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Authorization SECRE]

Contract No. NONR-6R100 TProjlect NR 352-299
Office of NMaval Research/ 0ldbury Electro-Chemical Co,

Subect

Thermal oconversion of chlorates to perchlorates, and
the preparation of potamsium perchlorate and ammonium perchlorate
of suffiolent purity to meet military and commercial reouire-
ments.

Objects

To systematically investigate the thermal decomposition
of commercially available chlorates with the objectives of findirg
optimum conditions for maximum yieldes and efficiency, finding
sultable materials for construction of eauipment, and determining
the feaslbility of the process for manufacturing perchlorates.

To find means for converting thermelly produced perchlorate into
useful ealts of adequate purity.

Scope

Thie investigation was limited in scale of operations
to those which could be carried out in the laboratory, and in
the use of materlals to those which are commercially avallable.
The use of platinum in any significant quantity was specifically
svolded, since thle is a prime objective of the entire perchlorate
program.

Summary

1- Sodium chlorate has been thermally decomposed, or con-
verted, batch-wise, in cuantities of 5 grams to 10,000 grams
under a great variety of conditions and in several different con-
teiners. The highest ylelds and conversion efficlenciecs, and
the optimum composition of the product, were obtained by melting
the salt and maintaining it at carefully controlled temperatures
for a relatively long time. The time/temperature gschedule was
found to be oritical. The higher the temperature the shorter was
the reauired time, and the less efficient the conversion process.
The size of the batch, and the shape of the reacting mess of
chlorate ere also important factors. Large masses reauire a time/
temperature achedule different from small ones,

No conditions were found vnder which sodium chlorate
could be converted completely to a perchlorate - chloride mixture.
The mixed salt always contains some chlorate, and the molar per-
chlorate/chlorate ratio appeers to approach & constant value of
about 7. Producte obtained under conditions giving maximum yielde
and conversion effisiencies contain perchlorate/chiorate in a

molar ratio around 5.
SECURITY IIRFORMATION
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There 1s a o»itical temverature, ite value depending
upon various factors such as batch-mass, contact surface, etc.,
at which eny batch of solium chlorate in the proceass of conversion .
may decompose spontaneously, very rapidly end completely, and high-
1y exothermally, Ainto oxygen and sodium chloride, leaving the latter
as a red-hot, fused mass. Thie phenomenon will impose serious
1imitations upon equipment design, batoh size, and proocedures in
the operation of the proceses. There is believed to be a critical
mess, or mess/area ratio, above which it would not be poasslble to
control this spontaneous decomposition. Its velue would, nec-
esgarily, depend upon & number of factora, and has not been de-
finitely established for any set of conditiona.

2= The thermel connversion of potassium chlorate to mixed
perchlorate~chlorate~-chloride proceeds in & menner generally
gimilar to that of aodium ohlorete, but et somewhet higher tem-
peratures. At comparable converaglon rates this temperature is,
ronghly, 40°C higher, Yiclds of verchlorate and conversion
efficlencies are slightly higher in the case of the potassium
salt,

3~ VWhen a mixture cf sodium chloraete and potassium chloride
1s converted by heating, the temperature of conversion is approxi-~
mately the same &s for sodium chlorate hut yilelde and conversion
e*ficlencies are slightly higher than those for potassium chlorate.
This effect has been attributed to a favorable "catelysis" by po=«
tagsium chloride, but it seeme probable that conversion of sodlum
chlorate takes place in the normal way and thet potaasium perchlor-
ate, no doubt formed by metathesis in the melt, decomposes &at &
lower rate at the conversion temperature than sodium perchlorate.
Whatever the mechenism may be the facts are that such mixturcs
gave conversion efficiencles among the highest so far obteined.

L- Trace impuritles adverscly affect conversion efficlen-

" oies, and this is true, also, of contact of the hot chlorate with

the surfaces of most containers. Quartz gless, Vycor, and Pyrex
were extensively tested and compared. Cuartz and Vycor are about
equally inert, but new Pyrex has an adverse effect. After re-
peated use Pyrex improves, and after about half a dozen runs it has
been found approximately eaual to auertz. So fer as could be de-
termined aquartz surfaces have no effect vpon the course of the
decomposition of heated chlorates.

5- As a practical matter ceremic meteriels would not be used
if sultaeble metals could be found. The common corrosion reegis-
tant alloys were found to catalyze the decomposition strongly, and
in an adverse manner. Methods have bheen found, howsver, for
"passivating" the gurfaces of some of these alloys to such an ox-
tent that they compare favorably with glass or vuartz in inactivity.
fuantities of scdium chlorate as large as 10 ¥ilograms (22 1bs.)
have been converted in a passivated metal pan.

6~ The mixed salts obtained by thermal conversion, under
optimum conditions, of sodium chlorate contuin approximately 62%

2



Harey
!

i

NaC10e, 17% Na(l0a, &nd 25% MaCl, Nearly all of the NaCl may be
geparated from such a mixture by conventional methods involving
golution in, and orystallization from, water.but no practiecal
method for separating sodlum perchlorate from sodium chlorate, ‘
other than destruction of the latter, has been found. An investiga-
tion of the gyestem NaClOg4 (Ha0) ~ NaCl10as - NaCl - HaO was mede
to confirm and supplement published solubillty deta.

7- One of the principal perchlorate salts reaulred 1is
ammonium perchlorate. Thie is usually made by metatheals from
commercially pure sodium perchlorate. Effcrts to prepare sodiunm
perchlorate in pure form from thermally converted chlorate having
failed, it waa of intercet to determine whether or not the crude
mixture could be used. A proccss has been developed for preparing
this salt by metathesle using ammonium chloride. The ammonium
perchlorate obtained by operation of the process on a laboratory
scele appears to meet commercial and military reacuirements as to

purity.

8- DPotassium perchlorate, the other principal salt reaquired,
has been made by direct converasion of potassium chlorate, as &l-
ready noted, and also by metathesls similierly to ammonlum per-
chlorate, Laboratory deta indlcate that this salt may be obtained
in any desired degree of purity by reorystallizatlon or other

known methods.

9~ A flow~sheet of a supgested pilot-plant based on the
thermel conversion of aodium chlorate has been prepared, The
proposed process inocludes converaslon to ammonium perchlorate. The
same plant, or & simplified version, could also be used to man-
ufeocture potassium perchlorate.

Conclusions

1. Sodium chlorate may be converted by heating under con-~
trolled conditions to & mixed salt product containing, typically,
NaClO0e¢ - 62%, NaCl0a - 13%, NeCl - 25%. The efficiency of
conversion, under optimum conditions, epproximates 20%, 1. e, 20%
of the sodium chlorate which decomposes is regarded as being
converted to perchlorate according to the following reaction;

L NaCl0s = 3 NaClO0, *+ DNa(Cl

The remainder of the decomnosed chlorate is, in effect, wasted
by conversion to sodium chloride and oxygen:

2 MaCl03 + 2 NaCl + 3 0Oa

About 12% of the sodium chlorate used remains unchanged in the
mixed salt product.

a. The stated reactions are over-simplified. The
exact mechanism of the conversion ls not Fnown.

b Maintenance of optimum conditions involves falrly
accurate control of temperabture and time,

3
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O Highest ylelds and conversion efficlencles are
obtained at relatively low temperatures and long times.

de Trace impurities and contact surfaces may, in
many cases, catalyze the reactions adversely. No known
catalyat improves the conversion.

€ There ig a critical temperature above which any
bateh will spontaneously, and uncontrollably, decompose
completely to oxygen and sodium chloride.

T The actual value of the c¢ritical temperature
depends upon several factors, of which the masg/area ratio,
and the presence of catalysts or ocatalytic surfaces are
xnown to be important,

g Recognition of the critical temperature factor 1s
e prime requisite in the design and operation of apparatus
for ocarrying out the thermel oconversion of cl.lorates.

h. Commercial grades of sodium chlorate give substan-
tlally the same results as producte highly purified by
recrystallization or other methode of purification.

2. Potassium chlorate may be converted, thermally, to a
mixed salf product containing, typically, KC104 - A8%, KC10a - 9%,
KC1 -~ 23%. Conversion efficiencies under optimum condlitions
approximate 83%. As a rule the control of the conversion proceas
hes been more difficult than in the case of sodium chlorate.

All conclusions listed under l., above, are applicable.

3. Sodium chlorate - potassium chloride mixtures, when
heated epvropriately, produce perchlorate at higher converaion
efficiencies than potaseium chlorate, The hlghest conversion
efficlency reported, 88.4%, was obtained in this way. Velues
approximeting 86% are typical.

L, Fused ouartz and Vycor glass are prectically inert,
catalytiocally, when in contect with chlorate under the condltions
required for oconversion,

8 Most metallle surfaces catalyze the reactions
adversely, and ceannot be used.

b. Certain alloys mey be passiveted by speclal
treatment to such an extent that the surfaces are
comparable to cuartz in catalytic inactivity.

Ce Ouantitlies of sodium chlorate at least as
large as 10 kilograms (22 1bs.) may be snceessfully
converted in metal pans.

5. The sodium chloride contained in the sodium chlorate

conversion product may be almost comvletely separated by leaching
the mixed salt product with water.

L
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8. Sodium perchlorate and sodium chlorete cannot
be separated from one another by any “nown simple method.

6o Ammonium perchlorate may be prepared by metathesls
from ammonium chloride and the mixed salt product mede by
thermal converslion of sodium chlorate.

7. Potassium perchlorate may be prepered by metathesis
from potassium chloride in a manner analagous to that ueed
for emmonium perochlorate,

Recommendations

1. The thermal conversion of sodium chlorate should
be extended to a scale larger than the 22 1b. batchea go far
guccessfully converted.

ae It 1s believed that larger batches may be
successfully converted, especially if the length and
breadth of the contalner are increased without excessive
change in the depth of the charge. It 1s believed that
charges of greater depth may be converted, also, but that
there ies a oritiocal volume/surface ratio near whioch con-
trol will become inoreasingly difficult. The determina-~
tion of these factors, experimentally, is essential to
the design of the most economical plant.

b The initial stage of the process, melting and
heating the chlorate, requires a positive heat input, end
the environment in this stage must, therefore, have s
temperature in excess of that of the charge. The reaction
1s, however, exothermlic and the excess heat must be dissi~
pated at the proper rate. It is clear, therefore, that
the charge must be moved to a cooling environment immedi-
ately after oonversion begins. At least two stages or
compartmente are necessary, It 1s doubtful whether a sim-
Ple two-stage process can provide optimum conditions. It
18 recommended, therefore, that provisions for at least
two additionel stages, each with thermal controls, be
nede. This phase of the process deserves extensive study.

