Chair of
Metallurgy of Light and Rare Metalis.)

Through investigation of the various technological opera-~
tions in the hydrochemical method of processing nephelinic ores
it was established that the structure of the deposits after leach-
ing has a substantial effect on the results of subsequent opera-
tions.

Ffor elucidation of the structure of these deposits they
were studiod with crystalloptical and thermographic methods.

The deposit after leaching (sodium~-calcium hydrosilicate])
were repeatedly examined under the MIN-8 microscope. By the crystal-
loptical method it was established that the sludge after leaching
is monophase in most of its bulk and consists of right angled, very
well formed crystals with lightly beveled edges. Their length
fluctuates within the limits of 14 - 18 microns, or as the width
varies within broader limits of 3 - 9 microns.

Fig. 1 presents a microphotograph of a post-leaching depcsit
of Kiya-shaltyrskiye urtites obtained under laboratory conditions
at 290°, a 30 minute exporure and operations lasting for 1.5 hours.
The length of the rectangles is 14 - 18 microns, the width is 3 -

4 microns, the interfererce color is pale (white, grey), extinction
is direct, elongation-~-negative., The indices of refraction are

Ny =1.595; N; = 1.632. The compound described is determined as
the sodium-calcium hydroxylate /1/. The ore mineral iz found as
individual grains.

A microphotograph of autoclaved slurry produced on an en-
larged laboratory installation, is shown in Fig. 1 b.

- 116 -




Ir studying thermosrams sedium~calcium hydrosilicate is
obtained synthetically from calcium oxide and sodium silicate
through autoclave treatment of the mixture with a caustic soda
solution at 290° for %0 minutes (Fig. 2, curve 1). The curve has
one endothermic effect at high 710, corresponding to the separa-
tion of the water of constitution. The thermogram confirms the
homogeniety of the deposit obtained, represented as the sodium-
calcium hydrosilicate compound.

The curve 2 for the post-leaching deposits of kiya-shaltyr-
skiye urtites, after being leached on the enlarged laborsatory in-
stallation, in mixtures with concertrated limestone buffer solu-
tion has two endoeffects: at 5600, correspondine¢ to the precipita-
tion out of water of constitution from sodium-calcium hydrosilicate
(its value evidences the significant amount of this compound in
the precipitate), and at a temperature of 854° /2/, corresponding
to the decomrosition of calcium carbonate. The presence of calcium
carponate is due te prolonged content of the resultant sodiume
calcium hydrosilicate with air durin~ filiration and rinsing (length
of operation is 3 - 4 hours).

Figure 1. Microphotographs of the structure of the sodium~calcium

;ygggsilicate obtained by leaching of kiya-shaltyrskiye urtites.

The endoeffect corresponding to decomposition of calcium
carbonate is absent in curve 1, since the Juration of filtration
and washing of the synthetically orepared deposits in the labora-~
tory autoclave iras reduced by 12 - 16-fold (down to 15 - 20 min-
utes).

As can be seen from the thermograms, the slurry after leack-
ing is chiefy two-phase, although cother impurities are present in
small amountis. The use of these slurries after leaching for the
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Figure 2. Thermogram of the precipitates obtained following leach-
ing of synthetically produced sodium-calcium hydrosilicate (1) und
kiya-shaltyrskiye urtites (2).

Figure 3. Microphotographs cf the precipitate following regeneration
of sodium oxide from the synthetically preparsd sodium-calcium hydro-
silicate (a), from the sutoclaved slurry of kiya-shaltyrskiye urtites
(b), and from the autoclaved slurry obtained from the large-scale
lsboratory apparatus {c). X 500.
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causticization of scda solution showed that the finer precipitates
which are obtained when all operations of leaching in the auto-
clave are carried out fairly rapidly, have tne best causticizing
capacity, since for the finer crystals the precipitate has a high-~
ly active surface. Mor2over, one slould note that the extent of
causticization of the soda solution by the precipitate prepared in
the laboratory autoclave is greater than by the precipitate of the
enlarged laboratory autoclave due to its shorter contact with at-
mospheric carbon dioxide, The glurryin the enlarged laboratory
installation was carbonized to a large extent and therefore its
causticizing ability was less. These considerations are confirmed
by crystallo~optical analysis of the precipitates after regenera-
tion, in which calcium carbonace is present along with the main
phase,

Deposits after regeneration. Regeneration of sodium oxide
i3 carried out as is usually done with the hydrochemical method,
i.e., the slurry following leaching is treated with a solution of
caustic alkali at a NayO concentration of 60 g/li at 100° for 12 -
15 hours.

Upder laboratory conditions regeneration was conducted in
an autoclave, and when the enlarged installation was used -- in a
mixture. Regeneration in the autoclave was conducted under the
conditions of avoidance of contact of the pulp with atmcsvheric
carbon dioxide, whereas this contact was established in the mixer.
This accounts for the presence of a large quantity of calcium car-
bonate in the deposits {up to 50%), obtained after regeneratiorn in
mixers.,

Presented in Fig. 3 a is a micrcphotograph of the deposit
after regeneration with NaZO from synthetically prepared sodium-
calcium hydrosilicate. Regeneration was conducted in a laboratory
autoclave with a caustic soda solution of Na,0 concentration of '
59.7 g/1i at 100° for 14 hcurs. The main bulk of the deposit con-
sists of weakly anisotropic grains of calcium metasilicate /1,3/.
The grains are almost perfuctly svherical, with a diameter of 15
ricrons. The indsx of refraction is 1.582. Present in small
amounts is the initial phase -~ sodium-calcium hydrosilicate and
calcium carbonate.

A microphotograph of the devosits after regeneration on the
enlarged laboratory installation is shown in Fig. 3 €. Regenera-
tion was performed in a tank with a mixture operating at a rotation
rate of 150 rpm, the pulp volume being 4O liters. The concentra-
tion of the solution upcn reweneration by Nay0 was 6C g/ii, tem-
perature = 93°, and duration - 16 hours.

Following regeneration the deposit consisted generally of
three phases: carbtonate (approximately 50%), calcium metasilicate
(irregularly spherical grains with pale interference color, sonie-
times simply fog-like patches, approximately 40%), and sodium-cal-
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cium hydrosilicate (about 10%). A microphotograph of the deposit
confirms the earlier expressed assumptions that along with the
regeneratior of sodium oxide from sodium-calcium hydrosilicate,
carbonization of the deposits due to atmospheric carbon dioxide
ccours.

The practical absence of minerals evidences good leaching.
Therefore, formation of carbonate in general should be related to
prolonged contact of the slurry with the air. Carbonization of the
deposit can possibly be explained by the high dispersion of the
irregularly spherical grains of metasilicate (Cf. Fig. 3 €),
since the adsorptive film of carbonate prevented their expansion,

In autoclave regeneration (Cf. Fig. 3 a, b), at 90 - 100°
a small amount of carbonate is present in the precipitates. These
deposits have greater causticizing ability than deposits obtained
on an erlarged installation. Therefore, it follows that during
regeneration and causticization that contact of pulp with air be
excluded.

The thermogram of metasilicate obtained through regenera-
tion of alkali from synthetic sodium-calcium hydrosilicate (Fig.
L, curve 1) revealed 2 exothermal effects at 164° and 817°.

o
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Figure 4. Thermograms of precipitates obtained by heating the
sodium-calcium hydrosilicate.

e

Two #xo~affects at approximately the same temperatures .are
observed cn curve 2, obtained in the heating of a deposit corre-
sponding to Fig. 3 b, only here the exo~effects are more blurred.

Corresponding to curves in 3 is the depesit (Fig., 3 €) ob-
tained on an expaanded laboratorg installation. Here the exo-ef-
feots are shown at 230° and 860°.

Curve 4 is recorded during the heating of metasilicate ob-
tained by thas overfiow of equimolar quantitiea of sodium silicate
and calecium chloride with subsequent washing of the deposit until
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the chlorine ions have completely disappeared. Crystalloptically, it
proved to be amorphous.

On the thermograms two effacts are generally observed: first,
the more blurred (its onset coincides with the preceding effect and is
continued to 310°), and the second, is the higher (temperature near
860°). In all cases a low-temperature exo-effect is observed at 170-230°
with the exception ol curve 4.

The absence of endo-effects suggests the thought that the water
contained in the deposit is not crystallizational, but derives from
obtaining of metasilicate chemically.

In investigations by E. Tilo et al /4/, in the study of the salts
of low-molecular silicic acids, in particular calcium silicates, it is
indicated that their hydrolysis leads to the formation not of crystal
hydrates, but to "acidic" silicates. From the monosilicate CaNaQSiO4,
whose structure has been determined by X-rays, these researchers obtained
by the reaction of hydrolysis the calcium-sodium hydromonosilicate --
CaNaOHSi03z and the calcium dihydromonosilicate Ca(OH)25i03.

The last two compounds are none other than sodium-calcium hydro-
silicate, which we obtained during leaching, and vhich have the composgi-
tion of 2CaNaOHSiOz or Nap0-2Ca0-25i02°H20, and calcium metasilicate,
obtained in the regeneration of Ca(OH)2Si03 or Ca0+SiOz°Hz0.

The authors present th - ’t1llowing structural formula:

Ca®* ;’ g
2§t (0730
L e
and regard this compound as the neutral salt of tetrabasic-orthosilicic

acid. Therefore, structural formulas of sodium-calcium hydrosilicate
(we will retain the name earlier adopted by us) sre

Ca?* .?. 7
Na* m“ﬁ'f"}

and for calcium metasilicate,

¢ a.“ |
Co m-ﬁ-ﬂ

E. Tilo et al showed that calcium metasilicate CaH25i0, is stable
tovard water. This compound is the final product of the hydro?ysis of
CaNe25104, occurring in two steps:

CaNa,SiO,+H,0 == CaNaSiO,+NaOl{;
CaNaHSiO+H,0 = CaH,;SiO+NaOH.
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The second step of the hydrolysis continues for a longer period
with large excess of water. The presence of alkali accelerates it by
three-fold. Only at high concentrations of the ions Nat and OH™ in the
liquid phase is hydrolysis accordingly retarded. )

The process called by us regenerstion is essentially the hydroly-
sis described sbove. And in our experiments regenerstion occurs more
completely and more rapidly not with water, but with caustic soda solu-
tions of 60 g/1i concentration, in terms of Na20.

The relatively small transition of silica into the solution can
be explained by the fact that silica is bound in the acidic salt
CaH2S8i04, whose solubility in water is low. Possibly, this silicate is
pertially decomposed in alkaline solution.

In explaining the exo-effect obtained in the thermograms of
metasilicate at 170-230°, we made the suggestion that the system of
metastable state is converted into the stable state with the liberation
of excess energy.

The same authors speak of the appearance of an unstable phase of
CaNaHSiO,, yielding a roentgenograz of CaNapS5iO4, and only 180°¢ is this
unstable product converted into the stable phase of CaNaHSL04 with its
characteristic lattice.

From crystalloptical analysis of the precipiiates we have obtained
after regeneration at 100® it is clear that in theam rexaired a s2all amount
of the initial phase cf the sodium-calcium hydrosilicste, and the main
bulk of the precipitate conaists of calcium metagilicate. It can be sug-
gested from analogy with the formation of the unstable phesze of sodium-
calcium hydrosilicate that calcium metasilicste is also in an unstable
state, and then the exc-effect &t 170-230% can be explained by the transi-
tion of the metasilicate to the stable state.

The second exo-effect at 820-860° can be explained by the trans-
formation of calcium metasilicate toc wollastonite 73/. This transforma-
tion is accompanied by bright glow and by intense compression of the
compound. Between 750 and 800° the initial lattice of metagiliczte is
completely destroyed and the compound becomes amorphous.

Further fermaiion of the crystal lattice of wollastoniie is
accompanied by liberation of energy, which corresponds to the second
exo-z7f3ct on curves 1 and 4 of Figure 4.

~ The precipitateg afier causticization of the goda solution by
sodium-cslcivm hydrosilicate. The precipitates are obtaired as multi-
phase. Crystallopticel and thermographic analyses frequently caamnot
give a satisfactory explanation of the ccmpositior of the precipitates.
However, qualitatively it is possible to assume the causs to ba .ne ai
tiwes incomplete regsneration of alkali from thw precipitate and different
extent of use of the precipitate calcium oxiidsg.

Examined under the microscope were precipitsétss obtained in
causticization of soda solution of 100 g/1i concentration, for ike extent
of Ca0 use ruiging from 35% to 60%, and for different dsgrees ci regener-
aticn,

Zu Figure %a, b, is shown a microphotograph 2f the preciritate
following caustioization of & soda solution by autoclaved siurry. The
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conditions of causticization are as follows: temperature = 100°, dura-
tion = 10 hours, soda solution concentration = 39.0 g/11i of Naj0. The
extent of use of precipitate Ca0 is 47.4%.

The deposits consist of severs’ —hages, the chief of which 1a
carbonate (cf Figure 5 6 ), representcd vy fine round or tabular (square)
yrasns with high interference colors. Thuey will form either small clus-
“ers or encompass another solid phase. TIhe indices of the fraction are
Np = 1.486, Ny = 1.658. The calcium carbonate content in the precipi-
tate is 50-60%.

FIGURE 5. Micro-~
photographs of
deposit obtained
after treating
autoclaved slurry
with soda solution
of 58.5 g/1i Nay0
conc~ntration.

a - Without analyzer;

b - With analyzer
& 600.
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FIGURE 6. Microphoto-
graph of leposit ob-
tained after treatment
of autoclaved slurry
with soda solution of
39.0 g/1i Nay0 con-
centration, X 500.




The second and third phases are hypothetically represented as
undecomposed original sodium-cslcium hydrosilicate and calcium hydro-
‘silioate. The phases indicated are nuclei of zonal greins with carbonate
groving along the periphery, which does not afford s possibility of
determining their indices of refraction. Murthermore, the precipitate
contains a small amount of silica (approximately 5%), which will form
colorless isctropic grains of 15~30 microns in size, of irregular form
with an index of refraction = 1.460.

Analysis of the microphotographs on Figures 5 and 6 and compari-
son of them with Figures 1 and 3 shows that the process of causticiza.
tion probably occurs in parallel wih regeneration, i.e., with the
formation of calcium metagilicate.

Along with the fine grains of carbonate zonal formationa are
observed, suggestive of metasilicate., but covered by carbonate, which
prevents further causticization and possibly, fuller regeneration of
alkalli from sodium-calcium hydrosilicate.

Conclusions

1. As the result of crystalloptical and thermographic analyses
it has become possible to more fully explain the results »btained in
the technologicel operations of regeneration and causticizaiion.

2. Ii has been shown that the structurss of sodium-calcium
hydrosilicate varies as & function of length of preparation. To increase
the activity of this compound the process must be conducted under condi-
tions favoring minimal contact with atmospheric carbon dioxide.
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PRO2LsM OF USTAINING PURE MAGRESIUM IN
ELECTROLYTIC REFINING

U. D. Deyter and A. I. Belyayev

{(Moscow Institute of Steel and Alloys, Chair of
Pure HMetals and Semi-Conductor Material)

Metallic magnesium,; of a purity higher than the purity of
magnesium obtained with the electrolytic method at present, is
achieved by vacuum deposition. But this method has several short-
comings: periodicity of the process, complicated and expensive
equipment, low utilization factor of equipment, and others. More-
over in deposition certain impurities are difficult to remove due
to the nearness of the boiling points to that of magnesium (Zn, Ca
chiorides).

These shortcomings are not present in the electrolytic
method of metal refining, for instance in the production in tkis
way of ultra-pure aiuminum. A successful attempt to transfer this
process to the metallurgy of magnesium has lately been made by
0. A. Lebedev and X. D. Muzhzhavliev /1/. They applied it to pro-
duce high-purity magnesium, as well as for processing of the sec-
ondary metals. They used both a two-layer as well as a three-
layer method for electrolytic refining of metallic magnesium.

The metal obtained had approximately the same purity as magnesium
purified by sublimation (residual content of impurities = 0.005%
by weight).

The aim of this present study was to investigate the effect
of electrolyte compositionon the yield in ilerms of current in the
electrolytic refining of magnesium and t2 find the electrolyte
composition which gives the highest cathoce yield on a current
baSis .

We ucged the three-layer method of electrolytic refining
(Laboratory electrolyzer used in studying this process is shown
in Fig. 1). The interpolar distance ! varied between 18 and 22
mme. The current intensity was constant in all the experiments and
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was equal to 3.0 amperes, The actual current densities on the
anode snd cathode are difficult to dntermine, Division of the
value of the current intensity by sactione of the graphite cathode
and anode metal (i.e., the broadgned section in the botiom of the
crucible) givea D, = 1.70 amp/cm’ and Do = 0.61 amp/cm”. The
operating temperature of the elesctrolyte (the quantity used was
300 g) was 700° in all cases. Added to all electrolytes was 2%
by weight c¢f CaF,, The salts used, in addition to KC1 and KaFa,
were of the technically pure grade. Magnesium chloride (from the
magnesiumthermv of titanium) was not free of moisture. Used in
each sxperiment was approximately 20 grams of anode alloy con-
taining 20% Cu. In experiments with electrolyte containing BaCl,,

M P

£ due to the higher specific weight of these alloys the anode alloy

3 contained 35% Cu, The batch of individual components correspond-

9 ing to the electrolyte cemposition was loaded in the electrolyzer,
E and it was placed in « heated furnace, After the salts were melted
] anode alloy was added and the galt melt was dehydrated and cieaned
3 as it was intensively mixed with an iron spatula.

Figure 1. Diagram of the electrolyzer:

1 -- iron crucible; 2 ~- graphite crucilble;
3 -~ corundum diaphragm; 4 -- graphite

-%~J- cathode; 5 -~ iron anode current lead-in;

i 6 -- anode alloy; 7 -- electrolyte; 8 --

‘L_ cathode metkl

AN
= i....

A
Wi "H‘i“‘“"f‘,ﬁm'{\"'."" prih )
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Lfter gas evolution ceased the graphite cathode was lowered
into the melt and upon attainment of theé operating temperature
electrolysis was begun. The cathede metal collected on the sur-
face of the electrolyte in the form of little balls up to 5 mm in
diamter. Upon completion of the experiment they were collected
by the iron spatula into a large ball, which later on harde:zing
of the metal was extracted from the still liquid electirolyte.

