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. A STUDY OF THE CATALYTIC DECOMPOSITION OF POTASSIUM
CHLORATE AND POTASSIUM PERCHLORATE.

Introduction

Although every student of Chemistry has generated
oxygen by heating potassium chlorate, has written the equa-
tion, 2 KC10z = 2 KCL}{_B 02, and has noted fhe accelerating
influence of catalysts“on'the evolution of gas, as yef the
kinetics of_the'reactions involved have never been complete- -
ly investigated. The present work is a study of the |
decomposition of potassium chlorate and potassium per-f
chlorate. Because ferric oxide cen L be obtalned in a
purer state than the usually employed catalyst, mangénese
dioxide, it was decided to use only the fdrmer?as catai&ét.
Sincé it is generally conceded that the deoomposition of
potessium perchlorate is a simpler change than that of
potassiuﬁ.ehlorate (the latter being partly simultaneously
'convérted_to pdtassium perchlorate).it was deemed ad#isable
to limit the study of the catalytic effects of Fes05 t0
the formei change, namely, K0104 = KC1 4 2 Og. The for-
mation of pota831um perchlorate from the chlorate was
, found to be auto-catalyzed by the potassium chloride
i:formed from the two reactions:

2 EKC103 = 2 KC1 « 3 0y , 4 KCl0z = 3 KC10, + KCL.

Hehqég experiments were tried in which some of the latter



was initially presenf. Also it was hoped that’ébﬁé
indication of the nature of an intermediate compound
bejween the decomposing substance and the catalyst might
be gained from the results of this work.
- It is customary to study the kineties of a
:eaction'in dilute solutions. At temperatures of 4OO°L-Y>‘
600° C fused salts are the only feasible solvente, and

"Ein fact, potassium nitrate was used as such in Scobai's
"research on the decompdsition of potassium chlorate, ﬁhich
. wiilvbe discussed later. To eliminate any possihle
Qatalytic effect, no solvent for the potassium chlorate
‘andvperchlorate has been used in the present investigation.
v‘This, of cburée, is not an entirely new procedure since
an analogous research without solvent was conducted by
Bruner‘l? on the bromination of benzene in which the

small amounts of 1 gm. of bromine and 1.65 cc. of benzene

were used.
Historieal

.The historicel review on the decomposition of
these salts will be taken up in the following order:
,uhpatalyged pbtassium chlorate; catalyzed poﬁassium
Nchioiate; other chlorates; potassium perchlorate; other
perchlorates.

In the decomposition of potassium chlorate by
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heat it has been reported that chlorine also is evolved, and

(2)

thaet an increase in temperature ', or a sudden rise in tem-

(3)

perature cause8 an increase in the proportion of chlorine.
This was explained by Sodeau(4) from the consideration that
fhe reaction, KCl0z = KC1l +15/2 05, is exothermic while its
change to chlorine and potassium oxide is endothermiec. Re-
duced pressure did not affect the proportion of chlorine,

(5)(2)

potassium chloride and potassium perchlorate formed.
In & controversy of some length Brunck and McLeod( )
duced experimental data to indicate the nature of the gas
evolved which liberated iodine from potassium iodide solution.
- If it is true that chlorine is evolved during the decomposi-
tion, it follows that the solution of the residue must be
alkaline and in fact this observation was made by Warren‘7)
and McLeod(s). On the other hand Sodeau(s) malntains that
the residues are slightly acid, requiring 0.06 - 0.3 cc.

of N/500 potassium hydroxide to effeect neutralization. No
chlorine or other gas liberating iodine was obtained by
Wagner(g) when pure potassium chlorate wﬁs used and So-

(2)

deau states that no chlorlne is evolved when the reaction
is carried on in platinum vessels. Hence it is to,be
assumed that the evolution of chlorine is due either to the
presence of impurities or‘to the influence Qf the walls of
the vessel in which the reaction is carried out.

Due to'varying conditions fhe.proportionai yields

- of oxygen, potassium chlorate and potassium perchlérate



have differed and investigators who proceeded on thg~th§oryl
that a single reactioﬁ gave all three products were very
much puzzied. Several(lo)(11)(12?(13)(5) have expressed
their own results in specific chemical equations. In as
much a8 the manufacture of potassium perchlorate is involved
- in this reaction, it will be interesting to tabulate the
largest yields which have been obtained.