C. The oritieal temperature, at which the reaction
becomes uncontrollable, should be determined for several
different batch shapes and sizes.

d. To accomplish the extension of the scale, and
to provide facilities for the intensive study of the
conversion process, it 1s recommended that a tunnel oven,
comprised of several units arranged in series, be designed
and constructed,

1. The recommended number of vnits is four.
2 The units should be identical in size

and shape, brt may dl. fer in heat input capacity ani
in other thermal characteristizs,
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3. The temperature of each unit should be
regulated and controlled independently.

L, The temperature renge within which pointe
mey be selected at will (in the cases of the 2nd, 3rd,
and 4th etares) should be 50° to 550°C, The tempera-
ture range in the firet, (heating) astage should be
450° to 550°C,, minimum,

5 The recommended size of each unit is 42" x
L2" x 14" deep, all being inaide dimensions of the
oven cavity.

6. The recommended pan size is 36" x 36" x 8",

7 It is recommended that electrical heating
be used, initially, for maximum uniformity and ease
of control. Consideration of the possibility of gas
heating should be deferred until the conditions for
gatisfactory operation have been more definitely
established. Radically different methods, for example:
eontinuous processes, should be, likewise, deferred
untll more extensive study of the prooess has been
completed.

Be Ample provislon for the escape of gas, in
case of uncontrolled decomposition, is recommended.

2o The converslon of potessium chlorete to perchlorate
ehould be, eimilarly, extended to a larger scale and further
investigated. No additional eocuipment should be reauired.

3. Further inveastigation of the conversion of mixed
sodium chlorate ~ potassium chloride, or of mixed sodium end
potassium shlorates, should be undertaken only if Justified
by economic enalyses of the proposals in comparison with the
eimpler and more direct methods.,

L, It 18 recommended thet all new sugmestions cor ideas
as to sultable materlals of construction be considered eand, 1if
economy or technical advance 1s indiceted .n any case, promptly
investigated.,

5S¢ It 1a recommended that new methods for processing
the glxed salt products of thermal eonversion be dilligently
sought.

6. It ls recommended that the conversion of unchanged
chlorate in the mixed sodium perchlorate — chlorate solution
by the alternative method of electrolysis in the conventional
perchlerate cell be checled experimentally. If *he results
cenfirm the possibility of operating the thermal conversion
process in conjunction with the standard electrolytic process
an economic analysis, based upon experimental data, should be
made. It ig, theoretically, possible to multiply the produc-~
tlve capacity of & unit of platinum enode by four or more.

6




7 It 1s recommended that a small pilot-plant, mimnimum
dally cepacity -~ 100 lbs. of emmonium perchlorate, be designed
for the manufacture of this salt by metathesis from ammonium
chlorlde and thermally produced sodium perchlorate - chlorete.
The crude ammonium perchlorate should be purified by repeeated

recrystalliza.ion.

a. It le recommended that the manufacture of po-

tassium perchlorate, analagously, by metathesis from po-
tassium chlorlide and the crude sodium perchlorate be in-
vestlgated in this apparatus and the capacity of the plant

determined,



I INTRODUCTION

The detciled deta accumulated in the course of work
in this project have been recorded and reported in a serles of
Interim Reports. In this Finel Report these are briefly summar-
ized and the most informative and pertinent findings presented as
concisely &as possible.

The partial conversion of chlorates, especlally alkall
chlorntes, into perchlorates and other products has been long
known and extensively investigated. The most important pub-
lished observations were confirmed, and to some extent extended,
by research in the 0ldbury Eleotro-Chemical Company Research Lab-
oratory & decade or more &ago.

The present proj)ect was undertaren because of prospec-
tive large demands for certain perchlorete derivatives., The con-
ventional method of menufacture involves eleotrolytio oxidation of
the chlorate ion at a pletinum &node, and relatively large auantl-
ties of this metal are reauired, Although thie process is econom-
ically sound in spite of the large investment involved it cannot be
expanded, indefinitely, because of limited availabllity of platin--
um. The primary objective, therefore, was to develop a proceas
which would eliminate the need for any substantlal amount of plat-
inum. Costs of production, while obviously important, were regard-
ed as secondary.

The work has, throughout, been directed toward prectical
goals. A certain amount of fundamental data not available else-
where has, necessarily, had to be obteined experimentally, but
agspeots of academic interest, only, have been avoided.

Thermal conversiones have been limited to sodlium chlorate
and potassium chlorate, these being the only chlorates menufactured
in large quantities.

No serious attempts have been made to find catalytic sub-
stances or additives to improve the ylelds. Previous experience,
ac well as most observations recorded in the literature, indicate
that all catalysis 1s adverse,

After having established a standard of reference by the
conversion of a large number of small batches of chlorate the pro-
cess was extended to & larger scale. The largest betoch converted
was 10 Kg (22 1lbs.) of sodium chlorate, this being the practical
1imit in the apparatus avallable.

Solubilities in the system: NaClO4 - NaCl03 - NaCl - Ha0
were determined to confirm and supplement deta obteined from the
literature,

The utilization of the mixed salt prodnct obtained from
thermal conversion is en esgential part of the project. Alterna-
tive methods have been considered, of which two tvpes appear prac-
tical. Both ammonium perchlorate and potassium perchlorate have
been prepared bv metathesis, and this method deserves consideration
although it has asnects which are not rarticularly attractive, eo-
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onomically. The second alternative involves combining the thermal
process with the usual eledtrolytic, using the sodium perchlorate -
chlorate mixture from the former as the cell feed for the latter.
The method has not been oconfirmed by actual trisl. As to the sep-
aration of the mixed salt products into each of its components no
encouraging orogrese has been made.

II __ METHODS, APPARATUS, and PROCEDURES

As Analytical Methods

The analytical methods usually used have been described
in detail in the First Interim Report.

1. Gravimetrioc Determinetion of Oxygen Loss., This
was obtained by weighing the chlorate and the mixed salt product
before and after conversion.

2. Volumetric Determination of Chloride in the
presence of chlorate and perchlorate was made by titration of the
neutral solutions with standard silver nitrate solution adding
potassium chromate as the indicator.

3 Volumetric Determinetion of Chlorate involves re-
duction of the chlorate by standard ferrous sulfate in dilute sul-
furle acid solution, followed by titration of the excess ferrous
ion with standard dichromate solution adding diphenyl amine sulfate
as the indlcator. :

4L, Gravimetriec Determination of Perchlorate depends
upen the insolubility cf either tetraphenyl rhasphonlum perchlorate
or tetrapnenyl arsonium perchiloratc in nold a-iueous i”% godium
chloride solution, and low solubility in ice-water. The ouvaternary
perchlorate is precipitated metathetically followed by filtration,
arying and weighing.

5 Determination of Perchlorate by Difference is applli-
cable in cases where the chloride snd/or chlorate of a gingle
metal ion are the sole contaminants.

6. Yield of Perchlorate is calculated on the assumption
that all perchlorate formed during conversion is produced by tne
reaction: 4 MC10s; = 3 MC10s + MCl. This, therefore, represents
the "theoretical, or 100% yield., The actual yield is rlways less,
and may be expressed as % of theoretical, or simply Yield - %.

7 e Conversion Efficiency is calculated by assuming that
all chlorate taken for conversion is (&) converted to perchlorate
as in (6), (b) decomposed according to the eaustion: 2 MC10a =
2 MC1 * 3 0a, or (c) remains unchanged. The ratio of the quantity
converted according to (2) to the sum of the cuentities involved.
in (2) end (b) represents conversion efficiency ~ #. Unchanged
chlorate is agsumed to be completely recoverable.

B. Apparatus

The verious items of sepeccial apparatus have-Sozn deseribed

9




in detail in the Interim Reports to whioh reference 1s made !

1. Chloretec Containers. First, Seoond, and Fourth
Interim Reports.

In the preliminary experiments with five gram batohea
gtendard I" x 7 3/4" test-tubes of Pyrex, Vycor, or fused aquertsz
were used., The preliminary investigetion of various metals was
carried out by inserting emall samples in the test-tubes with the
chlorate,

After suiltaeble alloys had heen found larger batches of
Chlorate were converted in reoctangular pans 10" x 4" x 2" deep,
10" x 4% x LY, end 15" x 15" x 4¥, Methods of "passivating" metal
pans are described in the Scoond and Fourth Interim Reports.

2, Henting Apparatus. First, Second, and Tourth Interim
Reporta.

The five-~gram batches were heated in a fuscd salt bath
composed of lithium chloride, 44.4%, and potassium chloride, 55.6%,
econtained in & solder melting pot, electrically heateds The fused
galt was stirred, and the temperature woas ocontrolled automatically.
The desoription and complete specifications of this apparatus are
in the First Intorim Report.

Lorger batches, 250 to 900 grams, were hcated in an or-
dinsary laboretory muffle furnace, as descrlibed in the Second In~
terim Report, The thermal characteristics of this furnace were
unfavorable and fully automatlc control within the desired tem-
perature limite wes impossible. Supplementary menuel control was
necessary to obtaln satisfactory results.

The largest batoches, 2.5 to 10 Kilograms, were heated in
an eleotrically hected glass-anneeling oven, described in the
Fourth Interim Rcport. Thie oven, internsl dimensions 18" x 18" x
15", has built-in automatic controls and frirly mood thermal char-
ecteristics., By supplementoery mcnunl control satisfrctory condi-
tlone were obtained, empiricnlly, and the results were pood.

3. Pan-hendling Apparatug. Fourth Interim Report. The
hazard of hnandling heavy pans of molten chlorete was minimized by
the use of & hand-opercrted lift-truck suitably adeapted.

C, Procedures

1. Conversion of Alkali Chiorates in Test-Tubeg.
First Interim Report (Sodium Chlorete), Second Interim Report
(Pota?eium Chlorate), (Sodium Chlorate - Potassium Chloride Mix-
tures).

Five grams, plus or minus 5%, of the 2lkalil chlorate wns
accurately weighed inte a tared test-tube which was then quickly
immersed in the molten salt bath cnd, after the desired time inter-
val, withdrawn cnd ellowed to cool in & streem of cir, The weight
loss was determined and the mixed salt product dissolved end ana-
lyzed.

10



Preliminary tests of metals were made by placing samples
in the chlorete and proceeding in a similar way.

2. Conversion of Sodium Chlorate in Metal Tans.
Second Interim Report (250 g. and 500 g. sodium chlorate in "oon-
ditioned" Inconel, Hastelloy, and #316 Stainless Steel). Fourth
Interim Report (250 g. to 10,000 g. sodium chlorate in "passi-
vated" Inconel).