The electrolyte and the remainder of the anode alloy congealed in
the graphite crucible. This was then broken and the anode metzal
separated from the electrolyte. Part of the anode alloy remain-
ing in the form of fine balls on the bottom of the crucible, in
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spite of inclining the crucible bottom, was impossible to extri-
cate., Therefore, calculation of the anode yield in terms of cur-
."ent by difference of the weight of the anode alloy vefore the
experiment and az2fter it gave overhigh values,

In order *o determine apvroximately what values the anode
yield actually attains in terms of current several experiments
were carried out. Four hundred grams of an electrolyte were
melted from separate salts in a coruadum crucible (in weight per-
cent): 50 MgCl,, 12.5 KCl, 37.5 NaCli with the addition of 8 grams
(to weight percent) of CaFy; the melt was dehydrated as descrioed
above at a temperature of about ?750°. When the slurry which was
formed upon dehydration settled, the pure electrolyte (300 - 350
grams) was decanted to a second corundum crucible. {n anode alloy
in a graphite boat was placed inte this crucible along with pure
magnesium as the ''cathode metal'™. A second batch of anode alloy
was added to the graphite boat directly under the surface of the
melt, in order to make possible the best comparison of it with
pure magnesium (Fig. 2).

Figure 2. Diagram of the device used

for determining ckhemical losses of
magnesium: 1 -~ corundum crucible; 2 --
electrolyte; 3 ~-- graphite boat; 4§ -~
carvon rod; 5 -- iron wire; 6 -- corundum
tuve (for protection of the copper rod
from oxidstion); 7 -- anode melt; 8 --
pure magnesium; § =- iron crucible

After sustaining the melt for 3 Lours, the weight losses of
magnesium and of the ancde alloy were detexrmined. The results are
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precénted in Fig. 3. As can be seen, loss of anode alloy exceeded
by almost two-fold the loss of pure magnesium. Within the limits
studied the electrolyte's temperature was not determining, and the
loss of anode electrodea depended little -n its location in the
electrolyte (on the surface or on the bottom of the crucible).

The character of the magnesium losses can be apparently explained
as due to the following causes: direct oxidation of the metal

at the electrolyte surface by atmespheric oxygen and moistureg
oxidation of magnesium chloride owing ‘o absorption of atmospheric
oxygen by the electrolyte according to-the reaction

MgCl;+H.0 — MgOHCI+HCI;

subsequent reaction of magnesium hydroxychloride with magnesium
Mg+2MgOHCl — 2MgO+MgCle+Ha
formation of magnesium subchloride by the reaction

Mg+MgCl, — 2MgCl(Mg:Cly).

R. A. Sandler /2/ calculated the value of the standard
heat formation of magnesium subchloride MgCl, = ~ 62.9
kilocalories/mole. Following method described by K. Kubaschev-
skii /Kubashevskiy/ and E. Ewans /3/, the value of the standard
enthalpy of MgCl S .298 was calculated as equal to 17.3 kilocalories/
mcle - deg.

The valuecs of the free energy of the reaction cf MgCl for-
mation calculated on the basis of these data to the first approxi-
matZon of Ulikh remained positive within a broad temperature range
{25 - 1105%). This means that the formation of magnesium sub-~
chloride under these conditions is thermodynamlcally of low
probability (Table 1).

But actualily it is possible t6 assume that the formatiom of
MgCl occurs directly on the surface of the metal in very smail
asounts until the equilibrium constant reaches a value which M. G.
; Bakun and Ye. A. Ukshe /4/ calculated as equal to approximately
; 40 . 10~ The magnesium chloride thus formed is carried away by
) di!rnsion and circulation of the electrolytes from the surface of
the metal, undergoing a disproportionation reaction:
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FIGURE 3. Chemical losses as a function of electrolyte
temperature: anode alloy on bottom of crucible (1) or
directly on electrolyte surface (2); pure magnesium (3).
Duration of experiment = three hours.

LEGEND: a) Weight loss, grams; b) Electrolyte
temperature; c) Pure magnesium; d; Anode alloy

MgCl — 0,5Mg+0,5MgCl,.

This permits us to explain the appearance of 'dark streams"
and of some fine particles spreading from the regulus of magnesium
and giving "the impression of some sp-'ttering of the metal,' of
which writes A. 1. Zhurin /5/ in conducting experiments orn the
electrolysis of magnesium.

It is possible to assume that the formation of magnesium
subchloride under the influence of the electrolytic potential in
electrolysis is increased. Weight losses of the anode alloy =and
of purs magnesium differing greatly from each other are obviously
caused by the formation on the anode alloy surface of galvanic
short-circuiting elements (ir which copper is the cathode) that
favor dissolution of magnesium.

The weight losses found give for the strength of the cur-
rent used in electrolysis (3 amperes) a decrease ir the cathode
Yield in terms of the curriut of 4% and an inérease im the ancde
yield in terms of the current of 8%, O0Of course, it is impossible
to transfer these values directly to experiments in electrolytic
re{ining, but they in any case give us an idea of the extent of
chemical losses of magneaium. Since meclhanical losses of the
ancde metal are actually absent, then we can assume that the anode
yield in terms of current in our experiment is 105 - 115%.
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The experiments in electrolytic refining of magnesium using
slexirdytes based on alloys cf the MgCly; - KCl - HaCl sysiem in
crder to find the optimal contsnt of MgCl, and the optimal XC1:
(KCL ¢ MaCl) ratio in the electrolytes were conducted. Then the
poseidility of ircreasing the cathode yi¢ld in terms of current
by imcreasing the specific gravity of the salt selt by adding
calcium chloride or barium ckloride was studied.

TABLE 1
Temperature Dependence of Free Energy ZT of the Reaction

Mg + MgClQ ‘__QMgCl

(a) Tewneparypa
o o (b)zf,xxna
298 25 * 42598
923 650 +2259
987 714 +2239
1378 1105 42225

<@

LEGEND: a) Temperaturs; b) z&, kcal

Bcsults of the first series of experiments are presented
in Fig, 4. As can be seen, the content of MgCl. and KC1:(KCl +
NaCl) ratio in the electrolyte have a decisive influence on the
cathode yield in terms of current. For a content of approxisately
45 weight ¥ of MgCl, the value of the current-based yield in KC1-3
electrolyte /KCl:(Kél + KaCl) = O/ reaches a maximum value (96 -
97%). With an increase ir MgCl, comcentration 7, is lowered
sharply. The curve of the yield in terms of ¢urrent for the
eslectrolyte with higher XC1:(KC1l + NaCl) ratios are lcwer on the
curve, but rise with increase ir MgCl, content of 45 weight %.
Howaver, their alope is more gradual. Maxima harvre also been noted
for these, corresponding to definite coumcentrations of MgCl, which
are the higher the higher the X61 content in the electrolyte. But
absolute values of the maxima do not exceed 92%.

In Fig. 5 are plotted the limes of equal cathode yields in
teras of current for the melts of the MgCl,-KC1l-NaCl system, con-
structed on the baais of the results obtained. From Fig. 5 we can
easily see the favorable influence on the yield in terms of current
of alloys free of KC1 with a content of 45 weight % MgCl,; it is

also cléar that with increased MgCl) content in the electrodes
above 50 weight %, the KCl content must also be augmented, so that
it is possible to achieave in each case a maximum yield in terms of
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current, but simultaneously its adsclute value is reduced.
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FISURE 4. Catbhode curreni-based yield as a function of
Mgclz content in electrolytes of the MgCl,-KCl-NaCl
systém. Weight ratios of KC1 : { KC1 + N&C1):1 - O;

2 - 0.25; 3 - 0.5; 4 ~ 0.75 LEGENDs a) v, ; b) MeCi,,
weizht percent - -

The ef{ect of the KC1l:(KCl + NaCl) ratio in the electrolyte
on the current-based cathode yield that was fcund is accounted
for by the followirng. Beth XCl1 as well as HaCl fornm in the golid
phase compounds with magnesium chloride. This means that both
chlorides in the moliten state with magnesium chloride yieid com-
plexes, i.e., lower the activity of HgCl;, and here the complexes
with KCl are more stable than complexes with MaCl /6, page 77/.
This is due to the fact that the compounds KCl+MgCl, and 2KCl-MgClp
are dystectics /7, pages 349, 362/ and that thecompounds NaCle.MgCl,
and 2NaCleMgCl, melt incoherently /7, pages 499, 501/.
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FIGUEE 5. Lines of equal cathcc¢e current-based yields
(%) in the MgCl - KC1-NaCl system.
LEGEND: a) Weight percent
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Zn order to better represent the effect of complexes of
KC1l with Mgli, on the current-based cathode yield an attempt is
sade to graph%cally represent 7, as a function of the content of
"free™ MgCl, in the electrolyte (Fig. 6). Taken as the content
of "free" H8C12 was the difference between the KCl and the MgClp
ﬁoucontrations in the electrolyte in mol. %, i.e., MgCls free =
MzCly ,ps ~ KCI1.

?n Fig, 6 it is clear that independently of the KC1l:(XCl +
¥aCl) ratio in the electrolyte the cathode yield maxima in teras
pf current are reached for a''free' MgCl, content in the electrolyle
within the lisits of 25 - 40 mole %. Tﬁis graph of course gdoes
not quite accurately reflect the true experimental situation.
Thus, for instance, the negative values for the free" Mgll, con-
tant are impossible (they occurred at high conceatrationms of XC1
and low concentrations of MgCl, in the electrolyte),

(a) W54 {
,7’ §:

n :/.l,’,l

/,//

Y i
1 -"LL [ SN SN NI S |
% 5 I Y

FISURE 6. Cathode current-based yzeld as a function of
"free'" MgCl, cortent in elecirolytes c¢f the MzCl,-KC1l-RaCl
system. Weight ratios of XKC1: (XC1 + NaCi); 1 203 2 -
.25 5 - 0 5; 4 - 0.75.

LEGEND: 3)3%} § b) Content of "free" MgCl,, mole-%

With the additiom of Call, to the elescirolyte a few ex-
periments were carrisd out, since a more subatantisxl increase in
the specific weight of the electrolyte can be achieved with barium
chloride. ‘The results of the experiments are presented in Fig. 7
a, The comparison curves skown in this figure gives us the cath~
ode yield in terms of currest, which was attained in these elec-
trolytes, but without the addition of Cafi,.

It ix clear from the curves (Fig, Bi that at given ratiocs
of other electrolyte components CaCly significantly increases the
cathode yield in terms of curreat. The aeffect of Ca cl can be
explained as follows: Ca Cl, forms in the solid phase & chmpound with

KCl, Ca Ci,* EC1 (dxatectic)zwith melting point of 754*. With Mg Cl,
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and NaCl, calcium chloride does notv produce compounds in the solid
phase /7, page 179/. Due to the higher melting point of the Ca C1,
KC1 compound compared to the compounds XCl-Mg Cl, (488°) and 2 KCl-
Mg C1 (433) it can be asgumed that in the melt complexes of Ca Cl.
vith §C1 are more staole  than complexes of Mg Cl, with KCI. -
Therefore, the Ca C1, introduced into the electrolyie, icrming
complexes with KCl réduces the amoun: of complexes of Mg €1, with ¥Cl
in the electrolyte and thus accounts for an increase in the content of
"free" Mg C1,. This latter content approaches the optimal value, since
that in addifion with the increased specific weigat of the salt
solution & rise in cathode yield based on curreni.

The effect of 10% Ba Cl, in electrolytes sontaining 40 weight
percent Mg Cl, on the qurrent-%ased cethode yield as a function of
the weight rafio KC1: (KCl + Na C1) shown in Figure 7 b. As we can
seg, addition of Ba Cl, at the given ig Cl, content results in an
increase in the cathode current-basged yielg compared to the Ba CI -
free starting melts only when the weight ratio KCl: (KC1 + Na C1)“is
higher than G.3.

The main reason for such an effect of Ba Cl1, on the current-
based yield is apparent in the following description. Whereas in the
system Fe C1 - Ba Cl, there is no chemical compound /7, pages 119-121/,
Ba Cl1, forms with XCI in the solid phase the ccmpound 2 KCl* Ra Cl
(dyst8ctic, with melting point of 660°) /7,113 and 114/.As also for
tha znase of Ca Cl,. it can be assumed that complexes of Ba 012 with
KC1, in the melt Sre stabler then complexes of KC1 with Mg C1-,
TheTsfore, the addition of Ba Cl, to melts with a high XCl: (XC1 +
Wa C1) ratio also increases the content cf “free" Mg Cl,, which in
addition to increasing the specific gravity of the eIec%rolyte, glso
leads to the positive effect of Ba Clz on the current-based cathode
yield.

For electrolytes with low KC1 concentrations, or those free
of EC1, complexes of Mg C1, with KCl are few and not at all present,
so that almost 21l the Mg 612 ig in the free ctate.

Little data /7, page f17/ is on the Ba Cl,-Mg Cl, system.
Boih chlorides form in the solil phase & compoung containing
approximately 40 mole~% Ba C1, (which corresponds to 3 Mg 012 » 2 Ba Ci,),
which deccmposes at 5907, but duc te the relatively high decomposition
temperature Ba (1. 1s more capable of ferming in the melt complexes
with Mg €1, than fs Na C2 (Na Cl. Mg Cl2 decomposes at 465° and 2 Na C1 -
Mg €1, 8% 215”).

Therefore, the addition of the Ba Cl, to melts with low XKCl:
{KC1 + Na C1) ratic leads tc a reduction in“the content of "free"
Mg C1,, in which ine concentration oi the latier leaves the optimgl
reglon and the current-based cathode yield ig diminished. With
increesed KC1 content in the melts complexes of Mg Cl2 with Ba Cl, &re
formed Lo a lesssr extent, because of compleaxes of Ba"Cl, with KC?
are stabler due to the different behavior during fusion of the

ecrresponding compounds 2 XCl. Ba C1, (dystectic) and 3 Mg €l,- 2 Ba Cl2
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{+his melts incoherently).

Figure Tc shows the effect of 20% Bs Cl, on the current-based
cathodo yield as a function of ihe weight rotfo KCls (KC1 + Na C1)
in melts with a constant compositlon of 40 weight percent Mg Cl,. In
contrast to the behavior of the curve in Figure 7b, here the nejative
effect of Ba Cl. in the electrolyte free of KCl or with low KC1 content
is not observed® Since ccmplexes of Ba C1, with Mg Cl, in the melt are
not stable, then it can be assumed that cogpared to megta lean in
megnesium chloride content (Figure Tb), complexwtion between Ba Cl, and
Mg C1, does not increase sharply, in spite of the higher Ba Cl, content.
Moreover, in the original melts (See Figure 7c) the content of "free!
Mg Cl, ie greater and the increase in the specific gravity of the melts
here gs very significant, such that the neﬁative influence of Ba Cl
is not observed. The positive effect of Ba Cl, in electrolytes witﬁ
a higher KCls (KCl + Na Cl) ratie {0.5-0.75) of course, is presexved.
In this region of the curve the absolute values of the v, is somewhat
lower %han the correzponding electrolytes in Figure 7b. This is due
to the fact that here the addition of Ba Cl, is responsible for such
a decided elevation in the content of "f’ree2 Mg Cl, that it departs
fror the optimal region.

To determine the optimal working temperature for eleciro-
lytes several =xperiments were conducted usinzg the ejectirolyte
number 12: 40 weight percent Mg Cl, 60 weight percent Na Cl +
2% Ca F.and the electrolyte No 16:50 weight percent Mg Cl,, 50 weight
percent“Ba €1, + % Ca F,. In experiments with the elec%rolyte No 16
~reviously degydrated salt melt was used (dehydration at 700° using an
ancde alloy, separation of the pure melt from the slurry and metal by
decanting). This made it pessible to determine more or less precisely
the actual anode current-based yieid in electrelysis.

The results of these experiments are shown in Figure 7. In
accordance with the electrolysis experiments on magnesium /9, page 231/,
a working temperature of approximately 680° proved to be the best.
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weight ratio E81:(KCl + NaCl) in electroiytes of the follow-
(continued next page)
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ing systems (weight ¥): a - 1CCaCl,-40MgCl>-KC1-NaCl {1); b -
10BaCl,-40MgCl,-K1-NaCl (2}; ¢ - 2013a012jon3012-?:c:1-iza01 (3).
1*, 2', 3' - Comparison curves. LEGEND: a)'7n~: b) MgCl, ,wt. %.
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FIGURE 8. Cathode and ancde current-based yield as the
function of electrolyte temperature. LEGEND: a) %r;
b) Electrolyte; c)fﬁ\; d) Electrolyte temperature .

Some samples of the cathode metal the composition of the
impurity Al, Fe, Cu, and Si (Table 2) were determined by chemical
analysis. In not a single case was it possible to detect silicon.

Comparison with the composition of the original metal (magnesium
of grade MG 1) showed that the composition of aluminum and copper is
not diminished, but the iron impurity is significantly reduced. It
must be noted that the amoun: of cathode metal obtained in the exper-
iment was very moderate, which made determination of aluminum difficult,
very far from precise determinatior. Moreover, as the experiments of
0. A. lebedev and K. E. Muzhzhavlev /1/ have shown, the content of
impurities in the cathode metsl, especially the Al content, dependa
strongly on the anode density of the current and increases with the
latter. Since in our experiments a relatively high anode current
density was used, the relatively.low frequency of the cathode metal
becomes understandable. We must add here that salts that were
chemically not pure were used for the electrolytes, which also aifected
the purity of the resulting cathode magnesium, although some purification
of the salt melt occurred in tne dehydration from the anode alloy.

Further, it can be assumed thai & certain portion of the very
fine drops of anode alloy forming in dehydration were swept along by
the circulating electrolyte to the cathode metal and conteminated it.
This is especially cleerly seen in experiments with the electrolyte
Ko 32. The use of a lighter anode alloy containing 20% Cu here
resulted in an impurity content in the cathode metal twice as high as
that ob;ained when an anode alloy containing 35% Cu was used (See
Table 2).
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Nonetheless, in experiments we conducted the totel purity of

purity of magnesium following electrolytic refining is 100-200%
higher than the original.

TABLE 2
Purity of Sathode Magnesium.
]
Coctas sacxkTpoanra,
N Cus 5 Coaepuapre n R, mec. 9
suex-|(b)  sec. % 2HORNOM S}?:::::e YJ precel. ee. ¥
fPO‘ cwuo ‘,' R *
awra | BaCl, (MgCl,| KCI | NaCl| aec, % x Al Fe | Cu | SI [HMroro
(a) (c) (4) | - (£)_
i 12 - 40 - 60 2 9683 0020} 0006| 0030 ~ | 0056
: 3 | 10| 40 § 25 | 25 35 9400 10,0231 00i3| 0.011] — | 0G47
f x 101 40| — | S0 20 8920 10035| 0019¢ 0,029{ — | 0083
; - 10| 40| — | 5 35 8743 10022] 0007] 0012 — | 0041
3312 140 | 3 ] 10| 35 | 8850ghcresn| 0,010} 0015 — | 0025
40 20 40 - 40 35 84.87 10,016 0“)6 0013] — 0035
43 30 40 - 30 35 9565 [0,020] 0,019 {caeamui — | 0,039
Kx
HexoanuA mevaas—sarunft mapxku M}
(FOCT 804-6) (h) . 0,020 [0,040{ 0,01 | 001 { ).080

LEGEND: a) Electrolyte No; b) Electrolyte composition, weight
%; ¢) Cu in anode alloy, weight %; d) Mean value of V1, s %3

e) Content of impurities, weight % f) Total; g) Traces; h)

Original metal-magnesium of MG 1 grade (GOST 804-56).

