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FOREWORD

This document is a machine translation qf Russian
text vhich has been processed by the AN/GSQ-16(XW-2)
Machine Translator, ovned and operated by the United
Utates Air Force. The machine cutput has been fully
post-edited. Ambiguity of meaning, vwords missing from
the machine's dictionary, and vords out of the context
of meaning have been corrected. The sentence word
order has been rearranged for readability due- to the’
fact that Russian sentence structure does not follow
the English subject-verb-predicate sentence structure.
The fact of translation does not pguarantee editoriel
accurscy, nor does it indicate USAF approvael or dis-

approval of the materjal translated.
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CHARACTERISTICS OF THE GEOLOGICAL STRUCTURE OF THE KADAT-
KIAMPALADACSKO YE QRE FIELD IN SEVERNAYA OSETIYA

By V.B, Tsogoyev, V.Ye, Gorelov, P,A. Polkvoy, V,.S.
Starikov, Northern Caucasian Mining and Metalluryi-
cal Institute, Chair of Geology and Mineralogy

Pages 3-10

The Kadat-Khampaladagskoye ore field, together with other polymetallic
deposits and ore manifestations, forms part of the polymetallic zone of the
Northern Caucasus and has long been known in the geological literature as
one of the deposits of the "shale belt,” It is located on the left side of
the valley of the Fiagdon River, in the Kadat region, extending from there
in a sublatitudinal direction aleng the valley of the Shagdar-adag River to
the west,

The story of the discovery of polymetallic deposits in Jurassic shales
is of great antiquity; mention of the presence of lead-zinc and silver de-
posits in Severnaya Osetiya is found in the account of the first Russian
expeditions of 1768-1771, Serious attempts to prospect for these deposits
were first made at the end of the last century and the be,inning of this
one, The first attempts at exploitation of these deposits were also made at
that time, However, the low percentage of important metals in the ores and
the imperfection of possible techniques for their enrichment caused these
deposits to be undeservedly forgotten, since they were considered to hold
no prospects, Work conducted in this direction during the last ten years,
primarily by the geologists® collective of the "Sevkavtsvetmetrazvedka”
Trust, sharply altered this opinion and there is now no doubt of .he com-
mercial character of the polymetallic deposits concentrated in the series
of Jurassic shales,

All the polymetallic deposits and ore manifestations can be lumped in-
to the so-called northern polymetallic belt, which traverses the cntire
territory of Severnaya Osetiya, vunning along the mountainous region, and
emerges in the territory of the Checheno-Inqushskaya and ‘abardino-Balkar-
skaya Autenomous Soviet Socialist Republics, Within Ose.iya the deposits
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Fig, 1. Schematic structural-geological map of the Fiagdon-Ardon interfluve, 1) Qua=
ternsry deposits; 2) Upper Jurassic limestones; 3) Lower and Middie Jurassic sand-
clay deposits; 4) Lower Jurassic keratophyre; 5) Paleozoic deposits; 6) granites;
7) boundaries of structural zones; & most important tectonic faults; 9) axes of
anticlinal structures; 10) ore zones; 11) polymetallic ore manifestations; 12) geoe-
logical boundacies; 13) Uolgokgoy: 14) Byl-Khor; 15) Uyel-Dur; 16) Urs-Don; 17)
Dagom; 18) Dcgem: 19) Verkhre-Dagomskoye; 20) Dagomskiy Fault; 21) northern poly-
metallic belt; 22) Verkhniy Khampaladaqg; 23) Dalagkauskiy Fault; 24) Gulinskiy
Fault; 25) Xhaaikoamskaya; 26) Northern Fault; 27) Kadatskaya; 28) Imitinskiy Fault;
29) Kora; 30) xhaapcladag; 31) main zone of Kadat-Khampaladagskoye deposit; 32)
Khandlodag; 33) Kadat section; 34) Tsmiti section; 35) Ansadur section; 3&) Akhe




Continuation of key to Fig, 1l: sharpirag; 37) Tsamadskiy Fault; 38
Tsegatskiy Fault; 39) Sukhoy-Log; 40) Loboyed; 41) Sadono-Unal ‘skaya;
42) Kholstinskor deposit; 43) Usrag-Kom; 44) Kadnunt; 45) Dzhimts;
46) Sukhoy-Log; 47) Sadono-Unsl'skiy Fault; 48 southera polymetallic
belt; 49) Tsejat-Khurkhchint Fault; 50) Khussar-Khurkhchint Fault;
51) Fiagdonskaya; 52) Kharshyatin; 53) Tsarachods; 54) Latsskaya;

55) Latskoye; 56) Tsakh-Fars; 57) Yuzhnoye,

are coatrolled by regional 1 ngitudinal faults with sublatitudinal treads
which complicate the wings o1 the Sadono-Unal‘’skiy and Fiagdonskiy anti-
clines, these having the same sublatitudinal trend (Fig, 1),

Paleozoic and Jurassic rocks occur in the geological structure of the
region which we have described. Quaternary deposits are also widely dis-
tributed, especially in the Kaaat-Khampaladagskoye ore field, The Paleo-
zoic deposits, represented by secics of crystalline shales and their faul-
ting granites, are exposed only far to the south in the Fiagdon River val-
ley. The cross-section of the Jurassic deposits is rather complicated, be-
ing characterized by great thickness and stratigraphic completeness, and
has been described sufficiently well in the literature [1, 2]. Omitting a
characterization of its lower levels, which are not exposed within the sec-
tion that we have described, let us turn directly to a description of the
Jeposits composing the Kadat-Khampaladagskoye ore field and adjacent re-
gi.ns,

The deposits of the Toarcian and Aalenian stages are ore-containing
series and are an alternation of thin layers of clay and siltstone shales
with thin layers of sandstones, It is sometimes possible to note a coarser
alternation of blocks of clay shales enriched with layers of sard and
blocks of material poor in sand., Within the series are lenses of light
coarse-grained sandstones 15-20 m thick, whose trend is not maintained,
Concretions of clay siderites of varying shape, the number of which in-
creases toward the top, appear in the upper half of the series, It is {n-
teresting to note that in concretions near the ore-bearing zones it is
frequently possible to observe cracks filled with comparatively large ac-
cumulations of pyrite, less frequently sphalerite, and very varely galena,
This phenomenon has also been noted in the Kakadur-Khanikomskoye deposit
[3] and is the result of primary dispersion of the ore components caused
by hydrothermal "steaming™ of the surrounding rocks during the formation
of the deposit,

Quaterrary formations, represented by diluvial series (landslides,
cave-ins, scree, and diluvial argillaceo"s :oils), have developed very
widely within the ore field; their thickness varies from 40 to 70 meters
in individual sections (Kadatskoye deposit),

Tectonically, the reqions is located wholly withi the northern struc-

tural-facies zone, which was first distinguished by €,0, Azhgirey [4/, In
vertical section three structucal stages differi.; (som cach other in de-
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gree of deformation and of rock metamorphism and character of metallogene-
sis are distinguishable quite distimetly,

The Lower Paleozoic stage is formed by metamorphized sedimentary and
magmatic rocks, The middle stage is represented by plcstic deposits of a
Lower and Middle Jurassic shale complex and, to am imsignificaat degree,
by velcanogenic formations, The wpper stage is formed wholly by series of
Upper Jurassic carbonate rocks and chalk, Inasmuch as polymetallic miner-
alization is adepted to rocks of the middle stage, a detailed structural
characterization of it is given below,

As was already noted sbove, the terxritory described here is located
wholly within the northern wing of the Caucasian anticline, the core of
which exhibits Lower Paleozoic crystalline shales and their faulting gran-
ites, All series of Lower and Middle Jurassic shales form a series of
folds complicated by rather numerous faults and zones of crumpling and
brecciation, The folds in the brachyform region have a sublatitudinal trend
and the most importamt faults and the zome of crumpling are usually ori-
eated parallel to the latter,

The structural position of the Kadat-Khempaladagskoye deposit is rel-
stively simple, Within the ore field a number of both plicative and dis-
Junctive dislocations are distinguishable, The deposit is located on the
north wing of the Fiagdonskiy anticline, which is s second-order structure,
The north wing of the anticline is a monocline, called the Kora-Khareschin-
skiy monocline by AP, Lebedev /5], This monocline is formed by rocks of
the Toarcian and Aalenian stages, The boundary momoclines at the south and
the north are large tectonic dislocations (the Sadono-Unal'skiy and Main
Oxe Faults; see Fig, ). The rocks in this section have a sublatitudinal
trend and 2 mortherly dip from 20 to 509, Within the momoclines are sections
characterized by the presence of intersive disharmonic folding and a ser-
ies of intersecting faults with a northwesterly trend,

To the north of Kadat is the Kadetskiy snticline, which is formed by
Lower and Upper Aalenian rocks, The fold has an asymmetric structure, its
axis running in a northeasterly direction, Both wings of the Kadatskiy
anticline are complicated by lower-order synclinal folds, .

Of the large dislocations invelving discontinuities, which play the
main vole {i. the localization of polymetallic mineralizationa, we should
note the Khampsladag-Tsmitinskiy and Nurthern Faults (Fig, 2), The Khan-
paladag-Tsmitinskiy Fault exteids through the whole Kadat-Khampaladagskoye
ore field in & sublatitudinal direction, stretching far beyond its limits
both eastward and westward. It is expressed superficially by a rather wide

. zone of rock crumpling and brecciation (up to SO m), The latter is, in our

opinion, the main ore~-controlling structure, within which are localizcd a
number of laxg - polymetallic deposits and ore manifestations, Thus, on the
eastern continuation of this fault is the Kokadur-Khanikcaskoye deposit,
wivh the Avsandur, Khanikom, Kakadur, and other sections, West of the Kadat-
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Khampaladagskoye ore field the Zapadnyy Khampaladag, Kora, Dagomskoye, etc,

" ore manifestations gravitate to the same fault,

Within the area described here the fault has been traced in the Tsmiti,
Kadat, and Khempaladeg sections, both from the s.rface and underground, by
means of worked-out mines and wells, The trend of the fault varies from
latitudinal (270°) to northwesterly (295°) in individual sections, The dip
of the fault (basically steep) is both northerly and southerly, Thus, im
the Tsmitl section there is a quite steep (70-80°) southerly dip, On the
northwest side of the Kadat section the Tault is rather obliguely (40-50°)
inclined to the north and, further on in the same direction (Khampsladag
section), the angle of inclination increases to 80%, with the northerly dip
direction preserved, The fault is a typical one with its north wing missing,
as may be seen on the accompanying map (see Fig, 2), The amplitude of the
displacement has not been sccurately established, but, judging from the
differences in the ages of the rocks in the northern and southern wings of
the fauit, i% should be considerable,

The Khapaladag-Tsimitinskiy Fault is accompanied by a series of con-
couitant dislocations involving discontiraities, which sometimes also con-
tein sulfide mineralization, The biggest and most interesting of them is
the Northera Fault, which extends to the north of the main fault, It has
been traced in the XKadat and Khampaladag Sections and was located by inti-
vidiual outcrops at the surface of the ore-bearing zone associated with its
accompanying zone of rock crumpling and crushing, The dislocation has a
latitudinal trend and a nictherly dip at an angle of 609, To the west the
angle of incidence becomes greater and reaches 80°, In addition to the
above-described faults, a number of small tectonic dislocations and zones
of crumpling were detected within the ore field by means of worked-out
mines; among these our attention is struck by dislocations having a sub-
meridignal trend and, for the most part, a westerly dip at angles of 40-50°,
The thickness of the zones of crumpling observed reaches 20-30 m and indi-
vidual cracks fiiled with attrition clay attain 3-10 cm, The displacement
amplitudes for these dislocations have not been determined, but it may be
assumed that they do not attain significant values, Individual sections of
these zones are poorly mineralized,

Thus, the Kadat-Khampaladagskoye cre field is divided into two ore-
bearing zones: the main zone is coordinated with the rock crushing area of
the belt formed by the Khampaladag-Tsmitinstiy Fault and the northern zone
lies in the vicinity of the Northern Fault t(see Fig, 2), The localization
of the industrial deposits within the Kadat-Khampaladagskoye ore field is

- related to the zones,

L]

The main ore-bearing zone is a system of veinlets, veins, brecciated
blocks, and lenticular bodies composed of quartz, carbonate, and quartz-
carbonate with sulfide enrichment, The lenticular ore bodies observed in
the zone are surrounded by a complicated netw( .k of quar 7-carbonate-sul-
fide veins, The contacts between the ure bodies and th: cnclosing rocks

.
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Fig, 2, Schemstic geological map of the Kadatskoye ore field, 1) quat-
ernary depesits (8lluvium and diluvium); 2) Lower Toarcian clay depo-
sits; 3} siltstones and sandstones with smaller quantity of Middle To-
arcian clay rochs; 4) argillites and clay shales with layers of Upper
Toarcian silvciones and sandstones; 5) argillites with blocks of Lower
Aalenian siltstonss and sandstones; 6) Upper Aalenian argilli.es, silt-
stones, and samndscones; T) shistic siltstone clays and argillites of the
Bajocian stage; 8) Upper Jurassic carbonate deposits; 9) tectonic dislo-
catiens; 10) re-bearing zones; 11) Verkhne-Dagomskoye; 12) Zap, Khampa-
ladag; 13) Da.agkauskiy Fault; 14) Gulinsk’y Fault: 15) Northern Fault;
16) Khampaladag-Tsmitinskiy Fault; 17) Khampaladag section; 18) Kadat
section; 19) Tsmiti section; 20) cross-section through I-I,
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are usually gradual and have beer established by assay,

A characteristic peculiarity of the orc-bearing zone is an echelon ar-
rangement of the individual ore bodies within it, The presence of several
parallel ore bodies is less frequent, The lenticular bodies are oriented
along the trend of the ore-bearing zone, Their size (on the western and
eastern sides) varies from 30 tuv 80 m along the trend, 3 to S m in thick-
ness, and up to 100 m along the dip, In the center of the ore-bearing
zone (Kadat section) lenses with .~i3 thickness have somewhat larger trend
and dip dimensions,

The northern ore-bearing zone has been studied in less detail than the
main zone, According to data obtained by trenching and drilling, the ore
bodies discovered in the Kadat and Khampaladag sections attain thicknesses
of 2,5 and 10 m respectively and have trends of several tens of meters, Inm
addition to the increase In thickness estz)lished by tracing the ore bodies
from east to west, there is a marked increase in the number of bodies,

The ore bodies in the main and northern ore-bearing zones do not have
consistent thicknesses along either their trends or their dips; they are
characterized by the presence of pinches, are freguently accompanied by apo-
physes, end taper out, forming a network of leaders which occasionally cov-
ers several tens of meters,