Quantities of 900 g. or less were converted in the small
pans heated in the muffle furnace, The desired amount of sodium
chlorate was weighed into the tared pan, previously "conditioned"
or "pagsivated", and inserted in the pre-heated (480°C) furnace,

A glass enclosed thermocouple Junction wes -mhedded in the orys-
tals to measure the temperature of the molten salt during conver-
gion. The gensitive element of the controller was suspended
slightly above the pan contente. 'VYhen the indicating thermocouple
ghowed that the temperatnre of the molten chlorate was 460° timing
of the process was started. At the end of the desired time the
thermocouples were raised and the pean removed and auenched. The
temperature wes Yept as nearly constant at the chosen value a8
possible,

Quantities of 2,500 g« to 10,000 g. were processed simi-
larly in the larger eculpment. In this case the pans were inser-
ted and removed by use of the lift-truck. The procedure was other-
wlse simllar except that it was found difficult to control the
larger batohes if the temperature within the melt reached 475°
or higher. At 470°, therefore, the temperature was maintained
as nearly constant as possible by turning off the heat and cooling
the oven by opening the door periodicelly as recuired. During
conversion of the largeat batches the oven temperature fell, due
to the required elimination of heat of conversion, to 430° at the
end of the run., The conversion was considered ocomplete when the
melt temperature begen to decrease rapidly. The pan was then re-
moved and quenched.

3. Sampling of Mixed Salt Product. A significant non-
uniformity due to segregation of sodium chloride was noticed, es-
peclally in the largest batches. BSeveral large lumps representing
crogs~-sections of the solidified melt were welghed, dissolved and
diluted to a definite volume. Appropriate alicuots were taken
for analysis.

L, "Conditioning" and "Passivating" of Alloys.
Nearly all of the metals, and all of the commercial alloys, tested
were found to catalyze the converaslon adversely. After repeated
contect with suecessive batches of molten sodium chlorate &t con-
version temperatures the catalytic activity of the surfaces of
some alloys, notably Inconel, Hastelloy C, and #316 Stainless
Steel, was found to diminish greatly.




A '"passivating" treatment, involving thorough cleaning
and pickling of the mctals with warm nitric-hydrochloric acids,
followed by & treatment with pure nitric acid, was found to pro-
duce & surface domparable to quartz in inertness.

"Conditioning" and "Passivating" are described in detall
in the Fourth Interim Report.
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III RESULTS

Ao Conversion of Sodium Chlorate in Five Gram Batchesg

The results of approximaetely 200 runs mede at ten degree
intervals in the temperature range from 490° to 560°C, and at vari-
ous times from 50 to 3,600 seconds, are tabulated in the First
Interim Report. The data inoclude Weight Loss, %, NaCl, %, NaClOa,
%, NaClO4, %, Yield of NaClO4, %, and Conversion Efficiencies. The
moat informative of these eare shown graphically in this Final Re-
port:

Fige I Yields of Sodium Perchlorate at Variona
) Temperatures and Times
Fige. II Welght Loss Due to Oxygen Evolution at
Various Temperatures and Times.

e, III Sodium Chlorate in Mixed Salt Product at
Various Temperatures and Times.

The peak of each curve of Fig. I represents the optimum
time at the indlcated temperature. The compositions of the pro-
ducts at these maxime are of sepecial interest. The results of ocon-
verslons under approximately optimum conditions of temperature and
time are shown in tablea:

TABLE I Typlcal Results at Approximately the
Optimum Times at Various Temperatures.

TABLE II Typloal Compositions of the Mixed Salt
Products Obtained Under Optimum
Conditionsa,

B, Catalysis by Contact Substances and Impurities

No slgnificant differences were observed when sodium
chlorate conversions in Quartz, Vycor or "old" Pyrex test-tubes
were compared, Catalysls at such surfaces is, apparently, negli-
gible. Vhen "new" Pyrex tubes were used under similar conditions
Convereion Efficiencies were about 5% lower. After being re-used
about a dozen times, during which the catalytic aotivity of the
glass gradually diminlshed, Pyrex compared favorably with quartz
in inertness.

Commercial sodium chlorate, as supplied by the Oldbury
Electro-Chemical Co., was found to be prectically eaual to the fur-
ther purified product. The commercial grade was purified by re-
erystallization, and also by boiling after acidification with hydro-
chloric &cid (to remove bromate), or by treatment with hydrogen sul-
fide (to remove heavy metals), prior to recrystallization. The pur-—
ified product gave, on the average, slightly better results but the
improvement (about 1% higher conversion efficiencies) is not con-
seidered important or particularly significant.

13
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TABLE I

Typical Results at Approximately the Optimum

Times at Various Temperatures

Temperature Time in Weight NaCl NaCl0. NaCl0, Na(l0s Conversio-

°g Seconds Loss % % % % Yield % Efficiencr
560 90 12.8 R3.5 12,2 51,5 59.7 68.0
550 110 11.1 21,2 15.9 51.7 0.0 71.3
540 150 12.0 22. 4 12.7 53.0 61.4 70.73
530 210 10,7 21,8 12,2 55.2 64,0 72.9
520 375. 10,0 20.5 13,8 5507 64,5 7L,8
510 750 10.6 21.4  11.5 56.5 65.4 74.0
500 1200 7.1 20,0 13,13 59.6 69.1 79.7
L90 2400 8.6 19,7 12,7 5340 68.4 78.3

In this table the values for % NaCl, NaCl0., NaClO,., Yield,
and Weight Loss are based upon the initial weight of the sodium
chlorate. Conversion Efficiencies are caloulsted from the auan-
tities of sodium chiorate actually dedtroyved. It is assumed
that unchanged chlorate is recoverabie for re-use.

TABLE 1II

Typlocal Compositions of the Mixed Salt Products Obtained

at Approximately the Optimum Times at Various Temperatures

Tempgrature Time in NaCl NaCl03 NaClOs % of Weight of

c Secorids % % % MaC10. Heated
560 90 27,0  1b,0 50,0 87,2
550 110 23.9 17.9 58.2 fg.0
540 150 25.4 10,4 60,2 880
520 375 22. & 15.3 519 90,0
510 750 2L.0 12.8 62,2 8.4
500 1200 21.5 14,3 64,2 92,9

Lo 2400 21.6  13.9 6ls. 5 91k



The effects of various metals and alloys on the course
of the conversion, as well as the resistance of the metals to the
hot chlorate, were investigeted extensively in the eearch for sult-
eble materlals for use in meking containers.

Platinum and Tentalum appear to be inert. Platinum 18 re-
Jected as a sultable material for obvious reasons.s Of the lower
cost alloys the most promising were Inconel, Nichrome V, Stailnless
Steel # 316, and Hastelloy C. These were only slightly catalytic
initially, and improved with repeated re-use., Methods of pagsivat-
ing, discovered later, have already been mentioned and descrited.

Nickel, Monel, Silver, Aluminum Bronze, and the usual
ferrous metals are strongly catalytic and, in some cases, &also
strongly attacked by the molten chlorate.

The results of more than & hundred runs made in testing
thege various meterials are tabulated in the First and Second
Interim Reports.

C. . Thermel Decomposition of Perchlorates

No conditions have been found under which a perchlorate -~
chloride mixture, substantially free from chlorste, con be made by
thermel treatment of a chlorate. It has been demonstrated that the
reaction 1s reversible, and thet sodium perchlorate is partially
converted to chlorate under conversion conditions. In one of a
series of experimente, fully described in the Second Interim Report,
it wag found that pure sodium perchlorate heated at 530°C 25 minutes
produced a salt mixture not essentially different from that formed
by heating sodium chlorate at this tempersture 4 minutes:

Weight NaCl NaCl0s NaCl0, 0104/C103

Loss % % % % Ratio
From NaCl0a 1403 2500 8e2 52.6 6.5:1
From NaClO4 21.7 1940 6.0 53.3 91

The ration NaCl0./NaCl0a remeined constant at about 9:1
when heating wee continued for an hour and more than 96% of the
perchlorate had decomposed. It 1s evident that an eocuilibrium be-
tween these componenta exlsts.

D. Converslon of Sodium Chlorate in Metal Pans

A oconsiderable number of batches were made in the course
e¢f establishing, by trial and error, the optimum conditions. Each
batch size increase reoulred some modification of the conditions and
procedure, but 1t was found comporatively easy to define & set of
conditlione and repeat the operations with similar results.

Teble III of the Second Interim Report gives the results
from thirty batches of 250 g. 2nd 500 g, Table I of the Fourth
Interim Report gives the results from 29 batches of 250, 5060, 750,
and 900 g. and Mable II o)1 the Fourth from 15 batches to 2.5, 3.75,
540, 7+5, ond 10 Kilograms.
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The results which have the greatest interest and importance
are those showing the highest yields and conversion efficlencles,
since it may be agsumed thet, after further experience and process
refinement, these may be consistently reached or exceeded.

Table ITT of this Final Report contalns data representing
the results from selected batches showing some of the highest yicldr
cbtained under several sets of conditions. In some cases the avcer
ages of geveral batches are also shown to indicate the degree cf
reproduclbility.

E. Solubilities in the System: NaCl0,-NaClOa-NaCl-H»0

The Third Interim Report, a copy of which is inocluded
in the aAppendix to this Final Report, 1s devoted; exclusively, to
geleoted published date and unpublished results of solubility
gtudies made in the Reseerch Laboratory of Oldhury Electro~Chemical
Co. Thle material ie presented in the form of tables and graphs.

Index to the Third Interim Report:

Table Solubilities in the System
I NaClO0q = H20
II NaC103 - Ha0
III NaCl - Ha0
Graph From data of Tables I, II, end III
IV Ne.CLO, - NaClOs <~ Ha0
v MaCl04 -~ MNMaCl -~ H,0
VI NaCl0s -~ MNaCl =~ Ha0
ViI NeC104 =~ NaClOa - NaCl -~ H3z0
Graph From data of all Tables at Ts=35°C
Graph ] " oo i ] 50,8°
G-raph 1 " ] 1 fl i} 8 0 -]
F. Attempted Separation of NaCl0s -~ NaClO0a =~ NaCl

Commercial perchlorate derivatives such as the ammonium
or potassium salts are reaulred to be essentially free from chlor-
ate and chloride. The utilization of the mixed salt produvst ob-
talned by thermal oconversion of sodium chlorate therefore reauires
practical methods for separating the componeats of the mixture in
pure states or, alternatively, using the mixture, with or without
partial purificetion, &8s the raw material for procceses especlelly
developed to utilize it.

15
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TABLE IIT

Conversiocn of Sodium Chlorate in Metal Pens
at Various Temperatures and Times.