Concliusions

1. The highest current-based cathcde yield in the electrolytic

refining of esiun was obtained for a cathode current density of
1.70 ampires/cm , using an electrolyte based on melts of the system
Mg Cl_,- KCl-Na Cl,in which the content of "free'"lg Cl - KC1 is
25-40“mole %. The current-based yield is the g:fjdnr the lower

the KC1:(KC1 + Na Cl) ratio in the electrolyte.

2. Additions to the elecirolyte of Ca Cl, and Ba Cl,, besides
increasing the specific gravity of the electrolyte, have a positive
influence on the current-based yield, especially in melts rich in
potassium chloride. The presence of Ba Cl, in electrolytes free of
KCl can 1lead to a certain decrease in the current-based cathode yiéld.

5. The optimal vorking temperature of the process of electrolytic
refining of magnesium is approximately 680°.
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EXTRACTION OF VANADIUM FROM CONVELTER SLAG
BY THE METHOD OF CHLORINATION IN THE MELT

S. A. Amirov, V. V. Pechkovskiy, R. Kh. Kurmayev

(Permsk Polytechnical Institute, Chair of
the Technology of Inorganic Compounds)

The existing methcd of recovery of a vanadium from converter
slag by the method of oxidative roasting with sylvinite has several
shortcomings, mainly: the rotary furnaces used for roasting are
cuxtersome and of low productivity; the processes of leaching,
filtration, and precipitation are periodic, laborious, and involve
napual labor; the vanadium pentoxide obtained is contaminated with
inpurities anc cannot be used without refining not only to obtain
ductile metallic vanadium, but also as raw material for chemical
production; the extent of vanddium recovery is relatively low; such
value components as titanium, chromium, and cothers are irretrievably
lost to waste.

Therefore, the need of investigating the methods of slag
processing hich would permit not only sn increase in the recovery
of vanadiwg, but also allow the complex use of the raw material is
evident.

Ceasidering the complicated composition of slag and its
eiemental content, readily forming volatile chlorides, the
chlorinstion metbod is the most advisable to use.

Most xetals in the groups IV and V of the periodic system
will form voistiie chlorides with low boiling peint or sublimation.
This property has already been used for extraction of many of these
metals. For vanadium-containing materizls the chlorination method
was first applied by Xhote in 1885 for processing vanadinites. The
chlorination of Kufinskiye and other comcentrates has been studied
by Xrafil‘nikov. M.N. Sobolev /1/ presents data on the chlorination of
siag in hydrochloric acid soluti.n to dry chlorine. The highest
extraction of the vanadium (94.9%) has been reached by this researcher
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in the chlnrination of uncalcined slag with carbine at 800°,
Pokornyy /2/ has studied the chlorination of lead-zinc vanadites.
Block and Ferrante /2/ produced vanadium chloride from the
chemically pure pentoxide in the presence of gas black. Reseasrch
on chlorination of ferrovanadium with subsequent puvrification of the
crude chloride has been conducted by Tayzek and Inglewd /2/,
Gropfhianu and Tribunescu /3/. Of interest also .s the work of
Capley and Roddy /Kap.e and Roddi/ /%/ on the preparation of the
vanadium pentoxide of high purity by the chlorination of "red cake".
Erlich and Seifert /5/ have deait with the chlorination of
vanedium-containing materials using hydrogen chloride. As to the
most recent work one should note research on the chlorination of
converter slag in a fixed layer /6,7/ which shows the possibility
of practically complete recovery of vanadium. Fowley,Wocd, and
Hawk /2/ believe that reduction of the corresponding vanadium
chloride by magnesium is the basis on which the process of producing
high purity vanadium on an industrial scale must be developed.
Several years ago a semi-industrial production line of ductile
vanadium by reduction from VCiz, which was produced by chlorination
of ferrovanadium containing 80% V /8/ was carried out in Great
Britain.

In considering the chlorination process, we must dwell on
methods of separatiag the chlorides formed. It is known from the
literature /9-11/, that the vanadium chlorides VCl, and VOCly, which
are liquids, are unlimited in miscibility both among themselves,
as well as with the chlorides TiCl,, CCl,, FeCl,, AlCl,, and POClj
and probably can be divided by the methods of d%atillat on and
rectification. VCl3, s crystal under ordirary conditioms, is
obtained by the thermal decomposition of the vanadium tetrachloride.

From a survey of the literature it follows that the
chlorination method is very promising for the recoveiy of vanadium
and that the ductile vanadium and its pentoxide obt: ‘ned through
this procees are of high purity. Hcwvever, until recently no
rational technology of vanadium recovery and also of other components
from converter slag has been proposed with indices higher than the
existing technology.

Many others have tried tc produce raw material for vanadium
production by the chlorination of expensive ferrovanadium. 1In the
chlorination the low-intensity and expensive process of the fi:.d
layer charge was used, here almost all the iron was calcined
together with the vanadium chlorides, contaminating the latter.If one
would consider that the iron content in the slags is three-four times
higher than that of the vanadium, then it is obviocus that such a
process is of very low efficiency. The same is true for the
"flyidized layer" process, which is in fact in this case technologically
difficult to carry out /7/.

These shortcomings can be solved by applying the method of
chlorination of material in the melt of chlorides of alkali metals.
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We know from the literature /12/ that the chlorides of iron will form
with the chlorides of alkali metals low-volatility compounds of the
MaYeCl The vapor pressure of the tetrachlorferrate of alkalj

metal 2: many times lower compared to the vapor pressure of binary
chlorides.

The method of chlorination in the melts found wide application
in the production of magnesium an¢ titanium snd successfully cowpetes
with the method of chlorinsation of briquetted charge. This process
is technologically easy to carry out and is of high productivity.

The aim of this report is study of the conditions of
chlorination of converter slag in the mcdium of molten chlorides
of alkali metals.

Used as raw material for the experiments was converter slag
; from the Chusovskiy Metallurgical Plant, obtained in the processing
, of iron~ore concentrates of the Kachkaranskiy depoait -whosge

composition is as follows (in weight %): 11.07 V50c; 6.0 Ti0y; 51.6
FeO; 2.2 Fegepyals 3.8 MnO; 20.7 Si02; 2.5 Cra0g; 1 g Al; 03; 1.2 Ca0;
0.8 Mgo.

Petrographic analysis revealed that the vein mineralogical
constituentes of slag include spinellide, fayalite, and chrystoballite,
Varadium is contained in spinellide (Fe, Mn) 0-(V,Ti,Cr,Al,Fe); O3, and
is also observed often in concretions with another mineral phase --
fayalite (Fe,Mn,Ca, Mg), SiO, and is present in the slag as grains
of laminar and prismatic form of light-yellow color. Chrystoballite
is present in small amount and will form colorless laminar grains.
Approximately 3% is hematite and glass. The grains of glass are
russet~-cclored,indicating the presence in it of ferrous oxide.
Individual prismatic crystals are observed in transmitted light,
of clear cleavage and red interferemce colur of the first order
(¥ R21,767), which can be grouped as metasilicates of the (Fe, Mn,

”‘i§5SiQ§ type. The changes in the standard isobaro-isothermal
potential” for reactions of chlorination of the nain constituentes of
the slag have been calculated for the 600-1000° tempersture range,
which is shown in Table 1 and Figure 1. PFerrous chloride and
vanadium trioxide are appreciably capable of being chlorinated
without a reducing agent. Uunder these conditions the formation of
a2 vanadium trichloride is the most probsble -- a compound which is
practically involatile. Therefore, the geparation of the vanadium
in the form of its volatile chlorides (VCl; and VOClj) under these
conditions is of low probability. In the presence of a reducing
agent chloriration of the oxides of the vanadium and iron with the
formation of the lower chlorides has thermodynamic advantages when
compared with Tiz O3 and $i0,. Even though the chlorination of the
last-naned compounds in the presence of a reducing agent is also
characterized by high encugh negative values of A4 H, still the
decisive factor which determines the practical extemt of chlorination
. of the various oxides and the possibility of the formation of given
: vanadivm chlorides is the kinetics: of the processes occuring.

P
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In chlorination in the melt the kind of processes occurring at the
interfaces and the rate of removal of the chlorides formed from the
melt are of great significance.

TABLE 1
Reacticne of Chlorination of Oxid=s in Melts
—— Ab) ———— - - ———— A——————— e
peak- (b) Peakuns peak- Peaxuus

i 2 1 o ! i
Vi3 v,0,4ClL=5VCl,+ 5 0, | 12 | FeOsCl+ 5 C=FeCl,t 5-CO,

2 -% V,0,4Cl+C= —g VCi,+CO 13 ?, FeG+ Cl,= i FeCl, + ;7 o,
3 ; V,0,4Cl + ; = §vc13+% co,| M g FeO+ Cl, + §c - 32Fcc13 +§~co
4 ;l‘- V,0,+Cl,= ilf VCl, + g 0, 15 ; FeO 4 Ci,+ ;£=: § FeCly + écoz
5 :-v203+c12+‘-;3—C= £~V'cr‘+f,1co 16 : Ti203+C12=—;T|C1‘ +§~ o,
6 :—y,o,Jr c, +g— Cc- ;vcn‘+ g co, | 17 ; T1,0,+Cl, 4—} C- ;-TiCI‘ +'§ co
7 ; V,0,+CL, + §-v0c13 + é o, 18 ;1 Ti,0,+ cxz+g C= -;Tic1.+§~cl ’y
8 %—\"2034- Ci,+ ;~C= %vocxs + %—co i9 ?Q $i0,+Cl,= ;—SiCl‘ af,{,—o2
9 é.vz()# Cl+ ;— c=§-vocx3+ %COE 20 ;Si02+ Cl,+C-- %SECI‘-%CO
10 | FeO+Cl,=FeCl,+1.0, 21 | 15i0,4+C1 45 C=38iCl, +4C0,

11 FeO+CI,+C=FeC!2+CO

LEGEND: a) Reaction No; b) Reaction

KCl, NaCl cof chemical purity grade were used in the
experiments. Petroleum coke of coarseness <_50 micrors was calcined
without access to air at 800° for about 10 hours. The content in the
coke of carbon was 97.1%, volatile -- 0.387, and ash ~- 2.5%. The
granulometric composition of the slag used was: -85 micrens -- 97.4%;
85 microns -- 1.2%; 100 microns -- 1.1%; 160 microns -~ 0.2%.

The diagram of the installation for chlorimetion of slag is
shown in Figure 2. Chlorination was conducied in & Quartz test tube
of 30mm diameter and 250mm long closed by a rubber cork, and
prevented from chloride fumes by a teflon film. Passing through the
cork was a quartz bubbling tube with {nternal diameter = S5mm, and
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the thermocouple jacket. The budbbling tube was lowered to the
bottom of the reaction vessel in such a manner that the chiorine
entering for exit from the tube was broken up azesinst the bottom of

tite vegsel into small bubbles.

FIGURE 1. Changes in standard
isobaric-isothermal as a function
of temperature for reactions of
chlorination of the oxides of
vanadium, iron, titanium, and
silicon.Numbers under the curves
correspond to reaction numbers in

X

Remv—

FIGURE 2. Diagram of setup for
chlorination: l-chlorine cylinder;
2-vessel with concentrated HasO H
3~column with silicagel; 4-Ca012

tube; 5-Rheometer (filled with

(Legend continued below)

Table 1.A mixture of 55 grams KC1 and 45 grams NaCl was loaded into o
a quartz test tube, which mixture was them melted and heated at 700

for 30 minutes to remove moisgture.

Then 3 grams of slag was added

and the test tube was sealed with a cork. The chlorine was supplied

at the rate of 10 liters/hour.

After the experiment the melt was poured out, ground to
powder im a hand mill and analyzed for V, Ti, Pe, and Si. The
vansdium and titanium were determined with sulfuric acid and
photocolorimetric methods, iron was analyzed with a mercurometric

method, and gilicon -- a sulfuric

acid method /13/.

concentrated H SOQ)A 6-Quartz reaction test-tube; 7-Absorbing flask
0

containing 25%282
Absorbing vessel containing 3% H

saturated NaCl solution; ll-Furng

13-Millivoltmeter
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S0,3 10-Beaker filled with super-
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The results of the experiments showed that vanadium trioxide and
ferrous oxide are chlorinated at 700° without a reducing agent and
have appreciable yields of volatile chlorides, which confirms the
thermodynamic probability of these reactions taking place. When
chlorination is continued for 120 minutes the recovery of a vanadium
amounts to 11.0%, and iron--3.4%. Oxides of titanium and silicon,
as should have been expected, under these conditions are practically
not chlorinated at all. With increase in temperature up to 1000° +the
recovery of a vanadium and iron is lower still, while that of
titanium and silicon remain unchanged.

The degree of vanadium and titanium extraction as a function
of duration of experiment at 700 in the presence of a reducing
agent is shown in Figure 3.

tF ) [
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FIGURE 3. Extent of recovery of vanadium (1) and of titanium

(2) as a function of duration of experiment at 700°.
LEGEND: &) Recovery, %; b) Minutes

The carbon content was 40% of the charge weight. When the
experiment lasted 90 minutes the extent of the vanadium recovery
was 97.6%, titanium -- 95.87%, and silicon -~ 66.5%. The greater part
of the iron (80.07%) remained im the melt.
After 1-3 experiments the absorbing solutions were poured out
and the quantity of vanadium and titarium in them was determined.
On balance the deficiency in vanadium was 4.1%, jn titanium -- 5.7%.
When the temperature was increased to 800 , as we can see
Figure 4, the extent of vanadiuz and titanium extraction increases.
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At higher temperatures eoxperiments covid not be comploted, since
sinturing of slag particies with the test tube walls is abnerved

The extent of recovery of venadium for 30 minutes at 700°
and the comsumption of chlorine at the rate of 1€ liters/hour
amoynted to, &s related to particle size, as follows: -~ 150 microns
= 74.3%, + 250 -~ 500 microns -- 72.3%, and + 500 - 750 microns~-
56.2%. Consequently, at particle dimenzions above 50G microns the
extent of vanadium recovery drops sharply. This reduction is
detcrmined uct only by the incresse in surface congect of particles
with the gas, but slso by the settling of the lsxrgeat particles om
the bottom of the test tube, thersefore, it is necessary to apply a
slag of thin consistency (- 150 microns).

*r

801

™ dakroienue, %
Srpurnye,
% S

a)

% 700 l lit"c () "93epxau 0 mm lpacrmaﬁe /,
FIGURE 4. Extent of recovery FIGURE 5. Effect of slag content
of vanadium (1} and of titaniwm in melt on extent of recovery at
(2) as function of temperature. 70(°. Duration of experiment =
Duration of experiment = 30 30 minutes. LEGEND: a) Recovery;
minutes. LEGEND: a) Recovery b} Slag content in melt

The greatest recovery of venadlum was achieved at a slag
content in the melt of 3-4% (Figure 5). At higher slag content the
extent of recovery is decreased as the reault of increase viscosity
of the suspension.

The optimal amount of ccke with which the highest recovery
of the vanadium and titanium is achieved averages close to 307 of
charge weight (Table 2). Further increase in the coke content does
not affect recovery of vanadium and titanium and only siightly
increases the extraction of irem.and silicon. The consumption of
carbon was taken above the stoichiometric amount by several fold due
to the possibility of coke being removed from the chlorimation

zone, (p) TABLE 2
CO.lcpH(\‘.%!?lc Crenens, mavacsenns, % | Extent of Recovery of Slag Con-
YPA R e, v | Ti | pe] si ¢8tituents as a Function of Coke
® Content in the Charge Heated for
30 Minutes at 700°, and at a
ég ;gg g&g %2 kg Chlorine Supply Rate of 10 liters/
35 744 [ 805 | 96 4;5.1 hour
‘ 32 ;j'; :“’g §§§ j;"g ‘LEGEND: a) Coke content in

charge; b) Extent of recovery
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Ivcrease in chlorine consuszed significantly steps up the
extert of vanadium extraction. Thus, after 30 minutes at 700¢ and a
carbon content in the charge of 40% a chlorine feed rate of 5 liters/
hour results in a 51.4% recovery of the varau-.uam, ai & Liorine cace
of 10 liters/hour -~ 74.3%, and at 15 liters/hour -- 81.5%. Taking
intc consideration that ia all these experiments a chlorine excess
above the stoichlometric smount was present, this influence can be
explained by the improvement in the intensity of mixing of the
suspension, agitation of the melt, which promoted breaking up of the
gas bubbles and improved the homogeneity of the suspension. When
the chlorine was diluted with nitrogen /See Note/ at a constent gas
mixture feed rate of 10 liters/hour the vanadium recovery was
reduced.

{(/NOTE/ The nitrogen was freed of oxygen following a method
described in the report /f14/.)

Thus, if for pure chlorine the extraction of vanadium was
74.3%, then for a chlorine content of 75 and 50%, the recovery was,
Tespectively, 68.9% and €1.8%. The extent of chlorine use here
amcunted to, regpectively, 6.20 and 30%.

The absorption of chlorine by the melt, which should increase
with higher partigl pressure of chlorine plays an essential role
in the mechanism of similer processes. Absorption in the KCl-NaCl
system can be determined @ven by a small, but appreciable sclubility
of chloripe, vhich is according to the data of Yu. M. Ryabykhin /15/
(Moles/cm”-107);: KCL -~ 10.40 at 8480; NaCl -- 2.21 at 847 , and
KCl~NaCl mixture (l:1) -- 7.G at 850 .

For a melt of an equimolar mixture of KCl and NaCl the
deviation of the =olubility of chlorine from the additive value is
insubstantial.

Based on the concept of the abscorprion of gases by a liquid,
the resulting dependence of the extent of quality in use on its
concentration gaseous phase can be accounted for by the increase in
the total surface of absorption during the experimental period with
dilutionr of chiorine, i. e. the specific interface surface per unit
chlorine weight rises. The absorption of chlorine can possibly
explained zlso as due to the effect of the welt composition on the
extent of vanadium recovery. Experiments show that for 30
minutes at 700°, a coke content in the charge of 40% and a chlorine
feed vate of 10 liters/hour results in a 72.6% recovery c¢f vanadium
at a 407 XCl content in the mixture, 74.3% -~ at 55% KCl, and 82.2%
~- at 707 KCl. The increese in vanadium recovery with increased
KCi content in the melt can be explained by the fact that the
solubility of chlorine in moclten KCl1 is higher than in molten KaCl.
To a certain extent the viscogity of the melt can also have some
cffect, since the viscezity of melten XKCl is somewhat lower thau that
of molten NaCl /16/. Given constency of temperature end invariability
of the mechanism of reaction, depending on the composition of the
melt, and increase in the actual viscosity of the medium lowers the
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diffusion coefficient, resulting in a retardation in mass transfer
and to reduced chlorination rate. The analvases of the vanadium
chlorides formed conducted by tha method of infrared absorptiom
spectra of the mclecules on the IKS=12 instrument rcvealed that the
vanadiwm chloride compound formed is present practically speaking
only as the hydroxytrichloride.