Sulfide mineralization is distributed very nonumniformly in the ore
bodies, in the form of impregnation, veius, and pocket-like accumulations,
and has developed both in lenticular bodies and vein networks,

Several characteristic textural types -- massif, breccial, and vein-
network -- have been distinguished in studying the composition of the ores
of the Kadat-Khampaladag group of deposits and ore manifestations, On ex-
amining the main ore-bearing zone from east to west it may clearly be scen
that the vein-network type of deposit, which predominates in the Tsmiti
section, gives way to the first two types of ore west of the junction (Kham-
paladag section),

The mineral composition of the ores is not complex, The principal pri-
mary ore minerals are pyrite, galena, sphalerite (marmatite and, more rarely,
cleicphane), and chalcopyrite. Arsenopyrite, marcasite, covellite, and bor-
nite are occasionally encountered in small quantities., The nonmctalliferous
minerals include quartz, carbonates, and chlorite,

However, it should be noted that the character of the mineralization
of the main and northern ore-bearing zones differs. while the main zone is
characterized by a commercial concantration of lcad and zinc (galena and
sphalerite) with an insignificant content of copper, the northern zone dis-
plays poor contents of lead and zinc and, at the same time, an increased
content of copper (chalcopyrite), This phenomenon, in .ur opinion, results
from the appearance of a horizontal zonality in the dcposits, The zone of
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oxidation within the belt under consideration is paorly developed and of no
practical importance, Among the minerals observed in it sie limonites of
various colors, pyromorphite, and lead ochre,

A hydrothermal change in the enclosing rocks is noted only in individ-
usl sectioas and takes the form of "bleaching™ of the clay shales in direct
proximity to the ore bodies, usually extending for only negliyihle distances
(up to 0,5 m), Work conducted by the geologists of the Kadat GRP established
the presence of a primary polymetallic dispersion aureole from the existence
of very thia veins of varying mineralogical composition .in the enclosing
rocks, It was also proved that the zonal distribution of veins of a definite
composition s @ function of distance from the ore zone,

Trus, the geological structure of the Kadat-Khampaladagskoye ore field,
which we have been considering, has iis own specific peculiarities and is
distinguished both from the deposits and ore manifestations in the southecn
polymetallic belt and froem the deposits locuted to the east within the same
shale belt, The Kadatskoye deposit is distinguished from the former, whose
mineralization is localized in structures abutting the main ore-controlling
feults (Sadono-Unal’skiy et al,) and forming the southern polymetallic belt,
by the fact that it is located in rocks of a different composition and also
by the fact that it is adapted to the zones of crushing and breecciation ac-
companying the main fault, which has s sublatitudinal tre.d,

The peculiar features of this deposit, as compared with other deposits
in the sime shale belt (Kakadur-Khanikom), consist primarily in differencns
in the structures favorable for the concentration of rich mineralization, In
the Kakadur-Khanikomskoye deposit these structures are the intersections of
the axes of the folds with the faults, while in the Kadat-Khampaladagskoye
deposit they are flexure sites in the fault itself, Sections containing
flexures in the fault zone are the most favorable for the formation of poly-
metallic sulfide bodies; the tectonic stresses, coatinuing after formation
of the actual fault, open primarily the flexure zone, where cavities favor-
able for ore deposition are formed, It is not difficult to note that all of
the ore blocks are located in precisely such sites (see Fig, 2),

CONCLUSIONS

1, The polymetallic deposits and ore manifestations of the Kadat-Kham-
paladagskoye ore field are located within the northern polymetallic belt and
are adapted to a lstitudinal fault accompanied by a zone of intensive crum-
pling and crushing of rock and related spatially to a belt in which Lower
and Niddle Jurassic sand-cley deposits have developed,

2, As a result of compressive stresses exerted from the flanks of the
ore {ield, the flexure sites in the Xhampaladag-Tsmitinskiy Fault were
slightly opened in individual sections and the cavities most favorable for
ore deposition were formed there,

3, The ore bodies are localized in zones of intensive crushing and ero-
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sion accompanying the faults and are ore zones within which are cbserv.d
individual lenses and veins, sections in which ore breccia have developed,
or dense networks of thin quartz-carbonate veins with dispersed polymetal-

lic msineralization, ..

4, The most favorable areas for prospecting for new polymetallic ore
zones are the fault-flexure sections west of the Kadat-Khampaladagskoye

ore field, :
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EXPERIENCE IN wORKING WITH THE NSM-2 LEVEL
UNDER SUBTERRANEAN CONDITIONS

By L.A, Den:senko, Kommunar Nining and -K2-
tallurgicul Institute, Chair of Surveying
and Geodesy

Pages 11-15

Levels with self-adjusting sighting axes have lately found ever greater
application in mine-surveying practice, Thus, the Kher'kov Mine Surveying
Instrument Plant has put the self-adjusting NSH-2 level, intended for class
I and II leveling in underground mine surveying and for surface leveling,
into series production, '

Automatic adjustment of the sighting axis to a horizontal position in
the level is ensured by a lens compensator .-cated in front of the objective
tube, Because of the trapezoidal manner in which one of the lenses of the
compensator is suspended on steel threads, whep the tube is inclined the
horizontal line of sight is refracted and the point image remains on a hor-
izcntal hair of the grid, The guaranteed limits of compensator functioning
with satisfactory image quality are £2°', The guaranteed precision of auto-
natic adjustment of the line of sight to the horizontal position is 1", A
detailed description of the compensator mechanism is given in the article

by A.V. Meshcheryakov /17,

In order to obtain data for evaluating the accuracy ensured by the
NSM-2 level and the maintenance of compensator adjustment and to determine
the convenience of working with the level under subterrancan conditions,
traverses with a total length of more than 9 km were laid out in the pro-
duction areas of the "Ukraina” Mine of the Kommunarskugol® Trust, In order
to analyze the results obtaized in this test preliminary calculations were
made of the possible mean ss:are error per kilometer of traverse,

It is known that leveling with the NSM-2 level involves errors which

depend on a number of factors, Prime amony these is nonparallelism of the
sighting axis and the the compensator axis (angle i), The magnitude of angle
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Table 1

Determination of Error in Adjustme:t of Compensator Line of Sight

Series I
a 3 | 4 A ) d,
43,479 I - 0,006 I 75,646 — 00155 l
' -+ 0,006 -+ 0,002
w173 + 0,014 75644 — 00135 .
LXW Fl -+ 0,0004 75647 —0,0165
. — 0,003 + 0,003
93,372 - = 0,0024 70,644 -—0,0135 :
93,579 [ —0,0046 75647 ~ 00165
i + 0,002 "+ 0,002
93377 -- 000 75,645 — 00145
933975 — 0,000 75632 - 0001°
0,000 + 0,007
93,375 -~ 0,0006 75625 + 0,0155
94,375 - 0.0L06 75,689 + 0,0455 .
‘ -+ 0,005 — 005
WAT0 | 4000 | 75.5% +0,0405
llpcmécc 93,3744; ) ‘ | 756305
| | my, == 0733 |
1) Mean,
Series 11
R R N D T L 4
95,104 0,018 | f 77915 ! - 00101
S |11t € , — 0,003
5,108 - 0,002 771918 - 00176
5,142 0048 (17011 — 0,009
- 0004 , — 0,004
as 18 -- 0,008 CTTo15S 0 —G0136
9,138 . - 0N | 70,98 | - 0,0066
v 0,‘“‘7 ' 1 hand o.m
o5,131 - 0079 7910 | — 0OORG
03,135 — DOITR 77,569 - 00324
— (1,008 AL
LIV RN — 0,0X8 11871 -+ 00304
uans - e 78502 — 0 K%
l 0002 - 0,007
0070 -0 77.805 0,004 '
rf;.l'lij.‘w ST T 779014 ’
I LY ([I'D } ! '

1) The results obtained are similar to those of A.V. Meshchya-
kov's investigation,
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Table 1
Continued
Series 111
& 3 4 l ’ y, ' ‘,
106 -0 ' 77807 | 0.0057
= oo .- 9,004 S ! . 0,005
95110 - 0.0042 7790 + 00107
95,102 + 0,0005% 77.908 4 00097
102 608 + 000 7107 + 00157 e
— NT)
;ghos — 0,06022 17.905 +0,0077
95.103 + 00028 + 480 77,907 10057 AL
95,106 — 0,0002 7785 ~ 00423
- + 000 +- 0,003
95,104 + 00018 77.950 —~ 00373
5,107 -— 00012 77,90) + 00117
. — 0003 4.0,001
95,110 — 0,0042 77,900 + 00127
95,1058 7791
! By = 020 |

in NSM-2 level No, 211 was determined by two-run leveling /27, It was es-
ablished from the results of six runs that { = 10,6",

Since the leveling was conducted from a central point under our con-
ftfons (the permissible deviation was no more than 1 mi, the error in de-
ermining the overage at the stations resulting from angle i1 was insignifi-
ant,

The reading of the rod has a great influence on the magnitude of the
tror in determining the overage,

The main sources of error in rod reading are errors in sighting mg and
naccuracies in adjusting the line of sight to the horizontal position me.

It is known that
‘s 10o* -,

nl . e
. ’.v

here v' .3 the magnification of the objective and ] is the length of the
ighting besa,

In the case in question the sighting heam is 40 m long and mg thus eqe-
ls 0,6 mm,

The accuracy of the adjustment of the sighting line to the horizontal
osl;lon)was investigated by the method proposed by AV, lieshcheryckov
Tabol.

It i3 clcar from the data of the three series of ¢« ~,itiong that thhe
rror in 2djusting the cc ‘easator line of sight, in argel o toas, is g m
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2 0,36", with the length of the sighting beam 1 = 40 m, this error can be
found in linear terms from the formula

Kec .
mo= 9 "3!' = 0,07 wax.
’
Consequently, the mean square error ia reading the rod is
' X1 e

m, = + Vm: +m? = 4060 ma

Taking into account the mean error in rod division, which was found to
be my » 0,20 mm by comparing two 1.5 m two-sided rods, the error in rod

reading for one sighting, while reading from one hair, is

3 1 - '
p:d m,., =z Vm: b m: == 40,64 wu;

the error at the stations is

CTs St m“:-. -_1_- m.']/—22= ﬁc'm MY,

the error per km of traverse is

m., :- :‘:m‘,"/j:;? co 3.2 en

All sources of accidental error were not considered in calculating the
mean error for a ]l km traverse, Since their influence can be regarded as

negligible under our conditions, the errors caused by these deficiencies
wer” disregarded,

Turning to an analysis of the results of subterranean testing of the
level, it must be noted that the work was complicated by flooding of the
production areas, continual haulage, and considerable ventilation, The lev-
el traverses laid out in the production areas consisted of three links (pate
terns), There was a total of !23 stations, The leveling was carried out in
accordance with the class I program /[3/, from a central point, with a max-
imum sighting-beam length of 50 m and a minimum of 10 m, For a control,
traverses were laid out in the forward and back directions. (Table 2),

The mean square error per
km of traverse, calculated from
the differences among the overe
ages /4/ obtained in the forward
and back traverses, turned out to

9

.
‘vo
A

Y, @ T ker e @ be equal to
Diagram of class I level traverses m, o:: ¢ l/ [‘f-’-] tn £ 50w,
1) 2nd northwestern drifc; 2) RpB; 2
3) inclination; 4) Rp2 z/u; 5) where d 1s th.e difference between
crosscut; 6) station; 7) Rp4; 8) th: .Jce ;23 of the foxward and
drd western drift, back trav :ses, L is the length
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Table 2

Results of Industrial Tests ia the Ukraina Mine

0 1 ? |U"¢.. %3 f&tn«cnu @ “'0 Bpeus,
R l:‘u.a.‘ ;:::1 . ';::f u OmnGrd. #¥ | noe s ”:':'l‘p‘(;‘u""a”“’:.
$0ace xx ' wnd 08, ﬁ o FE:‘:.' WCHHE | ranne x0308,
e b L isemlwe] ) M
K""P‘”"“: 020 | o6 | 43 o000 |, 12] + o3|+ 11765 s
ol A S <0135 |- 7T -7
0 Rp2 sly 0
3-8 2an. orxarom, ' - --0.M9
: 21 & | —== |- 105 + 3] 000 5
mipes or Rp3 vy 33 - &t 3,9
a0 Rpt 2y = 0,148 6,12
ol con-aam. or- —-00!5 ! N .
Karou, Ml‘\ﬂ 2‘!” ‘3 i o IJJ i s 8'8 = ?ll :t g'{‘?‘!’ 5 5
ot Rpl ae Rp ' } ' G

1) Designation of traverse; 2) length of traverse, km; 3) num-
ber of stations; 4) discrepancy im traverse, m, actual/permis-
sible; 5) actual error, ma; 6) per km of traverse; 7) per sta-
tion; 8 overages; 9) time expended in laying out traverses,
hr; 10) crosscut through mountain 290 from Rp4 to Rp2 z/u; 11)
3rd western haulage drift, from Rp3 2/u to Rpd 2z/u; 12) 2nd
northwestern haulage drift, from Rpd to RpB,

of the links between bench marks, and n i3 the number of links,

The actual mean error was somewhat larger than preliminarily calcula-
ted, but considerably less then the permissible value, The permissible rel-
stive error per km of traverses in class I leveling must not excred £15 mm

.