Serullas 44% year 1831 (14)
Liebig 50 - 5% 1844 (15)
Marignac 65 ~ 66% 1843 (16)
Blau and Weingand 69% 1921 (17)

The effect of additions of oxides of ﬁanganese on
the decompoéition of potassium chlorate has been studied by
Sodeau(s), Hodgkinson and Lowndes(le), Fowler and Grant(19),

uoTeod 2°? | wil1s and Dona1a(®l)-ana wWiderno1a(22),

The
last has found that manganese dioxide reduces the tempera-
ture of oxygen evolution to 200°C. Sodeau and Fowler and
Grant found that chlorine was given off under these condi-
tions although Hodgkinson and Liowndes observed none when |
' thé mess was heated moderately. McLeod reported that
¥Mnz04 had very little catalytic effect.

The effect of Silicon dioxide or powdered glass

 was found to be negligible by_Teed(lo?, although Fowler and

Gran?‘lg? state that it increased the amount of chlorine
evolved. Frankland and Dingwald!lg? and Blau and Wein-
gand(lv? found that it caused a better yield of potessium

perchlorate.
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The cataiytic effect of many other oxides has been
investigated by Fowler and Grant(lg?, including ferric oxide,
the catalyst selected for the preéent research: These
authors say the presence of small amounts of this oxide in-
creases the evolution of chlorine, though with 1argér propor-
tions of catalyst this is decreased. In the present research
no chlorine-was detected as will be noted later. Mills and |
Donald(ZI? ha#e derived a mathematical equation Which‘eipresses
their observations on the use of ferric oxide as cataiyst fog
this reaction. They reject the idea of contact sction. The
temperature at which oxygen is evolved under these cohditions
is stated by Widernola(?2) to be 110 - 120° c.

(23)

Veley " claims that any inert finely divided

(24)

substance will act as catalyzer for this reaction. 'Sodeau
thinks that the substance Veley used for experimentation
(BaS04) cannot be said to be wholly inert. o
— Marignac(lﬁ) working with open tubes and no tem-
perature regulation found that potassium chloride and potas-
sium perchlorate decreased the yield of perchlorate from
potassium chlorate in the time in which equal amounts of
oxygen had been evolved from the tube of pure potassium
chlorate and the one to which additions of the above salts
had been made. Scobai‘25? found potassium perchlorate to
have no influence on the transformation. ~ His mixtures of
potassium chlorate and potassium chloride solidified quickly
and he did not attempt any further work with them. Ihis»

" omission by Scobai has been investigated to some exfent‘in



the present work.

A brief summary of work on the decomposition of
other chlorates should be noted. Reduced pressure inéfeased
the evolution of chlorine from lead and silver chlorates(5)
and affected the proportion of chloride and perchlorate
formed from barium chlorate(g). The effect:of temperature
on barium, lithium and strontium chlorates has been studied
by Potilitzin(zs). When aluminum chlorate is cautiously
heated to 100° it explodes. On the other hand, rapid
heating to above 100°vcauses it to evolve chlorine leaving
a basic "chlorate” A12(0104)6.A1203(27). (The formuls of
a perchlbrate is given in the abstract.) Sodeau(ze) ob-
served the formatibn of lead dioxide when lead chlorate
was heated. In another article he states that silver chlor-
ate explodes at 345° (29!. The decomposition of many ‘
chldrates,in the presence of various catalysts was studied
by Spring and Prost(z).

With reference to the decomposition studies of
.’pqtaésiﬁm perchlorate the loss in weight on heating to 5950
‘wds found negligible by Scobai(zs). On heating for 56 |

d(lz)‘reported :

hours in sulphur vapor Frankland and Diﬁgwal
& 168s of 0.3% by weight. teLeod(20) states that it does
’ not decompose at the boiling'point of mercury in the pre; "
sence of mangenese dioxide.

| The presence of chlorate in residues of moderate-
ly heated pérchlorate was obsérved by Millon(zo), qud(lo)'

end Frankland and Dingwald(lz), the latterfélaiming"ifs
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- separation by fractional crystallization. Scobai occasion-
ally found traces of chlorate. None of these investigators
have found chlorate in perchlorate residues when manganese
dioxide was used as catalyst.

Anomalously Potilitzin(zs) (in abstract) reports
thet the rate of decomposition of lithium perchlorate is
greatest at 368° and that decomposition begins at 380°.