In conclusion, it is necessary to note that in the present
report it is explained only the fundamental possibility of recovering
vanadiun from converters slag by chlorinstion of the melt. This
m:thod, however, has certain defects, related to the high iron content
in slags, which can necessitate frequent replenishment of the melt,
and also is related with the need to separate the mixture of
components VOCl3-'I'iCI4 forming, which have a low boiling point
difference.

Further research is projected to be pursued in the following
areas: study of the methods of separating iron from siags and the
possibility of regenerating chlorine and iron; study of the nature
of the interactions of slag components with thz melt; separation of
the VOCl, - TiCl, mixture; and the productinmn of vanadium tri-
chloride™ from VOé3.

CONCLUSIONS

1. The possibility is shown of practically complete recovery of
ansdium and titanium from converter slag by chlorination in 2 medium of
aolten chlorides cf alkaline metals.

2. The e~ tent of vanadium and titanium recovery is established
ag functions of duration of experiment, temperature, presence of reducing
agent, and also of slag particle size, rate and ccucentration of chlorine
fed into the gasecus mixture, and melt composition.

3. The optimal conditions for chlorination of slag in the labora-
tory experiments were determired: temperatuze -- 700-800°; duration of
process - 90 minutesg; and carbon content in the charge -- 30%. Here,
the recovery of vanadium amounted to 97-98%; titanium -~ 95-96%; sili-
con -~ 66~67%; and irom -~ 20%.

4. It has been established that in the chlorination of the melt
approximately 89% of the jron remains in the melt.
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ELECTRCDEPOSITION OF BISMUTH
FROM PERCHLCRATE SOLUTIONS

V. M. Kochegarov, Ye. A. Zyablov

(Taganrog Radio Engineering Institute, Chair of Chemistry)

Bismuth films obtained by an electrochemical method can bz of
much interest in the radio engineering industry for use_as electrical
contact on semi-conductor surfaces. Several studies [1-5/ deal with
t he electrochemical isolation of bismuth from its solutions, although
the technology and conditions of the electrolysis of obtaining high-
quality bismuth film cannot be considered as sufficiently advanced.
Accordingly, studies in this area are of both practical and theoretical
interest.

The present article presents results of an investigation of the
electrodeposition of bismuth from perchlorate solutions. Csathode polar-
ization and current-based bismuth yield was studied as a function of
concentration of metal, temperature of solution, and current density.

Solutions (1~-5) were investigated with bismuth perchlorate con-
centrations (in moles/liter) of G.0l, 0.05, 0.1, 0.25, and 0.38, as well
as free perchloric acid pregent at a 2 moles/liter concentration in
each of these scolutions.

Bismuth perchlorate was obtained by dissolving freshly prepared
bismuth hydroxide in hydrochloric acid followed by gentle heating. All
the cnemical reagents were of the chemically pure grade, and the solu-
tions were prepared with dedonized water. Then the corresponding sclm-
tions with the same concentration of HCl1G4 (2 moles/liter) were prepared
from a solution of elevated bismuth conceatration (about 0.4 mole/liter)
by dilution. The smount of solution in the glass electrolyzer was always
the same (200 ml). Copper disks 5 cm? served as cathodes. Rods of
metallic bismuth were used as anodes. Quantitative determination of
bismuth in the solution was done by the weight method 157.

Polarization curves were recorded for the indicated solution by
the compensational method / 2_7 at 20, 40, and 50° using a thermostat
with an sccuracy of +0.5°. The reference electrode was a saturated
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calomel electrode. The values of the electrode potentials were zaicu-
lated oa the hydrogen scale.

After recording polarization curves for all the solutions eléc~
trolysis was carried cut and the current-based ylelds Were measured in
solutions 3, 4, and % at three temperatures.

In the figure are displayed the polsrizarion curves recorded for
five sclutions at a temperature of 20°.

A8 we can see from the figure, the statlconary electrode potential
of bisviuth in the solutions investigated is in a ramgs of potential
values close to those calculated /8 /. Appreciable polarization is
observed on the polarizatior curves even in relatively highly concen-
trated solution. When the current density in these solutions with low
aetal cencentration is increased, diffusion effects begin to be mani-
fest, which lead to the appearence of a limiting current and to a very
Jecided shift in the electrode potential in the xeg‘on of the electre-
legative values, i.e., the appearance of concentration polarization.

At low current densgities, polarization is almost totally independent
of the concentration 9f the metal and in all solutions is practically
identical. Thus, the independence of polarization from metal =oncen-
tration indicates that 1t is not caused by diffusion effects.

35,

-

y

b T ,
1 Q¥ WS s Qe 18 ([,.,

FIGURE. Cathode polarization curves for solutions 1-5 at
20°.
LEGEND: a) amp/decimeterz; b) Volt

In the literature /5 / it has already been observed that the pre-
cinitation of bismuth from perchlorate solutions is limited by crystalii-
zation polarization. It appears to us that polarization in the precipi-
tation of bismuth is caused by a peculiarity of the chimical! bond in_the
bismuth crystal. Due to the complicated structure 2f bismuth /9, 10/
covalent bonds appear along with the metallic in the crystal. The appear-
ance of & covalent oond apparently hampers the formation of & bismuth
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crystal . which theyn requires an additional energy of activation expressed
in increased electrode potential.

As experiments have shown, the yieid of bismuth in terms of cur-
rent within wide current density ranges (from 0.5 to 5 anp/cnz) at three
temperatures was practically equal to 100% (varied from 99.5 to 100%)
which {s confirmed by the shape and position of the polarization curve.
These yieclds are located in regions of electropositive potential values.
The temperature of the solution also does not change the current-based
yield. However, the coanditions of electrolysis diversely affect quality
of the precipitate. At low current densities the precipitates are pro-
duced loosze 2ad non-unifurm on the cathode gurface. Extremely high
current densities lead to the formation of dendrite-like and loose
deposits. It hes been found that the most optimal conditions leading
to the precipitation of the uniform, semi-brilliant, and compact
deposits include current density equal to 2-3 amp/cm” and a solution
temperature of 20°. Precipitates obtained under these conditions are
of high quality and good cohesion with cathode surface. They are alsc
readily obtained on the semi-conductor surfaces. With the sedimentation
on the surface on p-germaniuvm and p-silicon an ohmic contact will be
formed. On surfaces of p-germanium and p-silicon bismuth films will
form rectifying contacts. These studies will be presented in a
separate article,

Conclusions

1. Cathode polaritation is observed in the separation of
bismuth from perchlorate solutions. A suggestion is made as to the
cause of crystallization polarization in the separation of bismuth.

2. The composition of the solution and electrolysis conditions
are recommended for obtaining bismuth film on semi-conductor surfaces.
The solution composition ( jn grams/liter) is: 70 - 100 Bi(C104)3
200 HC104; D, = 2-3 amwp/cm™ s solution tenperature = 20°; solubie
anodes (bianuth rods).
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ADSORPTION OF GASES ON URANIUM MIXED OXIDES
V. G. Vliasov, V. M. Zhukovskiy, A. G. Lebedev, V. N. Shalaginov

(Ural Polytechnical Institute)

Reactions of indirect reduction of metal oxides include as
the intermediate links acts of adsorption cf_ the reducing agent gas
and desorption of its oxidation product J/1-2/. Therefore, of much
interest is & comparison of data on the sorbability of gases on the
surface of oxides and the kinetic characteristics of the reduction
of the latter.

In this report a study is made of the adsorption of the gases
Hz,CO, NH3, N,, C02, Hy0 on uranium mixed oxide. The results are
compared with data on the reduction kinetics of this oxide.

Uranium mixed oxide uged in the investigation had a specific
surface of 2.5 m" /g and a density of 8.34 g/cm . The chemical
composition precisely corresponded to the formula U, Oya. The quanti&y
of inpuritig, from spectrgi analysis anoggted (in%): K~ 1.4°10 7
Na - 1.2°10 °; Ca - 1.2-10 ; Mo - 1.1-10 7; Fe - 136 - 1077; Si_§
3.1°1077; Cu - 2.8°107%; Al - 1.3-10 7; Wi < 2°10°°; cr < 110 ~,

The original salt used in obtaining this oxid« was uranyl
nitrate U0, (NO )2 ‘6 HL 0. It underwent oxalate and peroxide
purificatilns ;4,5/ as’the results of which uraniwm peroxide U0, n

O was produced. Then, by decomposition of the peroxide in z
stream of oxygen at 350° for four hours followed by heat treatment
for an hour at 400° uranium trioxide was obtained /6/. This
compound was reduced with hydrogen at 800° to uranium dioxide. Finally,
the dioxide wes oxidized ir air at 550° for five hours down to uranium
mixed oxide.

The equipment for measuring the adscrption of gases is similar
to that described in the report /7/. 1t has the following main
characteristics: the volume of the working part of the system,
degending on the gas yressure, varies within the ljimits of 30 - 36
cm The volume of the reaction vessel is 22.8 cm”. Gas is admitted
into the reaction space by means of a gas burette with an 0.02 cmd
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scale division. The gas pressure is measured by a U-shaped closed
manometer to an accuracy of +0.5mm Hg. An electric tubular oven
is used in heating. The temperature was held to a precision of + 2°,

Hydrogen was obtained in the Kipp apparatue; gaseous nitropen
-~ by evaporation of liquid nitrogen. Thece gases were freed from
traces of oxygen by passage through & column containing activated
copper. Traces of moisture were trapped inm a liquid nitrogen-
cooled trap. Carbon monoxide was prepared by decomposition of formic
acid with concentrated sulfuric -.acid /8/. Ammonia and carbon
dioxide were taken directly from cylinders. Before being admitted
into the reaction space the last three gases were cleaned through

schemes recommended by Brauer /é/.

The portion of uranium mixed oxide in each experiment amoupted
to 2£.4 grams, which corresponded to a total oxide surface of 96m”.
Aftir preliminary evacuation to high vacuum (residual pressure 10-3 -
10" mm Hg% of the oxide sample-containing reaction section, heated
to 200-250", the adsorption vessel was cooled to room temperature and
a certain quantity of gas admitted into it.

The gas pressure at the moment of attainment of adsorptive
equilibrium was measured by the manometer. Then the temperature was
increased to the next level set for the experiment and & new
measurement wis made. After measurements throughout the entire
temperatu.e range of interest the adsorption vessel was again
cooled to room temperature. It must be noted that the gas pressure
Jere established always precisely coincided with the pressure
existing at the initial equi'ibrium at room temperature. Hence,
equilibrium was reached from two sides, evidencing the presence of
true thermodynamic equilibrium. Then a new portion of gas was added
to the system and the experiment was repeated. The quantity of gas
adsorbed was calculated in micro-moles per square meter of surface
cxidized.

The adsorption of the water vapor was determined by a weight
method in a device used for kinetic studies, monotypical with that
described in the reports /9, 10/. It is clear from Figure 1 that the
adsorbability of hydrogen is low. Present on the isobars of hydrogen
adsorption are minima lying approximately at +50°. Below +50° increase
in temperature is accompanied by decrease in hydrogen adsorbability,
while for temperatures above 50° -- increase. It follows from this
data that at low temperatures adsorption of hydrogen on the surfaces
of uranium mixed oxides occurs with the evolution of heat, but at tem-
peratures above +50° -- with sbsorption.

The adsorbability of carbon monoxide on uranium mixed oxide
(Figure 2) is an order of magnitude near the adsorbability of hydrogen.
A difference consists in the fact that with increase in temperature, a
continuous, although small, decrease in the smount of carbon monoxide
adsorbed is also found.

Comparison of the data of adsorbability of water vapor and carbon
dioxide on uranium mixed oxide {(Figures 3 and 2b) shows that water vapor
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FIGURE 1. Adsorption isobars of hydrogen (a), ammania (b)
and nitrogen (c¢). Pressure (mm Hg): 1 - 50; 2 - 100;
3 « 200; 4 - 300; 5 - 150; 6 - 250; 7 - 350. LEGEND:
a) Mole+10-6/m2,

is sorbed in significantly large amounts compared with carbon dioxide.
I1f at the pressure Pco2 = 50 mm Hg and 200°, the adsorbability of CO»

on U30g becomes so low that it was difficult to measure while the
adsorbability of steam continued to remain extraordinarily high even
at Py,0 = 10 mm Hg and temperatures of 200-500°.
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FIGURE 2. Adsorption isotherms of carbon monoxide (a), and
carbon dioxide (b). 1 - 20°; 2 - 500; 3 - 100°; 4 - 150°;
5 - 200°.

The results of studying adsorption of ammonia are shown in Figure
lb. Amnonia is adsorbed in amounts approximately 1 ordar of magnitude
larger than for hydrogen and carbon monoxide. Its adsorbability increases
with increasing pres:are and decreasing temperature.
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Under the conditions studied nitrogen was adsorbed om uraniim
mixed oxide in relatively small amounts (cf Pigure lc). The adsorba-
bility of nitrogen in order of magnitude is comparable with the
adsorbability of hydrogen, but in contrast to the latter, it steadlly
decreases with increase in temperature and at PNZ : 100 mm Hg, and a

temperature above 150° it becomes so small that the method we adopted

does not perrmit its detection. This last fact is in good agreement with
the experimental data on the kinetics of the reduction of uranium oxides
by hydrogen and by a nitrogen-hydrogen mixture. It is shown in the report
/11/ that the reduction of the nitrogen-hydrogen mixture practically speak-
Iﬂg is not distinguished from reduction by pure hydrogen. Nitrogen here
plays only the role of an inert diluent, naving no effect on the mechanism
of reduction.

2

&
<

.

]
/o2

~.

~]

4?\\\>

200 k2.4 X <

b=

0 Moss.10”

~
-’
©

FIGURE 3. Adsorption isobar of hydrogen vapor at PH 0=
10 mm Hg. LEGEND: a) Mole-10-6/m°. 2

Comparison of results of investigating the adsorption of hydrogen
and carbon monoxide on uranium mixed oxides shows that the adsorbability
of these gases in relation te U30gis close to one another.

Therefore, if one were to consider this factor only, one could
expect similar kinetic features in the reduction of uranium mixed oxide
by hydrogen and carbon monoxide, the more so, since thermodynamically
the reducing ability of these gases relative to U30g are also very close
tc each other 1}27.

However, we must consider the fol.owing facts. As a result of a
chemical act of reduction molecules of water vapor or carbon dioxide
will be formed, which are retained for some time by the adsorptional
centers of the surface oxidized and thereby temporarily leave the reac=
tive arena of the active surface. It was earlier shown that the adsorb-
ability of water vapor is considerably higher than that of carbon dioxide.
Hence, we can expect that the inhibiting effect of carbon dioxide is low,
and that water vapor must significantly hamper the reduction of uranium
mixed oxides.

In previous experiments we established that the reduction of U30g
by carbon monoxide begins to occur at a marked rate already at 250°, while
gt 450° the final product of composition U0y ¢ is produced in 50 minutes
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of reducticn. At the same time the reductics of U30g by hydrogen emly
commences at 450° and the furthest reduced product is of the composition
V0.5, although it was obtained at 700° lygs.

- The inhibiting effect of steam is also revesled in the report
[127. The inhibitory effect of the reaction preduct on the rate of
uranium mixed oxide reduction under conditions in which the syatem is
far from equilibrium, is in good agreement with both representations
of the adsorptionally catalytic theory of reduction /1, 2/. Being
adsorbed on the active centers located chiefly at surface defects of
the crystal lattice, the water vapor blocks the centers and thus impedes
accees of the reducing agent to the reactive surface.

The significant adsorbability of water vapor on uranium mixed
oxides established in our work, especially at low temperatures, is
correlated with the results of kimetic studies: the inhibitory action
of water vapor is the greater the lower the reduction temperature.

Data on the adsorbability of nitrogen and ammonia are also in
agreement with the results of kinetic research on the reduction of
vranium mixed oxide by ammonia /14/.

In this report the assumption was made that the slowest stage,
limiting the reduction of U3;0g as a whole is one of the stages of the
decomposition of ammonia on the surfaces of the reduced oxide, namely
-~ the desorption of nitrogen in the gas stage. The adsorbability of
nitrogen on uranium mixed oxide at the reduction temperatures is van-
ishingly small, whereas the adsorbability of ammonia is very significant.
As a result of the acts of adsorption and dissociation of ammonias on
the oxide surfaces atomic hydrogen and nitrogen appear, retained by
the adsorptional centers of the surface layer of the oxide. Hydrogen
is apparently localized near the oxygen ions. As far as the nature
of the adsorptional centers on which nitrogen is sorbed is concerned,
it is still vsgue. In all probability the roie of these centers may
be fulfilled both by ions of the metal (U '), as well as by oxygen
ious.

Interaction between the adsorbed hydrogen and oxygen of the
oxide is accompanied by the tranrsition of hexavalent uranium to quadri-
vaient. The rate of this transition is proportional to the concentra-
tion of the electrons in the lattice of the reduced oxide, as well as
in the field of the U®* ions present in the surface layer and capable
of sharing in the reaction. The concentration of free electrons depends
mainly on the progress of the reaction:

.
LR S

O -H,:O0H - e
Ol ~ H,, - HO
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i.e,, it is determined by the number of oxygea centers reacting with
hydrogen. We can also expect that nitroger adsorbed on the centers
will hioder their reaction with hydrogen. More precisely, oanly those
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oxygen ioms which are free of nitrogen will enter into reaction with tha
adsorbed hydrogen. Therefore, the number of centers 02- and OH™ capable
of interacting with hydrogen, snd consequently, also the concentration
of the free electrons are evidently determined by the rate of desorption
of nitrogen from the surface of the uranium mixed oxide.

On the other hand, adsorption of nitrogen on the metal ions can
impede the reduction reaction, reducing the number of yb~ capable of
participating in the reaction. The last quantity, in its turn, is also
determined by the rate of desorption of nitrocgen from the oxide surface.
And since this state is slowest, then it alsoc determines the overall
rate of reduction.

CONCLUSIONS

1. Adsorbability of hydrogen, carbon monoxide, ammonia, nitrogen,
carbon dioxide, and water vapor on uranium mixed oxide is studied at
elevated temperatures.

2. A correlation is established between the data of adsorbability
of gases and the results of studies made of the kinetics of uranium mixed
oxide reduction by hydrogen, a nitrogen-hydrogen mixture, ammonia, and
carbon monoxide,
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ELECTROCONDUCTIVITY IN THE U03 - € SYSTEM

Ye. V. Tkachenko, A. D. Neuymin, V. G. Valasov
and V. N. Strekalovskiy

(Ural Polytechnical Institute)

Use of the measurement of electroconductivity for con-~
trolling chemical reactions in oxide systems is not pew. For
example, it has been used in studying the oxidation of metals
/1/, their dissociation /2,3/, their reduction by gaseous /4,5/
and solid reducing agents /6/. The advantage of the method is
its high sensitivity to small structural changes arising due to
external factors: temperature, pressure, and ongoing chemical
processes.