Proceeding from the results of the work performed, it may be assumed
that the NSM-2 level ensuics accmacy of leveling class I, despite a num-
ber of unfavorable factors influencing the results of work under subterra-
nean conditions,

The work performed under the conditions of the Ukraina Mine confirms
that the wires on which the compensator lens is suspended and their mount
‘have a sufiicient margin of strength, The author also used this level to
lay out class III level traverses more than 21 km long on the surface,
This work was conjoined with transportation of the level over a distance
of more than 1500 km by railroad and motor vehicle,

The time expended in the subterranean leveling indicates a rather high
labor product’-ity, which to @ considerable extent is ensured by the :zuto-
matic adjustm : of the line of sight and by the device which permits accu-




rate sighting of the objective of the level on the rod without application

of the clamping screw, The level is simple in construction, light, and con-
venient to werk wiih, As for shortcomings, it is possible to note only the

narrow working range of the compensator,
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DRILLING WITH CAST CORE BITS

By M,A, Chopikashvili, Northern Cauca-
sian Mining and Metsllurgical Institute,
Chalir of Professional Training ir Mining

Pages 16-21

In order to achieve high technical-economic indices in the shot dril-
ling of hard rocks it is expedient to employ forced regimes, i.e,, to work
at high specific pressures and high drill spceds, It is not possible to
work under these regimes with the usual bits, because of the rapid longitud-
inal wearing of the bits at high specific pressures, which decreases the
pass time, At peripheral bit-rotation velocities of more than 1.2 m/sec the
shot disrupts the feeding of the face in the case of direct washing,

It was long ago noted that when the wall thickness of core bits is in-
creased the resistance of the shot to the face increases and the longitud-
inal wear decreases [1-4/, This makes it possible to have long passes and
to employ forced operating regimes, However, because of the insufficient
number of investigations confirming the economic feasibility of thin-walled
bits, they have still not found practical application,

In order to determine the dependence of drilling speed on wall thick-
ness and quality of bit material, laboratory and industrial test were con-
ducted, The laboratory investigations were carried out on a drill stand at
the Northern Caucasian Mining and Metallurgical Institute, while the indus-
trial tests were performed at the Zverevo GRP of the Volga-Don Genlogical
Administration and the Sadon GRP of the "Sevkavtsvetmetrazvedka" Trust, The
laborutory stand was equipped with two drilling machires, a ZIF-300 and a
PBS-2T, and the necessary measuring equipment,

The drilling was conducted on a dibasic metamorphic rock of class X
drilling-resistance, with bits with wall thicknesses m = 6-20 mm, Steel
chaff shot [drob'-sechka/ 3,5 mm in diameter with a hardness of 50 IR, and

8 cyushing strength of 1200 kg was used, The tests were conducted at a con-
stant drilling speed of 378 rpm, The water consumption amounted to 1-1,5
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1l/min per centimeter of bit di-
3] ameter, The core bits fabrica-
ted from steel 45 had various
wall thicknesses, All of the
bits had an outside diaceter of
9] am,

As the wall thickness in-
creased within this range, i,e,,
m = 6~-20 mm, an increase in
technical drilling speed and a
§ [) " ] decrease in bit wear at an al-
@loruuma coenws kciones. v most constant shot consumption
were observad (Fig, 1). When
the wall thickness of the bit

Cugpocrme Gypemus, moejreunS

Fig, 1. Dependence of drilling speed 1,
1 andlbi;)ue:r 2, ?ri°“ wall thic:-4o was increased from 10 to 14 ma
nesse Lo at specillc pressure o the drilling speed increased by
kg/cm@; 1°, 2°) at specific pressure 55% at a specific pressure of

of 30 kg/cm; 3) drilling speed, m/min; 30 kg/cm® and by 60% at a spe-

4) thickness of bit wall, emm; 5) bit cific pressure of 30 kg,cuz.
wear, mm, In addition, the longitudinal
wear on the bits decreased by
50 and 53k, respectively,

However, it should be noted that the practical application of thick-
walled bits will be limited by the small yield of core sample in drilling,
The yield of core sample might have been increased by using small shot, but
this results in a larger shot consumption, while increasing the specific
pressure in drilling with bits fabricated from comparatively soft steels
entails intensive longitudinal bit wear, which in turn lcads to a decrease
in the drill pass speed (Table 1), This phenomenon is espccially aggravated
during the drilling of hard and very hard rocks,

It is possible to improve the boring properties of a core bit tlirough
the quality of the material used to fabricate it, N.I, Blinov /4] suggests
the manufacture of core bits from U!25, 30KhGS, 40Kh, and 45 steels heat-
treated to a metal hardness of 25-30 liR,. However, during the drilling of

rocks of classes VII and VIII bits of this hardness do not ensure good con-
tact with the shct and a high drilling speed, Thercfcre, in drilling rocks
of average hardness with steel shot it is necessary to use bits having a
lower hardness,

Consequently, the ratc at which rock is broken up in shot drilling de-
pends unconditionally primarily on the hardness of the bit metal, which in
turn must ensure good contact with the shot with minimum wear,

In the drilling of rocks of average hardness with hits of high hard-
ness there is a drop in drilling speed as compared :ith hits of lower hard-
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Table 1

Results of Leboratory Tusts om Bits 91 mm in Dismeter Fabric-
ated from Various Types of Steel, Drill Speed -- 378 rpm. Wa-
ter Consumption -~ 15 1/min, Magazine Width — 1/57TD

Toa W qc a q Hanoc m Cmmmcrm
moes | Tlaowears | o0 'Y aeaswoc)Cropocts| Pacx01 | xopouxn | kopoikn na
. KO- |TOPLS KOPON- 'p:‘:" Aauaenne,| Gypennn, | XOPOUKKT no guco- | 1 nor. &
pouxk, «u, car | OPONEN gien | aufaun | 2fno:-u te, nPoxLIKN,
M ‘ } Nainos- M xon
10 19.84 lgnt Cr.&')' 40 15 730 47 803
10 To e To xe 60 20 825 L] 9,07
10 . 5 80 4 917 Y] 10,01
14 2.9 c 0 % 5 25 oM
1“4 To me . 60 3 655 K| 1,2
14 . ;mu. 8 3 78 H 79
10 1984 Cr. 45 & 16 715 46 50
100! Tox~r | Tome | 60 19 840 54 H.8K
oy . ' . 8 24 917 59 6.41
N %9 ! . 40 2% 549 o 351
14 . Toxe ! . €0 30 654 3 457
H o, = . %0 34 69 33 het
16 | 1984 MKxruae-| 4 2 49 2 10.7
! intg)-tu.m
10 ;7 To xe 0 Xe 60 b 1} 497 K ] 118
0o, ! . 80 K1} 45 5 129
14 269 ! . 40 33 S8 i K00
4 Toxe ' : 6 44 443 21 105
14 . 'Q . L) 50 n 2 12,5
10 19.84 e w3 36 40 21 X 5 | 4.4
‘THPON. CTadN
10 To xe To &c 60 ” . 5S4 & h.14
10 . ‘ . a N W 514
" 2,9 . 0 S B ) 17 350
14 l To xe . 60 44 423 N 4,93
14 c I wn my | 24 S50

1) Bit thickness, mm; 2) area of bit face, cm?; 3) bit mate-

rial; 4) specific pressure, kgluz; 5) drilling speed, mm/min;
6) bit conswmption, g/rusning m; 7) longitudinal bit wear, mm/
/running m; 8) cost of bit per running m of pass, kop;: 9) rol-
led steel 45; 10) ths same; 11) cast steel 45; 12) rolled from
alloy steel; 13) cast from alloy steel,

ness, In the drilling of hard rocks of cless X with a soft bit (of hardness
liR, = 9) shot-diver.ing chennels will be formed on its face, as & result of

vhich the drilling speed decreases, When the specific pressure is increased
this phenomenon is eahanced and leads to rapid bit wear (Fig, 2),

Thus, in most cases rocks are not solid monoliths of the same class
end it is impossible to propose s universal core bit having a high wear re-
sistance and ensuring high drilling speed, Successfu’ drilling can be en-
sured only by correct selection of the regime and the ratio of the hard-
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Fig. 2. Shot-diverting channels formed on bit face,
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Fig. 3. Dependence of drilling
speed on specific pressure in
drilling with bits of various
types of steel, 1) drilling
speed, cm/min; 2) 30KhGSA; 3)
ShKh=15; 4) U7A; 5) St-45; 6)

specific pressure, kg/cm®,

nesses of the bit, the shot, and thz
rock,

In order to find the optimum core-
bit material for dril'ing hard rocks,
castings and rolled-tubing bit blanks
of the following types were fabricated
and tested: St-45, ShKh-15, 30KhGSA,
and UTA, Comparison of the results of
the tests revealed that the best boring
indices were those for the bits fabri-
cated from 30KhGSA alloy steel, There-
fore, we also took the results of the
laboratory tests and the cost of bits
of this steel for technical-economic
comparison (see Table 1),

In drilling with bits fabricated
from alloy steel the drilling speed
rises when the specific pressure is
increased, when the specific pressure

was reduced to 20 kg/cn2 the maximum
drilling speed was observed for the
bits fabricated from softer steel 45,

This, in our opinion, is explained by the fact that during bit drilling

e=]9..




Table 2

Dependence of Cost of Bit Blanks 500 mm Long on ¥ethod of Man-
ufascture and Material, with 1 kg of Cast Stock Costing 0,07
rub for Carbon Steel and 0,1 rub for Alloy Steel and | kg of
Rolled Stock Costing 0,11 rub for Carbon Steel and 0,238 rub

‘ for Alloy Steel

(v)] o) r@ h‘ ﬂ? Crouuoc i, pyhi. _
Muaserp| Tosmmuna | Bee xapo. fOTORKN rotosks Ny*IH108 KO- ﬁnmﬂ Kopo-
‘fw”h'" CICHEN K- | BOLNHON 13- N3 HpoKas- llpoxammi ]llllu'llllla HOSHOA 3a-
N POMKR, MM | TOTORKN, K2 HONH FrIc- | acINponatt- § s20T0RKN | 1O0TOBKN #3
poARCIOR | HoRt ciavw | ns yracpo- Laernpon. €ra-
Craam IXICA  Lancroit craan} an JOXT'CA
89 10 9.74 1.07 232 068 097
54 14 129 142 3.03 09 .9
89 15 1163 1’0 325 0.9 .
8 16 .4 1,58 3.4 1.01 1.44
108 10 12,85 1.43 4,10 09 1.9
108 4 16,23 1.78 3.56 114 1.62
108 15 17,20 189 - 410 120 1,72
108 | 16 1815 2,00 34 127 1.82

1) Cost, rubles; 2) bit diameter, mm; 3) thickness of hit wall,
mm; 4) weight of bit blank, kg; 5) blank of rolled carbon

steel; 6) blank of rolled 30KhGSA alloy steel; 7) cast bit
blank of carbon steel; 8) cast bit blank of 30KhGSA alloy steel,

fnvolving a high material hardness and a comparatively small specific load
slippage of the bit occurs, i.e,, there is insufficient contact with the
ShOto

As can be seen from Table 1, when the specific pressure is increased
the drilling speed increases, In addition, bits with a wall thickness of
10 mm fabricated from alloy steel yield an increase in dri’ling speed as
compared with the same bits of steel 45, The increase in drilling speed at

a specific pressure of 40 kg/cm2 amounts to 33%, while at 60 kg/cm2 it is

S0 and at 80 kg/cm2 it is 54X, As compared with the same bits of carbon
steel 45, bits of alloy steel with o wall thickness of 14 mm yield an in-

-crease in driliing speed of 32% at & specific pressure of 40 kg/cmz. 3%
at 60 kg/cmz. and 43% at 80 kg/cmz;

It must be noted that the drilling speed for cas* bits is approxima-
tely the same as that for bits of rolled steel of the same types (sze Table
1), The maximum drilling speed and minimum longitudinal bit wear were ob-
served for bits febricated from alloy steel, The cost of bit blanks of rol-
led 30KhGSA alloy steel is greater than that of rolled blanks of 45 carbon
steel by .a factor of 2,16, The cost of bits of rolled alloy sieel per run-
ning m of pass is greater than that of bits of rolled carbon steel (see
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Table 3

Results of Industrial Tests on Bits 91 mm in Diameter at Drill

Speed of 128 rpm and Specific Pressure of 25-35 kg/cad; Bits

with & Well Thickness of 10 mm Were Standard and All Others
Were Cast from Steel 45

Q\ennme- Bossxoanad®
g‘m”‘ @8" ue B;:poxo.:- cxas cxo. | 1HOC KO- 1, i0n Topma || 2amna ped
cvenxu gunoro ka 32 | pocis 6y- ':’:‘::tzo xoporiox, | op%‘:' o €3 xopouxn
KODPOHKNK, YPClunS, : . 0 . *1 10 noJnoro
p:o‘ L7 4 peic, u P;":':‘ NN RO N . Sl cv? NINOCH, A
(D Nopoau VIN xateropsn
10 | 45 | 43 0.5 32 18 | 19881 AT
12 3.75 42 1.12 % 473 232 als
4 3.2 45 1,59 il 44 26,9 6.5
16 243 425 1.45 18 42 2.9 8,34
s | 2w |43 1,50 16 a0 | ;8 939
20 269 14 1546 14 390 6 10
@ Nopoau 1X xareropun
10 30 1.2% 0.12 46 716 19.54 28
2 58 29 s 37 673 232 3.4
" Hd K3 ) o) 613 a9 516
16 AT 4.4 0./6 2 S 25‘.? 9_3.5
18 2581 2.0 0N 19 0 3‘;’.\ .9
2 | 2w | 2 084 17 T N
@) Nopoam X xareropun -
6 54 6216 0010 1°0 1% ] ?."».7 , 0.?!6
8 a2 0,18\ 0075 1o } i (_;-, :1‘;2' : ‘.'r:
0 a1 | eso0 0.1 %0 100 X s
19 ol ocen | o 76 o | o252 e
13 1 e | 020 6 | 1o | X9 vn
16 15 108 0,210 M A K1 R 29 208
18 4.2 1152 0.2 | 19 RED 28 40
AU S0 .20 03 ‘ 40 1y ' 356 375

i

1) Thickness of bit wall, mm; 2) pure drilling time, hr; 3)
travel during pass, m; 4) mechanical drilling speed; 5) lon-
gitudinal bit vear, mm/running m; 6) bit consumption, g/run-
ning m; 7) area of bit face, cm®; 8) possible length of bit
travel to full wear, m; 9) class VIII rocks: 10) class IX
rocks; 11) class X rocks,

Table 1), However, the cost of bits of cast alloy steel ner running m of
travel is less than that of rolled carbon steel, viz: at a bit-wall thick-
ness of 10 mm and a specific pressure of 40 kg/cm® it is 84%, while at a
wall thickness of 14 mn it is 61X,

The cost of hit blanks fabricated by casting and rolling is given in
Table 2, It is clear from the data cited in Table 2 that the cost of 1 kg
of stock cast from alloy steel is approximately equal to that of 1 kg of
stock rolled from carbon steel, The cost of 1 kg of stock r~olled from al-
loy steel is 2,16 times that of stock rolled fron r.<bon steel, The cost
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of 1 kg of cast stock of alloy steel was derived from calculations of the
cost of simple cast spare parts fabricated from type 30KKGSA steel /5, 6/,

Thus, cast core bits fabricated from alloy steel possess better boring
properties and are cheaper than bits of rolled carbon steel,

Industrial tes:s completely confirmed the regularity of the change in
drilling speed and longitudinal bit consumption obtained in the laboratory
tests (Table 3),

Conclusions

1. Whea the wall thickness of a core bit is increased the drillinq
speed increases and the bit consunption per running meter of travel de-
creases,

2. Cast core bits prepared from 30KhGSA alloy steel have better boring
properties in the drilling of hard rocks than bits fabricated from rolled
‘steel 45 and are chesper,
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DETERMINATION OF MINIMUM PERMISSIBLE WIDTH OF WORKING AREAS
UNDER THE CONDITIONS OF THE “MEDVEZHIY RUCHEY" PIT