From this brief historical survey it is quite
evident that there is no settled opinion as to the exact'

- nature of the decomposition of potassium chlorate and per-

chlorate either with, or without the presence of catalyst.
Theoretical

For some time after the discovery that the products
obtalned on heatlng potassium chlorate Qere'pot3331um per-.
chlorate, potassium chloride and oxygen, various 1nvest1gators
attempted to represent the reaction by suitable equations,thus;

Th. Graham(®1) wrote 2 KCl0z = KC104 + KCL + Og;
Franklend end Dingweld(*?) excioz = (5KC104 + 3 KCL + 2 0

| Teed(lo), 22 KC103.= 14 KC10, + 8 KC1 + 5 0, )

2

None of these equations will fit the fects under more than

one set of conditions and it is now generally conceded that

two 51multaneous and independent chemical changes proceed -

instead of a single reaction. Thus potessium chlorate by
one reaction gives potassium pefchlorate and potassium

chloride; by the other it loses oxygen leaving potassium



chloride. These reactions are represented by the simpie
equations (1) 4 KCl0z = 3 KCL0, + KC1
and (2) 2 KC103 = 2 KC1 + 3 05,
which are not intended to indicate in any way the mechanism
of the change. Equation 1 according to some investigators
is reversible (cf Historiecal Part). Thus, when potassium
perchlorate is heated, in addition to the decomvosition into
potassium chloride and oxygen; a reaction would take place
by which potassium chlorate would be formed. This potas-~
sium chlorate would immediately begin to decompose and
therefore in heating potassium perchlorate the concentration
of potassium chlorate naturally would soon become almost
constant. But in the present investiga%ion, as will be
shown later, no chlorate was found in the perchlorate resi-
dues. In case potassium chlorate is formed, its concen-
tration would probably be constant after the initial heating
disturbances and hence its formation would nbt affect the
calculations for the velocity coefficient of the equation
KC104 = KC1 + 2 Op. |

In all the calculations of this research, the con- .
centration of the original pure substance has been’takén équal
to one. Hence, the weight of the original substance eaﬁi; 3
Yalent to the weight of‘any product formed, divided by fhe
initial weight of material, will express the concentration
- of the product. Therefore, the fractional‘éﬁount changed
or unchanged at any time,,or for brevity written simpiy as

amount, will be considered from now on as synonymous with the

concentration of the product or reacting substance respectively.',‘fi
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The above eguation admits of very easy kinetic treat-

ment. According to the mass law for a monoxholecpzlar reaction,

dx/dt = k(a - x),
where 1t is time, & the initial concentration of reacting sub- |
stance, x the fractional amount already transformed and k the :
proportionality constant or velocity coefficient. Integrating
and solving this equation for k, it is seen that k can be cal-
culated from finite values of £, & and X.

k =1/t log a/(a - x).
To eliminate the initial disturbances mentioned above, k can
be calculated between any two observations of (a - x) of the

experiment. In this case the equation is

= 1l - 2 - Xj
k T——'E—g-lloga-xz’

are simultaneous observations,

| whez_.fe t.l and X, g.pd. t, and x,

respectively.
. - 7"If the decomposition of potassium chlorate is
‘expreésed- as foliows,
m XC10z —>» KClO4 $ - - =
D ECl0g —p 0p 4 - - -
a general differential equation for the combined side reactions
is deducible, but can not be integrated without assuming

values for n and m. = Since these equations lead to differen-

tial equations with somewhat complicated solutions, not generally

Eiven in textbooks, the entire derivation is included here.
In the time t let the amount of potassium chlorate changed
into potassium perchlorate be y and let z be the amount of

potassium chlorate changed into oxygen.



 Then ‘dy/at ki(a -~y - z)®

and dz/at kZ(a -y - z)%
Let X be the total amount changed in the time %.

Thet is, X =y + &%

dx/at = dy/at + dz/dt
dx/at = kp(e - x) e Ey(a - X))
let 'i(a -x)=¢ a
- dx/at = dc/at ,
- aC/at =k CT » dpCt
morrge - Y
,Eﬁl _ kgccn = - kld.‘b
— - B
Let kp/ky =K and - kqt = 8
Then - kjdt = ds
Substituting ¢ = ds
or aic = as

=+ K

By partial fractions : o
. 1 = 1 -1 /K¢ cm-zn
O o0 ¢ X #c T E#ﬁ"—' + K

m-2n v )
f -  dC = de
whence ol , :} !

At this point m and n must be evaluated., ' Since it is probable .

that four molecules of potassium chlorate react together to
form three molecules of potassium perchlorate with the elimin-
i;ation of one molecule of potassium chloride and another mole-
cule of pota331um chlorate yields 3 atoms of oxygen Whlch then

by a very fast consecutlve reaction form&\molecules of oxygen



let us suppose m = 4 and n = 1.