In the measurement of electroconductivity of the oxide-
carbon mixture it is necessary toc select for investigation the
tomperature range in which the electroccnductivity of carbon
will be constant., It is known that the electrical conductivity
of the several forms of carbon increases to a temperature of
3000 and remains approximately comnstant to 600°, in then de-
creases ;/6,7/. Therefore, if one were to study the reaction of
a metal oxide with carbon within the temperature range of, for
instarce, 400 ~ SOOO, then the method of measuring electrncon-
ductivity can be applied with sufficient accuracy /6/. This
feature is of special importance due to the fact that elucida-
tion of the mechanism of one of the most complicated reduction
processes -- reduction of metal oxides at low temperatures --

suffers from insufficient experimental data and, chiefly, limited

numbers of research methods.

In this report the measurement of electroconductivity ise
used to study the process of reduction of uranium trioxide UG
by solid carbon. Kinetic and roentgenog.aphic studies of this
process are described in our reports /8,9/, from which it fol-
lows that an appreciable interactiorn of uranium trioxide with
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acetylene black is observed at approximately 4009, and rsactien
w._thk grapaite -- close to 430°; the formation of uranium mixed
oxide U}Og begina at an oxygen content corresponding to the com-
position UO, + The temperature at the onset of noticonble' °
dissociation'g} D03 in vacuum is within the limits of 420 -~ 430
/10,11/ and, thus, it is very close to the temperatures of begin-
ning reaction of U0z with carbon, determined by us kinetically.
Therefore, of greatest intereast for research is the role of dis-
sociation in reduction. Also of interest is the question of the
onset of formation of the U Og phase, since for uranjum oxides
apparently the method of electroconductivity measurement can be
more sensitive than, for instance, the roentgenographic method.

Uranjum trioxide was prepared by heat treatment of uranium
peréxide /12/. Its specific gravity is 5.95 g/cn3. and its
specific surface =13 le/g. X-ray phase analysis has revealed
that the resulting UOz is amorphous. Used as the reducing agent
was spectrally pure graphite from the Kudinovskiy Electrocarben
Plsnt and acetylene black, previously treated as described in
the studies /8,9/. Tablets 10 mm in diameter and 3-4 mm in height
are prepared from a thoroughly ground mixture of U203 and carbon pre-
pared by pressing under a pressure of 2500 kg/cn?. Ir ordar to
insure the reliability of the electrical contacts, films of
powdered silver are pressed on the fsces of the tablets, then they
are placed in a special cell (Figure 1) and secured between plati-
num sheets which are in contact with platinum leads. Electrical
conductivity is measured by means of an alternating current bridge
at a frequency of 3000 cps with an electronic oscillograph serving
as a null-instrument. The bridge circuit is similar to that
described in the study /13/. Heating is carried out at a rate
of =~ 250 deg/bour in an electric furnace. The temperature is sus-
tained to a precision of a 3°. The experiments are carried out in
vacuum with continuous evacuation {residual pressure = 10~3 mm Hg).

Since the amount of carbon will strongly affect the value
of the electrical conductivity of the oxide-carbon mixture, the
experiments were conducted with a reducing agent content of 4.5
and 1.4 weight percentage, which corresponds to the stoichiocmetric
amount of carbon required to reduce UO3 to UO2 and to U30g, respec-
tively. It should be noted that at a reducing agent content of 20%
"bridgelets" were formed and the experiments were not subject to
control by means of the method described. Phase X-ray analysis

was conducted using the Debye-Sherrer method. Powder diagrams were

obtained with copper radiationm under tube operating conditions of
14 milliamps, 30 kv, in RXD chambers of 57.3 mm dismeter.

It js known that UO3 is a n-type semicorductor /13, 14/.
The electrical conductivity of the memi-conductor oxides varies not
only with temperature, but also depends on their structure arnd
chemical composition. Therefore, according to the change in the
electrical conductivity of the samples, it is possible to gontrol
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the state of the oxidized semiconductor effectively in its reac-
tion with the reducing agent.

K nomewyu-
omempy N

(a)

FIGURE 1. Diagram of the cell for measuring electrical resis-
tance. 1 - Tablet of original sample; ° - Flatinum sheets;
3 - Thermocouple soldering; 4 - Two-channel alundum tube
containing thermocouple; 5 - Alundum rod; 6 - Cylinder of
heat resistant alloy: 7 - Screen made of asbestos-cement;
8 - Outlet to vacuum pump; 9 - Alundum tube; 10 - Platinum
current leaus; 11 - Guartz test tube; 12 - Steel springs;
13 - Spring holder; 14 - Quartz test tube; 15 -~ Bitumin;
16 - Rubber stopper. LEGEND: a) To potentiometer.

Figure 2 presents the results, in the coordinates lg -
1/T, based on iemperature variation of electrical conductivity of
both pure UO3 (curve 4) as well as of its mixtures with carbon
black (curves 1, 3) and graphite (curve 2), clearl) showing that
for all tne functions characteristic breaks exist in the tempera-
ture region of 420-450° and 5C0°. This means thut about 300Y
variation in the composition of tae oxide can be recorded by this
methed and that the presence of carbon does not alter the general
characteristic picture, since the electrical conductivity of car-
bon in the 300-600° interval, as has already been pointed out.
remains practically unchanged.

The experimental resulte were supplemented by data on the
dissociation kanetics of UO3 and tle reducing agent (Uo7 + C),
obtainad under identical conditions, but were alsc supplemented
by data of X-ray phase aralysis of a large number of intermediate
products whose composition lies between UO3 and UOp, g9 (Uz0g).
From comparison of all the data it follows that in the 430-460°
region tke onset of the formation of the new phase is observed at
an overall composition of U0y g3.

Thus, from 300° {where the electrical conductivity of carbon
ceases to change) to 430-460° (cf Figure 2) the variation in elec-
trical conductivity is determined mainly by changes in the UO~—
based (UO~-p) s8o01id scolution: here, the chemical composition of
the solutlon changes to U0p ¢p. It also follows from Figure 2
that independently of the process type (dissociation, reduction)
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the materisl of the reducing agent {graphkite, carbon black) and its
quantity (1.4 and 4.5%), the onset of formation of the new phase
U303 is observed in the 430-460° region in the intermsdiate product
of overall composition U0p,gy. Obviously, up to 400° it is specifi-
cally the temperature that determines changes in the process in
question, where the main role is evidently played by the acts of
crystallochemical transformation in the oxide.
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FIGURE 2. gSpecific electrical resistance of UOz and of the mix-
ture UO3 + C as a function of temperature: 1 - UO; + 4.5% darbon
black: 2 - UO; + 4.5% graphite; 3 - UOz .+ 1.4% carbon black; 4 -
UO3. LEGESD: &) 1g G (cha~lcm-1).

The concurrence of the slopes of the curves 3 and 4 in
Figure 2 (UO3 and U0z + 1.4% £ up to 4C0° allows us to assume
taat in the reduction of UOz by solid carbon the loss of oxide
oxygen is initially due mainly to its dissociation. Actually,
the dissociation of U0z, as was shown by the method of electrical
resistance meusurements, begins at 250-300°?, Here, carbon plays
the role of inert diluent of good conductance and its appreciable
reaction with the gaseous medium is not observed in any case up to
400°. Also not occurring is the interaction of carbon with the

‘oxide directly in the s0lid phase. As to the fact that carbon plays

the role of inert diluent up to a certain point, evidence is found
as follows: the less carbon in the mixture {curves 1, 3) the less
the eleé¢trical conductivity of UNz (curve 4) differs from that of
U0z + C (curves 1, 3). Here, over some area dissociation of the
oxide is possible along with its carbothermic reduction, a phenome-
non which has been noted in the literature for the example of
mangunese oxides /15/.

It is characteristic that in the dissociation of U03, the
formation of 0303 begins at 450°, whereas in the reduction of UO
by carbon black, the formation of U308 begins at = 425°, and when
the reducing agent is graphite -- at 450°, Thus, at temperatures
above 400° the role of the reducing ageant becomes manifest, which
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follows {rom a comparison of the rates of dissociation of U0, /10/
with its reducticn by carbon black /8 /, graphite /9 /, wood and
sugar coal /16/. Moreover, it must be said that the mechanism of
reduction of powdered and briquetted mixtures can be dissimilar,
although the qualitative relationship of the rates of dissociation
and reduction (at identical temperatures) will probebly remain
unchanged.

gqgl

]

]

FIGURE 3. Relative change in electrical conductivity of the
mixture U0, + C at 400° as a function of treatment time.
0, = spetific electrical conductivity cf the mixture
UOx + C at moment temperature of 400° is attained. Oy =
apecific electroconductivity of the mixture UO, + C at
given moment of time 7. 1 - U0z + 4.5% graphife; 2 - Uoz +
4.5% carbon black.

Above 450° two phases co-exist: U308 and UO3_p (cf Figure 2).
A certain increase in the temperature coefficient of electrical con-
ductivity is due to an increase in the amount of the more electro-
conductive phase U303 compared with 003_p /17, 18/. Finally, about
500°, when the conversion of U03 to U30g was mainly completed, &
variation in the temperature dependence of electrical conductivity
of Us0y itself was observed /3, 17, 18/. Thus, the method of mea-
suring electrical conductivity succeeded in confirming the conclusion,
based previously on kinetic and X-ray data /8 /, which states that
there is a lower limit to the homogeneity of the uranium trioxide-
based solid solution.

The above noted dependence between the rate of oxide reduc-
tion on activity of a so0lid reducing agent has also been confirmed
in our case by way of other data. As we can see in Figure 3, the
relative increase in the electrical conductivity with time at 400°
for the UO3 - carbon black mixture is greater than for the 003 -
graphite mixture (the amount of reducing agent is identical).

Data on the incresase in eléctrical conductivity with time
at the several temperatures for the UO3 - graphite mixture (Figure
L) show that the intemsity in variation of electrical conductivity
at the several temperatures (tangent of the slope of the lines) can
serve as the characteristic rate in our case of the overall process,
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confirming a similar conclusion foumd esrlier by V., P. Yelyutan,
Yu. &, Faviov, and others using the example of the reduction of
vanadium oxides with solid carvon /6 /.

WA XY L NRANED e A A TSI

FIGURE 4. Change in electrical conductivity of the mixture
U0, + 4.5% graphite at several temperatures as a function of
thg time of treatment: 1 - 350°; 2 - 375%; 3 - 400°; 4 -
425°

CONCLUSIONS

1. The method of measuring electrical conductivity, which
ig simple and under certain conditions convenient, has been used
to corroborate the boundary limit to the existence of a uranium
trioxide-based solid solution, determined earlier by kinetic and
X-ray methods /8, 9/, and also has shown that the rate of the over-
all process can be characterized by the rate of change in electrical
conductivity. With the aid of this method it has been possible to
obtain data affording ideas on the role of dissociation in the
reduction process.

LITERATURE

1. Shreyder,iA. K., Zavodskaya laboratoriya (Plant Laboratory),
10, 1207 (19%56).

2. Murat, M., Eyrand, C., Comptes Rendus, 254, No. 17, 3084
(1962).

3, Tkachenko, Ye. V,, Neuymin, A. D., Vliasov, V., G., Strekalov-
skiy, V. N., Fiziks metallov i metpllovedeniye (Physics of
Metals and Metallurgy), Vol 16, No 2 (1963).

4, Yelyjatin, V. P., Pavlov, Yu. A., Shulepov, V. I., Myakiskeva,
?. G., Zh. fiz. khimii (Jouraal of Physical Chemistry), 36,
7, 152k (1962).

- 164 -




5.
6.
7.
8.
9.

10.

11.

12.

13,

14,
15.
16.
17.

18.

Strekalovskiy, V. N., Neuymin, A. D., Bessanov, A. F.,

Zh, fiz. khimii, 36, 6, 1355 (1962).

Yelyutin, V. P., Pavlov, Yu. A., Surovoy, Yu. N., Shulepov,
V. I., 1zv, VUZ, Chernaya metallurgiya, No 7, 16 (1961).
Tekhnika vysokikh temperatur (High Temperature Techniques),
ed. Campbell, For. Lit. Publ. House, Moscow, 1959.
Tkachenko, Ye. V., Vlasov, V. G., Pizika metallov i metallo-
vedeniya, 15, 2, 239 (1963).

Vliasov, V. G., Tkachenko, Ye. V., Izv. Sibirskogo otdeleniya
AN SSSR (News of the Sibirian Branch of the Academy of
Sciences USSR), in press.

Vliasov, V. G., Lebedev, A. G., Zh. prikl. khimii, Vol 3&,
No 9, 1739 (1961).

Kets, D. Zh., Rabinovich, Ye., Khimiya urana (Chemistry of
Uranium), part one, Foreign Literature Publishing House,
Moscow, 1954.

Brauer, G., Rukovodstvo po preparativmoy neorgan khimii,
1956.

Pal‘guen, S. F., Volchenkova, Z. S., Khimiya i tekhnologiyva
pedkikh elementov Tr. in-ta khimii, UFAN (Chemistry aad
Technology of Rare Elements, Transactions of the Institute
of Chemistry, UFA Affiliate of the Academy of Sciences USSR),
No 2, 183 (1958).

Willardson, R. K., Moody, I. W., Goering, H. L., J. Incrg.
Nucl. Chem., 6, No 1, 19 (1958).

Kozlov, V. A., Vliasov, V. G., Zh. prikl. khimii, Vol 32,

No 3, 523 (1959).

Viasov, V. G., Xozlov, V. A., Zh. prikl. khimii, Vol 33,

No 4, 760 (1960).

Zhukovskiy, V. M., Vlasov, V. G., Lebedev, A. G., Fizika
metallov i metallovedeniya, Vol 14, No 3, 475 (1962).
Zhukovskiy, V. M., Vliasov, V. G., Lebedev, A. G., Fizika
metallov i metallovedeniya, 14, No 2, 319 (1962).

Received by Editor
29 December 1962




i e e s

PR

DETERMINATION OF THE ORIENTATION OF TUNGSTEN
CRYSTALS BY ETCHING FIGURES

A. 1. Pekarev

(Institute of Metallurgy of the Academy of Sciences USSR)

The conventional method of deterwmining the orientation of
single crystals is based on reciprocel X ray photographs of cut
sections or surfaces of monocrystals in the Laue chamber on standard
equipment. Determination of the orientation of separate grains, the
deformation bands, and slements of deformation (iraces of glide and
twinning planes) on semi-crystalline material is possible only with
the use of unique sharp-focus X ray tubes. Therefore, both optical
and electron microscopy are used in determining orientations in micro-
volumes along with rosntgenography.

The metallographic method consists in the following. The
polished section of the metal sample is subject to special etching
(chemical, electrolytic, vacuum) to display etching figures (EF), whose
form depends on the method of etching the crystal lattice and on the
orientation of the crystal with respect to the section surface. G. M.

Fomin /i/ determined the predominant orientation of grains in zones of
transformer steel. Each grain was categorized by etching form in one
of four groups. In a given case approximate sorting of the grains was
quite satisfactory to establish texture. For accurate determination
of each grasin is possible after measurement of the angles between the
elements of EF in corresponding to geometric tranaformations.

In etching metals (molybdenum, tungeten, etc), crystallized in
body-centered cubic (B-CC) form the etching figures were limited tc
the planes {110} with 7uo closest packing of atoms and are trihedral
and tetrahedral angles cut off by the section surface from a
rhomdododecahedron.

Within each separately situated EP, from the center to the apices
of the angles run rays which sre ribs having the directions (111) of
solid angles. D. N. Vasilkovskiy /2/ developed in detail & method of
noaographic determination of orientation by the angles bestween the
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rib directions. To manifeat such ribs in tungsten microstructure it
is necessary to deeply etch the section with an aqueous solution of
potassium ferricyanide and alkali.

Electrolytic etching of tungsten in a 2-10% alkali snluticn
affords clear EF on the section surface, although the rays within
the etching figure are almost indistinguishible and here & method of
determining orientation from the size of the EF is needed. The
method proposed by Kostron /5/ is applicable only for metals
crystallizing in face-centered cubics (FCC) for which the EF are
limited to the planes of the {100} systen.

The methods suggested for determining orientation in F-C C
metals from the size of the EF involves the use of stereographic
projection to simplify the mathematical analysis.

Each side of a triangular etching figure ABC (Figure 1) is the
axis of a zone to which the plane {100} and the section plane
belong. The problem reduces to finding the plane parallel to the
section surface in which there would lie three zonal axes forming sides
of the triangle.

FIGURE 1. Determination of
orientation for the triangular
etching {igure. Solid lines -
traces of {100} y = ===
parallels and trace of the plane
sought for

All faces belong to the {100} system. We take one of the EF
as (110) and on a standard stereographic projection for the (110)
plane draw the traces mm' nn' of the two other faces (101) and (011)
of the etching figure.

The two sides AC and BC of the triangle in Figure 1 lie under
the angles«x} ;zz to an arbitrarily selected base side AB lying in
the plane (110).° We superimpose the base side with the axis Xl X2 of
the stereographic sphere and the angles ﬁ;;,ci are laid off|
respectively, f{rom the, poles X2 and Xl. en %he directions of the
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sides AC and BC must lie somewherse on ths parallels aa’ and bb' of
the Woulfe network.

The great circle found on tracing psper following the traces

mn' and nn' are superimposed on the Woulfe network (See Figure 1)
and we rotate the great circle around the center until the points of
i~terception a' and b' of the traces of the planes (101) and (011)
with the latitudes aa' and bb' will not appear on the same meridian
X, b a! x2. The resulting meridian is the projection of the slide
p}ane, but“the pole of the plane sought for is .P. Transferring the
tracing paper onto the standard stereographic projection of the
(110) plane we determine the orientation of the section surface. The
direction of the side to the triangle is determined by the points a”,
b"’ .

xlIf EF is of the quadrangular form ABCD (S2), then the traces
nn' and mm' of the two planes (011) and (0l1l) adjoining the plane
(110) are plotted on the standard stereographic projection of the (110)
plane. The three planes (110) will form the tetrahedral angle of the
EF. Two angles {more suitably, acute angles) adjacent to the same
side BC are measured in the quadrangle, under which are traced the
parallels cc' and bb' (See Figure 2) onto the Woulfe network.

Xa

FIGURE 2. Determination of
the orientation for the
quadrangnlar efch¥ng figure.
The =solid lines -~ traces of
the {100} y- - parallels and

trace of plane sought for.

The order of determination of the orientation of the gection
gurface is similar to the case of the triangular EF. The meridian
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xl b" ¢c" X, is the trace of the plane sought for.