Weight Nacl Nnrloa MaCl04 NaClO, Conversion
Loss & _ % 4 4 Vield % Efficiency

-—

Inconel - 480°C - 250 g, batoh

10.0 19.8 15;1 5511 61@9 75-3 Best of 9
- 104 19,2 1906 50Q8 59-“ 73.3‘AV90 of 9
10:6 1994 19,9 50:1 58;1 7205 Ave., of 3
804 1609 2?03 5104 5906 7”07 Best Of 5
10.9 209” 20a2 5Gc6 5936 71.9 Ave, of 5

Inconel - LRO°C ~ 5C0 g. bateh

10,0 17.1 15.4 Swﬂ5 6.6 78.8 Best of 2
8.7 1704 1904 5“05 63a2 78:4 Single

Inoonel - 460-470°C - 750 g, bateh
2.9 1506 17.2 5703 66.4 80,2 Slngle
Inoconel - 470-480°C -~ 900 g. batch
1049 2047 9.9 5845 67.8 75,2 Reagt of 2
10,0 19.2 15.2 5546 hl,5 76.0 Ave, of 6
_ Best of 10
Inconel - 455-465°C ~ 5,000 g« batch
8,1 181 16.4 5703 66Q5 7905 Best of 8

at varlous
Inconel - 465-475°C - 5,000 g.batch Times and

' Tempera-
7.7 1642 2043 5548 63.7  Bl.2 tures

. Inconel - 465-472°C - 7,500 g, bateh
7.7 17-4 18.9 5600 6”.9 -8001 Best of 2

Inconel - 465-472°C

. 10,000 ge batch
8.6 19.2 14,4 5749 67.1 7R.3 Best of 2
8.4 19.5 14,9 5743 66.4 78,0 Ave., cof 2
Hastelloy - 4P0°C - 250 g. batch
12.4 22.6 10.3 5447 63.4 70,7 Best of 4
Stainless Steel # 316 - 480° - 750 g. batch

10,2 1R, 9 16.5 54,4 6340 75.5 Best of 4



Complete separation of thc comnonents of the mixed salt
product has not becn achieved in any practioal menner. By leachlng
with water it has been found possible to dlssolve practically all
of the perchlorate and ohlorate salts leaving o major part of the
sodium chloride undissclved, Thus a practical geparation of the
chloride component is possible. No such succees can be claimed for
the separation of the perchlorete component from the chlorate.

The Second Interia Report containg detealled descriptions
of seven experimentis 12 vhich attempts were made to separate the
three salts by frectional crystalllzetion from & composition repre-
genting a typical mixed salt product:

NaCl0e -~ 62%, NaCl0a -~ 13%, NaCl -~ 25%,

When such & mixture was dlssolved in water and bolled at atmospheric
pressure to & boiling temperature of about 140°C (ecuivalent to
leaching with the minimum auantity of water at 140°) the composition
of the dissolved galg mixture (on the dry basis) epproximeted:

NaCl0s -~ 82% NaClO0s -~ 17% NaCl -~ 1%

Crystallization, by ocooling of a hot, saturated sclution so obtained,
invariebly gave & mixture of sodium perchlorate and chlorate con-
taining the two salts in & nearly unchenged ratio. Beocause of the
very high solubility of such e salt mixture it was cven diffioult
to effect a major reduction in the sodium chloride content although,
theoretically, the crystels should be unconteminated with this salt.
The mother liauors ere syrupy especlally when cold.

A minor improvement in tho perchlorate/chlorate ratio was
achieveod by sooling & solution, made as described at 130°, to minus
25°C., Due to the rclatively low solubility of sodium chlorate at
this sub-zero temperature the NaCl0s/NoClOs ratio in the orystals
was somewhat lower, and that in the mother liauor ocorrespondingly
higher, as shown by tho analysos below:

Composition (dry basis)

Crystals NaCl0s - 79.38% NaCl0s ~ 20.32  NaCl -~ 0,3%

Solution - 82,98 ~ 15,07 - 1l.95
The results of relatively large scale leaching experiments

are fully described in the Fifth Interim Report, a copy of which

is & part of the Appcendix to this Final Report.

G, _Alternative Methods of Utilizing the Mixed Salt

Of severel pogsible alternative methods:

1. Use of non-aqueous solvents

2. Electrolytic oxidation of residual chlorate

3. Chemical oxidation, e. g« by lead diloxide, of the chlorate
L, Partial conversion according to the reaction:

16



3 HC10a = HC104 + 2 C10a + HaO

« Destruction of the residual chlorate by reducstion
» Development of metathetical procedures using the
nixed salt as the raw material

CHy\Un

only (2) and (6) appear esconomically and technologleally attractive,
Only (6) has been extensively investigated. Both ammonium perchlor-~
ate and potassium perchlorate have been prepared by metathesis fron
golutions of the mixed salt product obtained by thermal conversion
of sodium chlorate and ammonium or potassium chloride.

§a2 Potasaium Ferchloratse

Simple solution of the mixed salts, without any pre-
liminary separation of sodium chloride, follewed by addition of po-
tassium chloride solution in an amount equivalent to the perchlorate
content gave the desired salt, elightly contaminated with ohlorate,
in ylelds of nearly 90%. The result was similar when all salts
were dissolved, by heating the mixture to bolling and adding suffi-
clent water, followed by cooling to crystallize the potasslium per-
chlorate.

Run No. KC10q Yield % Cl! as NaCl Clhs! as NaClOg
1 89040 0.15 0.34
2 88,0 0.19 0.31
a 8.8 0.08 0.22
20,8 0.29 0.49

By recrystallization of the product the chlorate, which isg
apparently present as & mixed crystal and cannot be removed com-
pletely by washing, may be reduced to the extent reauired.

Further processing of the mother liocuors to recover the
remainling perchlorate and chlorate values has not been investigated,

§b2 Ammonium Perchlorate

_ The laboratory work is fully described in the Fifth In-
terim Report, included in the Appendix, to which reference may be
made., This Report also contains a suggested Flow Sheet and Esti-
mated Working Capacitles for various items of eouipment based en
the production of 1,000 1bs. per day of ammonium perchlorate,

H, Conversion »f Potassium Chlorate in Five Gram Batches

The Conversion of potasgsium chlarate to the per-
chlorate by thermal treatment follows the nattern found with sodium
chlorate except that conversion temperatures are congiderably higher
and ylelds and conversion efficiencies somewhat greater,

Fig, Iv Yields of Potassium Perchlorate at
Various Temperatures and Times,
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TABLE IV Typical Results at Approximately the
Optimum Time at Various Tempera- -
tures,

TABLE Vv Typlcal Compositions of the Mixed
Selt Products Obtained Under
Optimum Conditions,

Lo Separation of Components of Mixed Salt Product

The separation of the three components, potassium
chloride, chlorate, and perchlorate, offers fewer of the diffiocul-
tles met in the case of the sodium salts because of the very differ-
ent solubllity characteristice. Potassium chloride is relatively
gsoluble and may be extracted by a correspondingly small amount of
weter. The solubility of potassium perchorate in 6old water is low,
while thet of the chlorate ls several fold greater. It is, there-
fore, possible to effect a nearly complete separation without the
use of excesaive amounts of water,

Potagalum chlorate and perchlorate tend to form mixed
erystels. The perchlorate, when orystallized from a solution con-
taining chlorate, is always slightly contaminated by the latter.
Puriflcation to any reaquired extent is, however, possible by re-
peatedly reorystallizing the product. The process has not been ful-
ly investigated.

The solubilities of the three salts: potassium
chloride, chlorate, and perchlorate, in water are shown, graphically,
inAppendix 1.

Je Conversion of Sodium Chlorate - Potassium Chloride
Mixtures in Approximetely Five Gram Batches

Potassium chloride has been reported to "catalyze"
the thermal conversion of sodium chlorate to perchlorate. Whatever
the mechanism of the reaction there is no doubt that there is a sub-
stantial improvement in ylelds when mixtures oi' these salts are ap-
propriately heated. Converslon tekes place at the temperatures and
times characteristlc of sodium chlorate but ylelds and conversion
e{ficienciee ere higher than those for either sodium or potassium
chlorate.

TABLE VI shows the results from gelected batches
typical of those recorded in Table VII of the Second Interim Report.
For comparison some of the beat results obtained with sodium chlor-
at> alone under similer conditions are included.

This process has been investigated very little. It
would not be readily adaptable to the prevmaration of any salt other
then potassium perchlorate, and complications may be resdily fore-
seen in thls case because of the relatively complex mixture of salts
produced,
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TABLE IV

Typical Results at Approximately the Optimum

Times at Verious Temperatures

Tempegature Time in Weilght KXCl KC%Oa KC1l04 KClO4 Conversion

c Seconds Los: % _A_  __& % _ Yield % Efficlency
600 90 9.6 23,7 8.6 58.1 68.6 7541
590 100 7.5 20,6 147 87,1 67.4 7901
570 210 7.6 22,5 'éfé 62,2 74,3 7946
550 600 6.2 20.3  B.b 65.0 76,7 83.8
530 1800 5.9 2045 be2 6745 79.6 8he9

In this table the values for % KC1l, KC10a, KC1O4,
Yield, and Welght Loss are based upon the initlial welght of the
potassium chlorate. Conversion Efficiencies are calculated
from the ouantities of potassium chlorate actually destroyed.
It 1s assumed that unchanged chlorate is recoverable for re-use,

TABLE V

Typical Compositions of the Mixed Salt Products Obtained

at Approximately the Optimum Times at Various Temperatures

Temperature  Time in  KC1 KC10a KC104 % of Weight of

¢ Secondsg % % % KC10, Heated
600 80 2642 945 64,3 90, b
590 100 2243 159 618 92,4
570 210 24.3 8.5 67,2 92.6
550 600 21s6 9.2 69.2 93.9

530 1800 21.8 6.6 71.6 4,2



Foand ™

TABLE VI

Typical Results from Sodium Chlorate - Potassium

Chloride Mixtures.

Mixture Weight
KC1 NaCl0as Loss % NaCl NaCl0s NaClOo, Yield NaClO. Conversion
£ _% y. 2 % % Efficiency
23 77 7.6 17.4  13.0 €2.0 71.9 82,6
29 71 L9 15.0 21.5 56,6 67.9 8645
34 66 be2 1k,0 23,3 5845 67,8 Bl U
0 100 10,7 21,8 12,2 55,2 6.0 7249
0 100 10,7 20,5 15.9 53.0 61l.b 7340
Temperature - 550° Time -~ 110 Sec.
29 71 5¢2 14,2 28.6 5241 60.4 8h.6
34 66 Ll 10,0 k6,3 3947 L6,0 8545
0 o0 1l.1 21.2 15.9 51.7 60.0 713

Temperature 530°C, Time 210 Seoc.
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K. Conversion of Potassium Chlcrate in Meta) TFens

"Pagsivated" Inconel and Haatelloy pans were found much
less inert to potassium chlorate than to the sodium ealt under the
conditions required for conversion. Further modification of the
process was recuired before satisfaotory results were obtainable.

In the initial experiments the molten potasaium chlorate
ouleckly attacked the pessivated metal, both Inconel and Hastelloy,
caueing severe pitting and diepersion of the corrosion profuct
throughout the melt. The majority of the bvatches decomposed uncon-
trollably, and those which could be kept under control gave very
poor ylelds and oconversion efficlencies. The mixed salt products
were gray or brown.

Although it is ¥nown that the addition of aubatantial
ouantities of alkali-metal hydrovides and other alkaline salts has
en adverse effeot upon the thermal conversion of chlorates to per-
chlorates the effects of ocomparatively small amounts was unknown.
It was, accordingly, consldered worthwhlle to inveastigate the
addition of traces of alkaline materials with the hope that corro-
alon might be prevented, or at least minimized, without greatly
diminishing the conversion efflolencies, This modification proved
to be succesaful and led to results comparable to those obtained
in the converaion of sodium chlorate.