.v 1 . a2 -
Then, [Lt, . Eg_*_a ac = 'Kds
Integrating, log C = 1/3 log (C® + K) = Ks # F

Substituting for G, s and K their former values,

log 8 -x 1/3 = =kot + B
ﬂa-x)sc» kz/kll / ]

Evaluating the 1ntegrat10n constant F by letting t = o,

whence x = o,

108 e & 3/5 F
e 1irz/kﬂ"/ s =
Substituting for F its value,

Tog _ a-x D Kot o g
1/3 = ~X2T » log iy
E -X)s * kz/]ﬂ / , (35 . k?‘%l)l;l'/a

o -

- Solving for kzt

-.a... (-.
kzt -log s - % [

Cubing ,
(a'-x ekgt)'a =k (a-x)® & x5
& k18° # ko

Multiplying by Klaz + ko,

= ) 3 :
(k19.5 + kz)( .9%’5 e¥2%)° | kl(a-x) -l- kz

-

Multiplying and assembling coefficients of kq -and kz,
: kl [(a-x)3e5k2t - (a—x)?] = kz [ - (.a'_;_x. el?,t)f]
Solving for kj, | |

- 3
1 - (a.x kg‘b)

kq =
PR xsz(eakzt T

-~

T This eqﬁat;’.on. only gives a relation between k; and kz', and
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accordingly k, must be‘detérmiﬁed by’othér'méans.  The
differential.formularAiz/ht‘g ko(e - x) was used. The
corresponding equation for the ofher side reaction »
Ay/At = k1(a - x) was employed in a féw calculations when
the value for kg; due to experimental error, was obviously
wrong. The &ifficulty in the use of these formulae lies .
in the determination of the tangents Az/At and aAy/at on
the z,t and y,t curves. The tangents, however, were deter-
mined (this detail will be explained latér) with at least
as greéf an accuracy as the plbtting of thé curves permitted.
The quantities & and & - x in the above equations
are directly measureable, but the separate quantities y and
Z whose sum is X can not be measured directly. 'The oxygen
is evolved not only from the chlorate, but from the per-
chloréte which has been formed during the process. Hencé
the true values of y and 2z can be obtained by subtracting from
the apparent z and adding to the apparent y a correction,
which is calculated from these apparent vaiues and the velo-
' Qity coefficient for the decomposition of pure potassium pe;-
chlorate. The apparent y (y") is the asmount of perchlorate
formed minus'thé amount decbmbésedi Hence, it may be
assumed that in a given.intervél the average amount of per-
chlorate present has decomposed accbrding to the velocity
coéfficient of puie potassium perchlorate at that temperature.
Since this decomposition is of the first order, no account
need be taken of fhé.fact that its concentration here is

lower than when initially pure potassium perchlorate was
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decompoéed. The weight of perchlorate (w) which would be

decomposed if the average asmount present'iﬁ each interval

Yo + Jnil were held at the condition of the experiment,

-4

was calculated.
| . Y ST
wE = - 1 - ToE(Ena1 - tn)

(n is the number of.the observation.) This weight is then

added to yns1 and all subsequent values of y", making a

- geries of ;alues y', which are the apparent Galues, once
corrected. These values of y' were again correéted in the
Same manner ahd, if the second corrections were so small
that it was obvious that a thirddcorrection was unnecessary,
the values obtained were called y. The difference between
y" and y was then subtracted from é" giming z. . Then y and
g:oould be used to make the y,t ana‘z;t curves. For clear-
ness, the conversion factor of potassium chlorate fo potas-
sium perchlorate and vice versa hes been omitted in this
explanation but was included in the calculations.

Since velocity coefficients are a function of
temperature their evaluétion according to the foregoing-
equations must be done at constant temperature. Otherwise,
coﬁsistent results could not be expecﬁed. A relation
between the velocity coefficients of reversible reactions

at different temperaturés has been deduced by van't Hoff
(32) to

' , , dlog X _ QE_
hold good for irreversible reactions. daT- - =  Ro?

and a similar reiation has been found by’Arrheniué
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or 1logX = =Q 4 B (van't Hoff), where Q is the heat

of reaction, R the ges constant and B the constant of in-
tegration.

