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ANTRODUCTION

In a previous paper (1) was reported the aspontane
eous decomposltion temperature ¢f potassium chlorate in the
presence of manganese dioxide - the “spontaneous decompo-
sition temperature" being the temperature at which the
nmlxtures began to evolve oxygen v;olently, and produce
enough heat to carry on its own reactlion and produce a rise
in temperaturs., The object of the present work is fo rede-
termine thls temperature for the various mixtures of potas-
sivm chlorate and manganese dioxide, as wecll as to determine
the temperatures for mixturea of potassium ehlorate with
ferric oxide, and o check the promoter action of ferrie
oxide on the potassium chlorate-manganese dioxide mixtures
as reported by Neville (2), The redetermining of the
temperatures for the potassium chlorate-manganese dloxide
mixtures was made hecause the manganese dioxide used in the

previous work was commercial manganese dioxide and Neville

stated that commercial dioxide contslns 8,8 percent of ferric
oxide and that the ferric oxide had a promoter acilioi upon
the mancanese dioxide. The manganese dioxlide used in this

later work was especially prepared, puriified and tested,
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The deterﬁining of the temperatures for the
potagsium chloratefferric oxide mixtures was deemed necessary
to clear up some waugstiona of the purity of the ferric oxide
used in the previous work done on these mixtures by F. E.
Brown and W, Cs 0s White (3)., The ferric oxide used by
them wgs prepared by the use of ammonium hydrozxide and ferrlc
chioride., These suthors and others (4} have shown that the

presence of salts of ammonium glve an appsrent lower decome

p osition temperature than the pure catalyst. This is believed

to be due to the oxidation of the ammonium salts at a low
temperature inte nitrogen, water and possibly certaln oxides.
Furthermore Brown and White heated some of thelr ferric oxide
to a high temperature and it is believed this heat treatment
has some effect upon its catalytic effect.

Nevills (2) has shown that ferric oxide exeris a
promoter actlon on the catalytic effect of manganese dioxide
and it was decided to determine the relationshlip between
the promotion produced and the spontaneous decomposition

temperatures of a mixture containing both these oxides.




PREPARATION OF MATERIALS

The potassium chlorate used waes the C.P. grade of
Bseker and asdemson which had previousgly been anslyzed by
He M. McLaughlin in this laboratory and found to be free
from chlorides, heavy metals, calcium, bromates, nitrates,
and sulfates, and except for a small amount of absorbed
molature was 100 percent pure potassium chlorastes Thia was
then pulverized a:d passed through a 200 mesh sleve,

The menganese dloxide was prepared from Merck's
highest purity "C.P." manganese carbonate according to the
method of Forchhammer (5). The method consisted in hoat-
ing the menganess carbonate in air at a temperature ranging
from 255° to 260% on a sand bath and stirring at frequent
intervals. Thls was conbinued until samples of it evolved
no carbon dloxide when treated with dilute HCl., The ma=-
terial was then washed with diluted HC1l for same time and
finally washed free of any chlorides by means of distilled

- mavam sl o P i '
md tc bo free of

watere. It was then tested and found le18d

fnind 4
sillieca, nickel, and ammonium compounds. Its oxidizing

power weas determined by the ordinary reaction of first dis-

solving it in sulfuric acid to which a known amocunt of oxalic

acld was addedes It was then titrated back with standard

oermanganate solution. Two~tenths of a grain of this mang=-
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anese dloxide reglred 15,8 cc of —%— oxalic acid. (Ttxe
theoretical amount off= oxatic acid for 0.2 g of menga-
nese dioxide is 2.3 ¢ ¢,) The total manganese content was
then determined b& thc blsmithate method by first dissolving
the sample in a sulfurice-nitric acid mixbture and then, after
diluting to a known volume an aliquot part is analyzed as
usual, The net amount of 0.,0661 N FeS04 oxidized by the
permanganate produced in sauples containing 0.0l g of the
manganese:dioxide for each of six trisls was: 8.84 cc, 8.37
cC, 8456 €6, 9¢13 cc, 8484 cc, 8,99 cco (The theoretical
amount of the same strengii FeSO4 required for Q.01 g of
MuOz is 8,695 ce.) It is believed that the diserepancy
between the results obtained from the oxidizing power and
these last results can be acccunted for by the faet that the
manganese dioxide contains some lower oxides of manganese,

