IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1924

The effect of }Tressure on the decomposition of
potassium chlorate in the presence of manganese
dioxide

Henry Max McLaughlin
Towa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd

0 Part of the Inorganic Chemistry Commons

Recommended Citation

McLaughlin, Henry Max, "The effect of pressure on the decomposition of potassium chlorate in the presence of manganese dioxide "
(1924). Retrospective Theses and Dissertations. 14251.
https://lib.dr.iastate.edu/rtd /14251

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14251&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F14251&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14251&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14251&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F14251&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F14251&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/137?utm_source=lib.dr.iastate.edu%2Frtd%2F14251&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/14251?utm_source=lib.dr.iastate.edu%2Frtd%2F14251&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

INFORMATION TO USERS

This manuscript has been reproduced from the microfim master. UMI films
the text directly from the onginal or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of

computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper

alignment can adversely affect reproduction.

in the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand comer and continuing

from left to right in equal sections with small overlaps.

ProQuest Information and Learning
300 North Zeeb Road, Ann Arbor, Ml 48108-1346 USA
800-521-0600

®

UMI






NOTE TO USERS

This reproduction is the best copy available.

UMI






Henry Mex lcl=zughlin.

A Theses Submitted to the Grzduste Feculty
for the Degree of
DOCTO= 0P PEILOSOZHY

He jor subject: HCZG/JIC CEZUILELY

Approved
Signature was redacted for privacy.
In charge 6% Xejor ‘iorx

Signature was redacted for privacy.

Heed of Mz jor Devzriment

Signature was redacted for privacy.
Greduzie Dean

Iowa Stz=te College
1924,



UMI Number: DP14498

®

UMI

UMI Microform DP14498

Copyright 2006 by ProQuest Information and Learning Company.

All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

ProQuest Information and Leaming Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, MI 48106-1346



ACZHORIEDGMENT.

The suthor wishes to thank Professor ¥. E. Brown
under whose direction this work wzs carried out for his
edvice and help during the progress of the work.

Acknowledgment is also due ¥r, D. L. Scoles who
did some preliminary work and to ¥r. Ce E. Irion for
veluable suggestions in the development of some of the

apparatus used.

AP &



T
.

[}3]

e
IntroductiOfieeeccceccsasccesccessscssasssel~=d
Apperetus
The DCMDecesecssocssssssssssccesssosd==5
Connecting bloCkeeeecscscasesscsssesb==8
High DPresSstre DUliDescessssccccssscccns 8
FPurnece and Thermo resulztOresceseesS=11
2 simple autometic mercury pump..s..4i1-16
Trepaeration of MatericiSeecsssccccscessa17=~18
“xperimental wori end results
At 10W DreSSUrCSecssecsccssvsscensselI=2H

At high pressureSOO‘QC.......oooo!.26-28

DisSCuSSiONeccecossossossncncesccsoansnnssa 28

Summary....-.......u....-..‘.ou....... 29



Although the results obteined by different experimenters
on the decomposition of potassium chlorste differ widely and
are often contradictory, these facts seem to have been feirly
well estsblished: (1) Potesesium chlorsate is en endothermic
compound, Considersble heat is evolved during its decomposi-
tion. (2) When heated in & platinum vessel to 450° and sbove,
the pure sslt decomposes completely into potsssium chloride
and oxygen. (3) When the temperature is not raised too high
and too rapidly potassium perchlorste is formed by suto-
oxtdation, (4) Many oxides csuse the decomposition to teke
place at a lower temperature --- often 100° below that re-
guired to decompose the pure salt, When mixed with manganese
dioxide the initial decomposition hes been reported at 2007,
The decomposition of the pure salt is exceedingly slow at
400°, when heated at atmospheric pressure. (5) ¥o perchlorate
is formed when & mixture of potassium chlorate snd mangenese
dioxide is hested., (6) When potassium chlorate is heated with
many of the oxides, & smsll amount of chiorine is given off..
The emount of chlorine produced seems to increase slightly
with the proportion of oxide used; Ozons has been reported
in the ges evolved, However the evidences on which the

presence of ozone was besed would 2lso be produced by chlo-

rine, (7) An explosion may result from hesting potassium
chlorate glone,
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’f.'arren(l) introduced an intimete mixture of mangenese
dioxide end potsssium chlorate into & wrought iron tube
closed at one end and provided with a stopcocek at the other,
The tube was heated to Just belcw rednmess. =e observed
that the rate of decomposition waes much retarded by the
pressure end thet when the stopcock wes opened the gas es-
caped with grest violence carrying with it & relatively
large guentity of chlorine, Werren reports thet the water
extraet of the residue was slkeline,

Prom 2 consideration of the effect of a rapid rise of
temperature in inecressing the amount of chlorine obtained
and the effect of pressure in retarding the decomposition,
Fowler and Grant{2) suggested the vossibility of & re-
versible resction. The originasl plem of the present work
wag to establish such 2 reversibility. However, for
reesons which will be pointed out in the data snd dis-
cussion %0 be given iz ter, the point of eguilibrium for
any given set of conditions hes not been definitdl y es-
vablisghed,

Sodeaul 3) states thet when caleium chlorste is heeted

i, H. ¥, Werren, Chem. News 58, 247, (1888).