Log X = A/r% + B (Arrhenius)

It is understood that A has no physical significance unless
it is a relation between the number of "active" and "passive™
molecules as postulated by Arrhenius. “ ‘ - -

Another phase of the present investigation was to
ascertein what relation the velocity coefficient bore to the
amount of catalyst present. Since the method of approach
to this problem was that of cut and try, the discussion of
the algebraic equations involved will be postponed until
after the experimental date and necessary calculations have
been given.

In all of these derivetions and the applications
of them in the present work, the following assumptions have
been made:

(1) That the Mass Iaw applies in concentrated solutions,
(2) That the volume of the solid and liquid phases does
. ;not change during decomposition,
(3) That the decomposition of potassium perchlorate
"~ (temperature correction applied) is the sane, when
dissolved in fused potassium chiorate, a8 when it
itself is in the fused state,
(4) That the particles of solid cataslyst remain uniformly
“distributed durlng the experiment.
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Criticism of}Scobai's Work

The work which Scobai(aﬁ?,under the direction of
‘Wilhelm Ostwald has done upon the decomposition of pdtassium
chlorate is open to criticism. In the first place, &s can
be seen by referring to Table 1, for the transformation of

potassium chlorate to potassium perchlorate, Scobai employs

3% 1 1 - 3
the formula K= (35 (a-xJ° é?) which should be

used for a simple fourth order reaction. It takes no account
of the potassium chlorate decomposing to give oxygen, which
according to Scobai”is'small but does in fact involve ap-

-;proxlmately 2QV\0£ the total amount of potassium chlorate.

B Then for calculatlng the velocity of this decom-

\f.p031tion to glve oxygen Scobai uses a differential formule

: e K“, 4U%%§§ |
but Az/at instead of being as nearly an instantaneous value
a8 possible is defined as the slope of a.lihe drawn from a
kiven point on the z,t curve to the origin and C, is the con-
centration midway between the origin and the point in question.
That is, Cp = & - x/2 if X is the amount of the initial sub-

stance7hhieh has decomposed in the time t. The formula by

which he has calculated X is not X =4z, tt but & formula
| - Cm
n
.derlved from gz/t = K:A ol (a = x) , nemely, K =

- t =)

His constants have an average deviation of-22.5%.

In recalculations with these obéervafions, the con-

Acentrationsihave been reduced to the basis of pure potassium
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chlorate having a concentration of one instead of five. After
: correetiné (Table 2) for the oxygen evolved from the potas-
sium perchibrate, aécording to the method explained in the
theoretical part of this thesis, the values of x, y and 2z
were plotted against time on Graph 1, page . From these
curves the value of & - x,0y/0t and Az/At were read at
‘lo-ﬁour intervals.

The latter tangents were determined by the follow-
ing}method. A fine straight scratchlon the under side of a
piecé of celiuloia,was placed so that it intersected the y,t
or 3,%t curve at equal distances from the given point aiong the
t axis. This could be'doﬁe with much greater precision than
trying to place it as a tangent and gave practically'the same
figure. The slope of thié line was then determined and re-
corded (Tables 3 and 4) as Ay/at or Az/At although they
are slmost dy/dt and dz/dt.
| If the log of the general formula AY¥/At = K(a-x)®
is taken, a straight line relation is pbtained between B
log Ay/At and log (a-x).

log oy/At = n log (a -x) + log K
When the logs of the valuésvcalcuia%ad abbve are plotted
(Graph 2, page ), & straight line is obtained in which the
~ slope is}fqund to be 4. Hence the velocity coefficients
were calculated by the formula,
e KZ:='43D@¥Ez | |
oo (dRx)T

‘-The¢a#er§ge value obtained was 3.532 x 10™%

+0.076 x1078 = - -
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| 2.15%, while Scobai's averagé redﬁcéd to the baéis of the
initisl concentration equalling one instead of five, is
4.600 x 10~3 + 0.188 x 10~3 = 4.1% -

The ‘same operation (see Graph 3) applied to the
other side reaction lead to the obviously-incorrect value
of n = 10, and accordingly the calculation of X from these
data wes not made. It was hoped that better data could be
obtained for this computation.

Further in his paper Scobai, using fused potag~-
sium nifrate as solvent, does nqt employ the incorrect intég-
rated formula as previously, but he still can be criticised
for the value he assigns to Gy, Ay/bt and Az/At.

Also he maintains that his expérimental data give
K the greatest constancy when n = 4. But, when his own
results are plotted on a log Ay/at . log Cp curve, the slope
obtained is not » 4 but roughly -1. (For data see Table 5
and Graph 4) And in fact the product Ay/at.C; is nearly
constant as.shown in the last column of Table 5.