It is believed that the catalysla of KCl0gz 1s always asso-
clated with those substances which can be alternately oxie
dized snd reduced. Therefore the total manganese content
is the imp ortant factor and the presence of lower oxides
would not constitute an impurity in this reaction. It might
be stated further that the catalytic effeet of manganese
carbonate was tried and was found to be almost as efficient

a cataiyst as the equivalent moleculer prop ortion of mange
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anese dioxide. The spontancous decomposition came just a
few degrees higher for the carbonate,

The ferric oxide was prepared from Merckts Reagent
Ferric chloride by dissolving it in water, filtering and
precipitating the iron with sodium hydroxide in an iron
tontainer, The material was allowed to settle and decanted
many times. This was continued until the decanted material
was free from chlorides as shown by silver nlirate., Toward
the end of this procedure it required wesks for the ferric
hydroxide to settls due to its tendency to stay colloidal.
GCare was teken that the best sodium hydroxide was used by
taken Merck!s pure sticks, meking a saturated solution and
filtering off vhatever sodium carbonate was present slnee it
ig insocluble in this concentretion. This Pilltering was
accomplished through clean iron filings and powder on a Gooch
crucible which was paraffined toc prevent the intreoduction of
silica from the porcelain., The ferric hydroxide obhtained was
then dried for shout two weeks in an oven at 110% and finally
powdered and sifted through a 200 mesh sieve, The oxide so
n-Reirhardt (8}

e - S % Py
SOLSLIGU AsS LIS
method, A hydrochloric scid sclution was treated with stan-
nous chloride and +then oxidized with standard permanganate

solution in the presence of manganese sulfate solution., The




oxlide thus analyzed tested 98.5 percent. The remalning 1.5
percent was thought to be dne to molsture more or less closely
adhering. Thls oxide wes found to be free from manganess,

silica, nickel and chlorides,
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APPARATUS

| The differeht mixtures were each heated in a
? hand glass test tube 32-35 cm. long to which a side arm had
; been sealed about 10 cm, from the open end., This side arm
. was comnected to an invérted two and a half liter bottle by
; means of a glass tube which extended through & twe-hole
; rubber stopper in the bottle to near the bottom of the
. bottles A second inverted bottle was connected to the
 Pirst by means of an inverted U tube, the end of one arm of
| which was bent up and passed through the second hole in
the first bottle and the other end of which bent up in same
. way, extended through one of the holes 1n the stopper in
? the second bottle. The second bottle was necessary in order
- to keep the water from scattering widely when the spurt of
- oxygen came and also gave a means of collecting and meas-
uring the water displaced as it drained from the second hole
in the stopper. The first bottle was filled with water up +o
near the bottom of it.

ThHrough the one-hole stopper in the test tube was
inserted a 360° or 550° mercury thermometer. The test btube

was then insebted in a furnace which was electrically heated
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and controlled, In the ©bottom of the furnace was placed
a vessel containing metals of low melting points which when

the furnace was operating became molten and helped keep the

temperature from fluctuating.
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EXPERIMENTAL

With Manganese Dioxlde as a Catalyst

The potassium chlorate was mlixed with the mang-
anese dioxide (both having been drled, pulverized, and sifted
through a 200 mesh sieve) in the following moleculsr propore
tions: KCl0z: Mp Oz 33 1 s 4, l:2, 1:1, 2:1, 4:1, 6:1, 831,
1631, 32:1, and 64:1. The mixing was accomplished by sifti-
ing the weighed amounts of the two together through a 200
mesh sieve, and then twice through a 150 mesh sleve, The 1=
sulting mixture appeared to be very uniform and homogenecuse.
Portions of these mixtures were then placed in the hand
glass temt tube, such that each portion contained 2 g. of
potassium chlorate and its proportionate amount of catalyst.
The test btube was lnserted into the furnace which had pre-
viously been heated a few degrees hotter than the temperature
at which it was thought the mixture would spontaneously de-
compoSe, Wathbing the rate of flow of water out of the
second bottle and the rise of the mercury in the thermomete r
inserted in the mixture, the temperature was recorded when
the mercury suddenly started to rise very much faster than
before,s This happened either colncldent with or just after

the water spurted up in the second bottle, The rate of
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evolution of oxygen from the potassium chlorate could also i
|
be followed by measuring the amount of water flowing out- ;
of the second W ttle at definite intervals. The experiment
was repeated with each mixture at least three times and the
average of the temperatures obtained was recorded ag the
gpontaneous decomposltion temperature of that mixture,.