2. G, J. Fowler and J. Grent. J. Chem., Soe. 57, 272 (18%90). ‘
Chem. News 61, 117 (1890), !

3. W. H, Sodesn, J. Chem, Soec, T. 81, 1066 (1902).

B
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slowly, 0..62 of its totel ehlorine is evolved whether the
pressure is 760 mm'. or 4 mm, In e aiscussion of the re-
sults of & study of leed chlorste, he remerks that "it
geems renarkseble that decrease o¢f pressure should mserkedly
impede the decomposition of the chalorate." He useG pres-
sures s low &s 2 mm,

cook{4) nas studied tke effect of tempersture and
pressure on potessium iodste and bromsts, He meintained
a pressure of 30~5C mm,., and reports absolutely no differ-
ence in the resuits from those obtsined at normasl pres-
sure, ©The residunes gave tne same anslysis and the de-
composition took place at the same temperature, When
using pure potasd um chlorate he reports 0.03% of the
totsl chlarine given o0ff during the short time alapsing
between the first melting and its complete fusion, EHe
does not maks 2 statement concerning the effect of pres-
sure on the decomposition of the potassium chlorate..
The presence of chlorine in the gas evolved may have been
caused by the glase in which the materisls were heated,
Stas and otners(5) report absclutely no chlorine when
pure potassi um chlorate is heeted in platinum vessels.

We have zlso confirmed tris result,

4, 2, H, Cook, J, Chem, Soc, 65, 802-14 (1893).
5. J.S.sStas. Chem. Nows. 73, 15 (1896},
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Veley{ 5] used o Sprengel pump with the usual gauge and
& tube for the collection of zesseous products. The rate of
evolution of gas wes compered &t 765 .4 m, end &t 20 mm,
The potessium chlorate was heated in & glass tube ky means
of & bath filled with molten potessium nitrste, Ze found s
temporary slight increase in the rste of evolution et the
lower pressure followed by 1little or no differemee in tae
rate of decompesition st the two prsssures,

Lewis and Randa1il7?) report that they heated potessimm
chlorate in a closed steel bombd at sbout 400°, The bomb
was one end & hglf inckhes in diemeter end had a three~eighth
inch hole in the center, After sbout an hour the pressure
became 80 great thet the bottom of the bomb begasn to flow
gradaally into a bulb. They concluded thet the equilibrium
pressure would be too nigh to messurse, Conssquently under
their direction Clmon'8) determined the equilibrium constant
for the reaction.

3H,0 + 3Cl, + HCl0, + B5ECL,

On the assumption that the differsence in free energy bdetween

6. V. E., Veley, Phil., Trans. {A) 179, 257-95 (1888),

7. G. N, Lewis and 1, Randell, Thermodynamics and the free
energy of chemical substances, P 508-11 (1924),

8. A. R, Olson, J,., Am, Chem. Soc, 42, 896 (1920)}.
C. A, 14, 1777 (1920).
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solid potassium chloride and potassium chlorate is spprox-
imstely the seme a&s that between the ckloride and cklorate
ion, they calculated thet the decomposition pressurse of
potassium chlorate would be of order of 10*° stmospheres

et room tempersture and would inerease rapidly with rise of
the tempersture.

Refore Lewis and Randall(7) hed published their cel-
culations we had made preliminery tests and found thaet the
pressure developsed by the decomposition ¢f potassium chlo-
rate would be very great., It wes finelly determined that
potassium chlorate eould be safely heated for dsys et &
temperature of 300--200° in a piece of soft steel shafiing
two end s hslf inches in dismeter with a three-quarter

inch hole in the center,

APPARATUS.
The bomb used in this work is shown in Fig. 1. When
in uss the mixture of potassium chlorate end mangsnese di-
oxide contained in e hard glass test tube filled the space
LB, Asbestos wool was packed tightly in the top of the
test tube to prevent the charge from coming in contact with
the inside wslls of the bomb, %he top of the test tube

rested on the bottom of the bomb, This was necessary be-

cause the bomb wag neated in an inverted position. The

space BC was filled with & piece of steel rod, E, which
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Pitted snuzly in the bore of the bomb and rested on & nerrovw
shoulder st E,