It is apparent that the square form of the EF has a surface with
the indices {100} ,but the surface with equilateral triangles is
oriented at {111} . Shown in Figure 3 are the possible forms of EF,
The dash line indicates the boundary between orientations with the
triangular and quadrangular EF and the region close to (110), where the

etching figures appear only after much work and are of irregular oval
or broken-line form.

00t afr

FIGURE 3. Forms of etching figures as a function of orientation
on the stereographic triangle.

The angles between the sides of the EF can be measured to an
accuracy of 2-4° in a photograph of microstructure or directly with
the mettalomicroscope used for reading angles by the rotary table (using
a MIM-8 type microscope). When the Woulfe network is used,of 20 cm in
diameter, the accuracy of the geometric construction is close to 1-2°.
The total error in determining the orientation of the section plane
usually does not exceed 4°.

Figure 4 presents a photograph of the microstructure of two
samples of cast tungsten with triangular and quadrangular forms of
EF. The tungsten section underwent electropolishing and electro§
etching in 10% Na OH at a current density of 1.5 and 0.05 amp/cm®.
Presented in the table are the resulis of orientation determinations
from Figures 1, 2, and 4. The direction uf the glide line can be
determined by the angle between the glide line and the already
known orientation of any side of the etching figure.
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TABLE
Results of Determination of Orientations
e e X4 _(e) (£}
(a) {(b) (e) | 4 ‘;a_ Opuentiposka OpHenTHPORKa
M Cropons | U'pans | ¥ ﬁ-—é croponu _ wanga
pacyhxa 7 *T 'é’d: brouka na | Ganaaitias | Ganwaiuwas| yroa x
N3] gieye | nappepere | aggcyocts uel;i:i z{ad
I nda CA 101 19 a” 11
AB 1o £y Xy 221 551 3
8ac 011 } 'y 12
$udc AB 0l 81 s mn
Bc | wo | 8 1 x o0 010 7
cx ot c” nt
LEGEND: a) Figure number; b) Side of etching figure; <)

Face-of etching figure;
e) Orientation of side;
Poini on diagram; h) Nearest-lying plane;
nearest-lying plane to section, degrees

d) Angle between sides, degrees;
€) Orientation of section;

g)

i) Angle of

FIGURE 4.
on 8 gection of cast tungsten, X 250.
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THERMAL FATIGUE OF CERTAIN TITANIC ALLOYS
N. M., Pultsin, N. S. Samoylov and V. B. Pokrovskaya

(Military-Aircraft Engineeriang Academy)

Parts operating under the condition of altermating heat-
ing and cooling must have requisite resistance to thermal fatigue,
i.e., against destruction of their material through repeated
changes in its thermal state during performance. During non-
uniform heating and heterogeneity of bulk changes, thermal stresses
arise ia the material leading to a breakdown in its solidity.

Various materials fuactioning under identical condi-
tions develop dissimilar resistance to thermal fatigue. This
ie accounted for by many factors, including the physical
properties of thermal expansion and thermsl comductivity,

For example, titanjium and its alloys differ significantly froa
other metallic materisls in the values of tiheir thermal com-
ductivity and thermsal expamsion. The thermal comductivity of
titanium is 0.037 ¢alories/cm-sec-deg, approximately 100-115%
less tham for steel, while the coefficient of thermal expansion
is 8.3:10-6 per degree -~ almost 50% lower than for steel.

Such difference in the fundamental physical properties
is responsible for a substantial change in the value and distri-
bution of thermal stresses in cyclic heatings and coolings of
titanic alioys and leads to such destruction of these materials
from thermal fatigue which is essentially different from the
breakdown of ateels and other alloys.

Ian this report an investigation is made of thermal fatigue
of certain titanic alloys. The investigations were conducted on
an original device /1,2/, developed with the jarticipation of
one of the authors. Used as samples were square sheet plates
120 X 120 X 1.5 ma in sige. Heating by the use of imduction
gethod, wsing a loop-shaped inductor. During the course of the
tests, the imducatcr was placec or one side of a rigidly secured
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saieet samplie. The heating zone was in the form of an ellipse
and on the imnductor's side was characterized by somewhat greater
area than on the opposite side.

The thermal cycle in the various exgerinents was charac-
terized by upper temperatures of 800°, 900°, 1000°, and lower -
near 20°., Cooling was carried out by a stream of tap water.

The heating was continued at sn average rate of 200° per second
and lacted 4-5 secondas and cooling -- -160° per second and last-
ing for 5-6 seconds.

Ia the teats a determination was made cf the number of
"heating~-cooling" cycles until the moment that the firest fissure,
0.10-0.15 mm in length, appeared in the material. Aleo investi-
gated were the kinetics of fissure development. Here an ultra-
sonic method of detecting moments of origin and used in study-
ing fissure enlargement /2/ was used,

A study wai;; made of microstructure and the =icrohardness
of the titanic alloys was determined irn that zone of the sample
which underwent cyclic temperature variations. Together with the
titanic alloys, OT-4 and Y?-lk, for comparison the resistance te
thermal fatigue of the nickel alloy EI-435 was examined.

00 FIGURE 1. Number of "heating-cooling"
sl cycles before cracks appear as a function
sl \r___ of the value of the upper cycle temperature
when the titanic alloy 0T4 (1) and the nickel
\ alloy EI435 (2) is tested fo. thermal fatigue.
- \._‘\ LEGEND: a) Number of cycles; b) Upper
b\ cycle temperature, ° C
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Ailoy OT-4. Fig. 1 pregsents a_sraph of chagges in the
aumber of '%cafIng-couling" cycles before the appearaice of a

thermal fatigue crack.as a functiocn of the value of the upper
cycle temperature in samples of sheet titanium alloy 0T-4 1.5 mm
in thickness. As can be seen from the graph plotted in .semi-
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iogarithmic coordinates, with increases in the upper cycle tempera-
ture the aumber of cycles before the sppsarance of cracks drops
sharply, evidencing a significant lowering of the thermal resis-
tance of the OT-4 alloy with increase in upper cycle temperaturs.

In addition to the titanic alloy OT-4, thermal fatigue of
the nickel alloy EI-435 was also tested. The number of “heating-
cooling" cycles until sample breakdown at the upper cycle tempera-
tures of 900 and 800° amounted to, respectively, for the OT-4
alloy to 241 cycles and 804 cycles, and for the EI-435 alloy -~
206 and 345 cycles.

Hence, the thermal resistance of the titamic alloy OT-%4
at the upper cycle temperature studied is significantly higher
than that of the nickel alloy EI-435, especially at a low upper
cycle temperature. This is accounted for by the low coefficiesat
of thermal expamsion of titanium.

On the other hand, if we were to compare the rate at which
the number of cyclee were reduced up to breakdown witk increase
in the upper cycle temperature (Cf. Fig. 1), then ws would see
that at high temperatures (1000°) the nickel alloy proves tc be
mors thermally resistant than the titanic, which can be explained
by the high pesk-resistance of nickel alloys.

The ultrasonic defectoacope was used to investigate the
kinetics of growth of the thermal-fatigue cracks, Shown in Fig, 2
is the variation in the length of the thermal fatigue crack as a
function of the number of '"heating-coaling" cycles at variocus
upper temperatures of the cycle. From analysis of the graphs
presented it follows that each curve has two sections~-a curvi-
linear and & rectilinear. The curvilinssr zection correaponds to
the slow, but accelerating develcpment of thermal fstigue cracks.
This acceleration takes place the more rapidly the higher the upper
cycle temperaturs.

Thke rectilinear section corresponds to a conatant rate of
crakk formation. With bhigher upper tsaperature cycle the rate of
thermal fatigue crack formation ircreases in sirsight-line propor-
tionmality (Fig. 3).

Alloy ¥T-14. Investigation of the thermai fstigue of VT-1h
slloy was conducted on shest samples 120 X 120 X 2 mm in aize,

The tests werc carried oat at 3 upper cycle temperatures of 800,
850 snd 900°. Here it was found that even a ¥ery large number of
heat-ghift cycles does not cause in this zilcy the development of
visible thermal fatigue cracka. However, s will be showa below,
for cycles with 900° 38 the upper temperature micro-issues appear,
extending into the surface aitered layer sppeariag as the result
of saturation by oxygen cf titanium during the cyclic heatings.

Metallographic studies and determinatior of micro-hardness.
Metallographic studies were conducted on samplses tested for thermal
fatigue and detersination of micro-hardness was made. For this




shsel sampies were cut along the major axis of an elliptical
patch and subjected to polishing, buffing, and etching. In-
vestigations revealed that as the result of testing for thermal
fatigue substantial variation in the physical structure of the
alloy in the heating zone appeared.
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FIGURE 2. Length of thermal fatigue cracks as a function of
number of cycles at various upper cycle temperatures in the
testing of the titanic alloy 0T4.

LEGEND: a) Length of fissure, mm; b) Number of "heating-
ceoling” cycles
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FIGURE 3. Change in rete of thermal fatigue crack formation in
the 074 alloy as & function of upper cycle temperature.

LEGEND: &) Rate of crack formation, microns per cycle; b)
Upper cycle temperature, ° C

The original structure of the OT-4 alloy is two-phase
fine-grained with the clearly pronounced striation character-
istic of sheest material undergoing significant deformation in
the procesa of being rolled. Tpe structure of the OT-% alloy
irn the heating zone following testing for thermal fatigue was
esgentiaily aitered. Along the edges of the patch where the
hesting tempsrature was not high soms coarsening of the grains
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tock place, the structure was maintained as equiaxial two-phase (Fig.
4, a). Such a variation in structure took place ag the result of re-
crystailization >f the alloy at low heating temperatures.

The structure in the high-tempereture zone of the patch is
needle~shaped, in which the neecdles become coarser with increase in
heating temperature. The appearance of the needle-like structure is
due to the high rate of cooling of the metal against a background of
local heating during the process of testing for thermal fatigue, and
the coarsening of the grains -~ by the sizeable growth of the
crystallites of the solid beta-solution at high temperatures. The
rresence of the coarse-needle-shaped structure in the heating zone
(together with the effect of thermal stresses) can favor the rise of
thermal fatigue cracks.

As the result of heating to high temperature (1000°) the
formation of a modified layer (Figure 5) saturated in oxygen occuis,
in which the #0lid solution of this layer has a structure elongated
and arbitrarily oriented grains. It must be noted that the thickness
in structure of this layer are identical both on the inductor side as
well as on the opposite side of the sheet sample tested.

The testing of the OT 4 alloy for thermal fatigue at an upper
cycle temperature of 900° leads to structural changes less clearly
pronounced than at 1000°.

The change in the micro-hardness of the hardness of the material
along the axis of the heating patch is in accordance with structural
transformations. Thus, for example, for a sample of the 0T 4 alloy
tested for thermal fatigue at an upper cycle temperature of 900°, 2
the micro-hardness in the central zcone of the patch exceeds 409 ¥g/mm
while its value in the surrounding material is about 270 kg/mm“. In
the central zone of a paich of sample of the same slioy tested at an
upper cycle tqmpgrature of 1000°, the micro-hardness is about 350 kg/
mm ,ie, 53 kg/mm~ lower than at 900°,

The origingl structure of tae VT 14 alloy is also two-phase,
but with a less pronounced striation. The structure in the heating
zone depends little on temperature and rekains almost unchanged from
the edge tec the center of the heeting patch.

Shown in Figure 6 are microphotographs of the structure of the
VT 14 alloy in the zone of the heating patch {upper cycle temperature =
900°). This structure, in spite of the high heating temperature, is
fine-grain with weakly pronounced acicularity. It is possible that
this is preciszely what accounts for the high resistance of the VT 14
alloy to thermal fatigue.

A surface layer with a characteristic structure (Figure 7) and
increased hardness has been found for & sample c¢f the VI 14 alloy tested
for thermal fatigue at an upper cycle temperature of 900* for a oro-
tracted pericd (397 heat-ic; cle). Thermal fatigve cracks appeared in
thie layer, ertending right through the layer, but not entering the
zone of the underiying material.
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FIGURE 4. Microstructure of the 0T4 alloy in the zone of the
heating patch when testing for thermal fatigue. a - at edge
of patch, b - in middle of pé%ch, X 450, upper cycle temp-
erature = 1000°.

FIGURE 5. Microstructure of the 0T4 alloy in the center
of the heating patch showing a zone of surface modified
layer, X 450, upper cycle temperature = 1000°.
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FIGURE 6. Microstructure cf the V14 alloy in the heating
patch zone, X 450, upper cycle temperature = 900°.

FIGURE 7. Microstructure of the edge of a sample of the
VT14 alloy tested for thermal fatigue at an upper cycle
temperature of 900°. Visible is the oxygen-saturated
modified layer and cracks in it, X 450.
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CORCLUSIONS

1. A study has been carried out of thermal fatigue of the
titanic alloys OT 4 and VT 14 and of the nickel alloy EI 435. It has
been established that the heat resistance of titanic alloys at upper
cycle temperatures up to 900° is higher than for the nickel alloy EI
435.

2. The formation of thermal-fatigue cracks at various upper
cycle temperatures nas been investigated and it has been shown that
the growth rate of these cracks increases with temperature.

3. As the result of inveetigation of the microstructure and
micro-hardness in the zone of the heating patch it has been found that
vhen testing for thermal fatigue substantial change in the structure
and incresse in the micro-hardness of titanic alloys appears, where the
structure becomes needle-shaped. The suggesticn was made that for-
mation of the coarsely acicular structure favors the genesis and
development in the material of thermal fatigue cracks.

4. It has been observed that when an alloy ia subjected to
prolonged testing a surface layer saturated with oxygen can appear, so
fragile that thermal fatigue cracks will form in it., However, these
cracks in the VT 14 alloy do not depart beyond the limit of the layer
and dv not penetrate the underlying material.
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GALVANIC COPPER~PLATING OF TITANIUM AND ITS ALINYS
V. V. Usov, V. I. Liner

(Moscow Institute of Steel and Alloys,

Chair of Corrosion and Protection of Metals)

The chief advantage of titanium and ita alloys over other
gtructural meterials lies in the combination of high mechanical
properties and corrosional resigtance with low specific gravity.
Titanium has the higheset specific strength among technical materials.
And the strength of titanic alloys is not reduced even during heating
up to 400-500°, egpecially important for modern technology. Titanium
exhibits high corrosional resistance in an air atmosphere, sea water,
snd in several strong chemical reagents.

With an increase in the areas of technical use of titanium
the need arcse tc deposit galvanic coatings on titanium alloys,
which partly or completely eiiminates certain shortcomings specific
to titanium. These shortcomings include low heat and electricai
conductivity; difficulty in soldering; burrs arising in friction and
adhering to tools; energetic reaction with oxygen and nitrogen,
aspecially at elevated temperatures.

Galvanic copper-plating of titanium lowers the transitional
registance, increases electro- and ° thermoconductivity, improves
the conditions of low-temperature soldering. The copper coat can
gerve also as a technological lubricant in the cold treatment of
titanium by pressure and protect the surface of articles from
scraping and burrs, significantly improving surface quality. Other
gaivanic coatings can be applied on ths copper layer by usual methods.

The indicated ways of using titanium with copper plating can
be recommended only for titanium articles used at temperatures
lover than that of the formation of intermetallic compounds of
titaniun with copper since the brittlenesa of the diffusicn layer leads
to lowered strength of the adhesion of copper with the underlying
metal.
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In the copper plating of titanium difficulties appear like
those which occur in the galvanic plating of aluminur and mag-
nesium. A dense oxide film responsible for the high corrosive
stability of titanium prevents the durable adhesion of the galvanic
deposit with the substratum. When this fiim is removed by mechanical
means or ix aggressive media rapid repeated oxidation takes place.
Activation of ‘the titanium surface before deposition of the galvanic
layer is therefcre the central problem in this technology.

Many variants of the preliminary preparation of the surface
of titanium under galvanic plating have been proposed. Theicr
esgential content amounts to removing the oxidized film and
preventing its formation by intermediate layers consisting of
fluorides /1/, hydrides /2,3/, or by layers of copper /4/ and
zinc /5/. Of the methods for preparing the titanium surface
enunerated the one I make most applicstion consists in prolonged
etching in concentrated acids ---sulfuric and hydrochloric /6/.
Several metals, most often chromium, bave been deposited on the
hydride layer formed in etching. Of the other methuds of surface
preparation one should note the contact zincing of titanium for
subsequent nickel-plating /7/ and copper-plating /8/. In the last
cagse it is recommended that the titanium be previously anodized in
a golution of sulfuric acid. The thickness of the copper layer is
1-2 microns. When the thickness of the coat had increased peeling
of the copper is observed directly in the course of electrolysis.

Earlier, in searching for a method to prepare the surface
and to activate titanium before copper plating, positive results were
schieved after etching titanium in mixtures of fluoric and nitric
acids in a 1:3 ratio and activaticn in a mixture of 800 ml ethylene
glycol, 200 ml/liter (40%) of hydrofluoric acid, and 100 g/1 of
zinc fluoride /9,10/. A compact dark-grey film of 0.1 - 0.3
am/cm thickness was formed here on the titanium surface
(the thickness of the film is of the same order of magnitude as for
a galvanized treatment of aluminum). Electron diffruaction and
spectral analvsee made it possible to establish that the film is a
zinc hydride: the layer underlying the surface consists of the
titanium hydrides Ti' H -!Ti H,, and the upper layer -- metallic zinc.

Tre conditions of activVation {temperature, concentration of
kydrofuoric acid, and duration of treatment) determine the composition
of the film and the reasons in which durably adhering copper deposits
are sttained. In determining the optimal activation conditions
(See Note) the concentration of HF was varied from 90 to 60 grams/
liter with a 5 gramas/liter interval. At each concentration the
incrament in film weight and the percentage content of hydrogen were
determined as functions of temperature and duration of treatment.

The film increment was determined by weighing before and after
etching in concentrated hydrochloric acid. The hydrogen content
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percentage was determined by a spectral method, which gives an
averaged value cf 40 - 50 microns in depth.

f/lO!ﬂ/ Participating in the experimental part ¢f the
study were the techricians: E. L. Troshins, V. V. Ul'yanova, and
Y. P. Kuzenkova.)

The increment in film weight depends to & great extent on the
solution temperature; as the temperature rose frgm 14 to 30° the
increment increased from 0.1 to 0.3 milligrams/cm® (Figure 1).
Duration of treatment led to a slight increase in film thickness,
vhile the concentration of HF has almost no effect on film thicknese,
The percentsge content of hydrogen in the film increased with
increasing temperature from 16 to 20° and then dropped sharply (See
Figure 1 b). Increase in HF content results in & relative increase
in the hydrogen content.