The following 1s a representative table of data:

TABLE T.. 5

Hizture taken;y 2.KC10: 1 MnOp (2.0793 g of mixture)

Time Temperaturs ' H,0 displaced
June 30 ﬁIxEuralgherm.#S) Furnoce (Therm.ze)  and remarks :

9306 P.il.. e 320

3:10 205 310 47 cc  white

3112 252 308 48 co fumes

3314 283 306 70 cc occurred

3:15% 297 Temp, rose 308 475 ec in bottle ;
rapldly i

The temperatures thus obtained with the percent of

LCle for each of the mixtures in the various experiments are

as follows: ;
1 KC103 to 4 ¥nO2 or 20%;325°, 3259, 327° with average of 326°, .
1 KC10s to 2 M¥Mnls or 33-1/3%; 314°, 300°, 300°, 308°, z08°,

3140 with average of 307°.
1 XKC103 to 1 MnOg or 50%: 295°, 2059, 203° -average 254°.
2 KC105 to 1 HnOg or 66 3%: 277 g 292 g 293 ¢ 298 9 313 9 301 9

302 @ 293 § 297 9 321 9 289 9 294 Q average 267
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4 KC10z to 1 MnO, or 80%: 304°, 302°, 303°, average 303°,

6 KCl0, to -1 MnOz or 85.7%: 318°, 315°, 3160, 3179, average
317°,

8 KC1lOz to 1 HnOp or 88.8%: 330°, 333°, 536°, average 333°,

16 KC103 to 1 MnOo or 94.1%: 350°, 350 352°, average 351°,

32 KC105 to 1 MnO, or 96,9%: 383°, 3839, 383°, 378°, 5789,
average 38 °.

64 KC10; to MnO2 or 98.4%: no sudden rise in mercury nor

sudden spurt of water when heated above 420° in two

different trials.

The average of all these resulis are tabulated

in Table IX.

Mols KC10; Mols HpOg Molel % Temperatures
K810z

1 4 20 326
1 2 33 307
1l i 50 294
2 1 67 297
4 1 80 303
6 1 86 317
8 1 89 333
le 1 94 351
32 1 o7 381
64 1 a8

he temperatures ere plotted against the.molal

percentage compositions as shown in Figure 1.

- bl et
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With Ferric Oxide as a Catalyst

Ferric oxide was used with potassium chlorate in
the same way as the mengsnese dioxide, the same care being
taken 1ln getting intimate mixtures. The following molal
proportlions were used: KClO3 3!‘?5‘20:5 :: 1:8, 1:6, 1:5, 1:4,
1:2, 1:1, 2:1, 4:1, 5i1, 6:1, 8:3, 16:1, 32:1, 64:1. Table
III shows the data for a representative experiment.

TABLE IXI

Mixture taken :8KCl0::1FE~0- (2.,3257 g of mixture)

Tine Temperature HoO dis=
placed;

June 20 MIxture (Therm,7ll) Furnace (Therm.Fe) remarks

4:28 100 335

4330 175 300 15 cc

4:32 239 311 9 ee

4:34 284 323 24 ce

4:36 308 330 30 cc

4:38 518 332 40 cc

4:38% © 323 temp. rose 520 cc big sp-
rapidly urt of

water

The following are the results obtained for each of

the mixtures in the different trials:
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In the mixtures containing 1 Mel KClOz with 8,