The use alkaline materiels was accomplished in several
ways. In some cases potassium hydroxide solution was sprayed over
the potassium chlorate prior to melting; reorystallizing the po-
tagesium chlorate from a solution containing some potassium hydroxide
waa equelly effective. Simply peinting the ineide of the pan with
solutions of potasslium hydroxide, potassium ocarbonate, or potassium
8illiocate also gave good results.

Potasslium chlorate has a strong tendency to "ecreep" over
the edge of the metel pan during conversion. The most effective
method found to minimize this involves peinting the aree above the
melt with 20% potassium silicate, followed by drying in alr. The
most satlsfactory runs were maede by painting the pan as dsscribed,
weighing in the potassium chlorate, e¢nd spraying the desired quan-
tity of 1% KOH over the chlorate.
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Insufficient data has heen obtained to warrant conclusions
as to the optimum amount of al¥all. Corrosion is not entirely pre-
vented. Yashing of the pens and removal of traces of oxide formed
above the melt level was recuired. Cxide films formed below the
melt level remained firmly attached and the passivity of the sur-
face was retained.

Unlike the mixed salt product from sodium chlorate, which
becomes semi-s0lid during conversion, the product from potassium
chlorate remains liauid throughout, elthongh it solidifies very
quickly when removed from the oven.

Conversion efficiencles tend to increase 8lightly with
inoreasing batoh slze, as in the case of sodium chlorate conversions.

Table VII of this Final Report contains data
representing the results from selected »atches showine some of the
highest vields ohtalned under several sets of ocondltions., A total
of ahout thirty batches were made in trying to establish optimum
conditions by trial end error.
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TABLE VII

Conversion of Potassium Chlorate in Metal Pans

at Various Temperatures and Times

Time in VWeight
Minutes Loss %

Hastelloy -~

100 6.5
Inconel

20 7.4
Inconel

52 741
Inconel

Net 35 513
Inoonel

Net L35 L,7
Inconel

Met 70 546
Inconel

Net 55 L,7

Notes:

s M S R st
495-502°C =~ 500 g. Batch

20,1 10.3 - A3.1 74,4 82.9 (a)
- L495-504°C =~ 500 g.

20,9 12.1  59.6 7043 80.1 (a)
- L495-509%C - 500 g

20,9 10.9 61.1 72,1 80.9 (b)
- 495-520°C - 5,000 &.

s s A7 S a5 ()
-~ L80-510°C -~ 7,500 g, ]

17.6 19,0 58,7 5943 8546 (o)
- 490-505°0 - 10,000 g. ,

19.73 12,9 62,9 775 84.3 (o)
-  L495-505°C -~ 10,000 g,

18,1 16.6 60.7 71.6 85,9 (o)

(a) Pan peinted with 20% potasaium silicate. The
KCl1l0s was recrystallized.

(b) Same as (a) except that KC10a was not recrystallized.

(c) Sides of pen painted with 20% potassium asilicate

to minimize creeping.

Potassium hydroxide

added as a 1% sclution in amounts equivelent

to 0.02% of the KClOs.

The asolution was

sprayed over the dry salt prior to heating,
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IV SUPPLEMENT

Conversion of Sodium Chlorate at Lower Temperatures

Previous work has indicated that improved results are ob-
talned when conversions are carried out at lower temperatures,
longer times, and in larger quantities. It was decided, therefore,
that 1t would be of interest to extend the work to the practical
limits of avallable equipment,

A further object of the supplementary experiments was to
determine whether or not conversions could be satisfactorlly made
in a constant temperature oven without any provision for cooling
to dissipate the heat of reaction, This would, obviously, simplify °

the process,

|8

The oven and Inconel pan previously described were used,
A differential thermo-couple was used to measure the temperature
rise within the converting mass, one Jjunction being immersed in the
melt while the other was adjacent to the controlling thermo-couple,
The differential thermo-couple operated a recorder, and a continuous
record of the temperature difference was made throughout the run,
The sensitivity of the recorder was so adjusted that a temperature
rise of 0.5°C could be easily detected,

The converting chlorate did nét foam, and creeping was pre-
vented by painting the upper surfaces of the pan with sodium sili-
cate solution, The practical capacity of the pan was fifty pounds
sodium chlorate. This quantity filled the 15 x 15 x 4 inch pan to
a level about 3/4 inch below the rim,

Two runs were made using 50 pounds sodium chlorate, the
oven temperature being held constant at 420°C, heating time 25 hours
and 28 1/2 hours, respectively. One run, using 22 pounds sodium
chlorate, was made at 420°C - 20 hours.

A run was made at an oven temperature of 430°, but is not
reported because of trouble encountered with the oven controller,
Indications are, however, that a 22 pound batch will not get out of
control at this temperature,

A 22 pound bateh heated in the oven at 450°C became uncon-
trollable, the temperature within the mass rising from 420° to 480°
in the course of an hour, The rise could not be checked by the usual
procedure of opening the oven door, and the pan was removed and
quenched in water,

The results from the three most successful batches
are shown in the Table on the followlng page.

These results indicate that cor.tinuous conversion of
sodium chlorate in some form of tunnel-oven may be practical,
There 1s, as yet, no indication that the use of pans as containers
may be eliminated,



TABLE

NaClOs - 22 #, Temperature - 420°C,
Time Welght NaCl NaClOa NaClO4 NaCl04 Conversion

Hrurs Loss % % % % Yield 4 Efficiency
20 3.7 9.8 k5,7 40.9 474 87.3
NaCl0s =~ 50 #, Temperature - 420°C,
25 5.9 15.9 17.9 60.3 69.8 85.1
NaCl0s =~ 50 #, Temperature - U420°C,
28 1/2 7.4 18.7 12.4 61.5 71.2 81.3

The temperature within the convertinz mass in the 22 # batch
rose to 425°C, 1. e. 5° above the oven temperature, The time re-
quired for the cold pan and contents to reach the oven temperature,
420°, was two hours. The net heating time was therefore about 18
hours.

The temperature within the converting mass in both 50# batches
remained at oven temperature for nearly 12 1/2 hours, At this Time
it was observed that a s0lid crust was beginning to form over the melt
Thereafter the temperature rose above that of the oven, At 12 1/2
hours it was 423°, 1, e. 3° above oven temperature, It soon in-
creased to 433°, i, e, 13° above oven temperature, where it re-
mained until the end uf the runs,

The time required for the cold pan and contents to reach oven
temperature was, in the case of the first 50 # batch, five hours.
The net heating time was therefore about 20 hours, In the case of
the second 50# batch the preliminary heating time was 3 1/2 hours,
and the net time 25 hours,

It wlll be observed that the optimum time appears much less
eritical under the conditions described here than at the higher tem-
p2ratures used previously.



SUPPLEMENT
{eontinued)

Ammonium Perchlorate by Metathesis - Larger Scale Experiments

The preparstion of ammonium perchlorate from ammonium chlorid:
~n2 the solution made by extraction of the mixed salt prdduct from
andiun chlorate conversion was extended to a lerser scale, The pro
~edures were similar to those described in the Fifth Interim Report
(sce Appendix) except for minor changes including centrifugation
instead of filtration.

Typlcally, three liters of extraction liquor was treated with
sufficient NH,C1l (added as a hot solution contailning U475 grams per
1,000 ml Hg0) to be equivalent to the perchlorate plus 5% excess,

The solution was cooled to 0°C and centrifuged. The spun crystals
vere washed in the centrifuge with 2-400 ml ice-water, Portions of
the crystals, filtrate, and washings were analyzed, The results
from four batches were similar. Those reported here are typicals

Weight of NaCl NaClOs NH.C10, Moisture Recovery of

Moist % % % % NH4C104
Crystals %
2,040 g, 1,07 1.47 9343 5.2 7943
Volume of NaCl NaClOs3 NH4ClO, NH(C1
Flltrate gpl __gpl _gpl gpl

4,820 ml 237 - 138 o4 9
Volume of
Wash Sol.

478 ml 209 61 105 b

Recrystallization of Crude Ammonium Perchlorate

Typically, 2,060 grams crude crystals, containing 1,875 g. -
NH(C10¢, dissolved in 2,300 ml water by heating and subsequent
cooling gave 1,715 grams moist crystals after being centrifuged and
washed with water,



Weight Moist Crystals NaCl £ NaClOs £ NH.C104% HgO %

1’715 8. 0109 0019 9502 4051
Volume of Filtrate NaCl gpl NaClOs gpl NH4ClO04 gpl
2,180 m1 13.5 14.9 111

Volume Wash Liguor
265 ml 10,7 8.3 109

Recovery of NH4Cl104 on recrystallization was 87%,

Second Recrystallization of Ammonium Perchlorate

Typically, 2,200 g, of once recrystallized ammonium per-
chlorate was dissolved in 2,500 ml water, dissolved, cooled, cen-
trifuged, and washed, etec,

Weight of Precipitate NaCl % NaCl0s % Moisture %
1,880 g. 0,005 0.033 5.58

Volume of Filtrate NaCl gpl NaClOa gpl  NH4C104 gpl
2,350 ml 0.85 1,62 121

Reduction of Chlorate in NH4Cl104 by Sulfur Dioxide

As a possible alternative method crude ammonium perchlorate
was dissolved in water, gassed with SOz to remove chlorate by re-
duction, and crystallized. Specifically, 2,140 g. of the crude
salt containing 2,000 g. NH4C104 was dissolved in 3,400 ml water
at 75°C, gassed with sulfur dioxide until free of chlorate, neutral-
1zed with ammonia, and evaporated to about 3,000 ml, When cooled,
centrifuged, washed, etc. the product contained no chlorate, but
was contaminated with sulfate:

Weight of Precipitate NaCl # (NH4)2504 % Moisture %

1,910 g. 0.09 0.20 5.0
Volume of Flltrate NaCl gpl SNH422804 gpl NH4ClO, gpl
1,810 24 68 82

Volume of Wash Ligquor
335 ml 11 26 124
Recover of NH,C104 - 90.5 %
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APPENDIX II

Summary of Calculations on Energy Requirements

In the production of sodium perchlorate by the electrolytlo
procesa two steps are involved, 8Sodium chlorate is first pro-
duced, and this salt is further oxidized to sodium perchlorate.
The use of electriocal energy in each step 1s ®ssential, and no
substitution is possible. From date obtained in the large-scale
manufasture of both salts the electrochemloal energy requirements
of these processes have been acourately oceloulated. ’

In the production of sodium perchlorate by the thermel pro-
cess sodlium chlorate would be produced at the same cost in XWH
per 1lb. as aboves It would be necessary, however, to uge about
65% more sodium chlorate per 1lbs of produced scdium perchloreste
in the thermal procese than in the electrolytioc., By making
reasonable assumptiona, based upon laboratory results, the elec-
trochemiocal requirement of this process has bteen ocaloulated.