Confirmation of the durability of the copper plate adhesion,
50 microns thick, degending on the activation conditions, revealed
that ithe region in wuich durably adhering copper deposits were
achieved is reduced with decrsased concentration of HF and with
increased temperature. Conseguently, the conditions for obiaining
platings of satisfactory adhesion are in direct dependents on the
hydrogen content in the surface layer. We often obsgerve that cn films
without a dark sublayer no satisfactory adhesion of the copper plate
was obtained. The optimal conditions for preparing the titanium
surface for copper plating are as follows: temperature -- 18 - 20°¢,
concentration of BF -- 90 - 75 grams/liter, and duration of treat-
ment -- not less than 1-2 minutes.

The golution of the activation bath contained about 95 grams/
liter HF gfter the preparation and is formuiated on the basis of 5
decimeter of titanium per liter. As the processing continues the HF
concentration in the bath falls off and titanium fluoride and water
becomes accumulated, which is carried off by the samples, therefors
the bath must be corrected with concentrated hydrofluoric acid. The
total working capacity of tge activation bath under laboratory
conditions was 50 decimeter“/liter.

e
% ; FIGURE la. Effect of temperature
3 of activation solution on the
kX A film increment in weight. HF
R 4, concentration: 75-80 g/1i.
3§ e LE%END: ‘3 Weight increment, mg/
éu - 'ﬁ‘:@) cm%; b) Minutes; c) Seconmds.
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FIGURE 1b. Effect of temperature of activation solutioa on
percentage content of hydrogen in the zinc-hydride film.
HF concentration: 75-80 g/li. LEGEND: a) Minutes; b)
seconds.

It was noted that the purity of the zinc fluoride affected
in some way the formation of the hydride sublayer, but we have not
yet explained the role of the purity in zinc fluoride.

Copper plating of titanium was initially carried out in a
cyanide electrolyte containing Seignette's salt. Direct copper
plating in sulfate for hydroflucroboride electrolyte does not insure
lasting adhesion of the plating with the substratum, probably due io
contact precipitation of copper on the film. The cyanide copper
plating conditions were found to be the following: current,density

-~ 2 amp/decimeter” {10 seconds), end then 1 amp/decimeter® (10
minutes), electrolyte temperature -- 40°. Copper was deposited from
the electrolyte sulfate over tk. copper precipitated in the cyanide
electrolyte. To achieve lasting copper deposits it is important to
waich the content of free cyanide. A deficiency in cyanide leads
apparently to contact precipitation of copper, but an excess —-
to dissclution of the zinc deposit. The optimal free cyanide content
is 7.5 - 9.5 grams/liter.

In tezting the possibility of replacing cyanide we concentrated
on pyrophosphate elecirolytes, which are not poisonous, are simple
in composition, have high dispersibility, high value for permisgsible
current densities, and a current-based yield approaching 100%.
Pyrophosphate electrolytes varied in composition were tested;
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pobiiivé resulte were achieved in 2¢pper plating o{ Yitanium from
two consecutive buths egch with a different P, O s Cu »atic

N1, 12/. 2 1

Used as the preliminary bath wes an electrolyte of the 4-
follzwing compositions 10 grams/liter Cu; 350 grams/liter ® 07 ot}
2, 0F7: Cu not less thsn 35; 25 grams/liter X, C, O,; ,pH = 5, 758
cgper plating conditicns were as follawss, Room %emﬁerature,
initiel current dsnsiiy -- 1 amp/decimeter® (10 seconds), and then
0.1-0.3 amp/decimeter”. ‘The electrolyte was pregsred frum potassium
pyrophosphate c¢f high soclubility compared to sodium pyrophosphate.
The thickness of the copper layer in the preliminsry copper-plating
bath was 0.5 microns againet a total thickness of 100 uzicrons. The
electrolyte in the subsequeat copper-plating bath was of the
following optimal composition (in grams/liter)z 30 Cu; 210 P2 ot
20 KNO,; 25 K, C, O ; 15 ml/liter KH,08 {254); pH = 8.2 - 855.'"°
The 6l ctﬁoly e %emﬁer&tura wag 55 - 60°; current density = 1.3 am;/
decimeter”. The ancde to cathode surface raiio was 32:1. If high
dispersibility is not reguired Copper piatiug is posaible in the
sulfate electrolyte after preliminary copper plating in the first
pyrophosphgte electrolyte. The copper plating electrolytes did not
contain S0, ang were cocrrected with oxalic acid or sodium hydvoxide,
since in tﬁe S0~ containing electrol§ios st PH 2> 9 ccpper saits
are precipitateﬁ. The preserce of SO, has practically ino effzact
on the current-based cogper yield (Figure 2).

The minizum P2 O, ¢ Cu ratio in ths preliminary copper-
plating bath was equal zo 35; when thig value is decrcasgecd o strong
adhesion of copper with substrate could bes achigved. Study i the
cathode process in the prs?iminary copper-plating bath revealed thut
the increased content cf free potassium pyrophoephatz {Figures %) or
the decrease in copper content (Figure 4) results in 2 signifiocant
shift in the discharge potential of copper toward ihe side of
negative velues. Comparison of the =ztationary copper poteniials
with the discharge potentials points to the high polarization witna
which copper ions are discharged in these electrclytes (Figure 5).

od-

» ] FIGURE 2. Effect of current den
20 Tl T -4 sity o» cathode current-based
& S ~ Yield in preliminary copper-

- I:::é‘ \\. 1 pla :ingml;;gpand )in the u;rktng

! ! ¥ e vath. : a) --- withon

Jl. ] 3 & 3 4\7"1

SO+ with SO;; b) D,
U & [
(b')'..'wﬁ,’ (T {‘ amp/decimeter3.
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FIGURE 3, Effect of concen-
tration cf Kz‘PZO of
0.1 § (1), 1 n(5)Tis8 6 ®
(3) cn cathode polariczation
of copper. Cu content =
0.25 N. LEGEND: a) Dy amp/

FIGURE 4, Effect of Cu concens
tration of 1 § (1), 0.4 N
{2), 0.3 % (3) o2 catkode
polarization at & content of
5 N K4P207 freec LEGEND:

a) O, amp/decg; b) Voit.

dec2; b) Volt.

The low copper content in the electroiyte used in the pre-
liminazy copper-plating bath and the significant concentration of
pyrophosphste {6.8 N} leads to an increase in cathode polarization,
which compared to thg working coprper-plating bath at & current density
of 0.3 amp/decimeter is 450 millivolts higher {Figure 6). The more
negative value of the discharge potentisl of the copper ions in the
{irst bath snd its approximetion to the discharge potential of the
copper f{romw the cyanids electrolyte, apparently, insures adhesion of
the scpper to the titanium due to preveation of coniact precipitation
of copper on the zinc hydride film. Adding potsasaium cxelate (25 grams/
liter) to the elactrclyte leads to a significant lowering of the anode
potential, promoting better dissolution of tha copper ancdes (Figure 7).
The dispersive power of the pyrophosphate elecirolytes is sufficiently
high and approaches that of cyanide baths.
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FIGURE £, Effecy ¢f Cuk,F.0 free COncentrations on the
stationary polential of éo%prrgﬁ the prelininary copper-
plating bath at a zongtant content of 0.25 ¥ Cu (1) 5 ¥

K4Po07 froe {(2;.
TEQEND: a) #illivolta; b) HNormal, K4P20.‘,; ¢) Normal
gl. ) -

Thess pyrophosphate. eiectrolytus can alsc be used in preparing
titanium bty etching in concentrated acidas.

A% the pressnt, it can be assumed &s widely accepted that Leat
tresatment improves the adhesion of gslvanic pistings with titanium-
based alloys. Heat treatment can fulfill the role of controlling
adhesion quality. Peeling after heating testifies to the un-
satisfactory preparation of the surface,

H
4 - ‘r{
L / ‘ !
% L 4
(a) % pi
SECANRT NN

T R R TR T ey TR T TR A

FIGURE 6. . qu,z‘aat of currsnt density on cathode polarization
in preliminary {1) and working (2) copper-plating baths.
LEGEND: &) amp/decimeter;s 1b) Volt

- 186 «~




i
¥) \\'\
19 \\'
‘ N
EXL A
a g‘ ..l,__ 1\
; N\
‘ f [ 73K X 1]
4 6c 41
Q@ @& ‘.‘.e‘ 4 (b)

?IGGRE 7. Effect of current density cn anode polarization
;n pgillminazy copper-plating bath: 1 - with addition of

5 g/liter K,C,0,; 2 - without adding K.C.0,.
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The durability of the copper adhesion with titanium without
annealing is inadequate, and when a sheet material is bent flaking
is observed. 2Raising the temperature from g00 - 400 markedly
improves adhasion. Temperatures of 400-500 with duration of ireat-
ment not less than 20-10 minutes c¢an be regarded as optimal for
annealing. The durability of the adhesion of copper and titaniunm
discovered Ly the method of notching the ends and bending sites at an
angle of 90 heated to 500 , and also by & specially developed method
of cementing plated samples of a definite shape with epoxide cements
followed by subsequent rupture on an Amsler machine. In the last
case the durability of the adhesion agounts to 120-140 kg/ca“ befor
annealing, and after annealing at 200 (30 minutee) to 180-20Q kg/cm®,
and under optimal annealing conditions exceeds 350-400 kg/cm“ (in the
last instance the breakdown occurs along the cemeniing line). After
heat treatment the samples underge repeated bending, notching at the
bend site, and also low-temperature soldering. o

Increasing tne annealing temperature above 550 worsens the
adhesion due to the appearance of a brittle layer of intermetallides
and to differences in the coefficients of thermal expansion of {itanium
and copper. The thickneas of diffusion layer in heating a} 550 (20
minutes) is 0.3 micren, at 750 =-- 1.5 migrons, and at 800 the layer
grows suddenly and unevenly, while at 850 four phases appear further
and fusion of the plating commences, evidently due to the formation
of an eutectic /See Note/ (Pigure 9}. The durabi}ity of the
;:?aaion of copper to titanium after annealing at 650 is only 100

ca,
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(/NOTE/ ‘The metallographic investigations were conducted by
E. R. M Sizova under the supervision of L. I. Stoklitskiy.)
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FIGURE 8. Uniformity of the distribution of copper platings
in cyanide and pyrophosphate electrolytes, measured in the
Hull cell: 1 -~ cyanide bath; 2 - preliminary copper-plating
baths 3 - working bath.

LEGFND: a) Deposition of Cu, microns; b) Distance between

an&%g %%%hggsgggpﬁroposed gives good results for deformed
titanium after rolling and traction (for sheet, wire, and tubular
material). The surface of titanium following hot pressing and
stanping requires before activation more severe etching or mechanical
workins,

The testing of the technclogy of copper plating for titanium
alloys reveals that the copper plates on alloys of titanium with
sluminum, manganese, and tin {VI-5, VI-5-1, 0T-4-1) have strong
adhesion with the substratum. Two phase alloys of titsnium with
molybdenum, chromium,{VI-3-1, V%-8, and ¥P-14) produce on i.e plat.ngs
after annealing (500 -- 10 minutes):scalings in the form of swellings.
It is apparent that the conditions of etching and activation of the
surfaces of these titanium alloys calls for special investigation.
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FIGURE 9. Micropnotographs of sections of VP-1 titanium with
galvenic copper plating before and after heat treatment: g -~
original state, X 200; b - heat treatment «t 500° for ten
minvtes, X 200; ¢ - heat treatment at 850° for five minutes,

X 250. |
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EFFECT OF MAGNESIUM AND CALCIUM ON THE CORROSIGRAL ,
HESISTANCE OF NICKEL IN A FLUCRINE ATMOSPHERE AT 700-850

A. V. Kurdyumov, V. N. Goloborodov, M. A. Stepanov

(Moacow Institute of Stecel and Alloys,
Chair of the Technology of Casting Processes)

According to litersture,dsta nickel is the stablest metal in =z
fluorine atmosphere at 500-600 /1,2/. Under these conditions a
yellowish-green film of fluoride, protecting nickel from intensive
attack, will be formed gn nickel surfaces. When the temperature is
increased above 600-700 the protective properties of the fluoride film
are reduced and corrosional attack of nickel increases sharply. It is
asgsuned that to improve the corzosional stability of metals including
nickel, it is necessary to alloy it by such metals as exhibit higher
affinity to fluoride than the alloyed metal, and produce dense fluoride
films which are melted and vaporized at inigher temperatures than the
fluoride of the basis metal. Magnesium &and calcium are alloying
elements suitable for nickel. Several physical-chemical properties of
the fluorides of these elements are presented in Table 1 /3-5/.

m tn
Physico-Chemical Properties of Fluoride TABLE 1
(a ) Cwohcrso, pasueprocts NiF, MgF, CaF
2
Tesneparypa naasienns, °C (b)) 'Cyﬁauuupyer npH 1225 1418
Tewuneparypa xeacnus, °C (¢ ) (£)e> _l_(.!)O 2260 2500
Napanetpu ssewentapiofi suettxn, ,'\’ a=4,710 a=4564 a=545
d =3 =3 =
Cwo6oanag sucprus obpazosannus, c=a1s €=306 -
XK2a-Ha r-a1om $ropa apn 27°(e) -3 —-125 —138

LEGEND: a) Property, dimension; b) Melting point; c)
Boiling pcint; d) Elementary cell parameters, AU; e) Free
energy of formation, kcal per g-atom of fluorine at 27°; f)
Sublimates at t > 1000°.
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Alloys were prepared (Table 2) to verify this sssumption.

Due to the large difference in the physical-chemical
properties of nickel, magnesium, sand calcium, and also in view
of the intemsive absorption of hydrogean, melting ef these alloys
pressnts certaim difficulties. Adding magnesium and calcium to
nickel is accomparied by a large thermal effect that leads to
intensive heating of the melt and promotes contamination by its
oxide and gas inclusions. To avoid gas absorption the alloy
melting was conducted under flux in magnesite or aluminum crucibles
in a high-frsquency furnace.

The starting materials in alloy preparation were .the

following: Njickel electrolyte, distilled calcium, and the Ni -
Mg 2lloy (50% Mg).

TABLE 2
Properties of Alloys Investigated
w | XnuHvecxui coc- .‘5( c)
% | 128 pgo wnxre, % S 2 (d)
(a) £ -‘Cb'g"——'“ =1 Ycaosus noayucuMs cnaasa
1 I — — | 100 71  |Trrexs MarHe3n1oshH Y-mc crexan. Pacxscachue
Ne NIPOHIBOIKAOCH e
2 -— 15 | ocr. 61 [Twureas marnean osfu'i dawnc Ca F,+MgF,
(50 sec. %) (
3 haa 2-5 e 8‘ "".—"
sl ¥z B 2@ cr MgF. )
— = 1 siseas aayraosuh. Paoc La Fp+ BseC. %
6| 250 — |——=| 1@ T MER RS
71 60] — |——| 260 |Tures marnesnsosuf. $awc Ca F,+Mg F, (£)
1 251 25 |—.—-| 116 T
12 | 15| 15 |——| 93 (g)
27 — - |1 60 |Twreas aaynaosmfi. ¢anc Ca Fa+MgPF, (50scCc. %
Pacxucantess—sarunit (h)
28 - ~ | 100 63 |Tureas aaynioswi. danc CaF,+MgF,. bes pxc-
xucsenus (i) g
31 60 | — { ocr. 248  [Tureas aaynioswii. Pawnc Ca Fy+Mg Fy (50 sec. %)
40 | 60 | — | 9% | 253 [Tureas marnesutoswi. Pawc CaF,+Mg i‘. (£)

LEGEND: a) Allog go; b) Chemical composition in charge, %;
c) Hardness, kg/mm“; d) Conditions of alloy production; e)
Magnesite crucible, glass flux, deoxidation not done; f)
Magiesite crucible, iluxx + HgF (50 weight percent);
Alundum crucidble, flux: %50 weight percent); i)
Deoxidation not done; (h) Oeogrdtxcr.- M ;‘“, Sium

g)
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FIGURE 1. Microstructure of alloys of nickel with calcium and
magnesium in the cast state. Etchant EXO, (1:1), X 200. & -
Ni + 2.5% Ca; b - Ni + 4.0 Ca;s ¢ - Ni + J1.5% Mg; d - Ni +
2.56Mg; e - Ni +6.0h¥%g f-Ni +1.56Ca + 1.5 Mg; g -
Ni + 2.5% Ca + 2.5% Mg

Used as flux was the powdered alloy of magnesium and calcium
fluorides (50% Ca F, + 50% Mg FZ)' The nickel-magnesium a&lloy was
prepared by dissolving nickel in molten magnesium at 800-550° under a
layer of VIZ flux consisting of an alloy of the chloride salts of
magnesium, potassium, sodium, calcium fluoride, and magnesium oxide

Melting was carried out in the following order. Nickel was
loaded into a cold crucible, the surface of the nickel being sprinkled
with flux. The nickel was melted; the Ni - Mg alloy or pure calcium
wag added to the melt.

To reduce the losses of the alloying elements the melting was
intensively mixed with a quartz rod. In the preparation of alloys with
magnesium and calcium, calcium was introduced last. After thorough
mixing the melt was poured into & metallic casting mold. Vacuum o0il
was used to lubricate the casting mold. The ingots produced were
cleaned of oxide films and burrs and were cut into samples for testing,

The hardness of the alloys in the cast state was determined by
use of a Brinell presa with a ball diameter cf 10mw and a 3000 kg load
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(See Table 2). We can see with increased calcium and magnesium content
the hardness of tke alloys rises. The hardnesz increases especially
rapidly in alloys containing magnesium.

The microstructure of cast alloys is shown in Figure 1.

In the Ki-Ca alloys, after etching with dilute nitric acid (1:1)
nickel-rich solid solution dendrites are clearly evident, along the
boundaries of whiclh the eutectic will be demarcated. Within in the
calcium content the eutectic content will be increased (Figure 1 &, b).

The microstructure of Ni-Mg slloys, analogous to the microsiructure
of Ni-Ca alloys, is repcesented by nickel-rich solid solution dendrites.
Between them & eutectic will be delimited, one constituent of which is

Mg. The solid solution dendrites in the Ni-Mg alloys are more
brgnched than in the Ni-Ca alloys. Tne smount of eutectic for the same
percentage of alloying additions is the larger, and ita structure is
the finer (Figure 1 c,d,e) /than the Ni-Ca alloys/.

The Ni-Mg-Ca alloys show the sawe microstructure as the
binary alloys. In terms of the quantity of eutectic they occupy a
midposition between the binary alloys of nickel with calcium and
magnesiuzm (Figure 1, f,g).

Corrosional tests were conducted in reactors consisting of °
steel pipes lined with mnlten alloy of tluorides of calcium and
magnesium, or enaxeled with an alloy of fluorides. For certain
experiments nickel pipes served as the reactor.

Samples consisting of small cubes with 10-12mm edges and surface-
cleaned with emery paper were weighed and placed in & horizontal tubular
reactor on a nickel support, where they were kept at the given temp-
erature in a fluorine atmosphere for & certain interval of time. The
resctor wvas placed in a tubular detachable furnace with & nichrome
heater.A 5-7 mm : gap was left between the reactor wall and the furnace
wall to wvarn of local overheating. The temperature was measured by
means of a chromel-alumel thermocouple placed inside the reactor in &
nickel case. The temperature set was maintained automatically by
means of the ERM-47 instrument.