Thus, contrary to the law of lMass Action,~the
'less potassium chlofate,remaintng, the faster it is trans-
formed to potassium perchlorate. The general trend of
tﬁese results is, however, in accord with the observationé
of thevpresent research, but, as will be shown, it must be

ascribed to autocatalysis.
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TABLE L.

_Scobai's Observations and Calculations

Time  Wt.  Wt. KC103  Evolved _ x(3aR-3ax4x”)
‘hrs. KClOgz undec. Og per K = Ztad(a - x)9.
per 5 s. b5 gms. .
(a - x
9 5.1862 4.797 .025 .0000392
24 5.2482 4.533 0373 380
48 5.2528 4.245 072 352
72 5.28163 3.959 .0954 376
96 5.2530 3.785 .113 362
120 b5.2169 3.671 .1211 339
144 5.2243  3.4bb5 1274 31

Av. .0000368 * .0000015 (4.1%)

Time Wt.left XCl1 wt. wt. KCl0z KC105 XC10 <= KCl
hrs. in tube formed undec. KClO4 < giving found minus
KC104,KC1, KCl0g KC10, oxygen that due to
KC1l0z per perchlorate
- 5 gms. & - X y Z z!
9 4,975 .047  4.797 131 ,15456 .0485 0639
24 4.963 .078  4.533 .352 .4153 .0517 .0953
48  4.929 154 4,245 .530 .6253 .1297 .1840
72  4.906 « 248 3.959 .699 .8247 .2163 2435
96 4,888 «293 3.785 .810 .9557 .2593 . 2887
120 4.879 « 308 3.671 900 L0620 .267 . 3097
144  4.873 o371l  3.454 1.048 1L.236 « 3100 . 32558
Time Z Cnm ky = AZAt
Cm
9  .0485 4,899 00110
24 .0517 4,767 .000452
. 48 1297 4,623 6856
72 2163 4,480 670
.96  .2593 4,393 615
120 267 4,336 513

144  .3100 4.227 509
 Av. .000635 * .000143 (22.5%)

Note: Average Deviations are included and some of the refer-

ence 1ettérs are changed to conform with the present thesis.
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TABLE 2,
- Conrection for KClO4 decompoéed

(Recalculation of Scobai's work)

Time W, KC10z Totsl Wt. Op KCl0z KClOz KC10

hrs. undec. XC105z evolved =F L4 ] form%d
per 5 gm. dec. per 5 0g - KC104
per gm. evolved remain-
gm. per gm. ing
x AL yn
9 4,797 « 0406 .0250 .0128 .0278 .0236
24 4,533 «0934 - 0373 .0191 0743 .0630
48 4.245 .1510 .0720 .0368 1142 .0968
72 3.959 .2082 .0954 . 0487 .15956 .1362
96 3.785 « 2430 1130 .0578 .1852 .1570
120 3.671 «.2658 «1211 .0618 . 2040 1730
144 3.4556 . 3090 1274 0651 = ,2439 .2068
Time Wq KC10y Wy KC}O4 KClOz KClO5
once : twice form- form=
cor- cor- ing ing
rected rected XC1l0O4 0o
v z

9 .00002366 .0236 .0000236 .0236 .0278 . 0128
24 .,0001441 .0622 .0001444 .0632 .0745 .0189
48 .0004252 .0974 .0004273 .0974 .1149 .0361
72 .0006173 .1364 .00062R1 1364 .1609 0473
96 .0007775 .1590 .0007860 .15690 .1875 . 0558

120 .0008781 1759 .0008914 1759 .2078 .0683
144 .0010106 .2107 .0010286 .2107 .2485 .0605
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TABIE 3.

« 9567
.9195
.8900
.8658
. 8433
.8215
.8015
« 7830
-+ 7660
. 7517
.73288
7266
7151
. 7039

Scobai's Constant Reduced to & = 1 basis:

a
ot
.002954
. 002590
.002266
.001980
.001728
.001557

.001402
.001292

.001199 .

.001149
.001068
.001019
.000956
.000873

24,

‘Transformation of KClOz to KC10

log(a-~x)

-.01922
~-.03645
-.05061
-.06258
-.07402
-.08639
e 09610
-.10624
o 11577
~-.12396
-.13147
-.13870
-.15249

4

logag
at

-2.529569
-2.58670
~-2.64474
-2.70333
-2.76246
-2,80771
-2.856325
-2.88874
-2.92118
-2.93968
-2.97551
-2.99183
-3.01954
-3.05899

Av.