By B.P., Yumatov, V.G, Shitarev, Noscow Institute of
Steel and Alloys, Chair of Exploitation of Deposits of
Rare and Radioactive Metal Ores

Pages 22-28

Correct determination of the minimum permissible width of working
areas, i.e,, the least size which ensures normal functioning of loading,
drilling, and transport equipment, is of great nationzl-economic importance
in the open-pit mining of deposits of useful minerals, Any decrease in the
width of the working areas to less than the permissible minimum results im
complication of the conduct of mining work on the terraces and disrupts the
-normal operation of the pit,

In order to improve the organization of mining work on the terraces
and the development of transport communications it is neccesary to increasec
the width of the working areas, However, on the other hand, such an in-
crease leads to a decrease in the angle of inclination of the working cige
of the pit and this results in an increase in the volume of material re-
moved and additional expenditures on mining operationms,

The following factors are teken into account in the practical planning
of the minimum of working areas in pits with railroad transport: width of
fall of blasted material, width of transport strip, ard, in =ddition to

_strip for main transport routes, marginal distaonce ficn Iatter to fall ard.
safety bench to upper edge of underlying terrace, A strip for the parking
and passage of auxiliary equipment is also occasionally a ccupoiinnt of. the
mininum working area,

However, in connection with the state of mining cpexations ~nd tho spe-
cifications for the excavation of mined material, a rather peculias deter-
mination of the minimum permissible working area has L::xa fobitvareily edep .
ted at the “Nedvezhiy Ruchey” Pit, This is explained by the fact that ex-
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vation ¢f mined material, which is primarily hard, difficult-to-blast

k, results in the knocking-off of material from thc edge of the terrace
the normal fall width ia the pit is consequently rather significant,
uasting to, calculating from the axis of the first row of holes, three
mes or, in individual cases involving very hard rocks, four times the
ight of the terrace, The height »f the worked terraces in the pit is ta-
nto be 1S m, with thc exception of the three upper terraces, whose

ight is 20 m,

The width of the working areas does not remain constant as mining op-
ations progress in the pit, but varies within rather wide limits, The dy-
ics of its change during the last few years of pit operations are shown
the table, from which it follows that the current working areas have an
erage size of 50-60 m, According to the determination cited, this working
ea width is less than the permissible minimum, which should be 70-80 m,
king into account the employment of two-row hole firing and the presence
@ strip for the parking and passage of auxiliary equipment, when the
rraces are 15 and 20 m high, Videning the existing areas to this size in-
lves excavation of an additional stripping volume (approximately 8 million

o which cannot be removed within a short period beceuse of its consider-
le size, The performance of mining operations on the working levels of the
t is consequently carried out in accordance with arbitrary “instructions
terrace management” worked out at the pi:; in these the minimum permis-
le working area width is determined from the disposition of the fall of
sted material, The minimum permissible working area width in the mining
terraces 15 and 20 m high is 60 and 75 m respectively,

Experience in the performance of mining operations has showed that,
er these conditions, it is expedient to carry ou¢ simultaneous blasting
several adjacent terraces embracing part of the working zone of the, pit,
h blasting methods have found wide application berause they make i1t pos-
le to reduce the idle time of equipment by a factor of 1,5-2, despite
drawbacks which cxist in this case; on days when blasts are being pre-
ed and carried out the volume of zecovery and excavation ..ork in the pit
sharply curtailed, :

After a massive blast the loading operations are preceded by the cut-
of a route 12-14 m wide through the blasted material by an excavator;

s is for the laying of railroad track and the installation of communica-
ns and power lines, which sre always removed from the section of the ter-
2 in the blast zone before the explosion, The loading of the broken-down
erial is handled primarily in two excavator blocks 15 to 25 m wide on
tecn-meter terraces and in thrce such blocks on twenty-meter terraces,
1ling work usually starts on a given section of the terrace front during
loading of the second block,

Thus, under current conditions the min factor determining the minimum
ing area width is the width of the fall, which depends on the number of
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Dynsmics of Thange in Width of Working Areas during 1959-1962
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1) Working level; 2) width of working areas, »; 3) on,

rons fired,

The planning assignment and schedule for the progress of mining oper-
ations in the pit foresee both expansion of the working aress to 70-80 m
and reduction of the fall of blasted material within the next 6-7 ::ars,
However, under the conditions of multirow blasting the width of the fall
plays an important role in determining the size of the minimum permissible
working area 2ven in this case, since the width of the transport strip, with

the scheme of routes slong the cut described above, and the dimeusions of
" the other components of the working ares remain reistively constant,

However, considering the state of mining operations in the pit and the
equipment used, the number of rows of holes fired cannot be taken arbitrar-
ily; increasing it results in expanison of the working arcas, which can be
done only at the expense of the amount of excavation carried out, Further-
more, an increase in the number of rows of holes leads to an increase in
fall height, which is limited by the conditions necessary for the safe per-
formance of excavation operations, Under the conditions of the Medvezhiy
Ruchey Pit the blasted material agglomerates and when the fall height ex-

.ceeds the greatest depth to which the excavator can scoop "ovorhangs" and
“1ips” are formed; their removal is associated with considerable expendie:.t
tures of material and labor,

The experience amassed in the use of multiple shoit-delay blasting in
the pit shows that the fall width, measured from the axis of the first row
of holes, docs not depend on the number of rows fired and is t:c same as in
single-row blasting, The full fall width is thus
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where h, is the height of the terrace in m, m, is an index cqual to the ra-
tio of the width of the fall from the axis of the first row of ..oles to the
height of the terrace, v is the distance separating the rows of ‘oles, in m,
snd n is the number of rows fired, Figure 1 shows actual fall forns, The
most frequently encountered form of fall, produc~d as a result of normel
blasting, is depicted in diagram a, “ts characteristic peculiarity is & de-
crease in the height of the fall relctive to the height of the terrace in
the section directly adjacent to the massif, as a result of which part of
the latter is exposed, The planniny and execution of massive blasting takes
into account the production of such @ reduced fall height, in order to gua-
rantee safe conditions for excevation operations and the most favorahle dis-
tribution of the blasted material over the width of the fall, The magnitude
of the reduction in fall height in this gection is characterized by the so-
called "edge cave-in,” which is the ratio of the height of the erposed part
of the terrsce to its full height LR

Ty

On the other hand, this form of fall is characterized by the presence of a
discontinuity in the direction of its slope (point C), Formation of the fall
whose form is shown in diagram b is possible when the charge in the last row
of holes is insufficient in magnitude, As may be seen from ihese diagrams,
the height of the fall at the point of the discontinuity in its slope can be
more or less than the height of the massif fall, The fall form depicted in
diagrem ¢ is a particuler case of the first two and is characterized by eq-

uality of the height of the fall at its point of inflection and the height
of the massif, -

The triangular fall form shown in diagrem d is not characteristic under
the conditions of the Medvezhiy Ruchey Pit and is formed primarily as a re-
sult of shortcomings in the planning and execution of multiple blasts, In
this case the bottom of the terrace is frequently badly aligned,

Applying the principal of geometric comparison of the volumes of the
blocks in the pillar and the fall referred to one running m of front, which
was used by Prof, .V, Rzhevskiy in calculating the parzmeters of trapezoi-
dal and triangular falls, we may obtain the relationship between the height

of ::e {a]l and its cther paremeters (for the fall forms shown in diagrams
a snd b): '

Pef (in Hp) H= 2 A LAy

‘p-d (in K’) - B

where A is the width of the blasted block along the pillar, equal to w 4 v
(n = 1) under the conditions of the pit, K, is the ceefficient of rock dis-
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Fig., 1. Main forms of falls of hlasted material in pit,
1 2 f,

integration during blasting, and L is the horizontal distance from the
point of inflection of the slope of the fall to the position of the slope
of the terrace after blasting or its continuvation if the height of point C
is greater than that of the terrace, Under the conditions of the pit the
magnitude of L varies from 20 to 30 m; llg is the height of the fall at the

point of discontinuity in its slope,

A more useful form of formula (1) ior practical calculation of the
value of llf is obtained by substituting for B, and A:

= 2 .. whrein— o -
%a}j(({,xp;) G=v H, = h —2 T .. (2)
P"' n mP )

It must bhe noted that determination of the height of the fall from
formula (2) when using hole charges BB, which are intended for loosening
the material to be mined, cannot be carried out for any number of rows of
holes, since the fall form shown in diagram a (see Fig, 1) will be main-
tained as the number of rows of holes increases to the value at which the
height H reaches its maximum, When the number of rows of holes is further
increased the value of H, does not rise and the fall acquires the form

shown in Fig, 2, It may be assumed that the greatest value of g for charges
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Fig. 2, Diagram of fall form produced on firing of a
large number of rows of holes, 1) t; 2) £; J) v.
38 iatended for loosening the maierial to be mined, will be K h . The num-

ber of rows of holes to which formula (2) will be valid is then determined
by the expression

sflinm
i-.: "’-J(“’g') C.’. . =i '-(;.-." L

:lith terrace heights of 15 and 20 m and 3tbitrary parameters for the

multirow hole-arrangement grid G = 10-12 r, v = 8-9 m) this number is 5-6,

Frol formula (2) one may determine the maximum permissible number of

rows of holes to be fired for safe excavator operation

Aol & per

<h u’H’,,,. +l.(l-r) N, -

'u- Tt ey A — L

uhere ﬂ‘ per is the permissible fall height. which is determined by the con-

" ditions fot safe excavator operation, and should correspond to lg, when the

blssted material agglomerates and compacts (where Hy. is the greatest depth

to which the excavator can scoop). In individual cases, when the mined mat-
erial is well loosened, the fall height can be increased to 1,3-1.5,

The relationshlp Roer * f("f.per) is expressed by hyperholae with asym-

totes paréllel to the coordinste axes and is shown in Fig, 3 for terraces

S and 20 m high, In addition, the solid lines on the graph express this
function for the existing fall width (my = 3), while the dash lines indicate
8 reduction in fall width to the value assuned in the planning assignment
(mg @ w 2,2), For current conditions and the existing fall width, the maximum

number of rows of holes is determined from the operational conditions for
EKG-8 excavators on the 20-meter terrace and EKG-4 excavators on the 15-
meter terrace, since the latter and SE-3 excavators now predominate on these
levels, At values of the permissible fall height corresponding to the great-
est depth to which the excavator can scoop, the quantity Mpers determined

from the graph in Fig, 3, is approximately 2 for both ledges, The full fall
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Fig, 3, Variation in permissible number of rows of holes

fired Byer 35 2 function of fall height Hf.pet' 1l and 1°)

during multiple hole firing in rope-percussion drilling
on terraces 15 and 20 m high, respectively, with m¢ =

= 3,0; 2 and 2') the same, with me ® 2,2; 3) duriny mul-

tiple firing of oblique holes on terrace 15 m high,
with m. = 3.0; 4) per; 5) f,per,

width at an index m, = 3 will be -53-54 m in the loosening of a terrace 15 m

high and 69-70 m for a terrace 20 m high, this corresponding to the actual
data,

At present, 2- and 3-row hole firing are used for loosening the mater-
fal to be mined in the pit; the former is of predominant importance (ac-
counting for up to 70-75). of the total volume of mined material), although
J-row blasting has been shown by experience to have certain ddvantages. The
latter yields a higher drilling productivity (by 10-15%), improves the
briaking-down of the mined material and thus increases excavator producti-
vity by 3-10%, and increases the volume of mined material per runningd m of
railroad track laid hy 25-30%, This is cxplained by the fact that, in the
3-vow blasting of terraces 15 m high, which are the principal component of
the working face of the pit, the fall height freguently reaches a value
close to that of the height of the terrace and sometimes exceeds it; this
complicates operations and reduces the technical-cconomic indices of the
ERG-4 and SLE-3 excavators, Three-row blasting is employed primarily in the
working of 20-meter terraces, althoujh the fall height frejuently exceeds
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; the grestest depth to which the excavators can scoop in this case,

| In calculating the minimum permissible working srea widih for curreat
conditions, taking into account the disposition of the fall, it is thus
necessary to select a 2-row arrangement of vertical holes for rope-percus-
slon drilling, this ensuring ecomomical and safe loading conditions,

As experience has shown, in the drilling of terraces with oblique holes
the basic pattern of fall location and form does not change, i,e,, it may be
assumed that when blocks of identical width are blasted from a pillar with
oblique and vertical holes the fall parameters will be approximately iden-
ticsl, Curve 3 in Fig, 3 shows the expression per * I(Hf.pe,) for the use

of oblique holes in drilling a 15-meter terrace; with v = 6 the permissible
number of rows of holes may be assumes to be three, As calculated from these

data, the minimum permissible working area width will correspond to that
used in practice,

The conditions for loading operations on a terrace should not be fur-

i ther improved by expanding the working areas to more than the established
sizes (60 and 75 m), which would result in an increase in the current strip-
i ping coefficieat, but by reducing the fall width, The first industrial ex-
perisents performéd on the use of controlled multiple blasting indicate the
feasibility of this, When the index m, is reduced to 2.2, as is provided

| for by the plamaing assignment, and EXG-3 excavators, with which it is pro-

: posed to carry out. up to 75-00X of all loading of the mined material, are

! used, the permissible number of holes fired in working 15-meter terraces will

; " alse be equal to ot approximately equal to two, In this case the full fall
width will be 40-42 m, Such a reduction in fall width will make it possible
to locate the transport strip on areas of this size in addition to the fall
of blasted material; this moy result in a significant improvement in the
technical-economic indices of all aspects of the technological operations
of the pit,

Conclusions

« 1. The calculation method presented herein makes it possible to deter-
mine the parameters of the fall of mined material and the rational number
of rows of holes to be fired im multipie short-delay blasting,

] 2. The investigation carried out showed that, toking into account the

current state of mining operations und the equipment used in the "Medvezhiy

Ruchey” Pit, it is expedient to adopt 2-row hole firing as a hasis; this

ensures normal and economical conditions for the loading of the mined mat- *

_erial and for pit operations without any substantial change in the curcent
stripping coefficient,

3. It is recommended that the pit exploitation conditions be improved
and the indices of the loading and transport equipment be increased hoth by
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expanding the working areas to the minjnum permissible size and by reducing
the fall of blasted material by improving multiple short-delay blasting,

Manuscript submitted 23 February 1963,
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WE OF ELECTRON MICROSCOPY IN STUOYING THE REACTION OF REAGENTS
WITH INEVITABLE PULP IONS AND MINERAL SURFACES

By S,I, Pol'kin, AR, Komelev, Ye,P. Petukhov, Moscow
Institute of Steel and Alloys, Chair of Rare-Metal Ore
Beneficiation