The consumption of gas was recorded with a diaphragm manometer
and was 30-40 grama/hour. Fluorine was produced by electrolysis of
potasgsium trifluoride and was cleaned free of hydrogen fiuoride on the
sodium chloride granules. After purification the gas contained 92-
95% P, 4-6% HF, 1-2% N, and inert impurities.

Before the tests were begun the reactor was swept through with
fluorine for 10-12 minutes. The eleciric heater was turned on when tre
entering gas flow became constant; the temperature was raised to the
level chosen and maintained for the entire experiment (5-10 hours).

The samples-containing reactor was cooled to room temperature as
flucrine was fed in continuously. The samples underwent examination,
weighing and metallographic anslysis (determination of the thickness
of the layer attacked). Usual formulas were used in calculating the
weight index of the corrosion weight /7/. Bstimation of the corrosion
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rate from the weight increasea was hampered by the crumbling of the
corrosion products, and by weight losses due to their incomplete
removal from the surface of the samples before weighing.

The results of the t¢st are pregented in Table 3 and Figures
2-5. As we can see from Table 3, the values of the corrosion rate under
the same testing conditions fluctuated within broad intervals.

FIGURE 2. Change in weight of samples
of the alloy Ki + 6% Mg as a function ot
time of fluorine exposure at 750°.
LEGEND: a) Weight increment, mg/cm”;
b) Exposure itime, hours

] X
b) Boemn Bodepnixu. yac

X

FIGURE 3. Nature of corrosional attack of
nickel and alloys of nickel with magnesium
and calcium fer five-hour exposure in
fluorine &t 700°, X 200. a - Ni deoxidized;
b -Ni+1.5%6Ca; c - Ni+ 6%6Mg; d -

i + 6% Mg; exposed for 20 hours; e - Ni +
1.9%6 Mg + 1.5% Ca.

a Tl
* 5\
\q;:& v T -3 o A
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Corrosional Resistance of tiloys in Fluorine &t Different Temperatures

TABLE 3

3

% :T zh)y'cngrén}lnm;. " {Beconait mokazareas Kop- “{“&v) ‘(C) o
~'3, { ; posut, 2u . wc(e) To:t_w_uua Marcpuad pe-
By | Texnepary- | npeud au- 1 paspymientto-) T o
t" - pa, ‘C laeparn, 4ac xt o 0 CAOR, M ¢
() (gi )
e 2 3 4 i 5 5 7
o 3
Nos 10 7 65—-116 | 100-17.1 - $roprau
() |*~ 750 45 170 | 22486 | — Fuain
200 4 7.4 114 0,081 $ropusu
o . 8 13 17,8 8,185 31y
2 , 700 5 44,0 EIERTS
b 12 O6pazen nnauocten Propuau
I APy WHACK
¢ — k)
3 ™ 5 320 1) — Sxaas
12 NGaucerso paspyumnacs $ropuan
4 ‘I 700 .5 Oueus ciannoe PI3pyul. S JVEY 1
I 12 Ho:{ac:j:hn paspyuntacs $ropuast
a4~ 10 } 75 | sie-620 — - Juass
- 50 73 0,818 — — —_—
800 8 26,0—410 - - —_
6 ;g g.g 'gg-ll,ﬁ - —- Inaas
- . 1 35-1930] — - -z
806 3 2t 8 — - $ropuan
7 700 25 14—230 - - $1opuan
. LY
: 50 M-z - = - D k4
1%0 18 0869 o - —
. 14 38-70 — —_ Huxeas
800 5 34—-60 - — P$sopsau
. 8 6,367 - - A2z
. 45 6571 - — linxexs
. 6 150 [ - —~ m
i
1} 700 5 — 225 0,2--04 Suaa
12 — 8.2 - Pyoprau
12 700 3 — a0 0081--0,1851 3saasn
. 20 - 25 - ——
n 700 5 6.2 9.55 0,14~ 0,157 Huxeay
750 5 8,2 126 0,175—0,203 ——
800 45 66,0 1016 0.1575 —
80 5 286 - jo157--0263 —_
-] 700 S5 50 7,7 ,0875—0,105] Huxeas
750 5 103 153 0,105 — e
800 4.5 100 154 0,140 —e
8:0 5 61,3 —_ 10,175~-0,21 ——
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TABLE % (Cont‘d)

Corrosional Resistance of Alloys in Fluorine at Different Temperxturss

1 2 3 4 5 6 7
700 5 143 - 0015 Finxean (£ )
31 750 5 477 - 0,074 ——
i 800 45 65,0 - 0074 —y—
l 8540 N 0.8 .- 0,111 —
5 32465—-676 —_— .03 Husca !{ ¢
700 ) 0420 - 0074 —t 1')
10 17.3—~194 - 0.1 —_——
12 177 — - —_—
i 15,2 -— —_ ——
22 117 — 0.185 ~
‘S O B R
0 » - - e
¢ 783 R 94 - — —
35 10,3 - G253 —
40 9.1 - — —
45 86 - - —_—
%0 10,0 - 0.29% —_——
00 45 4506—71.0 — 0,111 -
856 5 64.5—-96,3 - 0.1 ~—
900 5 a:~577 - 1.1-20 ——

LEGEND: a) Alloy No; .,b) Conditions of experiment; ¢} Weight
inder of corrosion, g/m“-hr; d) Thickness of attacked layer, mm;

e) Material of reactor; f) Temperature; g) Exposure time, hours;
h) Fluerides; i) Eaamel; j) Nickel; k) Sample wholly des-
troyed; 1) Wholly destroyed; m) Very intense destruction, Wholly
destiroyed.
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The cause of such behovior of the material can be both corrosion of
the subsirctum and the rasctor &s well as ihe siresses appearing in
-the forming fluorids film. %She higher these siresses, the moro severely
the f4lm will be cracked, the grestor the fluoride loss, and the still
greater distsrtion that can appear in estimation of the corrosion rates.
Particularly, one should taks note of the brittleness of the nickel
fluoride, whose particles break away during the time the sample is
sxzosed at room temperature. The criteria of Pilling and Bedvortis for
nickel fluoride forming on the film is about 3.35. This gives us
.reason to assime that the continuity of the filn is disturbted as the

~ -resuls of internal strasses developing.

3]

2

. !g"

= (a) 15) Mt ¥

§ FISURE 4. BEffeot »f temperature FIGURE 5. Effect of tize of

! or thicknees of attacked layer of fluorine expoasure on thickness

) alloy for fiva-hour exposure ir of attacked layer in the alloy
fluorine. Figures sbove the curves Ni + 6% Mg at 730°.
dznote alloy number {Ses Table 2). IEGE¥D: &) Thickness of
LEGEND: &) Thickness of a‘tacked attacked layer, zm; o) Dur-
layer, mm ation of exposure, hours

When comparing the corrosion rate of nickel and itz ailoya
vith megnesium and calcium bapsd on the weight ipdex it is possidbie
to see that the atability Ni-Mg alloys in severai sxperizents excasce
the stability of nickel. In addition, s dense, bard-to-remove
flucride Iilm of grey or greyish-green forms on the surfsce of the
sapples of Ni-Mg allicys., The ¥i-Ca snd ¥i-Ca-Mg alloys are un-
stable under similar testing conditions.

- Additional data on the stability of the msterial is given by
settalographic investigation.
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Study of microsections reveals that slmost all the alloys
investigated after corrceion testing exihiibit along the edges of the
sample sharply delimited layers different from the mein metal in
structure and elchibility. The microstructure of suck layers is a
conglomerate of grains of unattacked metal (alpha-solid solution)
and fluorides of attacked eutectic., In most cases, independent of the
thickrieas of auch & layer, grains of the &lpha-sclid sclution are
found almost at the very surface of the sample (See Figure 3). This
fact evidently promotes tight adhesion of the corrosicn products with
the metal aurface.

In the Ni-Ca alloys the thickness of the attacked layer is
significantly greater than in the Ni-Mg alloys. With increased
calcium content and with increased exposure and heating temperature
the width of the attacked layer is increased. In Ni-Mg alioys the
thickness of the attacked layer changes little with variation in
magnesium content. The melting conditions have some effect on the
corrosion rate of the Ni-Mg alloys. When melting is curried out in
alundum crucibles attack of the alloys proceeds more slowly than when
melting is carried out in crucibles made of unmelted magnesite.

Just as for the Ni-Ca alloys, increase in heating temperature
and duraticn of itreatment in testing is sccompanied by increased width
of the layer attacked {See Figures 4,5). The corrosion rate however
with increase in exposure time becomes less directly proportional
(See Figure 2). The size of the corrosion foci are indirect dependence
on temperature. The higher the temperature, the coarser the eutectic
and the larger the grains of the alpha-golid solution, the more
extensive will be the corrosion foci.

Preliminary exposure of the samples of Ni-Mg samples in
fluorine at 600-650°, as specially conducted experiments showed,
promotes a slow down in the corrosion rate at higher temperatures.

Breakdown of the cast nickel takes piace due to broadening of
the boundaries between the grains and their pulverization in the layer
adjoining the sample surface {See Figure 3). In addition, formation of
& solid fluoride film takes place. However, due to brittleness, wvhen
the section is prepared the film separates from the metal and does rnot
become part of the thickness of the attacked layer as determined under
the microscope. With irncrease in temperature or increase of time of
exposure in fluorine the width of the layer containing the broadened
grain boundaries is increased.

It must be noted that aoxygen present in nickel as the eutectic
N§ + Ni O has no appreciable affect on the corrosion rate (See Table
3).

When the results of the corrosional resistance of nickel and
its alloys with magnesium and calcium obtained by weighing, and
external appearance are compared, along with measurement of the
thickness of the attacked layer, it can be seen that the most resistant
sre alloys of nickel with magnesium.
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Such behaviox of the Ni-Mg alloys can be explained by the fact
that the small radius of the magnesium ion (0.65 AU) is favored by its
rapid diffusioa toward the reaction centers. In as much an the energy
of formation of magneaium fluoride is higher than the enersy of
formation of nickel fluoride, it can be assumed that the film on the
surface consists almost wholly of dense megnesium fluoride quite
markedly inhibiting the diffusion of fluorine to the reaction centers.
The buildup of the layer of fluorides with increaged duration of
treatment occurs evidently due to diffusion of the magnesium ions
through the film formed, which is also impeded in view of the relatively
small démen;ions o7 the elemeniary cell of magnesium fluorides {a = 4.64,
c = 3,06 AU).

Of the alloys of nickel with magnesium the one with the best
corrosional resistance in fluorine at 700-750° is the alloy containing
6% Mg. This alloy is interesting both from the technological as well as
the economic point of view -~ it is simpler to cast and cheaper than
puxre nickel.

¥We nmust note that the assumption of the increase in nickel
resistance by means of its alloying with calcium is not completely
justified. The alloys containing calcium appeared in all cases to be
less resistent than pure nickel.

CONCLUSIONS

1. The hardness, corresional resistance in fluorine at 700-850°,
and the microstructure of nickel and its alloys with magnesium ( to 6
weight percent) and with calcium (to 4 weight percent) in the cast state
heve been studied.

2. It wvas estabiished that the alloying of nickel with caleium
worsens its corrosional stability. Alloying with magnesiur not only
does not diminish, but in several cases favors increase in nickel
resistance. The reason for the increased resistance of nickel under
these condiiions can be found in the formaticn of a denser, stironger,
and harder to remove film of magnesiuz fluoride.

3. Alloys of nickel with magnesium can be successfully fused
in fluorine-containing gaseous media at elevated temperatures.
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REVIEW OF THE BOOK BY N. A. DORONIN, KAL'TSIY

A, F. Alabyshev, A. G. Moratchevskiy

In recent years several small monographs have appeared jealing
with the properties and technology of the production of sodiurn,
potassium, lithium, beryllium, and several other metals, whose role
in modern industry is ever mounting . One of these is the recently
publighed book by N. A. Doronin, Kal'tsiy, /Calcium/ (Gosatomizdat,
1962), in which the properties and ‘echnology of the production of
metallic calcium are described in detail. The rise in calcium
production in the last decade is bound up with the growth of the
production of infusible rare metals) 2i, Ti, Ta, Th, U, etc),
and also with production of high-quality steels. In the monograph
Teviewed the technclogical processes of producing metzllic calcium are
described in detail, both for the electrolysis method, as well as for
methods based on metallothermy or thermal dissociation of calcium
carbide. Deacribed in close detaii, both as to theoretical fundamentals,
as well as in technology, is an  important industrial method of
producing calcium -- electrolysis of Ca C1, with a liquid copper cathode
followed by vacuum distillation of the czifium from the alloy.

The book presents information on natural calcium carbonates and
their calcining (Chapters I and II), the physical and chemical properties
of metallic calcium are described, in addition to which compounds with
oxygen, carbon, nitrogen, and the most important salts -- Ca Cl,, Ca F_,
and others (Chapter III). Since the main raw material in electfolysis

is Ca C1,, N. A. Doronin has described in detail the prcduction of
water-fTss calcium chloride (Chapter 1V), and also has given the
physico-chemical properties of the most useful electrolyte Ca Cl, -

KC1 (Chapter V). The last divisions of the book are concerned with the
theory and toc''nology of calcium production, mainly in baths fitted with
8 "liquid cathode" {Chapters VI and VII), vacuum distillation of calcium
from & copper-calcium alloy (Chapter VIII), the production of calcivm
by means of metallic reducing agents, and vy means of the thermal
dissociation of cslcium carbide (Chapters IX-XI). Exsmined in

Chapters XII, XIII, and XIV, are: production of high purity calcium by
distillation wethods, rules for storing calcium and calcium alloys,
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information on vacuum pumps used in industry.

Much of the information is technological in nature, dealing
directly with the process of producing calcium by electrolysis, the
first book on the subject to be published in such detail /See Note/
and its issuance undoubtedly should be welcomed.

(/NOTE/ These problems have been examined more briefly in the
first monograph by N. A. Doronin, Metallurgiya kal'tsiya /Metallurgy
of Calcium/, Gosatomizdat, Moscow, 1959.

However. the book is not free of several shortcomings reducing
its worth. GQ-ite unsuccessful in style of presentation are thcse pages
oi the book where the author writes in the popular vein, and Irequertly
becomes out of date and even incorrect in his treatment of such impor-
tant concepts of physical chemistry as the notion of the voltage series
(pages 28 and 29), equivalent electroconductivity (page 69), decomposi-
tion voltages (page 75), current-based and energy-besed yields (page 75),
pressure of saturated vapor and tne Clapeyron-Clausius equation (page 107),
the Rayleigh law and the vapor pressure above elloys (page 110), chemical
affinity (peges 125 and 126), and the equation of the chemical reaction
isotherm (page 128). As an illustration we can present the following
staterents: "If the copper-calcium alloy is heated to & temperature
of 1500° C, then its content of calcium will boil ana Ve vaporized..."
(Page 110). On page 128 we can read: "For high temperatures at total
pressure up to one atmosphere we can equate without large error the
original activity of the gaseous section of the reacticn to its
original partial pressure.” A list of such errors in the style of
presentation can be enumerated at length. It also does not follow,
in presenting the Nernst equation or the equation of the chemical
reaction isotherm, tocite the book by Kh. L. Strel'ts et al, Metallurgiye
magniya (Metallurgy of Magnesium).

Of course, it is difficult in very brief form to present the
most general propositions of thermodynamics or electrochemiatry, and
this is reflected in parts of the book by N. A. Doronin. Howeveu,
all these general questions must be assumed to be krown to the reader,
and then the exposition could have been presented more rigorously and
clearly.

There is entirely no need in a special monograph intended for
engineering technicians to make such a footnote &g the following
(page 125): "We understand as free energy the portion of *he heat.
effect of a reaction which in the ideal case can be wholly %ransformed
into work." This is of the more illcgically done on page 125 since
the term “free energy" has already been used by the author tens of
times in previous pages. Inci&entally, the change 6n free energy is
represented on page 15 by AFT,OB page 27 as AF, on page 31 as
A7, and on page 25 sgain as  F .

It is pointed out on page 39 that the reaction Ca + Cl, = Ca Cl
is accompanied by the evolution of 190 kcal/mole of heat, whiie on page

62 the heat of formation of Ca Cl2 is presented as 155 kcal. On page
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39 it is stated that the melting point of Ca Cl, is 772°, and on
page 62 (Table 20) ve see it given as 722°, for“some reason. On
page 62 the melting point of KC1 is given incorrectly. Often the
terms and expressions used in calculating equilibrium, in dis-
cussing the phase diagrams are often poorly chosen. One should not
write "mixture of crystals" under Figure 38 (89), since in all cases
there is present only the crystals of one specific type -- the solid
phase alone. The compovnd KC1l-CaCl_, is & coherently melting compound,
therefore one should not write that“it decomposes at temperatures
above 754° (page 64). One should use in place of the imprecise terms
"stable" and "unstable" chemical compound (page 86) the widely ac-
cepted term -~ coherently melting and incohrrently melting compound.

On page 74, he uses unnecessarily such various terms,
epoloyad synonymously, as "decompogition voitage", "emf of polar-
ization", “decomposition potential®, “standard emf". This is a
completely unnecessary proliferation of terms. And kcal/mole, and not
cal/mole should designate the ordinate axis for Figures 52 and 53
épages 127 and 129), and no figures are given at all for Figures €5 b

page 160). The stoichiometric coefficient is omitted entirely on
page 35 in describing the reacjion of formation of carbide. The
assertion of the author that C* ions participate in carbidothermic
production stands as unproven.

It is much to beregretted that no references to the literature
are given in the text, the exception being only in several cases where
the last names of authors referred to are given. The list of studies
used at the end of the book is far from exhaustive. No list of errors
is included in the book, but this does not mean that there are ncone
{on page 186 alone we noted three).

The book by N. A, Doronin, Kal'tsiy, is a valuable and
necessary monograph on the technology of producing metallic calcium,
the problems it considers is of interest not only for workers in the
caleium industry, but also for a broad range of electrochemists and
technolegists. However, it is & pity that Gosatomizdat has published
it without responsible scientific editing.

CS0-1500-S -END-

- 204 -




DEPARTMENT OF DEFENSE

HEADQUARTERS USAF
AFNINDE

OTHER AGENCIES

1A
DIA

AID

NASA (ATSS-T)
0TS

NSA

ARMY (PSTC)
NAVY

NAFEC

FID-MT- §};-15

DISTRIBUTION LIST

NR. COPIES

Hwwonm e e

MAJOR AIR COMMANDS

DDC
AFSC

205

TDB H 4
TDBDP
Das
TDEMT
DT
TDEWP
TDEPR
TDEPF

NR. COPIES
20

5
12
1
10

NN NN