Assuming that:

Eleotrochemiocal energy, only, 1s considered. _
Thermal conversion of chlorate 1s at 807 efficlency.
Recovery of materials 1s eoual in hoth procesges.

A rochemical KWH (T 21 Process = 1,146
Electorchemical ¥WH (Eleectrolytic Proceas

In the thermal process 1t ls necessary to use heat to
melt and raise the temperature of the sodium chlorate, It
may be assumed that it is posslble to use either electrical
energy or a burning fuel for this purpose. Assuming the use
of electrical energy at 50% efficienoy, using the best available
date on the thermal properties of sodium chlorate snd makring
a reagonable eastimate as to the maasas of the apparatus to hbe used,

the additional energy requirement has been caloulated as KWH per
1b. Na0104 H

Total E ag KWH (Thermal Proces
Total Energy as KWH (Eleoctrolytic I'rocess

]

14247

Energy used in lighting, heating, motoras, and the like.
is agsumed to be epproximately the same in both processes. The
advantages, 1f any, would be with the electrolytic method,
since processing of the product from the thermel prooess will be,
unquestionably, more complicated,



Bede ok lUﬁﬁ

T
. /:‘}%Q,“ 9 i, o

THERMAL DECOMPOSITION
oOF
ALKALI METAL CHLORATES

Third

Interim Report

0lddbDury Electro-Chemioceal

Company

Regearch Laboratory September 30, 1952



INTRODUCTION TO THIRD INTERIM REPORT

In the Second Interim Report it was stated that

"The lack of reasonably complete solubility date made it

necessary to proceed rather empirically in attempting to

separate the components of the salt mixture (obtained by

thermal decomposition of sodium chlorate) by freotional

orystallization from water,"

Bolubility determinations have now been made to
f£ill the most important gaps in our knowledge, and to provide

the basis for & oriticael evaluation of the acocuracy of

published data.

In this Third Interim Report selected published

data and/or results from the Research Laboratory of the

0ldbury Electro-Chemicel Company for the following Svatems

are recorded.:

TABLE I
TABLE II
TABLE III
TABLE IV
TABLE V, VA
TABLE VI
TABLE VII

NaCl04
NaCl0,
NaCl

NaCl0,4
NaClO,
NaCl0,
NaCl0,

Lo

Ha0
Ha0
Hg0
NaCl0a
NaCl
NaCl
NaCl0a

1

Ha0
HaO
Ha0
NaCl

HaO



The data of TABLES I, II, and III have been plotted
as a aerles of ocurves which follow TABLE III,

The prinoipal points of TABLES IV, V, VI, and VII,
for Temperatures 35, 50.8, and #n degreea O, are plotted as
orthographic projections of regular tetrahedra and follow
TARLE VII., The lines Joining the principal points heve very

elight curvatures not shown in the drewings.

METHODS ;
The methods used in the OEC Reasearch Leboratory in
determining solubility velues and other data are entirely ocon-~

ventlonal and redquire no desoription. Sodium perchlorate,

due to 1ts high solubility, produces rather viscous, syrupy so-

lution and the handling of these recuires more than ordinanry
skill and patience on the part of the researcher, but no new

technlques were found necegsary.

The study of the curves and data has resulted in
no conclusions different from those derived from the empirical

study reported in the Second Interim Report.

o P



LABLE. 1
S8olubility of Sodium Perchlorate in Water

Grams Grams
NaQl04 per NaClO, per
Tempqaature 100 grams 100 g?ama Grams NaCl04
» mg r

Dongdty Holid Phase
0 168.3 62.8%7 1,031 1.640 Na0104:
10 183.3 64.7 1,070 1. 664 Ha0
20 190.9 66. 856 1,180 1.673 "
o0 219.0 68.86 10163 1.604 "
40 241.9 ?0.70 14216 1.718 4
60 272.4 73.16 . 1,279 1.740 "
Na01041
80.8 274, 8 7330 1,208 1.7566 %O and
010,
20 287 7240 1,266 1.757 NaOlO4l
30 2681 72.3 1,870 1.787 "
40 268 72.8 1,278 1.788 "
bo 274 73.3 1,288 1.788 u
60 283 73.9 1,208 1.788 "
70 292 74.B 1,309 1.767 v
80 303 76.2 1,321 1.767 "
20 3ld 76.0 1,334 1.768 "
100 329 76.7 1,348 1.768 "

The values in this table are derived from those
published in Belideoll - "Solubilities of Inorganic and Metal
Organic Compounds® - 3rd Edition. The figures from 0° to the
trangition temperature, 50.8°, are rogarded as reliable. Two
pointa, 38° and 50.8°, have buen oheoked in the Research Labe
oratory of the Oldbury Zleotro-(hemical Company. The figures
are less oonsietent, and the values are regarded as lesa
reliable, for solutions containling NaClO4, anhydrous, ae the
solid phase, but are adequate for prasent purposes.

One point, 80°, was checked in the Research
Laboratory; the value found was about 1% higher than that

given above.
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Ebmsarature-gééNédloa per
] ;L E. xkg

0
10
20
30
40
50
€0
70
80
90

100

79.6 44.52 616 1. 388
87.6 46,70 668 1.410
9649 48.96 700 1. 430
106+ 3 81,30 744 1.451
118.2 83. 564 ' 788 1.472
126.2 68.8 833 1.4083
130.2 58.2 88l 1.614
162.8 60,4 928 1.5638
167.4 62.8 g7eé 1,569
184.9 64,9 1028 1. 682
204.0 €7.1 1076 1. 804

The values in this table are derived from those

published in %Seidell." The figures of Bell are regarded

as most reliasbles Tholr accuracy has been confirmed by

resultas obtained in the OEC Co. Research Laboratory.
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TABLE 1III

Solubility of Sodium Chloride in Water

-y - -

Tempg;ffure g NaOl per g. NaOl per g. NaOl per
0

—100 . Ha0 100 g solution liter solution Density
0 35,70 26,30 318 12090
10 35.80 26435 317 1.20L40
20 35,95 26,45 317 1. 2000
30 36,20 26,55 317 11955
40 36,45 26,70 318 141915
50 36.75 26.85 319 1.1870
60 37.15 27,05 320 1.1830
70 37,60 - 27.30 322 1.1785
80 38,05 27.55 324 1.1745
90 38.50 27,80 325 1.1705
100 39.05 28.10 327 1.1660

The values in this table are derived from those published in

"Seidell"--The figures of Berlreley are ragarded as most reliable.
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TABLE IY
Equilibrium in the Systenm
NaClO, Na0l0g Hg0
g per 100 g.
Temperature g per 100 g. HoO Solution Density Bolid Phase
C. NaGl0g4 NaClOz NeC 3
35 230.0 0 69.7 0 1.704 NaCl0, Hg0
17] 220.6 28.74 64.07 8.02 1.744 “
b 229.8 o7.39 62,668 10.19 1.766 "
36 231.0 46.652 61.36 12.09 1.769 NaCl0z + "
38 0 108.9 O 62.36 1.457 "
50.8 R274.6 o] 733 O 1.748 NaClo,
50.8 276.6 16.76 70.24 4.27 1.771 "
B0. 8 272.2 32.06 67,33 7.83 1.787 "
60.8 271.0 68.16 G6G3.16 13.66 1.800 Ne010z + "
50.8 0 127.2 0 HE-28 1.488 "
80 3073 0 76,46 O 1.768 NaCl04
80 306.1 19.768 71.88 4.64 1.777 "
80 307.2 g7.38 60.88 1€.30 1.840 NaClOz +
80 0 168.8 O 62.93 1.561 t

Results of 0 E 0 Resesrch Laboratory.
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TABLE V

Equilibrium in the System
NaCl04 = NaCl - HsaO

il o 2+ per 100 g.
g+ per 100 gi Hy0

Temperature Solution
2. NaClOg NaCl NeQle _ NaCl Dehsity Solld Thase
35 23050 0 6937 0-  1i704 NaC104:Ha0
33 226,7 3763 68.6 1:10 11703 MNeci + "
35 0. 3643 0_ 26.6 1i1935 "
50:8 274, 5 0. 7333 0" 1i7u8 Nad10,
5008 272.,7 2.85 72.6 0,76 1.749 NaCl + "
50,8 0 3648 0. 26,9 1,187 "
80 3073 0. 75445 0’ 1.758 NaCl04
80 30308 3-21 7 06’4' 0079 10757 NaCl .
80 0 38.05 O 27,55 1l.1745 ¥
Results of OEC Research Laboratory.
TABLE VA
Equilibrium in the System
Na(lQ4 - NaCl - HaO
g par 100 g
Temperature g. per 100 g, HgO Solution
°Q. NaClOq4 NaCl Na0l0,4 NaGl Density Solid Phase
0 1693 0° 62,87 0, 1:6L40 NaCl04iHaO
0 1580 647  59.69 2.59 s~ NacL + "
0 125.:2 13121 52,82 L¢3? - "
0 80,1 17i0  boi6s 8,63  s- M
0 39,3 254 23:586 15:Ll - "
0 0 3547 0 26,30 13209 "
25 209,1 0’ 67.65 0°  1.683 NaCl04 {Hg0
25 207,7 Li27  6A.58 1137 1.683 NaCl + "
25 0 36405 0. 26450 1198 ¢
50 274 0. 7333 0.  1li”s55 NaClO4 {Ha0
50 271 3403 72,46 Nifl 14749 NaCl + "
50 0 36475 0. 26185 1.1870
78 297 0 77U\ 8 0 1i757 NaC104
75 296 3.32 7h,15 0,83 14757 NaCl + M
75 0 37.78 0 27,42 1.,176s5
100 329 0 76:75 07 1.758 Na0194
100 325 3477 75,79 0.88 1,757 NaCl + !
100 237 L.9 69,32 1.4l 1,664 @
100 157 8.1 59.23 3,06 1.532
100 83 17.7 Ly 4L 8,81 1.367 "
100 0 39.05 0 28,10 1.1660 '

Derived from values published in "Seidell".

——— ———— . .