”0 hold the oxygen formed during the decompositior at
the high vressures developed and et the temperstures
necessery for decomposition wee very diflficult, The most
carefully cut threads lesked even when tapered. L nsrrow
shouldsr with thin coprer gscskets wes tried with little
suceess, ren the thresded plugs clossing the bomb were
hegted for & long vericd and st the same time subjected to the
high pressure developed it wes found thst the threzds were
ususlly stuck sc tightly that the bomb wes ruined by removing
the plug, To prevent this the bomd was mede eighteen inches
long, fastened in 2 freme in an inverted position esnd hested
only for s distance of ten inches from the bottom while cold
water wae kept rumming over the threaded end of the bomb,
7nen closing tre bomb for = rum, after introducing the chsrge
end the rod, 3, & leather washér was placed on the sharp edge,
C. 4 silver wesher was then pleced on the leather waster,
The pressure apvlied by turning in the plug caussd the sharp
edge, C, to cut turoungh tke leather and cut a2 nerrow groove
in the silver, At tbks seme tire & ring of the leather was
forced down into the groove, D, with as much foree as could
be applied in turfiing in the plug with a two foot wrench,

The pilug P was threaded at both ends, one of which fitted the
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bomb while the other msde the connection through the con-
necting block, Fig, 2 and Flg, 3, C, to the pressure
geuge, The end which fitted the bomb was threaded for s
distance of one and 2 half inches, thirteen threads to
the ineh,

The comnecting block, Pig, 2 and Fig; 3, C, wag mede
of soft steel, The block was one and three-fourtn inches
sguare with & three-sixteenth inch hole through the center
and to all connections, The threaded connections were
used as follows: (1) The bomb was sttached directly to 4
by meens of flexible copper tubing with bronze couplings
as furnished by the Watson-Stiliman Co, (2) A pressure
gauge wes attached to B, (3) The high pressure pump,
Pig. 3, was atteched to C, (4) when £illing for = run
an oxygen tenz wss ettached to B, At otaer times D was
closed with & blind nut. ~The needle valve I wag made of
rolled brass, The point wss covered with hard solder and
tepered to en angle of 59° and fitted into & sest having
an angle of 60°., To prevent leak when the velve was open,
threads were cut in the dlock to fit corresponding threads
on the rod at G for o distance of one inch, The rod for

the distance between ths two oppositely tapered metel

weshers, F and ¥, was wrepped with en asbestos cord waich
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hed been rubbed with =2 mixture of graphite in g heavy,
non-volatile oil, The wesher F rested on a narrow should-
er; When the nut I wes turned dovn the vresswre on P
forced the packing into the space between F and F with
sufficient force to prevent s leek st five hundred atmos-
preres or gbove,., When the oxygen tank was sttached to D

the valve E wes opened, The oxygen was allowed to fill

the bomb and « nnections to & pressure equal to thet
furnished by the oxygen tank or to some lowey pressure &s
desired, The v2lve Z was then closed, the oxygen tank
disconnected and D closed w t & blind nut., The valve

Z wes then openel and by meesns of thz high pressure pump,
Fig. 3, 2 quantity of water wes forced into the connections,
Tne amount of water rsquired to fill the connecting bloek
and 211 connections up tc ths bomb wes determined by
previous trial., 1o wazter wes 2llowed to enter tae bomb,
When thus filled the valve Z wes closed, The pressure
gauge, Fig, 3, A, on the high pressure pump was used ss the
stenderd for comparison of the readings on tkhe gauge sttach-
ed to B. (See 2lso Rig. 3 E.}. The latter gauge gsve the
pressure in the bomb at g8ll times during the run, ©This |
arrengement enabled us to maintsin a relatively smell de-

crease of pressure across the valve E, For by means of
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the nigh pressure pump water was forced into the epperstus
nntil the pump gsuge reed only & very few atmospheres less,
never more, than that of the gaunge indicating the pressure
in the bomb. A4ilsc in this wey the pressure in the bomb
could be raised to the desired velue before the heet was
epplied,

The high pressure pump, Fig, 3, was made by the Geneva
Society for tae construction of instruments for physies and
mecnenics, It was capeble &f producing s pressure of 10C0
kgs, per em®, ©The geuge was gredusted in steps of 1C kgs.
per em.” & variation of evout 2 kgs. per cm®, could be
estimeted, This @ obsbly excesded the accursey of the
geuge,

The bomb was hezted in a circuler resistance furmsce,
Fig, 4 A, mede of nichrome wire wound on g hard asbestos
freme. The wire was covered with & peste of a2lundum cement
and beked till thoroughly dried, The furnace wihich was ten
inches high was open at the top and the bottom so that it
could be set in & frame end the bomb introduced from the
bottom, Or the furnace could be set on any suitable hesat
insulating material and the tubes for heating could be
introduced at the top,