Scobai'’s Work Recalculated

Xy = Ay/at

(a-x)4

. 003526

.003623
.003612
.003524

.003417
.003419
. 003397

. 003437
.003483

.003599
.0035651

.003654
. 003654

003556

.003532

0.004600

%

.000076
2.15%

.0001875

4,19
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GRAPH :
Transformation of KC10z to KC10Q4 = Scobal
25 Recale. by C.E.O.
Slope of this line (4) shows
O
t ti
«2.6 he Reaction
KC105—> KC10,
to be of the
(0]
205

fourth order

R

A
J@f}é%

ﬁg?

2.5

-3.00




TABIE 4.

E‘Decomposition of EC10, to 0y

9567
9195

+8900C

«8668
8433

«82156

.8016
7830

« 7660
7517
7388
« 7266

«7161

<7029

- 26,

Scobail's Work Reczlculated

AT .

000824

« 000780 -

.000722
+ 000640
. 0005653

000474
. 0004095

« 0003345

- «0002403

.0001770
0001560
0001311
0001020
.0000827

AN Gh

log(a

-,01922
~-,0364b
-+ 05061
had 06258
-.‘DVQOB
-, 08533
-, 09610
-»,10624
~a11567%7

' =s12596

9015147
"513870
~-s14563
~e15249

~3.08407
-3,10791
~3.14146
-2.26927
~3432428
-3.387176
"'5 - 475 60
-3+ 61907
=3.76203
-3.80688
~3«88240
«3+99140
-4.,08249
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TABLE 5.
~ EC10; in ENO, - Scobai
TPime XC10 c K=A 4 Ax Ay .
3 m Z)% 1/Cn log 3% log Cn ‘ZF Cp
24  ,1789 4,835 0.0000137 -2.1276 .6844 .003604
48  .4247  4.658 188 -2.0532 .6682 . 4121
72 6404 4.528 212 -2.0509 .6559 . 4028
96 .8015 4.414 220 ~2.0784  .6448 5685
120  .9380  4.299 229 -2.1070 .6334 3360
'1.1450 4,157 267 -2.0996 .6188 3305
168 1.9430 3.736 . 594 -1.9367 .5724 4323
2.2500 3.518 765 -1.9311 .5463 4123
216 2.5770 3.261 0.0001060 -1.9233 .5134 .003890
Note:

E‘lrst four columns are copied dlrectly from Scobai!’ 8

' a.rtlcle .

Initial Concentration of KC10z is left equal to 6

and not re&uced to 1 as in other dats.
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Experimental
Apparatus

The apparatus which previous investigators have used
has varied from the open tubes of Marignac to the air bath of
Fowler and Grant, the self-regulating air bath of Scobai and
the metal bath of Sodeau. Reaction vessels have been test

(17)

tubes or flasks of glass, iron, or quartz. In case chlor-
ine was found to be given off, adsorption towers of various
fantastic shapes were included in the gas train. If the
volume of evolved oxygen was desired, a gas bﬁrette was incor-
porated.

Ehe details of the apparatus used in the present
work are shéwn in diegrams I and II, pages 31 and 3R. The
first of these sketches shows the general assembling of fhe
apparatus and the second shows the details in wiring. The
electrical resistance furnace contained & bath of Wood's metal

covered with charcoal to prevent oxidation. The contents

were stirred by a centrally located rotating iron wire S-shaped

- in the ‘bath and connected to an electric motor through & uni-

:versal‘joint and pulley. The ;id of the furnace contained
-openihgs for four reaction test tubes, two of which as shown

in diagram I were connected by means of thick-walled capillary
tubing to gés burettes with mercury levelling bulbs. All
3oints through which gas passed were sealed with shellac and.
tested each time before use with about ten centimeters of mer-
cury préssure. A sixth hole in the furnace 1id was for the

insertion bf'an ifdnﬁconstantaq:thermocouple containad in a
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small iron tube sealed at the lower end and covered with layers
‘of_asbestos paper outside the furnace in order that the tube
itself be maintained at the furnace temperature. The latter
was regulated by hand by means of an external resistance. The
asbestos covered thermocouple wires were run to an ice bath in
& Dewar flask whence copper leads were connected to a Leeds
and Norfhruy Type K potentiometer, which after calibration gave
the temperature readings. The. potentiometer, galvanometef, |
stirring motor, ammeter, etc., connections are evident in the.