TABLE VI
@ Equilibrium in the System
NaGl0s -  Nall - a0

g, per 100 g,
Temperature g. per 100 g. Hga0 Solution

og, NaCl10a NeOl NaCl0a _NaG) Density Solid Phage

0 79.6 07 hk.32 0" 1.389  NaCl0a

0 3301 27.3 20065 17,0 10350 NaGl*"

0 0 35,7 0 26,3 1,209 Na01l

25 100 0_ 3000 0 1.440 NaClO0s

25 64,8 22,7 34,6 12,1 1.3%0 NeQl+"

2% 33.3 28.5 . 20.6 17,6 NaCl

25 0 36,0 O 26,5 1,198 "

35 110 Q 2.4 0 10“60 NaClO0a

35 85,4 14, 2.7 7.3 1.429 "

35 7745 20,2 39.2 10,2 1l.420 NaQl+"

33 0 36.3 0 26,6 1.1935 "

35 0 6.3 0 26,6 1.1935 NaOl

50,8 127.5 0" 5640 6 1,495  NaQl0Oa

50.8 98,7 16.8 4s5.8 7.8 1.461 NaCl+Y
3 50.8 94,0 18:3 4h,3 8.6 1.Mub4p  NaCl

50.8 68.5 22,0 36.0 11.5 1.387 "

50.8 43,6 26:6 25.6 15.6 1.320 n

50,8 20.7 31,7 13.6 20.&8 1,253 "

50.8 0 36,8 O0_ 26,9 1,187 "

70 15275 0. 60:k 6 1.536 Na@105

70 129.1 1458 52,9 6.0 1,525 NaCl + "

70 0. 7.6 0 27,3 1,178 [

80 169.8 0’ 62,93 4 1.559 NeCl0a

) 1“?:1 1“:1 5635 50“ 13535 Na Q1+t

80 103.9 18,1 46,8 g, Is 1,49  NaOl

80 6“.7 2399“ 3“.? 12.7 1035” NaCI

80 29,2 1.0 18,2 19.4 1.262 "

80 0 32,05 0 27.55 1.1745 "

Derived from results obtained in Oldbury Elestro-
Chemical Co. Research Laboratory. Data in Seidell are not

regarded as reliable.
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TABLE VII

Equilibrium in the System

Na0104

- NaClOs -~ NaCl -~ Ha0

Temp. g« per 100 g. Ha0
°C. NaClO4 NeCl0a NaCl

15  225.8 15,98 3.35

35 22645 2?.85

35 22B.9 44.39

50.8 272.3 17.67
5048 27042 35.68

5048 270,0 56483

8C  303.,8 95.73

Results

3.18

2,97

2.83
274

2.75

3¢22

g+ per 100 g.
Solution
NaCl04 NaClOg NaCl Density

65.43 L,63 0,97 1,726

63035 7079 0089 1.7“2

- - -

60.83 1l.80 0,79 1,766

69.32 Le50 0.72 1,771
66013 8«73 0067 1-788

62.85 13.23 0,64 1,807

60s43  19.04 n,64 1,840

of OEC Research Laboratory

Bolia
Phase

NaCl04:HaO +
NaCl

NaClO4:HaO +
Na(Cl

NaCl04:HaO +

NaCl +
NaCl03
NaCl0. +
Ne.01
NaClO. +
NaCl
NeCl0, +
NaCl +
NaClO0a
NaGlO. +
NaC1 +
NaCl03
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SECURITY INFORMATION
CONFIDENTIAL

1., INTRODUCTION TO THE FIFTH INTERIM REPORT

It has been demonstrated (Ref: Beoond Interim Report, Sec-
tion V) that salt mixtures simulating those obtained by thermal
conversion of sodium chlorate may be extranted with water producing
solutions which contain all of the perchlorate and chlorate leaving
& 80lid residue containing a large proportion of the sodium chloride.

In this Fifth Interim Report it is shown that the results ob-
tained by extreotion of the actual reastion product are similar to
thoee from synthetic mixtures, and that the recovery of perchlorate/
chlorate solutions and solid, nearly pure, sodium chloride is praoc~
tical and efficient.

» » " " W »

It has been (emonstrated (Ref: Second Interim Report, Sec-
tion VI) that ammonium perchlorate may be prepared by metathesis
from concentrated solutions of sodium perchlorate, containing chlor-
ate and cﬁloride, and ammonium chlorids,

In this Fifth Interim Report these experiments have been great-
ly extended in number and soope, &and results are reported in greeter
detail. Solutions used were obtained by actual extraction of therm-
ally.decomposed sodium chlorate, and not synthetiocally.

A rather detailed procedure ls suggested, together with a flow-
sheet, for eoconomic evaluation of the proposed process.

This proocess 1s believed to contain elements of novelty which
may be petentable., Applications for Patents will he made by Old-

bury Electro-~Chemical Companv when cleerence is obtainable by declass-

ification or otherwise. CONFIDENTWKL
SECURITY INFRRMAT: 703




2, EXTRACTION OF PRODNMET FVROM THERMALLY DRCOMPOSED NaOlOs

Experiment A, In this experiment the prinoipal objective
wes to prepare a relatively large quantity of the approximately
gaturated solution of sodium perohlorate/ohlorate/chloride ag the
gtarting meterial for further experiments. The hehavior of the
kibbled product in contaot with water was observed.

A 22 llter flaek wae‘hearly filled wi%h broken fragments of
the product obtained by oconverting sodium chlorate in an Inconel pen.
Sufficient water was added to cover the solid snd solution wasg allowed
to proceed at 25°C with only occesional stirring., The density in~
ocreane was followed by periodic specific grevity determinations. A-
bout 72 hours wes renuired to reach a maximun 6ahsity. The solution
was decented from the residue, whicnh wes apaln extracted with a fur-
ther quantity of water. The lumps were observed to disintegrate
completely leaving & resldue of fine selt. The operations were re-
peated, adding solidified melt or water as reouired, until 20 liters

of solution had been prepared.

ANALYSIS:
Density 1,663
Total Solids 1,102 grems per liter
Sodium chloride 29,2 i " "
" chlorate 2L5,0 " " "
" perchloreate
(by difference) 828.0 " " "
(determined) 8135,0 " " n
Experiment B, In this experiment accurately weighed or

neasured quantities were used and further data accumulated, 4,500
gramg of the product from & 10,000 grem conversion run, kibhled to
pags & 3/8 inch gocreen, wes weighed into & L liter hottle. Two litere
of water (inclvding wash water from o previous batch) was added.

Extraction proceeded 3 days 1f at room temperature, or € houwrs, if



warmed on a steam bath, with occoasional shaking of the bottle. The
residual galt was filtered off with suoticn, removing as much solu-~
tion &8 possible, and slurreed with 250 ml hot water. After & gecond
riltration, followed by washing with 125 ml additionel water, samples

of the concentrated solution, wash solution, and salt were analyzed.

Analytical end Other Data

Concentrated S B Batech €

. Volume in liters 3.3n0 3.275
Total Jolids, g; ps Ll 1,118 1,135
NaCl % of TotaI Solids 2.6 2.6
NaC10s ge Do 1. 232.0 26040
NaCl0a % of Totéal 80lidas 22.7 ' 22.9
NaCl0,4 Re DPo 1. 857" gug”
NaCl04 % of Total Solids 76,7 74,5

(by difference)

Wash Solution .
Volume in liters 0.370 0,425
Total So0lids, g+ ps 1l 218 224
NaCl ge Do 1o 650}" 5""06
NaCl % of Total Solides 30.0 24,4
NaClQa Be Do 1. 10.1 35.6
NaClQa % of Totel Solids 13.8 15.9
NaCl04 . gs Pe 1o 122.5% 1233.8
NaCl104 % of Total Solids 56.2 59.7

(by daifference)

Salt (dry basis)

Welght, grams 202 228

NaCl % 96.8 96,0
NaCl05 % 0.36 0. 46
NaCl04 % 2.8 3.5

Wash solutions were dlluted with water and used in subse-
quent extractions. Approximately 90% of the NaCl contained in the
conversion product was separated as solid., This salt was contamin-
ated by NaClOs, amounting to_about 0. L% of the totel, and by NallO.,

amounting to approximately 1.0% of the total.
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3. AMMONIUM PERCHLORATE RY METATHESIS

It has been demonstrated, in &n earlier Report, that substen~
ti2l yields of ammonium perchlorate are obtainable by mixing ammon-
ium chloride with the sodium perchlorate/chlorate/chloride solution.
The solubility of ammonium perchlorate is known to vary with the
temperature., It was, therefore, of intereat to inveatigate the ef-
fecta of temperature on the ylelds.

A geries of metathesis mixtures, all having the same composi~
tion, was mede and the various »atchea cooled to different tempera-
tures in the range: =~20° to +20°C. Solution obtained aas desoribved
in Seotion 2 of this report was mixed with ammonium chloride and
sufficient water to prevent precipitation of sodium chloride. The
amount of ammonium shloride used wae sliphtly more then one mole per

mole of perchlorate:

Comnonents of Metathesis Mixture

Sodium Peroh)orate Solution Composition
Volume 250 ml  memee-
Nafl0¢ (147 moles) 209 Re . eeeee-
l\'aOlOa 50059 " ) 610‘ Re 0558 mOJ.eag 6105 &
NaCl N3 "' ) 7¢5 £ (1. 83 " 107 g
Hp0 13 emaeea

Ammonium Chloride Solution
NH(C1 (1,77 moles) 95 Re (0,07 ' ) L,0 g
HaO 200 g 00 meee——-

NHe C1l0y == mccceaee (r.70 o) 2nn e

HnO (totel) 337 337 g

After ocooling the orystal slurry to the desired temperatures

the oryastals were, in each ocase, filtered with suctlon and analyzed

i ‘ without further purification. Aanalytical results are reported on the

oy

dry bas! 3, but the orystals were nct actually dried. The results are

ghown in T A B E I
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Effeoty_of Washing: The orude ammonium perchlorate con-
tained a considerable amount of mother liauor. To determine the ex~
tent to which waehing with water might be expeoted to purify the pro-
duot two batches were slurried with water, 100 ml per batch, cooled
to 0°C, and filtered with suotion. The extent to which thie treat-
ment centributed to the purification of the ammonium perchlorate is
indicated by the results shown in TABLE II,

Effects of Wete ent of Metatheaisg Mixture:

In a aerles of experiments similer to those of TABLE I the water oon-
tent of the mixture was veried in the range 377 g. to 287 g. Proo-
easing was similar to that previousrly described, all asolvtiona heing
cooled to 0°C before filtration, Results are shown in TABLE III,

Progesaing of Mother Liauors by Evenppration: The mother
liquor separated from the orude ammonium perchlorate obtained by

metathesie containa, roughly, 20% of the total Cl0.', 90% of the
Cl03', and 90% of the Cl'., It was antioipated, and experimentally
verified, that partial eveporation of the solution would produce a
crop of sodium chloride, and that cooling of the conecentrated solu-
tion would produce & second orop of emmonium perchlorate. The re-
sults of these expuriments are shown in TABLE IV,

This procedure is not regarced as safe because of the inatabil-
ity of the aolutions conteining high concentrations of ammonium and
chlorate iona. Both the heated solutions and the moist crystals
(on stending) became colored greenish-yellow end had a atrong odor
of chlorine. It 18 recormended, therefore, that &n slternative pro-

cedure be considered,




Progessing of Mother Liocuors by Removal of Ammonia: A safer
procedure for recovery of the velues contained in the metathesis

mother liquors involves treating the solutlion with sodium hydroxide
in &1 amount eaulvalent to the ammonium lon, boiling off and recov-
ering the ammonia, and. returning the emmonium~-free codium perolilorate.
chlorate/chloride solution to the cyale &t an appropriate point efter
evaporation to the extent required to avoild the accumulation of an
exoessive amount of water.