On accound of the veristion of the current during the
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dey much difficulty was encountered in the earlier experi-
ments in reguleting the tempersture of the f{wrnece for long
periods of time. Por this purpose & heet regulstor was
developed which could be set to regnlete the temperature cf
the furnace within & range of esbout one degree over &
period of deys. The ordinary thermel reguletors for thermo-
stats could not be used for it was necessary et times tc
hegt the furnece to 400° or sbove, The regulstor with the
system of wiring is shown in Fig. 4. The regulator wes
mede from e single piece of inwvar steel, CH, bent at right
angles. The lower end of C wes turned at right sngles to
form the pletform B. A portion of CH wes cut so as tc form
the urright extension of C at . The erm IJ was attached
to CE at X by & pivot arrengement so0 that the ends I gnd J

were free to move up and down. A silver rod, D, stood on

the plestform B. The extension of T wes the inver steel rod
Ze Any rise in temperature would cause the silver rod to
expand. This expansion would be multiplied by the ration
of the lengths IK : XJ. In the spperatus used this factor
wes nearly 100, The wiring which can be reesdily followed
on the Fig. 4 consisted of a primery hesting circuit
across the terminals of the furnace FG. A seccndary
circuit IM was wired in parallel with the primery circuit.



i

- 11 -

The secondary unit shunted & portion of the current around
the resistsnces R end R. The msgnet of the relay, 0, wes
activeted by the opening and closing of the contect X due to
the expansion or contraction of the silver rod D. In tihis
wey the relay circuit threw in or out the secondsry circuit
as required to mein an almost ccnstent temperature in the
furnsce, The smsll variastion in temperature is caused
princivally by the lag in the expasnsion and contrasection of
the silver rod,

In order to study the effect of low pressure on the
rate of decomposition of potasd um chlorate, it was
necessary to collect, accurately measure and anslyze the
gas evolved, There are several vecuum pumpsS which permit
the collection of the exhaust gas. UHone of these operstes
continuously end sutometically, meinteins a high vecuum,
guards completely against the incluwsion of air in the ex-
haust ges and is 80 simple in construction that an ordinery
lsboratory worker csn construet it eassily.

thout increasing the diflicvlties of construction,
the Toepler pump hes been modified so that it operstes
continuously and sutomaticelly. There is the further ad-
vantage that the exhsust mesrcury is returned to the reser-
voir after each stroke, The only suxiliary spparatns need-

ed is a pump which will produce g pressure 2s low as five
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| centimeters of mercury. An ordinery water pump is satis-
Pactory.

A, B, C {Fig. 5} is =z ordinery Toepler pump withcut
the movesble mercury reservoir and the rubber tube con-

nections. The lower end of the downfsll tube, A, is turned

- up and surrounded by the mercury cup, E, to facilitzte the
| collection of the exheust zes., Instesd of the moveable
. reservoir, a fixed reservoir, I, surrounds C. The lower
; pert of £ is smsll to avoid the use of an unnecesssrily
f large amount of mercury and the upper pert is large so thet
the bulb B may be filled without too great a change in the
level of the mercury in 3. The lower end of E is sesled.
The upper end is closed by a2 rubber stopper through which
ress the tubes C and F which extends into the mercury cup
H end the three-way cock D tc one erm cf which the suxil-
lisry pump is caanected. Ths tjz.be_za,is Pitted with a stop-
cock G and supported by the rubber stopper omly, so thet it
will hang lower when filled with mercury than when empty;
Its lower end should be between one and two centimeters
gbove the upturned end of A.

The tube C has &n internal diameter of O.4 om. and ex-
tends 80 cm. below snd 75 cm. above its Jjunction witkh B.

70 the extension of C bsyond the mercury trap 2t its upper

end is sttached 2 manometer and a sscond mercury trap end

tube which extends down into s cup of mercury. The lattser
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tube serves as a safety tube in case of & sudden evolution
of 2es and also gs 2 means of letting in gir at the close
of en experiment. A lcCleod gauge may be used instead of
or wita the manometer., Tae bulb B has g capacity of sbout
150 en®., and is so srranged thet & rise of mercury in 2
will cut it o2f from the remeinder of the system end force
its cntents out through the tube £, The tube 4 is 0.3 cn,
in internsl diasmeter snd 84 cm, in length from its highest
to the lowest point, The bottom of the ecup I should be
nearly 10 cm., above the bottom of Z so that the tube ARBC
will not siphon alil the mercury out of T as soon as the
pump is stopped.