6, 5, 4, T, or 2 Mols of Fey0z no sudden rise in the tempera-

ture nor sudden spurting of the water was obtalned up to

temperatures above

2 KC10z: 1 FegOg =
5 EC10g: 1 PegOs =

4 KClef i F6205

5 KC10;: 1 FegOze

6 KC10g: 1 Fapdy
8 KC].OS;]. Fe205
16 KC10z:1 Fey04

32 KC103:1 Fey0,
64 KC10z:1 Feg0s

128 KC10g:1 Feg0s

350°,
50%: 323°, 325°, average 324°,
67%: 3279, 323°, 322°, 3220, average 324°.
76h: 322°, 323°, 326°, 322°, average 324%°.
80%: 3230, 3240, 326°, average 3240,
sad: 3249, 3266, 324°, average 32430,
86%: 323%, 323°, 321°, 325°, 3220, average
323 °,
89%: 3249, 3240, 3250, 323¢ 3269 323¢ 3240,
average 324°,
94%: 3240, 3279, 323°, average 3250,
% 332°, 3269 326", average 329°.
98%: 328°, 3280 327%°, average 3289,

no sudden rise in temperature up to 420°,

These temperature averages were plotted against

thelr corresponding molal percentages as shown in Figure 1.

T e e e e e o
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With a _Mixture of NManganese Dioxide
and Ferric Oxide as a Catalyst.

The finely powdered ferric oxide was intimately
mixed with ar equal welght of manganese dloxide in the

menner described before, obtaining a very homogeneous

appearing mixture. Separate portions of this mixture were

then mixed with potassium chlorate in exactly the same way
as had been done in the case of the manganese dioxide

alone. Thus in meking up the 1l:1 combination 12 g of XClOg

were mixed with 8.5114 g of this Feglz = Mndy mixture, Just
as for the 1:1 combinatlon before 12 g of XKC1l0z had been
mixed with 8.5114 g of MnO, alone. Experiments were run
with the following combinations in exactly the same way as
in the previous cases: KC10z : catalyst (assuming all the
welght of the mixture to be Mnoz) s3l:4, 1:2, 1:1, 2:1, 4:1,
6:1, 8:1, 16:1, 32:1, 64:l.

The results obtained in the varlous treats for

these mixtures are as given helow:

J‘.ZKClO:5 : 4 catalyst -~ 20%:no spontaneous decomposition up to

358°,

1 KC103:2 catalyst - 33%: 200°, 319°, 319°, 207°, average 306°.

1 KC1l05:1 catalyst - 50%: 290°, 2920, 3140, 3220, 297°,

average 301°.
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2 KQ105:1 eatalyst - 67%: 306°, 308°, 297°, 296°, 200°,

Average 297°.
80%:3504°%, 305°, 294°, 310°, 308°,

4 KC104:1 catalyst -
average 304°.

6 KC10531 catalyst - 86%:298°, 310°, 300°, average 303°.

8 KC105:1 catalyst - 89%: 305°, 309°, 508°, average 307%.

16 KC10,:1 " - 94%: 318°, 297° , 315°, 317°, average
3129,

32 KC10x:1 " - 97%: 321°, 318°, 324°, average 321°.

64 KC10z:1 " - 98%: 345°, 348°, 350°, average 348°.

These averages were likewlse plotted sgainst the
percent composition, which is also shown in Figure 1. Tabile
IV shows the data for a typlcal experiment which gave no

spontaneous decomposition temperature.



TABLE IV

Mixture 1 KCl0g:4(50:50% each of MnOp, and ngoﬁ}{Z:EZﬁgn)

H20 displaced
Remarks

Time Temperature

July 8 Mixture (Therm.jfb) Furnace (Thermefo)
4:58 PH 80 550

5:02 176 547

5:06 277 342

53;08 301 339

5:10 312 336 more current
5:12 318 335

5:14 325 337

5:16 above 342 352

64
150
86
76 no sudden
50 rise in
temp. or
115 big spurt

of
150 water

S sets of experiments one

Table V permits a comparison of the results of the

with the others.

TABLE V - Spontaneous Decomposition Temperatures

A KC10z MnOs alone Feg0z alone MnQs Fe 0 o
20 326 - -
59 307 - 306
50 o4 524 301
67 207 524 297
80 303 324 304
86 317 324 303
89 3353 324 307
94 351 325 312
97 381 329 321
98 - 528 347
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The results in the final set of experliments where
the ¥n0, -~ Fey0z; mixture was used, were then tabulated. on

the basls of the MnO content and compared with the results

2

of the experiments using Mn02 alone, Table VI brings out

this comparison,

TABLE VI

% KC10z Temperatures with Temperatures with Fey0,
¥nO, alone and same % MnOp

20 326

33 307

50 294 306

67 297 301

80 303 297

86 317

89 333 304

94 351 307

97 381 312

o8 - 32

99 e 347
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Table VII brings out the same comparison between
the use of Feglz alone and the use of an equal amount of

Feg0z accompanied by MnOg.