The results of the experimental verification of this proce-

dure are shown in TABLE V,
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TABLE I
Apmonium Perchlorate by Metatheals

Effects of Temperature

Percentage of Total Anion

Composition of

Pound in Precipitate Preginitate
0104' CLOs' C1! NH40104 NaCl0a  NaCl
% iz 2 i 4
87,1  13.1 18,7 8644 349 9.7
87.7  15.6 21,8 BY4.6 b, b 10.9
84,8 10,2 11.5 90. b4 3.2 6ol
84.3 10,7 10.8 9045 3.3 6.2
80,7 9.1 10.7 90.6 3.0 Aol
- 80.5 8.6 10.0 91.2 2.8 6.0
81.7  1l.3 12,7 89.0 3.7 73
71.2 743 10.3 90,4 2.7 649
71.8 8.5 11.1 £9.5 3.1 7.l
Somnogition of Each Mixture
Srane Molee
NH4C104 200,0 1,70
MaCl03 61,5 0,58
Na®l 17,0 1,83
NHeC1 N 0,07
Ha0 337 ——

B




TABLE II

Effeots of Washing Upon Orude Ammonium Perchlorate

Net Wt. Wto NaCl % W4, MaClOs 3 VWt. NaClOe %
Composition
of Crude , : X
Crvstals
A b’?6.5 Re ’4’0.‘9 9.7 16.2? 3:9 36”01 960’4
B 601.0 - 48-4 10.9 19."’ h’ou' 3”3:', 8"’06
Composition
8r Waghed . . -
gxgpa;g
36100 [- 4% 7.9 2-2 60_6 loP 3“’906 9600
R 379.5 g« 1l.8 3.2 7.9 2.2 1355.5 o4, 6
Composition
of Salts
in VWash
Water
D Bag
- 3Le2 5643 G2 1646 14,9 27,1
B indadedad e 31.’4‘ 5’4‘.6 1001 1705 16&0 2709
TABLE III
Ammonium Perohlorate by lMetathegis
Effects of Water Content
Totel Percentage of Total Anion Compositicn of
HaO Found in Precipitate Precipitate
Grams Cl0,' ©C10a! Cc1!t NMHL.C10¢ NaCl0a NaCl
% % % i3 % %
33" 81,7 11.3 12.3 89,0 3?7 7.3
312 82,7 11.7 20,0 5.4 3.5 11.1
287 84,4 12.8 29,1 81l.3 3.6 15.1
287 84,8 12.7 29,6 81,1 3.6 15.3




TABLE IV

Metathesis Followed by Eveporation

Moth Liouor
Yeight) c 8 tﬁo ;D a i
Molat 40104 8 3 8
e ’ é 5
Crude NH4C10,
by Metathegls
A 195.9 21.0 3.3 547
B 196.3 90.6 1.3 6.1
NaCl by Evaporation
of Mother Liquor to
S0% of ite volume..
A 80.5 3.3 1.7 93.3
88.5 5.2 7.5 86.3
Crude NH40104 from
cooled eveporated
Mother lLjouer
A 25.0 83.2 14,4 2.4
B 23,5 8L, 13,1 2,8
Filtrate fron
ocoled evaporated
Mother Liduor __ : _
A ——— 20,3 53,3 26,4
. 17,8 83,6 28,9
Note: Evaporation of Mother Liquor was arcompénied by

some decomposition, as indicated hy development of yellow color and
evolution of ochlorine-like fumee.
The orude ammonium perchlorate obhtained from the evaporated

solution also developed & yellow color when stored moist. The

procedure is not recommended.
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TABLE V

Recovery of Values by NaOH Treatment

of Metathesis Mother Liguor

Salte in NaOH Selte in Salts in
Treated Soluw- Ne(Cl Precin- Wash Solu~
tion after 1tate (efter tion, (100
removal of NHs evaporation ml Ha0)
(Volume - approx. of solution

inately 1.5 1i

ters) to thick slurry

Salta in
Tinal
Mother
Liocuor

groms % grama % grems X __

LaAME
NaCl 333 294,7 ge.0 13.0 3.8 27.4 8,2
NaCl0s 202 8.2 be3 23,1 1241 160.2 83.6
NaC104 107 h.s 41 12.8 11.7 92,4 84,2
Sompoeitlgn (Drg Baﬁia) of Bolid,
NaCl 95.9% 26.6% 13.3%
NaC10s 2.7 47,1 5347
NaOl, 1ok 26,3 33.0
Note: It will be ohserved that perchlorate ion has been re-~

moved frim the solution es smmonium perchlorate, end that ohloride

is here removed as sodium chloride,

Chlorate, however, has acocumu-

lated, By reference to the solubllity datea of the Third Interim Re-

port 1t will be seen that a salt mixture having the composition of

that in the Mother Licuor, above, mey be further concentrated, aepar-

ated, and cooled to produce pure sodium chlorate orystalas. TIerochlor-

ate, chloride, and chlorate may thus be separated.
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b, TENTATIVE PROCRSS PROPOSAL ‘IITH FLOW SHEET

In drawing the Flow Sheet which indiocates the steps in the
preparation of ammonium perchlorate, starting with sodium chlorate
and ammonium chloride, certain auxiliary iteme of equipment which
would be necessgary for aotual operation or for effiolency have been
omitted for simplioity.

Egtimated Working Capacities, The eatimates for the
working cepacities of the various unite are calculated on the basls
of & produotion rate of 1,000 lbs. per eight hour day of finlehed
ammonium perchlorate. Produotion at a higher rate would, usuelly,
require proportionately larger equipment or multiple unite.

Data for these estimates were obtained priniocpally from
laboratory resulte, but in part from records of the operation of an
ammonium perchlorate plant (based upon the use of ammonium sulfate
and sodium perchlorate) designed in this laboratory in 1940 and

succesafully operated in Canads.
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NaCl10s required for oonversion (78% efficiency) 1,900#/dey

Rate of conversion - 250+ per hour
1. Bize of Convereion Oven - K
(ref: Fourth Interim Report, Seotion 4)
Conversion product to be milled or orushed 1,750 /day
Rate of. milling - L# per minute
2. Size of Mill - "

May be & stendard hammer-mill or & crusher.

Volume solution required to contain 1,085# NaClO4 - 575 liters
: Batohes -to he leached per day - ' 1l
3. Working Cern:aity of Tant* - (apprex.) 700 "
This would be an open tank eauipped with
agitator and eteum~coil. Ooné-bottom
outlet or diascharge via pump.

Solid sodium chloride to be centrifuged , 5-600#/day
Bpinning oycles (maximum) ) é
b, Yorking oapacity of Centrifuge (min.) 100%

This would be a standard centrifuge.

Volume of solution to be cooled to recover NaClOa 5§75 liters
Working capsolty of tank (approx.) 575 "
5 Thie would be an open tank eaulpped with
agitator and oooling-00il, Cone-bottom
outlet or pump discharge.

S80lid sodium chlorate to be centrifuged Bng/day
Spinning oycles (maximum)

6. Seme Centrifuge as U,

Volume of metathesis liouor and orystals 1,500 litere
Working ocapacity of tank 1,500 "

7. This would be an open tank eauipped with

agitator and refrigerated cooling-coil.
Oone~bottom outlet or pump discharge.

7a Btirred auxiliary tank for making er
storing emmonium chloride solution 750 "
Orude ammonium perchlorate to be centrifuged 1,100#/day
Spinning oyoles (maximum) ‘ 11
8. Same centrifuge as U,
TOTAL CYCLES FOR OENTRIFUGE &, 6, and & 21
Volume of liauor in each orystallizer 1,500 liters
9., lies, &nd 13, Working capacity, each 1,500 °©

Each batch crystalilizer would be
eauipped with agitator and cooling-colls.
Open tanks wlth ocone-~bottom outletes or
discherge via pumps. The number of
crystallizers reocuired is uncertain.




Crystallized NH 010, to be centrifuged (max.) 3,000#/day
Sﬂinning oycles (maximum) _ 20
10., 12., 1b. Working capacity of centrifuge 100-1504
This would be a standard centrifuge. The
eame machine would be used for all
erystallizers. It would be more
efficient to uge a larger centrifuge
and reduce the number of cyoles.

Purified NH.0104 to be dried 1,000#/day
Drying rate reauired 125#/hour
15. Tray Dryer, working capacity 1,000# or

Rotary Dryer, minimum working capaocity
about 150#F per hour.

Volume of solution to be de-ammonieated (approx.) 2,000 liters

YWorking ecapecity of Ammonia Boiler 2,000 "
16. Water to be evaporated (approx.) 2,500#/dny
Evaporative cepacity (minimum) Loo#/hour
Ammonium chloride to be recovered (aporox.) 100#/day
Working oapecity of NHa absorber 100#/hour
17. Heat of neutralization to be
disasipated .
(roughly) 36,000 Xg Cals

144,000 B,T.U,

Chemicals Required per Day .
Sodium chlorate 1,900 1lba. {~325=1,575)

Ammonium chloride L60
Caustic Soda (NeOH) 78
Hydrochlorio acid (35%) 200
Chemicels Regovered per Day
Sodium chlorate . 325 1bs
Sedium chloride 500

ammonium chloride (recycled) 100
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In our proocess, however, oontaminqtton of the ammonium perchlor-
ate necessitates recrységiiization:'fﬁe velue of the relatively

large amount of chlorate neceassltates recovery, and destruction

of the chlorate (ignoring its value) would be expensive.

Our process lg further comnlicated by the instability of
golutions conteining relatively high oconcentrations of ammonium
end chlorate ions. This introduces an element of hazard which
cennot be ignored., The steps involving the removal of ammonia
from the metathesies mother liouor, admittedly economically un-
sound, are necessary to minimize the hazard.

The process outlined in this Report is considered work-
able, With due regerd to ites economic limitations we recommend
conslderation cf the design of a Pilot-Plant heeed upon the Ten-
tative Proposals and Flow-Sheet of Section 4.

¥ L) » <+ L

An alternative process should also be coneidered: The
sodium perchlorate/chlorate/chloride solution of Section 2 oould,
presumebly, be "finished" by the conventional eleotrolytic process
to & sodium perchlorate solution essentielly identical to the best
present commercial product. Thls suggestion is based upon the
opinlon of competent operators of the perchlorate plant of Oldbury
Electro~Chemical Company, but has not been verified experimentally.
It seems obvious that the output of perchlorate per unit of plat-
inum anode area would be greatly inoreased, but such a process
would not, of course, eliminate the use of this metal. The experi-
mental verification of this procedures, to eliminate the clement of

speculative uncerteinty, would be an appropriate subject for fur~
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