In order to start the pump & preliminsry evacuation
is necesssry for all of the ges trapped in the duldb E must
be compressed into the pert of the downfsall tube between its
highest point and the top of the mercury contained in it
just before the gas is driven out, The meximum preliminery
presSsure pe under which the pump will act automaticslly can
be calculated by the equation: p,V = (P -h)v, Vhere V is
the volume of air trapped, P is the atmospheric pressure,

h is the differénce in level between the mercury in E and
the highest point in the downfell tube, 2nd v is the volume
of the gas as it is compressed in the upper part of the

downfall tube just aB the mercury sweeps pest the highest
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point in the dowmfall tube. The bulb B can be made of
such size thet the suxilisry pump will give g8 sufficiently
low preliminary pressure by direct evecunation.

If the dulb is smell enough the pump may be started
by connecting by mesns of pressure tubing the upturned end
of A with ® end to the suxiliery pump thrcugh the three-way
stopcock D, = is filled by drawing through the tube F from
the cnp H, 7he mercury shonld stand in Z as high ss possible
without danger of drewing it out through D, In E the mercury
should just cover the lower end of P, The cock G is ciosed
and th: entire apperatus is svacuated, %Fhen the pressure D,
is reached, D is turned so that the suxilisry pump is con-
nected with © but not with A, The pressure tubing is re-
moved and the cock G opened., Wiaen enough mercury has been
trensferred into Z by suction through F so that the level
0f the mercury in H has fsllen below the lower end of 7,
air rushes into Z, forces the mercury down in X and up in-
to the buld B, Tre contents of B are forced cut through
A, Mercury flows into T until the lower end of * is cover-
ed, The auxiliary pump evacustes E, The mercury fells in
B until & connection is sgain made through the upper part

of C to the sppesrstus being evacuated., During this time

mercury is drawn from Z into Z until the lower end 8f F



- 15 =

ig sbove the level of the mercury. The cycle is taen re-
peated,

Since the capacity of the pump is directly proportion-
al to the espsecity of the bulb, B, it is often desireple to
meke this bulb so large thaet the suxilisry pump will not
produce 8 pressure p, on preliminery evacustion. In this
case the pump may be started by the use of the epperatus
| Pig. 5, I, which consists of a2 side-neck test tube with the
- gtopcock J., The entire apparatus, I, as shown is raised
| vertieally into such = position that the lower end of the
| cepillery tubing may be atteched to the uptnrned end of %
by means of & short plece of pressure tubing, I and D ere
connected with pressure tubing, After filling Z to the
desired height, the cock G is closed and the cocks J and D
gre turned so that the entire apparatus is evecuated through
| A and E &8 before, When the pressure is ss low as the
auxiliery pump will produce, J is closed and G opened. The
eir rushes into = through 7, out will not force the mercury
in C and B to the highest point of 4. %0 drsw out the air
trapped in 4, turn the cock D so that it will evecnate A
but not £, Open cock J., ¥hen a little mercury has been
drewn into the side neck test tube, close j. HNow close G
and keep J closed so as to evacuate £ but not A. When the

mercury in B has fallen below the junction between B ang c,
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open G. If the mercury does not rise to the highest point
of A, the gas in A ruust egsin te drawmm out torough I by
turning D so as tc evecuate = but not A end opening J. This
cycls must ve repeaied until the pressure in the spparatus
is as low &s p,. The pump will nowu operate euntomatically
without the use of I which is in no way necessery far the
operation of the pump except for sterting when the auxiliery
pump can not evecuate the apparatus to the mressure Pge

The value of v, for the pump &8 here described is about

o
1.2 cm. of mercury. +hen using & weter pump for the suz-

iliery pump and evecuating a two liter flask, it wes necessery
to meke nine strokes by the use of I before the operation be-
came gutomatic. The pump mekes one cycle or stroke per min-
ute and has been run continuously for 96 hours withont any
ettertion whatever. In one preliminery triel when the pres-
sure was read by & McCleod geauge on which & presgure of

2 % 10”2 m. could be reed, & pressure averaging 0.065 mm.

wes meinteined for 30 hours.

Temperstures below 250° were measured by mercury ther-
mometers which had been compared with & standard thermometer.
Temperatures at 250° or sbove were messured by & chromel-
alumel thermocouple using ice water a2s the cold juntion. The

thermocouple was standarized against a Pt - Pt - Eh thermo-
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couple which hed been stendardized by the Burear of Stand-
aris. The temperature was read by meens of a Ieeds,
Northup potentiometer. Some of the higher temperatures
were recd with e Hoskins pyrometer using & stenderdized
chromel-~glumel thermocouple. When heating the steel bomb,
the thermocouple wes placed near to, but not touching, the
bomb &t & position in the furnece opposite the middle of
the charge in the bombe. ¥hen heating mixtures in hard
gless tubes et the lower temperatures the bulib of the
thermometer wes placed sgainst the part of the tube can-

taining the materiesl.

PREPARATION OF MATERIALS.