Pages 29-34

_ During the last few years electron diffraction methods have come to be
employed ever more frequently in studyiny the structure of surface forma-
tions in metals and minerals, Electron microscopy is also widely used in
studying the structure of metals 2:.d alloys, Great interest inh es in the
application of these methods to the study of flotation processes in order
to investigate the change which occurs in the structure and physicochemical
properties of the surfaces of floatable minerals under the influence of re-
agents, water, atmospheric oxygen, and other agents,

Electron diffraction methods have been used in studying the change in
the surface of galena under the action of flctation reagents /17, the fix-
ation on sulfides of xanthogenate or xanthogenic acid, and the structure
of copper xanthogenates on sphalerite surfaces /2, 3/, lowever, use of th.s
nethod for studying the mechanism by which reagents react with mineral suvr-
faces is limited by the fact that the latter must be smooth and minerals
mot having perfact cleavage must first be ground, polished, and etched,
This undoubtedly changes the structure and surface properties of the minee
rals and can lead to incorrect conclusions about the character of the re-
action of reagents with them, We know of no examples of the use of the el-
ectron microscope for studying flotation processes, but the elcctron photo-
micrographs of grains of martite and limonite (not treated with rcagents)
.obtained at Mekhanobr' [4/ made it possible to establish clearly the sharp
difference in the microreliefs of the surfaces of thcse minerals, The rough
surface of limonite has a specific surface 65 times as large as that of
mittite and this obviously determines the adsorptive capacity of the miner-
als,

We used electron microscopy for studying the interaction of sodium
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olcate with inevitable pulp ions and the surfaces of certain minerals, In
developing this method we attempted to make it possible to study the pro-
ducts of the reactions of various types of rcagents with pulp ions and min-
eral surfaces and the reactions within the various classes of reagents

themselves,

Flotation reagents can react with mineral surfaces and inevitable pulp
fons either simultaneously or selectively, initially with the pulp cations
and anions and then (the remaining portion of the reagent or the products
of its reaction) with the mineral surfaces, In addition, after the reagents
react with the pulp ions their initial properties change and their action
on the flotation process may be intensified or greatly weakened, Thus, an-
ion collectors of the fatty acid and fatty acid soap types underygo a sharp
attenuation of their collecting propertics when they react with cations of
polyvalent metals, but during the formation of, for cxample, the oleates
of iron, aluminum, and certain other metals the collccting properties of

oleic acid are completely suppressed,

During the flotation of oxidized rarc-metal ores the pulp contains up
to 100-200 mg/f or more of soluble salts and hydroxides of calcium, magne-
sium, iron, aluminum, copper, lead, and others, This reaction with oleic
acid, at various pH's, promotes the formation of ncutral metal salts, basic
oleates, or adsorption compounds of hydrated metal oxides and olcic acid
e (UID) om0 1ll in the pulp, As was shown by earlier investigations 5], des-
pite the fact that each of these compounds contains freec unreacting oleic
acid they have different c.llecting properties, The method used in the in-
vestigations made it possible to study certain physicochemical and flota-
tion properties of oleates of calcium, iron, and tin,

This article describes the use of clectron microscopy for studying the

structure and certain of the physicochemical properties of oleates of cal-
cium, magnesium, and iron in order to usc the data obtained for determining

the structure and physicochemical properties of the products of reactions
of reagents with mineral surfaces,

In studying the products of the reaction of sodium olcate with "inev-
itable" pulp ions oleates of calcium, magnesium, and iron were obtained by
a well-known method /57 at various pulp pH's, ke first used the electron
microscope to take standard photographs of the initial products (CaCljp,

m9012. FeCl3. Ca(OH)Z. Mg(ON),, and FelCl)-), as well as sodium olcate and

oleic acid, with which photographs of the products of the reaction between

sodium olcate and the salts and hydrates indicated were later compared, The
metal oleates obtained were thoroughly washed with water to free them from

unreacting metal ions and residues of oleic acid, .

The samples for electron-microcsopic study were prepared in the follow-

ing manner, A suspension of sodium oleate highly diluted in aviation gaso-
line (preliminarily purified of mechanical impurities; the sodium olecate
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content was 100 mg/f) was placed in a quantity of one or two drops on 2
collodion film formed on the object-stage yrid; after cvaporation of the
gasoline the film was washed several tinmes with pure gasoline, Scveral sam-
ples of gasoline without sodium oleate were prepared at the same time, in
order to establish that gasoline does not react with a collodion film,

. Samples of calcium, magnesium, and iron oleates were prepared in the
~ same menner as for the sodium oleate, but distilled water was used instead
of gasoline, The form of the crystals of CaCl,, MgCly, FeClz, Ca(Oil)y,

Mg (Ot),, and Fe(OID , was studied in samples prepared by the usual method
2 3

[t]. Figure 1 shows photographs of sodiun clcate taken at different magni-
fications in necutral and alkaline aqueous media, As may be seen, sodium
oleate consists of fibrous particles 1,5-2,. long and on the order of 0,1
thick.

In addition to the large particles tkere arc smaller ones interconnect-
ed in various directions to form a dense network of fibers, The fibrous and
ribbon-like structure of Hthium and sodium fatty-acid soaps was earlier
- Shown by a number of investigators [7-9/., It was established in this work
thet the shape and size of the fibers depends on the cooliny temperature of
».- the soap and on the various impurities in the fatty acids,

In our experiments the sodium olcate was prepared froi oleic acid and
chemically pure sodium hydroxide, For comparison, Fig, 2 shows photographs
of the salt calcium chlorid. (magnesium chloride crystals have an analagous
form) and hydratcd magnesium oxide (hydrated calcium oxide has an analagous
form) , Crystals of the chlorine salts and hydroxides of calcium, magnesium,
and iron have been rather well studied /107, They arc easily distinguishable
in shapeland size from crystals of the oleates of sodium, calcium, maynesi -

um, et al,

Galcium oleate obtained from sodiun oleate and calcium chlovide is a
white, finely agglomerated precipitate, Its crystals take the form of square
or elongated plates up to l. long and 0.1 to 0,5 . thick, They frequently
form accumulations reminiscent of druse and, more rarely, individual long
plates which reach 3-7. (Fig, 3a),

The size and shape of calcium oleate crystals undergo large changes
with time from the instant of their formation, !/hile only single crystals
of calcium oleate are observed 2,5 hr after rcaction (sce Fig. 3b) and the
entire remaining product is apparently a thin suspension of the acidic cal-
clum soap, after 10-12 hr the entire mass has crystallized and after 30-50
hr the calcium oleate plate reaches 5-7 . in length (sce Fig, 3a),

In contrast to the other oleates which we studied, calcium olcate ex-
‘hibits an alternation of light and dark strips across the crystal remini-
scent in character of polysynthetic twins (plagioclase type), “e did not
determine the naturc of these strips.
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Magnesjum oleate, like the calcium oleate, was obtained from sodium
oleate and magnesium chloride, The mass obtained was a yellowish, easil/
dispersed powder, In contrast to calcium oleates, a characteristic pecrli-
arity of magnesium oleate cr;stals Is their tapering at an angle of approx-
imately 60° (occasionally 90°; Fig. 4). These crystals are plates 1,5-2 4
or more long and 0,2-0,4 . thick In contrast to the growth of cal. ium ole-
ate crystals with tine, naqnesium oleate crystals are detected in the sol-
ution 0.5 hr after reaction (see Fig, 4h). After 10-12 hr the crystals at-
tained a size of 2-3 . and after 1,5-2 days they can be scen with the na-
ked eye (see Fig, 4a),

ates, In order to obtain the calcium and nagnesium olcates we used sodium
oleate obtained from chemically pure oleic acid and calcium and magnesium
chlorides in the form of distilled-water solutions (100 mg/f) at a definite
pll set up by HCl or Ma0il; the solutions werc conbined and one day after the
beginiiing of the reaction samples were selected under the electron micro-
scope,

In an acid medium at a pll of 2 sodium oleate is almost completely con-
verted to oleic acid, drops of which appear in the electron photomicroyraph
as large and small round black spots sharply differenticted from the fib-
rous structurc of sodium oleate, Free particles of calcium chloride persist
under these conditions, It may be judged from the results that no calcium
oleate is formed at a pH of 2 and previously formed calcium oleate is de-
composed,

In order to verify this conclusion we performed the following experi-
ment, White, finely agglomerated calcium oleate powder was placed in water
at a pif of 2 and drops of oleic acid were.detected on the surface of the
water after 18-20 hr; this proves that calcium olcate is decomposed to ole-
ic acid and calcium chloride in water a¢ a pH of 2,

The formation of calcium oleate starts at a pH of 4-4,5 and is espe-
cially intensive and a pH of 6, In the first case small square crystals
ranging from 0,5 to 1. 1n size are formed in the first case while in the
.second case they reach a size of 2-3 4, . In a weakly alkaline medium (plf 8)
calcium oleate is maintained in the form of small crystals; drops of oleic
acid and sigynificant quantitics of calcium hydroxide and sodium olcate are
also observed,

: when the alkalinity of the solution is raised the content of sodium o-
leate and calcium hydroxide increases and the quantity of calcium oleate
crystals decreases; the latter are completely absent at a pil of 12,=In or-
der to check this, the calcium oleate ohtained in jowder form was placed in
water at pil 12, Sedivm olcate and hydrated calcium oxide were detected after
twenty-four hours (Fig, 5), i.e., the calcium oleate crystals were complete-
ly decomposed,




Fig, 1. Electron photomicrograph of sodium oleate, a)
x3000; b) x9000,

Fig, 2, Electron photomicrograph of calcium chloride
(3) and magnesium hydroxide (b), x3000,
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Fig. 3. wleetron photomicrograph of calcium olcate taken
at pil -7 (a) and 2,5 ar (L) and 12 hr (¢) after hegin-
ning of reaction, x(000,
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Fig, 4. Electron photomicroyraph of magnesium oleatc at

pit 6,0, x6000 (a) and 0,5 hr after beyinning of reaction,
x9000 (b),

Fig, 5. tlectron photomicrograph
of calcium oleate after mixing
in water at p'l 12,

Fig, 6, llectron photomicrograph
of calcium oleate taken duriny
reaction of UINa with calcite fil-
tratc, x7500,
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Fig, 7. Electron photomicrograph Fig. 8, Calcite not treated with
0. calcite after treatment with sodium oleate, x6000,

sodium oleate for 0,5 hr, x6000

(a) and x13,000 (b).

Fig, 9. Electron photomicrograph of calcite after treat-
ment with sodium oleate for £0-70 hr, x6000 (a) and x

12,000 (b),




In contrast to calcium oleate, the formation of magnesium oleate crys-
tals occurs at a pll of more than 5,0 (see Fig, 4). In an acid medium magne-
sjum oleate is decomposed with the iiberation of olefc acid and in an alka-
line medium magnesium chloride is converted to hydrated magnesium oxide,
while zodium oleate retains its fibrous structure,

Reagtion of sodium oleate with a calcite surface. Finely ground calcite
powder wos agitated for 30 min in distilled water and a sample of the pulp
was then removed and filtered, Sodium oleate was added to the filtrate and
powdered ecalcite (1000 my/{) and, after agitation, samples were removed for
electron-microcscopic study of the products of the reaction of sodium oleate
with the minerul surfaces and the calcium ions which pass over in the fil-

After agitatien for 30 min the pH of the water changed from 5.5-6 to
7,5-7.8, which indicates that part of the calcite passed into sclution and
that the calciun oleate crystals consequently must have becn furmed in the
liquid phase, ,

Figure 6 shows an electron photomicrograph of the product of the reac -
tion between tiie filtered portion of the solution and sodium olcate, It may
be scen from this figure that the mein product is calcium oleate, whose
crystal form is identical to ‘that of the calcium oleate obtained from CaCl,
and sodium oleats,

Varying the time for which the.calcite powder remaining on the filter
is in contact with the sodium oleate has a considerable influence on the
character of the bonding of the reageat to the mincrals and the formation
of calcium oleate and the manner in which it crystalizes on the mineral sur-
faces, Calcite particles treated with sodfum oleate for 30 min (Fig, 7) do
not have sharp projections, all points vre rounded off, and formation of
calcium oleate crystals starts only in individual scctions; a large part of
the nineral surface is apperently covered by uncrystalized calcium oleate
and an oleic acid soap or oleic scid,

For comparison, Fig. 8 shows an electron photomicroyraph of a calcite
gyrain not treated with sodium oleate,

when the time for which the calcite is in contact with the reagent is
increased to 1,5-3 days the entire surface of the particle is covered with
calcium oleate crystals (Fig, 9), the quantity and growth of which increases
continuously as a result of the increase in adsorption of sodium olcate from
the solution, but may also be due to the calcium oleate formed in the pulp
during the recaction of OINa with the calcium ions,

Conclusions

1. The use of the elcctron microscope for studying flotation processes
makes it possible to explain the structure and a number the physicochemical
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properties of the ptoducts of the reaction of reayents with inevitable pulp
fons and mineral surfaces,

2. As determined under the electron microscope, the extermal form and .
~ structuge of sodium oleate and oleic acid, calciuas and maynesium, the hy-
droxides of these metals, and particles of the minerals calcite and dolo-
mite differ sharply from those of their reaction products,

3. The time for which the collector is in contact with calcite and dol-
ociite surfaces and the soluble salts and hydroxides of calcium and magnesi-
un has a considerable influence on the character of their bonding and on
-the!r crystal form,

A contact time close to that used under industrial conditions (10-30
min) ensures durable bonding of the collector to the calcite and, obviously,
; initial formation of monosubstituted calcium oleate bonded to the crystal

" lattice of the mineral, on which layers of the calcium oleic acid soap or
. oleic acid are retained, The rounded form of the projections on the minecral
is characteristic of forms covercd butyrous reagents,

When the contact time is increascd to to or three days the monosubsti-
tuted layer of calcium oleate formed is converted to disubstitution products
and begins to crystallize, \ihen centers of crystallization are formed the
rate at which the calcium oleate crystals grow increases at the expense of
the olcate and calcium ions in the mineral and the liquid phase of the pulp.
A single crystal is formed on further yrowth, small grains of calcite ot
calcium oleate (1-2 «) growing in it, No free oleic acid is detected in the -
pulp in this case,

4, Study of the influence of pulp pll showed that calcium oleates are
not formed in acid media at pil's of less than 3; when calcium oleate is
placed in such a medium it is completely decomposed, with the formation of
calcium chlovide and small drops of oleic acid, Formation of calcium oleate
starts at a pll of 4 or more, Merked decorposition sets in at pH 10, but at a pii
of more than 12 calcium oleate fs wholly decomposed, with the formation of
sodium olcate and hydrated calcium oxide; this completely confirms the data -

. obtained by other methods /5/.