% KCl0; Temperatures with  Temperaturesg with MnOp

Feg0z alone end some ¢ FesOz
20 - -——
33 - -y -
50 324 306
67 324 301
80 324 297
89 324 304
94 325 307
97 329 312
98 328 321
99 - 549

The date iIn the last two taples 1is plotited in
Figures 2 and 3 respectively,
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DISCUSSION OF RESULTS

The data given strengthens the conclusions which
the authors established in their previous paper (1) viz: that
the spontaneouns decomposition temperature of mixtures of
potassium chlorate and manganese dioxide depends upon the
percentage composition of the mixture and that those con-
taining too much mangenese dioxide as well ss those containe-
ing too little menganese dloxide suffer no spontanecus
decomposition. This 1s believed to be due in the former
case o the fact that the heat given off by the potassiunm
chlorate and which would otherwise be utilized in increas-
ing the rate of its decomposition is not suffilclent to do
this asz well as %o increase the temperature of the large
amount of inert materisl which is present, In the latter
case no spontaneous decomposition is produced due to the fact

that much of the potassium chlorate is not in contact with

the catalyst since too little of 1t is present,
In general it is noted +that ferric oxide is not

oxide although at some

(B

as »od a Ca a nege d

of the coneentrations 1n which very little catalyst is

present, the ferric oxide gives a spontanecous decomposition
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temperature lower than menganese dioxide. This 1s very
probebly due to the fact that the ferric oxide was in a
very much flner state of dlvision than the manganese dioxide
since mich of it was practlically colloldal as was stated in
1ts method of preparatlon. This gave an enormous surface
and therefore the small amount of it could be in contact with
a large amount of potassium chlorate and thus catalyze it,.
This work as well as that of Brown and White (3) establishes
the facet that for a wide variety of mixtures of potassium
chlorate and ferric oxlde there is & constant spontsneous
decomposition temperature. The reason for thls has not been
thoroughly established,

The work of Neville has been confirmed in so far
as establishiéng the fact that for some concentrations
ferric oxide acts as a promoter with mangsnese dioxide.
Nevertheless, it.is gvident from Figure 2 that for concen-
trations of manganese higher than about 25 percent this is
not truve. It is also evident that the promoter actlon is
mitual since Figure 3 brings out the faet that manganese
dioxide at certaln conecentrations of ferric ozide exerts
Oiie in the light of the results which
we have obtained 1t seems strange that Neville obtained no

spontaneous decomposition at the temperature (528°) at which



he worked whereas we get very definlte spontaneous decom-
position for & wide range of mixtures, 1nclud1ng the one he
used, st temperatures lower than his. Thils may be accounted
for in the way in which he mixed his lIngredients. The
method used in the present work is believe 1o give more
intimate and homogeneous mixtures than by the other method.
It is ealaoc believed that our material contained less mols~

ture which may also account in part for Neville'!s results,
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SUMMARY

1, For a wide range of mixtures manganese dioxlde produces

2.

Se

4o

& lowering of the decomposition temperature of potassium
chlorate and the amount of heat produced by the decom=
position of part of it is sufficient to cause spontaneocus
decomposition of the remalnder, this spontaneous decom=-
position taking place at very definite Lemperatures for
each mixture.

FPerric oxide produces spontaneous decomposlition of po=~
tassium chlorate also over a wide rﬁnge of mixtures.

The spontaneous decomposition temperature for ferric oxide
mixtures is qgulte constant for quite a variety of mixtures.
Ferric oxide when added to some mixtures of potassium
chlorate and manganese dioxide exerts a promoter affect
but when added to other mixbtures, high in manganese
dioxide, has no such affect on the contrary it exerts a
retarding effect upon the catalytlec action of the mang-

enese dloxide,
Mangancse dicoxide acts in 2 gimilar way as a promoter

upon ferric oxide within a certain range of concdntra=-

tions of ferric oxide,

e et e e
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5. E‘riend' J‘N‘.
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