The potassium chlorate used in this work wes Bsker
end Adsmson C. P. grade. Ko further vurification was mede.
Preliminery tests showed thet & neerly satursted solutiom
geve 8 very slight éloudiness with silver nitrate. 3o
heavy metels, calcium, bromates, nitrates or sulfetes
were present. Weighed ssmples of the potessium chlorate
ware reduced by boiling with ferrous sulfete. The excess
of ferrous sulfate waes titrated with & standard pctassium
permanganste solution. Two determinstions gave 98.15% and
98,22% purs potassium chlorate. Since the ssmples had not
been heated to 110° immedistely before weighing for ansl ysis,
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it wes considered that the slightly low valunes obtsined
was prineipelly due to aisorbed moistiure.

The mangenese dioxide wes prepared by reduction of
potagssium permangenste with menganese sulfate in & strong
sulfuric acid solution, The quantities used and the method
of procedure wes essentislly the same as described by
Kerrill and Scalione(g). The yrecipiteted menganese di-
oxide was washed with distilled weter until zno test far
sulfete could be obtalined. The weshing wes ccatinued un-
til the precipitete beceme co0lloidal so thet it would not
settle out for severel deys. After filtering the pre-
cipitete was dried et 110°.

Before using, both the potassium chlorate sni the
manganese dioxide were ground in en sgete mortar and run
through & 200 mesh sieve. The meterials were heated
seversl hours ai 110°'just before the proportions were
weighed out for the mixture which wes made by sifting to-
gether repestedly through a 150° mesh sieve until the mix~
ture appesred entirely uniform. The proportions used were,
expressed 28 molar concentrations, 2XCl03 ;_Hnoz. This
mixture was found by Browm, 3urrows and mcLanghlin(lo)
to have the lowest spontaneous decomposition tempersturs..
This mixture prepared in this wey wes kept in glass sfoP-

9. D. R. HMerrill and C. C. Scalione. J. Am. Chem. Soc.
43, 1986 (1924). '

10. B3Brown, Burrows and Mcleughlin. J. Am. Chem. Soc. 495,
1243-8 (1923).



- 19 -

pered bottle until needed for expsrimental woxk,

oy

SPEZRILERTAL WCEX AND RESULTS,

Tne seme quentity of the mixture of potassium chlorste
end manganese dioxide wes placed in esen of two herd glass
tubes, sesled et the bottom., After sealing the top of ezsch
tube, the two were tied together with a copper wire and put
into the top of the furnace, Pig, £ 4, The side neck of one
of these tubes in wnick the material was to be heated et &t~
mosvheric pressure wes connected by meens of pressure tubing
to 2 gless tube the othsr end of which was turned upward to
fecilitste the collection of gas end dipped intec 2 cup of
mercury.

The method of colleeting end messuring the gas evolved
wes uhe seme for both, The stopcock of a quantitative
burette was cut off and seeled to the top. 4 leveling bduld
was Ifastened to the bottom of the burette. The end of &
capiliary tube opposite & second stovecock was sealed into
the side of ths burette between the first cock snd the
graduation snd bent down slong the side, 2L tube of larger
dismeter for sétting down over the upturned tube in the
mercury cup was sealed to the lower end of the secomd cock,

When in position for collecting ges the burette with the
cepiliery tubs was filled with mercury, Wken £ volume of

gas was read the mercury in the cup was drewn ap to a
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graduation of the cepillary by lowering the leveling bulb
and the seccnd cock closed. The mercury in the vwrette
was adjusted to atmospheric rressure end the volume read.

A somewhst larger tube in the form of 2 boat was sesl-
ed t0 the side-necik of the other tube a2nd to the mercury
punp, Pig. 5. The boat was partly filled with phosphorus
pentoxide and srrsnged so that the ges from the tube in
the furnace had free passege over the pentoxide to the
pump. The pump, Fige 5, ABC, the boet znd the tube contain-
ing the charge in the furnace was one glass tube. All
connections were glass seels.

The meteriel heated 2t etmospheric pressure was ta:en
from the same mixture.and subjected tc the same tempersture
in the szme furanace for the seme length ¢f time as that for

which data are given in Table I.