‘5, The crystal forms of calcium olcates obtained from calcium chloride
(and hydrated calcium oxide) and sodium oleate in the pulp nass is identical
to the crystal form and character of the honding of the componcnts of calei-
-um oleates formed on calcite surfaces, while the time of contact with the
collector has 2pproximately the same influence on them,

6, Further improvement of electron microscopy as a method of investiga-
ting flotation processes in combination with other methods (radioactive $so-
topes, infrared spectroscopy, chemical processes) will, in the reqular veri-
fication of theoretical investigations by direct flotation experiments, pro-
mote deeper study of the theoretical bases of flotation processes and an im-
provement of ore-processing technology,
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INVESTIGATION OF THE MECHANISM OF THE REACTION OF THE CATION
COLLECTOR ANP WITH APATITE AND CALCITE BY RADIOMETRY AND
' INFRARED SPECTROSCOPY

By S.F. Kuz'kin, V.1, Solnyshkin, Chen Yu-Lung. Nos-
cow Institute of Steel and Alloys, Chair of Useful-
Mineral Enrichment

Pages 35-39

Radiometric analysis methods and the study of the infrared spectra of
powders of the natural minerals apatite and calcite treated with the appro-
priate flotation reagents are being used to ohtain new information ahout
the mechanism of cation-collector adsorption /1, 27/, We investigated lauryl-
amine and ANP, a mixture of primary amines, as collectors, The mineral grains
were selected by the sedimentation method, in which the fraction with a par-
ticle size of less than 5. was isolated, The powder was treated at an ANP
concentration of 666 mg/[, The contact time was 30 min from the instant at
which the flotation reagents were introduced; the suspension was intensively
agitated, After treatment the mineral grains were filtered. A suspension
was prepared from the remaining powder and the mixture of primary amines
was introduced into it, After filtration the mineral grains were precipi-
tated from the aqueous medium onto fluorite substrate plates and the water
was then carefully evaporated in a heater at 60-70%, In all of the experi-
menats the thickness of the layer was 1,6 mg/cm?,

The infrared spectra were photographed in a IKS-12 spectrometer with
3 halite prism, point by point (Fig, 1), The spectral curve of the mixture
of primary amines was obtained with the liquid layer betwcen the two fluor-
ite plates 0,16 mm thick, The gap was reqgulated by contour spacers of cop-
per and aluminum foils,

Figure 1 shows the absorption spectrum of the mixturc of primary am-
ines (ANP), Ten main absorption bends are ohserved in the region from 2 to
11 , these corresponding to the composition of the technical primary-
amine mixture, According to the data in the literature, a limited number
of bands is found for amines in the main region /3/, those for absorption
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by the primary smines themselves beipg the 1456, 1593, and 3310 ca”! bands,
* -which ideatify defersation oscillations of Cli,-N ond Mi, groups and valence

oscillations of N, The remeining bands are those of the smino groups and
. amino acids preseat in the techmical product as amino acid hydrochlorides,

It was impossible to interpret the 1018, l!bl.' and 1377 cu™! v.nds, Judging
‘from thelr intensity, they mey be attributed to insignificant quantities of

'to_rtigu impurities, The band at 1506 ca~! is the second avide band, that at
1704 ca~! is the band for the umionized acidic carbonyl groups of the amino

" seld hydrochlorides, and those at 1990 and 2855 ca™! are the hydrochloride
absorptien bands; in cddition, a complicated spectrum of bands located near

one -another appears in the region from 2500 to 3000 c-‘l. They merge into
. @ wide high-intensity band, to which the absorption band for the amino gzoup

~ ‘valence oscillatiens, Finally, the 3950 cn~! band is the first harmonic of

" : the absorption at 1990 ea~l /Y.

i Xhe iatu:od spectrum of ANP mokes It possible to classify this flot-
" asien resgest ag 8 mixture of primary amime and amino acid hydrochlorides,
‘As & Tesult of the scid form of the smines, the carboxyl groups of the amino

" : eelds sre mliud and their reactive capacity is sharply reduced, This

- sisastion gives every resson for comparing the experimental results obtained
: ﬁtﬁ tlﬁd h-qlnho and the technical flotatiom reagent ANP,

The. htru«l spectra of apatite and calcite were.obtained during com-

; ‘-ip.!l'ﬂ of the spectra of untreeted I, and treated I samples in order to

- isolate the absorption bands of the -inernls. After apatite is treated (see
Fig. !B) bands appear which indicate the presence in the diffusion layer of

adsorbed Ni groups (348 ca”l), It is possible to attribute the absorption
at 1443 and 2923 en~! to velence oscillations of CH, groups. There is a band
st 1541 cu~! which relates to deformation oscillations of the ionized group
Nﬂa. being located between 1486 and 1650 em”] for amino compounds /3/, The
presence of CHy, NH, and mr* ab:orptlon bands in the spectrum indicates that
ducing the treatment of apatm with ANP not only the amino acids and pri-

mary amines in molecular form, but also their fons acooumlg and RNHa are ad-

soxbed on the surfaces; the ions enter into the equilibrium reaction
| RNH,C'== RNH;} 4 CI"~.

Th. 1704 and 1700 ca™! absorption bands fndicate that the carboxyl
yroups of tue amino acid. remsin unionized during adsorption on apatite,
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Fig., 1. Spectral curves for technical cation collector
ANP (a), apatite (b), and calecite (c), b and c) after
treatment with 5 kg/t of ANP; 1) wave number, cm~'; 2)

pass, %; 3) wavelength./u..

Considering the mineralogical structure of apatite, it must be noted
that only two hydroxyls, one acidic formed with a phosphorus atom and one
basic formed with a calcium atom, can operate here, Their positioning close
to one another leads to both hydroxyls being in an equilibrium ionic state,
since the neutralization reaction does not go to completion, because of the
fixed positions of the phosphorus and calcium atoms in the mineral lattice,
In this case we should observe one of the forms of ion-exchange adsorption
encountered for fon-exchange resins and related to physical adsorption /47,
The cations of amines and amino acids play a large role in the formation of
the monomolecular layer on apatite, but only in the prec nce of the chlorine
fon, which nevtralizes the influence of the calcium atoms in the surface
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Fig.. 2, Curves for desorption of tagged laurylamine from
mineral grain surface, 1) calcite; 2) apatite; 3) quan-
. tity of laurylamine, mg/m2; 4) water consumption, m°/t,

layer, In other words, fixation of the flotation reagent in a monolayer re-
quires the presence of an acid medium, which is created in the diffusion
layer by the hydrochloric acid chemically bonded to the amino groups of the
molecules, The presence of chlorine ions suppresses ionization of the car-
boxyl radicals of the amino acids,

Washing the mineral with water leads to full desorption of the flota=
tion reagent from its surface and restoration of the originai calcium and

-phosphorus atoms, This has been coufirmed by experiments on the desorption

of tagged laurylamine from the surfaces of calcite and apatite grains, Fig-
ure 2 shows curves for the desorption of the amine after washing with dis-
tilled water, With a water consumption of 50 mg//[, the laurylamine is com=
pletely removed from the apatite surface, One might call this type of ad-
sorption hydrolytic adsorption, in contrast to ion exchange, in which the
adsorption-desorption process may invalve ions of molecules and of complexes
of chemical compounds. In the mineral which we studied the exchange occurs
between ions of the flotation reagents and water molecules,

The spectrum of calcite (see Fig, l¢) indicates hydrocarbon and amine

absorption, The 2923 and 1475 cm~l bands are those of the NH of the primary

amines and of CHy /3], The absorption at 1712, 1778, and 3435 cm~! denotes
unionized carbexyl groups, while the latter band is the first harmonic of

the absorption at 1712 ca~l, All three absorption bands are associated with
the presence of the carbonyl group C-0 in the chemical formula of the mole-

cules, The 1348 ca~l band also relates to the carbonyl group, bheing located
betwe n 1200 and 1350 cm'l. but it is absent for the corresponding hydro-
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M carbons and is net caused by valence oscillations of the C-0 radical fn or-
ganic compounds /3],

Since ANP is a hydrochloride of amines and amino acids, the equilib-
rium reaction

RNH,CI 3= RNH, 4 HCL,

is cb.erved in aqueous media, Free acid cam act on calcite to form chlox-
carbonate:

CaCO, 4. 2 HCI == CsCl, + H,CO;;
H,CO, —2H"'+ CO; ™
2HCl 4- CO;~ = COCl, + H,0.

An ion of a complex compound which yieids an absorption band at 1348 ca-l
is formed when the chlorcarbonate acts on the amines and amino acids in the
diffusion layer:

* RNH; + CO,Cl, = (RNH,C1,) CO;,

Formation of a compound of the type [ta(RNH3l7uClz, which is chemoser-

bically bonded to the calcium atoms in the crysta! lattice of the mineral,
is possible in the monomolecular layer, This is confirmed by the results of
the experiments with the tagged lsuryiamine (see Fig, 2), Desorption from
the surface of caicite goes rapidly at first, but falls sharply at water
consumption of 5 ml/g and no more reagent is washed off, In washing at S0 '
ml/g 27,4 % »f the chemosorbed laurylamine remains on the calcite, while it
is completely desorbed from the surface of apatite, despite the fact that
the quaniity of flotation reagent fixed on apatite during adsorption is con-
siderably greater,

The flotation experiments showed that apatite is floated on addition
of ANP to the pulp, while calcite has almost no flotation activity at all

[1]. Sumiarizing the data obtained, it must be noted that RNHB fons ex-

hibit flotation activity during the 7lotation of apatite and calcite with
the cation collector ANP, The emines and amino ecids, being in the form of
molecules and ions of complex compounds, do not promote adhesion of air
sacs to tne particles, .

The amines and amino acids form strong hydrcgen bonds between theigr
amino groups and the solvent molecules, When the surface potential rises
the flotation reagent passes from the moleculsr into the ionic form as we
approach the boundary between the particle and sac phases, forming poly-
melecular layers (see structural formula below), These layers are the main
factor regulating the strength and elasticity of the adhesion of the air
sacs to the mineral grains /5/. In molecular form the flot tion reagent does
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participate directly in the formation of the mineral-sac aggregate, but csets
up the requisite concentration of the ionic form,

Conclusions

1. The spectrum of the cation collector ANP, which is a mixture of pri-
mary amines and amino acids in hydrochloride form, was photographid by in-
frared spectroscopy.

2, Physical adsorption of ANP in the form of molecules and fons of am-
ines and amino acids occurs in the diffusion layer on the surface of apa
tite, :

3. the diffusion layer formed by ANP on the surface of calcite consists
of complex compounds of smines and amino acids with carbonic acid; ANP is
also chemosorbed in the form of complex salts of the amino groups,

4, These infrared spectra and radiometry show that th: cations of the
primary umines and amino acids exhibit flotation activity during th. flota-
tion of apatite and calcite with ANP, forming polymolecular layers in the
diffusion layer by hydrogen bonding; the molecular form of flotation rea-
geats does not participate directly in the formation of this layer, but is
necessary as the source of ions when the surface potential at the particie-
ﬂ sac boundary rises,
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STATE OF THE DOUBLE ELECIRIC LAYER OF TANTALITE AND CERTAIN
CONCOMITANT MINCRALS DURING FLOTATION

By T.B, Nayfonov, S.I. Pol‘'kin, E.Sh, Shafeyev, Moscow
Institute of Steel and Alloys, Chair of Rare-Nineral
Ore Benefiziation

Pages 40-46

The work of Soviet investigators [1,2/ has established that the sur-
face charge on minerals afiects the adsorption of surface-active organic
substances, this being one of the main faciors governing the floatability of
minerais, The electricai state of the surface of mineral particles is char-
acterized by thermodynamic and, particularly, electrokinetic potentials,

Soviet and foreign investigators have recently paid considerable atten-
tion to electroosmosis methods and the potential which the course of this
process involves in studying the peculisrities of the mechanism by which
flotation reagents react with the surfaces of various minerals and in devel-
oping Improved technological schemes Ior the flotation of varfcus ores,

This article describes a study of the character of the change in this
potential under various flotation conditions, which was conducted in order
to explain certein questions about the interaction of flotation reagents
with tantalite-columbite, garnet (almandine), and tourmaline, and measure-
ment of the adsorption potential of oleic acid on tantalite surfaces,

The elctrokinetic potential was measured by electroosmosis with a Gor-
tikov device /3-5/, being calculated from the equation /3]

. dry  Va ,
T T A

where‘ﬂ.is the viscosity in poises, ' is the dielectric constant of water,
V. is the minute volume of liquid transferred in ml/min, i is the curreat in

»a, :nd x s the specific electrical conductivity of the solution in ohm='e
ecri=l,
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Fig, 1. Influence of pH of medium on veriation in elec-
trokinetic potential of minerals, 1) Tantalite; 2) tour-
maline; 3) garnet; 4) electrokinetic potential, mv,
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Fig, 2, Extraction of minerals as a function of oleic¢
acid concentration (pii = 6,5), !) Tantalite; 2) tourma-
line; 3) garnet; 4) extraction, %; 5) oleic acid concen-
tration, mg/A.