Part (8).--7C1l0,;-¥nC; mixture

v s

contained 2 g, of XC1l0,;,

memperAturd, T Pressure(s)Time’ 0L heating, Total’ Voltume' of

(&)

X

-- Read on & menometer with = cathetometer,
-- No gss was collected,

ges.
Roonm, 0.045 cm.Hg. 1S hrs, 808 cec .x
100° 0.035 " v 2.4 hrs, e * x
Room 0.035 n v 13, * 600 " =
125° 0.010 " * 6. * 2,90 v
145° 0.010 " * 80, " 22,00 *
Part (b) .-~XC1l0,=ln0; mixture conteined 2 g; of XC10s.
Roon, 0.06 cm.Eg,. 14, brs, &8 cc.x
90-100° 0.02 v ¢ 1.5 * &0 v =
zoom 007 n v 21, " 6=6 " x
90-100° 0.025 v v 1.5 &6 r =
Room 0.055 » = 48, v 0 " x
.... L 35.5 *
Part (c) .--XC1l0;=n0; mixture contained 1 g, of XC10,.
Roon. 0.C20 cm Hg, 19, hrs, 8=8 cc .x
65-100° 0.010 " 1.5 ° 66 " x
3o0m 0.010 * v 7. r e " =
196-200° 0.01-0,2¢4 ~ v 3. " 30.0 *
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pert (a):

The pump wes kept running during the ti.2 of heating
the mixture but not whils cooling to room temperature or
during the time of stending at rocm temperature, A% the
close of the experiment the entire apparatus stood for 11
days without showing sny leak which could be read on the
manometer or the burette,

The ges wes anelyzed by the use of a slight modifi-
cetion of the Ellio%t apperztus. The collecting apperatus
in this cese was set gt zero so that enough sir was con-
tained in the gas ansaslyzed to fill the collecting =ppsratus
above the grsduation on the burette,

Volume of gas transferred - - - - - ~ < 30;5 ee,
Volume of gss sbsorbed as oxygen - - - 23,1 "
Berometric pressure - - - - - - -« - - -~ 740 mm,
POMPErature -« - = = = = - = = - =« - - - 250

By chenging these wvolumes to dry gas at standard con-
ditions and making correction for the 7.5 ce. of sir, it is
found that 95,17 of the original 23 ce, of gas collected was
absorbed as oxygen,

4 semple of the mixture which bad been heatel was

analyzed for chlorides by the method of Vbtecek(ll). The

1. =, Votecek. (Chem, Ztg. 42, 257, 271 (1918).
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ohe amount of chlorides fournd corresponded to en evolution
of 25.1 ce, of oxygen. The results of later experiments to
be desceribed showed that this difference might easl 1y be
accounted for by the loss o2 oxygen at 100° before the
99}}99?§9g apperatus wes attached.

The procedure and methods of enalysis were a duplicete
of those described for Part (2) except (1) during the pre-
1iminsry hesting to 1007, the pump was kept running both while
heating up to 100° and cooling down to room tempersture; (2)
the collection spperatus wes completely filled with mercury
before any gas was collected.

Volume of ges tremsferred - - - - - - - -~ - 35,9 ce,
Volume of gas absorbed as oxygen - - - - = 35.0 "

Evidently the gas collected was s8ll oxygen for the
difference between the smount collected and the volume &b~
sorbed a8s oxygen was essl ly within the limits of experiment-
al error. Analysis of the residue for chlorides indicated
Pert (c):

An amount of the mixture containing 1 g. of potassium

chlorate was used because it was expected timt the rste of

. + )
evolution at 200 wounld be to0o great for the espaecity of
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the pump, 3Zven with 1 g, of potessium calorate the pressure
rose to 0.25 em, of mercury, 2lthough the rpump was working
continuously, On esccount of an aeccident the ges could not
“be anelyzed, The smount of chlorides in the residue corre-
sponded to an evolution of 108 ce., of oxygen.

During the progress of the previous experiments it wes
noted that when the mixture wes subjected to & pressure of
0.1 - 0.2 mu. and heated to 50--60° 2 smell smomnt of
moisture was given off., When tkhe tempersture was reised to
temperatures between 60° end 100o there was evidence that a
small amount of gss was being drewn out over the phosphorus
pentoxide through the pump,--evidently not moisture, In
order to determine whether oxygen wes given off at these
lower temperastures and what pressures would be developed at
different temperatures, 10 grams of the mixture of po-
tassium chlorate snd mangsnese dioxide was sezled in tubing
end commected to the pump es previously described, The
apparetus was evecusted to & pressure of 0;03 cm; The
meterisl was repestedly heated to 72° and then cooled %o
roonm temperatufe for & pericd of three dsys. During this
time the apparatus was occasionslly pumped out for it

proved impossible to get a constant pressure while the

material was being hested and cooled, +he pressure did re-
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mein constant at 0.05 em. for & period of 24 hours when
the tempersture did not aversge more than 50°; but when
the temperature wes tken reised to 60--70° the pressure
increassed to 0.110 cm, in 12 hours, 7he itemperature was
now kept as nearly constant es possible and the heating

continned to determine whet pressure would develop,

TABLE II.