This research was carried out with monomineral po.tders 0,043 mm in size,
Figure 1 shows the resalts of experiments on the variation in the electro-
kinetic potential of minerals as a furnction of the p!ll of the medium, The pH
was varied by introducing hydrochloric acid and an alkali (KOH) into the
distilled water, It must be noted that the pll of the riedium has a consider-
able effect un the value of the electrokinetic potentiai,
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Table 1

Variation in{ -Potentisl and Electrokinetic Index as s Func-
tion of pl of Medivm

© O dsccpocmenocexnd morewmas, 43 %hopoxmnernsee-
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' 67] 105| =15 —30| 24! — 278 j-19l-5p(—48
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100] ~150 —-123 —175 -~160 ¢ —-139% -85 -~101-10! -10
1200 —30| 25| —wp| -0 | —25| -0 l 00 I 00| 00

1) Electrokinetic potential, mv; 2) oleic acid concentration;
3) pH of medium; 4) tantalite; S) tourmaline; 6) garnet; 7)
electrokinetic index, mv,

When the pH is increased to 6-7 the isoelectric point of the surface
is reached and & further increase in the pH o the medium causes a sharp
rise in the negative value of the {-potential of all the minerals investi-
gated, In this case the change in the electrokinetic potentials of tantalite,
tourmaline, and garnet prohably results from adsorption of the potential-gov-
exning fons H and JH™, wkich have a substantial effect on the surface prop-
erties of the minerals investigated, Table 1 gives data which show the var-
fation of the electrokinetic potential and electrokinetic index of oleic
scid sdsorption for the minerals investigated as a function of the pH of the
medium in the presence of an oleic acid emulsion, The oieic acid concentra-
tion is taken as optirum, corresponding to the maximum extraction of the
minerals investigated (Fig, 2,

As has been shown in certain works /7, 8/, the electrokinetic index*:en-
ables us to determine the influence of individual reagents simultaneously
present in a pulp om the {lotation properties of minerals,

It is clear from the datu in Fig, 1 and Table 1 that the adsorbing ions

and OH™ exert a powerful action on the state of the surface properties of
minerals in acid and alkaline media, reducing the adsorption of oleic acid,

The maximum electrokinetic index obviously corresponds te the greatest oleie
scid adsorpiion snd the best mineral floatability, T“is has been confirmed

“The electrokineti¢ fndex of reagent adsorption is the difference Le-

tween the electrokinetic potentials of the mineral surface in the presence
and in the absence of the reagent [/,
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by the flotation experiments depicted in Fig, 3, It is clear from the re-
sults produced by varying the electrokinetic index that the E-potential of
mineral surfeces remains virtually unchanged at high and low medium pH's in
the presence of oleic acid, At these pll values the velues of the electroki-
netic index lie within the limits of the error in measurement,

However, it must be kept in mind that strongly acidic and strongly al-
kaline media promote the passage of polyvalent mctal cations into solution
from the surface of minerals; these bond part of the oleic acid into low-
solubility oleates, reducing the concentration of oleic acid in the pulp
[9]. Furthemore, a change in surface charge may take place as a result of
partial dissolution of the minerals and exposure at their surface of posi-
tively charged metal cations or anicns of their lattices, It is consequently
possible to assume that there is virtually no adsorption of oleic azid on
mineral surfaces in very acid or alkaline media,

The absence of flotation of the minerals investigated in ¢cid media is
obviously a resuit of the fact /10/ that the oleic acid is in molecular form
and its fixation on the mineral surfaces is hampered, The increase in the
negative value of the ¥-potential in an alkaline medium may be associated
with intensive surface hydration, which causes the abscnce of flotation, As
was noted in References [7, 8/, in thic case the best conditions for olefe
acid adsortion are created at or ncar the isoelectric point, i.e., when the
sucface charge is at its mirimum, The maximum mineral extraction at various
medium pH's corresponds to the minimim absolute value of the isoelectric po-
tential or the maximum value of the electrokinetic index of oleic acid ad-
sorption, The increace in the {-notential of the surface of the minerals in-
vestigated in the presence of oleic 2cid ir sligintly acid and alkaline media
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_Table 2

Varfation in Electrokinetic Potential and Electrokinetic Index
' as a Function of Oleic Acid Consumption

——
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000 1998 —68 | -127 | —132 | —13 ! 112 ¢ - 102
$000 333 -3 | -158 ’—15.6 i-m i_m —126
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1) Oleic acid consumption; 2) g/t; 3) mg/f; 4) electrokinetic
potential, my; 5) tantalite; 6) tourmaline; 7) garnet; 8) ele-
ctrokinetic index, mv, '

I\_
w= §,
| "

Fig, 4. Basic scheme of determination of relaiive capa«
citance of double: layer, 1) Cathode voltmeter; 2) tant-
alite electrode; 3) platinum electrode; 4) meiium in
which capacitance is messured; .5) mercury; 6) 3v volt-
meter; 7) v, :

probsbly results from chemosorption of this reagent on the mineral particles,
At high and iow medium pH's the flotation capacities of the minerals in the
presence of oleic acid wili be determined by adsortpicn of the potential-
governing ions H' and OH",

We studied the problem of the reaction of this collector with the sur-
face of tantalite, tourmaline, and garmet from the standpoint of the change
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Fig. 5, Variation in capacitance of double layer as 3
function of polarization voltage, 1) Relative change in
capacitance, A(; 2) potential of null-charge point, 3Ci/
mv; 3) ads, potential of oleic acid; 4) polarization
voltag:, v; 5) N; 6) my/L,

in the eletrokinetic potential as a function of the oleic acid concentra-
tion, Table 2 shows the influence of the oleic acid concentration on the
variation in the ¥ -potential and the electrokinevic index, When the initial

- oleic acid concentrziion is increased the absolute value of the negative

electrokinetic potential increas.s for all of the minerals investigated, The
increase in negative electrokinetic potential in these minerals is obviously
associated with the chemical adsorption of oleic acid, This assumption is in
accord with the conclusions of a number of investigators, Thus, analysis of
certain published works shows that the value of the electrokinetic potential
of oxidized minerals increases with a rise in the concentration of an anion
collector, These conclusions were reached by 0'Con-.or for scheelite inder

‘the action of sodium oleate /117, by M,A, Eygeles and A,V, Nash'yanova for

ilmenite under the action of tallol /127, by O'Connor and Buchanau for casse
iterite /13/, etc,

The potential of the null-charge point on a tantalite surface -nd the
adsorption potential of oleic acid may be determined experimentally, by sev-
eral methods (2, 147: from the position of the maximum of the electrocapil-
lary curve, from the position of the minimum of the curve for the capaci-
tance of the douhle electric layer of the electrode as a function »f the po-
tential of the mineral surface, frem the variation in the magnitude of the
wetting angle as a function of the surface potential, ectec,

In our experinents we deterimired the aull-charge point from the position



of the minimum of the curve for the capacitance of the double electric layer
of the electrode ir dilute solutions, The measurements were made in accor-
dance with 8 sowew): . =c’ified versiom of the scir > described in References

o 18/, The bagiz cixcuit is shown in Fig, 4. Iustead 5f a null-incicator
we employed 2 cathode voltmeter of the A4-k2 tyr2, which mskes it possible
to measure the cipacitance of the double electric layer directly, The data
obtained in the «xperiments are shown in Fig, S,

As a resuit of measuvement with an alternating voltage of the capaci-
tance of the dowble electric layer as a function of the polarization voltage
we determined the potential of the null-charge point on a tantalite surface,
waich equals 400 mv in.distilled water, In measuring the capacitance of the
double electric layer ir dilute solutions of HUCl and KOH we obhserved a dis-
placement of the null-charge point toward more positive uurface potentiais,
In the presence of an oléic acid emulsion the null-charge point is displaced
in the negative direction, From the magnitude of this displacemcnt we deter-
mined the adsorption potential Vv, of oleic acid on tan.ulite surfaces, which
equais -300 mv =t an oleic acid concentration of 33,3 mg/{., Further increas-
ing “he oleic acid concentration does not affect the value established for
its adsorption petential. This adsorption-poteantial value probably corres-
ponds to the optimum oleic acid concentration in tantalite flotation, which
corresnonds to the maximum occupation of the tantalite surface by oleic acid
anions under the conditions used, This assumption is confirmed by the flota-
tion experiments, in which it was shoewn that tantalite extraction depends on
the oleic acid concentration (see Fig, 5).

The quantity of oleic acid fixed on the tantalite surfaces was tenta-
tively calculate! from the magnitude of the adsorption potential, The area
occupied by onc vleic acid molecule is assumed to be 20 A<, the surface area

of the electrode is equal to twice its geometric surface 0,25 x 2 » 0,5 cn?,

and the dipole mmsent of oleic acid is 1602618 ege, According to the Helm-

holts equatior /&7, the change in potential during the adsorption of oleic
acid anions is

Teep = theor Vi = 4=,

where n is the number of olefc acid molecules per cm® of mineral surface ¢ i
«w §s the dipole myment of oleic acid. Substituting numerical values into this
formula we obtaix V., ... = 1500 mv, Comparing the value of the potential dif-
terence celculuted from the Hemhaoltz equation with the experime.tal value »f
the sdsorption potential and assuming in first approximation that the number
of oleic acid anions is proporiional to the change in the surface potential

[16], we can determine what porticn of the tantalite surface is occupied by
sleate fons: :

“m 30
- ex T ew a = —— )
KC As v 100 T 100 = 20'%; .




This enables us to assume that oleic acid is not fixed on the entire surface
of tantalite, but only on portions of it amounting to approximately 20% of
the ideal monolayer, This was shown earlier for cassiterite by S.I, Pol'kia,
who used the radiographic method /97,

Conclusions

1, Tantalite, tourmalire, and garnet are floated well by oleic acid at
pH's of 6-8, where their surface has its maximum electrokinetic index during
adsorption of the collector on the minerals,

2, The increase in the negative €-potential in the presence of oleic
acid makes it possible to assume that the latter is fixed chemosorbically on
the surfaces of the mincrals ianvestigated,

3, From the change in the capacitance of the double electric layer we
determined the null-charge point in distilled water at various concentrations
of HCL and KOH and calculated the adsorption potential ¢f olefc acid on tan-
talite surfaces,

Bibliography

1, B,N, Kabanov, A.V, Gorodetskaya, Electrokapillyarnyye vavleniya 1 smechi-
vayemost' metallov /Electrocapillary Phenomena and the Wettability of Me=
tals/, Zh. fiz. khimii /Journal of Physical Chumistry/, 1933,

2. AN, Frumkin, V,S, Bagotskiy, 2.A, Nofa, B.,N., Kabanov, Kinetika o' -ad=

P

pykh protscssov /Kinetics of Electrode Processes/, Izd-vo MGU [Publi

House of Moscow State University/, 1952,

3. V.M. Gertikos, Kolloidnyy zhurnal /Colloid Journal], Vol, 1, No, 3, 1935,

4, 0.N, Grigorov, I.F, Karpova, Z.,P, Koz'mina, D,A, Fridrikhsberg, Rukovod-

siuo k prakticheskim zanyatiyam po kollojdnoy khimii Jilandbook of Practi-
cal Information on Celloid Chemistry/, Izd-vo LGU /Publishing House of Len-

irgrad Star- iniversity/, 1955,
S¢ DM, Solozhenkin, S.A, Tikhonov, S.M. Yasyukevich, I'etalluxciya tsvetnykh
meiallov, sh. nauchnykh trrdov Mintsyetmetzoiota /Metallurgy of the Nonfer -

rcus Metale, Collection of the Scientific Papers of the Ministry of the Non-
ferrous Mevals and Sold Industry/, No, 31, 1958,

6, I.1. Zhukov, Kollojdnnya khimiva /Colloid Che.istry/, Izd-vo LGU, 1949,

7. B.M, Borisov, DN SSSR /Procecdings of the Academy of Scicnces USSR7,
Vol. XCIX, No, 3, 1959, '

8. V.I. Klassen, V.A, Mokrousov, Vvedeniye y tespiyu flotntsii Qntrcduc-




tion to Flotation Theory/, Gosgortekhizdat, 1959,

9. S.I. Pol'kin, Flotatsiva rud redkikh metalloy § oloya /Flotation of Rare-
- Retal and Tin Ores/, Gosgortekhizdat, 1960,

10, V.G, Darilov, Nauchno-informatsionnyy bymlleten' in-ta Mekhenobr /Scien-
tific-Information Bulletin of the Kekhanobr Institute], No, 3, 40 (1948,

11, 0.1, 0°Connor, Elegtrokinetic propersies and surface reaction of sheel-
ize, Chem, Dept, Univ, of Xelbourne, Australias, 1956,

12. K.A, Eygeles, AV, Mash’yanova, Flotatsiya silikatov f okisloy /Flotation
of Silicates and Oxides/, Gosgeoltekhizdat, 1961,

13, 8,1, 0'Connox, A.S. Buchanau, Electrokinetic properties of cassiterite,

Austxal, J. Chea., Vol. 66, No, 3, 278 (1954),

14, V.V, Skorchelleti, Tzareticheskaya elekirokhimiya [i'heoretical Electro-
chenisu:ﬂ. Goskhimizdat, 1959,

15, V.L. Kheyfets, D.K, Avdeyev, L.S. Reyshakhrit, Praktikum po troreticheg-
koy_elektrokhimii /flandbook of Theoretical Electrochemistry/, Izd-ve LGU,
1

L

-

16, E.K. Raydil, Khimiya poverkhnostnykh yavleniy /Chemistry of Surface Phe-
m\neag + ONTI, Khimteoret, 1936, :

Kanuscript submitted 20 February 1963




oV e ors ML U KM IS Ao o5 ey

L By, e B

it Nt i i sl r o

e BY L a1 RIS

0SSR

NAPTHAZOLETHIONES AS POTENTIAL COLLECTQORS FOR OXIDE
AND SULFIDE MINERALS OF LEAD AND COPPER

By G.N, Tyurenkov, I.A, Kakovskiy, Ural Poly-
technic Institute, Chair of Precious-Metal Me-
tallurgy

Pages 47-50

Benzimidazole-2-thione or, as it i1s called, "Captax” is uite often
used as the collector in the flotation of sulfide ard oxide minerals of
lead and copper /1-4/, Reference /S/ shows the possibility of floating gal-
ena, serussite, and malachite ! with substituted derivatives of benzimid-

azole-2-thione having the structure
n\

Vs ¢ s.
(:)\x"‘
4

where R is an alkyl or aryl radical,

In this connection 1t is of interest to synthesize analagous derivatives
of the naphthalene series and to study their physicochemical and flotation
properties in comparison with those of benzene derivatives, since replace-
ment of the 66H5 group by the C;ll7 group in heteropolar organic reagents

is accompanied by a signifivont increase in chemical activity, i,e,, the
ability to yield low-soiubiiity salts with fons of heavy nonferrous metals
(by a factor of approximately 2), and ensures a large wetting angle when
covering mineral surfaces, i,e., Sets up the prerequisites for an increase

"in their flotation acitvity,

Naphthazolethiones, having the general formula

X

U5

«bH0ew




where X is O, Nll, or S, were synthesized from the corresponding naphthyl-
amines and carbon bisulfide in a pyridine medium by heating at 80° for 4-6
hr, The compounds obtained, high-melting cclorless crystalline substances,
were poorly soluble in water, but highly soluble in alkalies, ammonia, py-
ridine, and dioxane and somewhat less soluble in alecohol, The table shows
certain data on the properties of these compounds with various X (their
solubility in water was determined by extrapolation of data on their solu-
bility in water-alcohol mixtures), For evaluation of their relative chem-
ical activities the activity products of the s:lver salts of the correspon-
ding benzene derivatives and the ratio of the activity products of the sil-
ver salts of benzene and naphthol derivatives are given (6],

Naphthazolethiones, like the derivatives of the benzene series, form
low-solubility compounds with jons of heavy nonferrous metals (bismuth, cop-
per, silver, lead, palladium, et al,); these exhibit high melting tempera-
tures and are insoluble in the majority of organic solvents (acetone, ben-
zene, alcohol, chloroform, and ether), The results of chemical analysis in-
dicate the stoichiometric composition of these compounds, Thus, the compo-
sition found for the silver salt of naphth-/2,1/-imidazole-2-thione was (in
&) 7,86°N and 31,35 Ag, while the calculated composition was 8,16 N and
315‘3 Mc