Part (a): Average temperaturs was 68°,

Time. Pressure, mime, Pressure,

0.0 hrs, 0.11 em, 62,0 brs, 0,8C em,

7.5 " 024 70.0 * 0.83 *
ic.0 0.31 * 81.5 * c.85 *
2,0 0.34 * 87.c * 0.86 *
17.0 0,38 " 94,5 * 0.89 *
24,0 » C45 * 106,5 " 0,91 *
4,0 v 0.55 * 109.,5 * 0;93 »
43,0 * 0.62 * 1140 * 0,91 *
47,5 * 0.69 * 130,0 * 1.03 »
56.0 * : 0.74 " 138,0 " 103"

A T ¢.78

Part (b): Average temperature was 90°.
0.0 hrs, 1.16 cm, 43,0 hrs., 1.,45 cm,
4,0 l25 » 51,6 * 1,48 r

10,5 128~ 59.0 ¢ 1.6 ~
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21.0 brs,. 1,37 cnm, 67 .0 hrs, 1.51 enm,
25,5 ° 1,39 » 712.0 * 1,61 *
33,5 » 1,41 ¢

Hany of the experiments cerrisd out in the study of
the effect of high pressure on the decomposition of po-
tassium chlorate have failed becauge of explosions or
leaks in the apperatus, The following tebles coniein
the results of those experiments in which there was no
apparent lesk of oxygen.

Before the high pressure pump Fig., 3 was availeble
for measuring the pressure during the progress of the ex-
periment two apperently successfully ruvns were made from
which the mressure could be calculatea; About forty grams
of the potassium chlorate and menganese dioxide were used,
The space in the bomb exclusive of that occupied by the
substances introduced was sbout 38 cc. By meesuring the
volume of the bomb, using the dend ty, as found in tables,
and the weight of each substance in the bomb to determine
its volume and anslyzing the residue for chlorides formed
by the decomposition of the potassium chlorste, the high-
est pressure that could be atteined by compressing the

volume of oxygen corresponding to the potassium chlorate

decomposed into the free space of the bomb could be cal-
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culated, The temperzture of the furnace was measured by

& mercury thermometer,

TABLE III.
No., "' mimd heated .’ Av, témpsrature,. ‘Prebaure.,’ ' "%XCl0z '
undecomposed,
1. 1,0 br, 335° 236,7 etmos. so;zz
2, 7.5 *® 335° 322,7 * 66 .62

The pressures given in Teble IV were messured on the

f pressure gauge sttached $o0 the high pressure pump Pig, 3.
The temperatures were measured by a2 thermocouple, Pressure
shown at room tempera¢ure at the beginning of the experi-~
ment was produced by filling the bomb with oxygen from an
oxygen tank through the connecting block as previously

described,
TABLE IV,
Fo''''Timé heated ' Av, Tempsrature’, 'Dradbtre’.,’ " "XCI1C; tn-""
. decomposged.
1. --- hrs, Room 200.0 atmos,
3.0 v 345° 443,35 v

5.0 * Room 280.0 " ----Present.x
2, —— T Room i80.0 "

2,0 = , Room ,180;0 "

19,0 = 3200 4653 ®

21,6 » 290° 485.6 *
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25,0 krs, 3259 48G .0 atmos.

29,0 2850 4500 "

34,0 * 3200 483,3 ®

39.0 3250 496.6 "

53,0 * Room 2400 " meee-- 23;52

£ HNot quantitatively determined,

DISCUSSICH,

The curves I and II, Fig, VI, show & rapid increszae
- of pressure at first with e gredusl slowine down as the
i decomposition continnes; The pressure built up to 2
- 1limiting value which remeined constsnt for sbout 12 nours.
A #imilar repid rise of pressure W th & gredusl slowing

down wes also indicated at the higher pressures and temp-
; eratures,
| The data for experiment 2 in teble IV are typical,
- When the temperature was increased the pressure increased
but when the material was coolsd to the previous temper-
ature the pressurse stoprped &t & value higher than previous-
1y obtained et that temperature., This has occurred
throughout the work et =gll temperstures andé indicates that
no equilidbrium has been established;



Pressure has a markeld effect on the decomposition of
potassium chlorate in the presence of manganese di-

oxide within the range of 70° to 350°,

For each temperaturs there is & pressure above which

decomposition is very slow or gbsent,

@hen this constant pressure hes beam reached for any
temperature, & lowering of the temperature does not
resualt in recombination of oxygen with the potassium
chloride and the pressure decresses only as would bs

expected from the gas laws,

Zquilibrium for the reaction, 2XCl0; = 2XCl 4+ 30, hss

not been attained,

The decomposition of potassium chlorate in the pres-
ence of mangsnese dioxide has been effected at temp-

eratures 28 low gs 70°.

The decomposition of pctassium chlorste in the pres-
ence of manganese dioxide has been prevented by pres-
sure wheﬁ the mixture was heated fcr e period of 7

hours at a temperature 40° sbove its spontaneous de-

conposition temperature,
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