A number of works, [7-13/ for example, cite data on the fact that henz-

azolethioncs can be used in analytic chemistry as precipitation recagents

for heavy metal jons, as well as in hydrometallurgy, Comparing the magni-.
tudes of the activity products of the silver salts of henzazolethiones and
naphthazolethiones (approximately the same ratio will be maintained for
salts of other metals /b/) and taking into account the stoichiometric com-
position of the latter, we may conclude that the use of naphthazolethiones
for gravimetric analysis in analytie chemistry is more expedient than the
use of their benzene analogues,

It also follows from the material presented that naphthazolethiones are
typicsl anionic sulfhydryl reagents with a high chemical activity and a ra-
ther hydrophobic radical; this furnished a basis for testing them as collec-
tion reagents in flotation, Since the flotation properties of mercaptobenzo-
thiazole (“Captax") have heen rather well stuaied, it was decided to conduct
comparative tests on henzazolethiones and naphthazolethiones with different
structures under identical conditions,

The experimental conditions were flotation of an artificial mixture of
quartz und galena, malachite or serussite (the latter without preliminary
sulfidization in a "Nigrizoloto™ device with a chamber for a 100-g batch at .
8 solid:liquid ratio of 1:3, The mixture contained 90% quartz (-0,203 mm)
and 105 floatable mineral (-0,147 mm), The collector was added to the pulp
in portions (0,2 - 0,3 - 0,5 - 0,5 - 0,5,..¢°mole/t) at intervals of 2, 2,

Sy 5S¢ S5¢s. min, in the form of the corresponding sodium salt, The frothing
agent in the flotation of galena was isoamyl alcohol (40 g/t), while that in
the flotation of the ozide minerals was pine oil (100 ¢g/t), The results of
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8) Flotation with imidazolethiones: 1 and 2) malachite
and galena with naphthimidazolethione; 3 and 4) msla-
chite and galena with benzimidazolethjone; b) flotation
with oxazolethiones: 1 and 2) malachite and galena with
naphthoxazolethione; 3) galena with benzoxazolethicone;
¢) flotation with thiazolethione: 1, 2, and 3) galena,
cerussite, and malachite with thiazolethione; 4 and 5)
gslena and malachite with thiazolethicne, The solid
lines indicate flotation with derivatives of the naph-
thalene series and the dotted lines indicate flotation
with benzene derivatives, 6) gemolc/t,

the experiments are shown in the figure,

As follows from the data cited, naphthazolethiones have a significaat-
ly higher flotation activity than the benzol derivatives, It must be noted
that all the flotation experiments were conducted under identical but not
uvptimwm conditions (coarse and unsedimented minerals, flotation in the ab-
sence of soda, ete,) and even mercaptobenzothiazol, the strongest of the
azolethiones of the benzene series, thus ensures extraction of only 70% of
the galena in the foam product, lowever, this was done intentionaliy, for
clearer demonstration of the advantages of derivatives of the naphthalene
series over benzene derivatives, By the same token, flotation of the cxide
minerals (malachite and serussite) was carried out without sulfidizatign,

Although the activity products of imidazolethiones, oxazolethiones, and
thiazolethiones are of approximately the same c.der of mag.itude, their flo-
tation properties differ (apparen-ly because of the crystallochemically dif-
ferent glxat!on on the mineral surfaces and the varying deqgrece of *.ydrophob-
ization),
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The flotation activity of imidazolethiones and -oxazolcthiones is ap-
proximately identical and is less than that of thiazolethiones, It is in-
teresting to note that the reagents studied floay malachite botter than
serussite without sulfidization (with imidazolethiones and oxazolethiones

the latter virtually fails to pass into the foem),

Thiazolethiones are the most active collectors of those studied, but
the advantages of naphthalere derivatives over benzcne derivatives appear
clearly in this case (see figure), Naphthazolethiones ensure tbat all three
of the minerals studied pass into the foam (serussite and malachite without
preliminary sulfidization) in quantities of more than 90%, while benzothia-
zolethione, at a consumption of 2 g°mole/t, extracts only 70X of the galena
and 37 of the malachite and virtually does not float serussite at all,
These results accord well with the advantages of derivatives of the naphtha-
lene series over benzene derivatives predicted on the basis of study of

their physicochemical properties,

Introduction of a substitute in position 3 of the imidazole ring of
naphthimidazole-2-thione did not yield the marsxed positive result which
might have been expected by analogy with benz. midazole-2-thione and its 1-
phenyl derivative; this apparently may be explained by the conditions of
reagent fixation on the mineral surfaces,

Thus, on the basis of the investigation conducted, it may he concluded
that naphthazolethiones are morc effective collectors than benzazolethiones
in the flotation of the sulfide and oxide ores of nonferrous metals, The
best reagent and tiie one recommended for industrial application must be
considered to be naphth-/2,1/-thiazole-2-thione (which may be called "Naph-
thax"), which has significantly better flotation properties than the cur-
rently used mercaptobenzothiazole ("Captax"), considering that its raw mat-
erials are readily available and that its synthesis is analagous to that of
“Captax" ("Naphthax" may be obtaincd in an autoclave at 220° by reacting
3-naphthylamine with carbon bisulfide and sulfur)., It is especially desir-
ahle to use "Naphthax" in the flotation of copper and lead oxide ores with-
ou¢ preliminary sulfidization (when these ores contain significant quanti-
ties of precious metals) and, as might be assumed, in .he flotatisn of pre-

ctous-metal ores,
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STUDY OF TIE INFLUENCE OF CERTAIN REAGENTS ON THE FLOTATION
PROPERTIES OF THE MINERALS OF CARBONATITE ROCKS

By D.I, Kogyan, V,A, Rychagov, Irkutsk State Scientific
Research Institute for Rare Metals

Pages 5157

The flotation properties of pyrochlore and concomitant minerals have
not as yet been sufficiently well studied, This article pre.ents the main
results of work conducted to study the influence of reagents on the flot-
ation of pyrochlc ‘e and concomitant minerals from a carbonatite deposit,

For these investigations we selected the pure minerals pyrochlore, cal-
cite, and magnetite from a carbonatite deposit and pyrochlore from a peg-
matite deposit®, all with elemental contents close to the theoretical (ta-
ble), and used the following reagents: sulfonated oxidized recycle (ORS),
octadecylamine, ANP-14, sodium hydroxide, soda, salt, hydrofluoric and sul-
furic acids, sodium silicate, sodium sulfide, and calcium and iron salts,

In order to study the influence of these reagents on the flotation of
pyrochlore and concomitant minerals we employe ::

1. Measurement of the electrokinetic potcntial of the mineral surfaces,
which was determined by the electroosmosis method with an instrument design-
ed by ;;e[¥;$5 [All1-Union Scientific Research Institute for Mineral Re-
source .

2. Incorporation of the isotopes 614. 835. Clab. Ca45. and Fe59 into
the reagents: soda, sulfuric and hydrochloric acids, calcium chloride, and
ferrous sulfate, '

3. Monobubble flotation,

4, Flotatign of minerals and mixtures in a flotation apparatus with a
volume of 75 cmY,

Influence o{ pH of medium on floatability of mirerals. One of the most

widely used metheds of controlling the flotation process is the creation of
“lencelorth, the pyrochlore of the carbonatite deposit is designated as
pyrochlore II and that of the seqmatite deposit as nyrochlore I,

N
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Results of Chemical and Spectrecl Analyses of
Rinerals (in X)
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a definite concentration of hydrogen and hydroxyl fons in the pulp, Study of
the influence of the hydrogen and hydroxyl ion concentrations on the varia-
tion in the surface charge on the minerals (Fig. 1) showed that, for the
group of minerals ‘nvestigsted, the Oli" are the potentia!-governing ions;
when their concentration rises there is a sharp ircrease in the negative

~ surface charge of the minerals, which probably results from sorpticn of hy-
droxyl ions on the inner face of the double electric layer (all of the min-
erals have a negative surface charge), When the hydrogen ion concentration
riscs the surface charge of the minerals decreases, approaching zero,

Experiments havr siiwwn that when the pH of the medium rises the float-
ability of pyrochlorss and magnetite by sulfonated oxidized recycie is shar-
ply reduced, while the floatability of calcite remains censtant, Thus, at a
medium pll of 12 the extraction of calcite (O3S -- 100 mg/!) is 903, that of
pyrochlore II is 40%, that of magnetite is 8%, and-that of pyrochlcre I is

cabbmn




Fig, 1, Influence of pil of medium on electrokinetic po=-
tentjal of minerals, 1) Calcite; 2) magnetite; 3) pyro-
chlore I; 4) pyrochlere il; 5)G , mv,

6%, It is thus possible to secparate calcite from pyrochlore and magnciite
fn strongly alkaline media with ORS,

Mineral flotation has a different character under the action of cation
collectors, As was determined earlicz [2/, hydrophobization of mineral sur-
faces during the use of cation reagents results from amine ions or mole-
sules, the sciective sorption of witich depends on the electr- ‘'emical prop-
erties of the mineral surfaces and the state of the disolved .aine,

In the case in question the minerals have a small negative surface
charge in acid media and the amine is in ionic form, The flotation of cal-
cite and magnetite with ANP-14 or ociadecylamine (Fig, 2) proceeds sluggish-
ly in strongly acid wedia, When the pil of the medium rises, i,e,, when the
negative surface charge of the minerals increz.es, their flotation by cat-
ion collectors is significantly improved, On shifting to strongly alkaline
media (see Fig, 2a) there is a marked impairment of the floatability of all
the minerals, The negative surface charge probably exceeds the optimum val-
ue for improved flotation, The maintenance of the flotation activity of the
minerals during flotation'with octadecylamine at pli 12 (see Fig, 2b) deperds
to a considerable extent on the reactions of its hydrocarbon chains among
themselves, these promoting fixation of tre amine on the mineral surfaces
(i.e,, it is possible that there is another optimum value for the .negative
surface charge of the minerals during flotation with octadecylamine),

Acid tr-catment of minerals. Preliminary acid treatment [3-57, w.hich

results in an improvement of the selective separation of mincrals, has re-
cently found wide application in the flotation of nonsulfide mincral ores,
It is known that acid treatment promotes removal of various salts, fons,
hydroxides, and other foreign impurities from mineral surfaces and exposure
of the natural surfaces, Just as removal of "inevitable" ions from pulp by
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Fig. 2, Influence of pH of medium on floatability of
minerals at an ANP-14 concentration of 50 mg/{ {(2) and

an octadecylamine concentration of 25 mg/{ (b), 1) Cal-
cite; 2) magnetite; 3) pyrochlore I; 4) pyrochlore 1I,

? 4 6 8 C ule

.o .. Fig. 3, Eifect of acid treatment on electrokinetic po-
Jmat o e tential of pyrochlore I, 1) UIF; 2) HCl: 3) HyS04; 4) mv,

lcid treatment and subsequent washing, this improves the sclectivity of the
_process, As a result of acid treatment cations in the crystal lc*tice of the
" mineval may be “washed” from the surface layers; impoverishment of their
surfoces In catioas can decrease the ability of minerals to react with an
anfon collector, The formation of new surface compounds with a oreater or
. lesser chemical activity than the initial compounds is possible in the acid
" treatment of mineral surfaces [3/.

In this work we studied the action of preliminary treatment with hydro-
fluorie, hydrochloric, and sulfuric acids on minerals, Preliminary treatment
of pyrochlore I with hydrofluoric and hydrochloric acids causes a sharp in-
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crease in the surface charge of the mineral (Fig, 3), Changing the HF and
HCl consumtions from 1 to 10 ky/t leads to un increase in the electrokinetic
potential, from 22 and 55 mv to 155 and 258 mv respectively, Despite the
fact that hydrofluoric acid is more reactive than hydrochloric scid, it pro-
duces a maller change in the surface potential of pyrochlore, This obvious-
ly is associated with the fact that the crystal lattice of the mineral con-
tains F*, which has a greater protective action against HF than against ICl,
The increase in the negative surface charge of the mineral may occur as a
result of the selective removal of iron, titanium, and calcium cations from
the surface of pyrochlore during treatment with hydrofluoric and hydrochlo-
ric acids; furthermore, we cannot exclude the possibility that the surface
layers of the mineral dissolve, flydrofluoric and hydrochloric acids have an
analogous but somcwhat wcaker action on magnetite, Hydrofluoric acid, heing
more reactive, has a stronger intluence on magnetite than hydrochloric acid,

Treatment with sulfuric acid, which results in a decrease in the nega-
tive surface charge of pyrochlore I and maynetite, has a completely diffe-
rent character, The decrease in the elcctrokinetic potentials of the miner-
als enables us to assume that low-solubility compounds of the sulfate type
are formed ¢n their surfaces. This assumption of the formation of new sur-
face compounds based on 5023~ on mincrals has been confirmed by sorption ex-
periments, le studied the fixation of hydrochloric and sulfuric acids on
calcite, magnetite, and pyrochlore with the aid of "tagged” chlorine and sul-
fur atoms incorporated iato the acids, The hydrochloric acid consuptiom in
the experiments varied from 1 to 4 kg/t, but sorption of chlorine atoms was
not observed on a single one of the minerals, The sorption of sulfyric acid
was studied at a consumption of 2,4 and 10 kg/t, The sorption of sog- in-
creases with the acid consumption, The maximum sorption was obscrved on mag-
netite (this also beiny manifested in a sharp decrecase in surface cnarge),

The action of sulfuric acid on pyrochlore I is interesting, On reaching
a H2$04 consumtion of 4 kqg/t its sorption remains virtually constant; at this

sulfuric acid consumption the cations on the mineral surfaces probabiy all
enter into compounds with soﬁ- to form low-solubility sulfates,

bility. Despite the fact that
sodiun silicate has been the subject of a considerable numbher of investiga-
tions, the mechanism of the depressive action of this reagent is still not
sufficiently clear, The action of sodium silicate was determinnd at a medium

1 of less than 8, i.e,, when the pulp contains primarily undissociated sil-
icic acid,

As measurements of the electrokinetic potentials of the minerals showed,
the action of sodium silicate on them varies (Fig, 4a), The action of sodium
silicate on pyrochlore I is manifested in a sharp drop in the ncgative sur-
face charge, which probably results from sorption of undissociated silicic
acid (in the form of micelles) nn the surface of the pyrochlore, thus caus-
ing a sharp depression of pyrochlore I, For the remaining minerals the actfon
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Fig. 4, Action of sodium silicate (a) and calcium chlor-
ide (b) on the electrokinetic potential of minerals, 1)
Calcite; 2) magnetite; 3) pyrochlore I; 4) pyrochlore II;
5) concentration; 6) mv; 7) mg/f. -

of sodium silicate is not so stromgly manifested. The salicic acid micelles
are probahly concentrated primarily im the diffusion layer,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>