~wiring diagream, page 32.
Calibration of the ?hermocouple

The thermocouple was calibrated for the lower tem-
peratures by immersion in the Wood's metal bath along with a -
mercury thermometer which was pre#iously checked with & stan-
dard thermometer. Corrections for stem exposure were applied.
The freezing points of lead, aluminium and antimony and the |

5oiling point of sulphur were also used in the calibration.'
Preparation of Materials

Naturally, an investigation of the effect of cata-
lysts ﬁpon given reagents; demands that all éubstgnces employed
be of the highest purity possible.

Potassium perchlorate. Kah}baum's X Anslyzed
Potassium Perchlorate was dried at 105-110° C and fowmd free  ,_.
“from chloride and chlorate. Portions were heated aloné or‘/

in the presence of chloride~free sodium,qarbonate and potas-



34,

" sium nitrate in a platinum crucible and were found on complete
decomposition to give the theoretical amount of posassium
chloride. After grinding, & portion was sifted in order to

- determine the average size of the\particles with the following

results:
Larger than 60 mesh 28%
Between 60 and 80 mesh 4%
Smaller than 80 mesh 68%

Potassium Chlorate. XKahlbsum's"K"Analyzed Potas-
sium Chlorate after drying was found to bé frée from chloride
. and upoh reduction with ferrous sulphate to give the theore-
tical amount of chloride. The size of the particles after’

drying was found to be:

Larger than 60 mesh 28%
Between 60 and 80 mesh 6%
Smaller than 80 mesh 66%

Potassium Chloride. Since this salt was used as
catalyst in the transformation of potassium chlorate to potas-
sium perchlorate, it was desired to have it very pure, so
Kshlbaum's "K" Analyzed Potassium Chloride was recrystallized
three times: dried at 110° C and pulverized. It was initially
found to be free from potassium 6hlorate. .
| Ferriec Oxide. A solution of Mohr's salt was oxi-
dized by boiling with nitric acid until no test for ferrous
iron was obtained with ferricyanide. It was precipitated with
ammonium hydroxide, filtered,: dissolved in hydrochloric acid |

and reprecipitated with ammonium hydroxide. The precipitate



was washed free from chlorides and sulphates, dried and then -
ignited at red heat in a platinum dish with frequent stirring
during thekheating. It was then ground in an agate mortar
snd upoh sifting a sample, it was found that the size of the

particles was as follows:

Larger than 60 mesh 0.09%
Between 60 and 80 mesh 0.76%
Smaller than 80 mesh 99.15%

Microscopic examination revealed that the particles had an
average size of 0.01l1l mm, Analysis of the sample according

(33)

to the method of Zimmermann and Reinhart showed that it
was practically pure ferric oxide. The results were

'99.94% and 100.09% Fep0z.
Analytical Methods.

Determinations of chloride were made by the method
of Fr. Mohr‘54?. Chlorates were determined by boiling with
an éxcess of acidified standard ferrous suiphate solution and
titrating the excess iron with permanganates.(zs? A qualita-
tive test for chlorates in the presence of perchlorates was
adapted from the quantitative method by Treadwell—Hall.(se?

To a cold water solution of the portion to be tested, 1 cc. of
15% potassium iodide solution and 1 cc. of starch emulsion was
added. Acidifying with dilute hydrochloric acid caused an
immediate development of & perceptible blue color when only
1l mg. of potassium chlorate was present and & very distinct
coloration when 5 mg. were used. A saturated solution of

potassium perchlorate would not give this test, which is based'



upon the fact that chloric acid readily oxidizes hydriddic
acid while perchloric acid does not. When carbon disulphide
was used as indicator instead of starch the test was not as

delicate.
Preliminary Experiments

In several preliminary experiments a Liebig absorp-
tion bulb cdntaining potassium iodide solution was inserted
between the reaction test tube and the gas burette shown in
the épparatus diagram. No free iodine was discovered after
the gas evolved from potassium chlorate or perchlorate had
passed through and its use was discontinued in the remsining

part of the investigation. These observations confirm Wagner's

étatement that no chlorine ;g'evolyed from pure potassium
chlorate.

| .A portion of potassium perchlorate was heated in an
. open test tube until fused and oxygen was being evolved freely.
After sudden cooling, it was free from chlorates by the above
" test.  Another portion of pure potassium perchlorate and one
contalning 10% potassium chloride were heated for three weeks
at an average temperature of 3579C and likewise were found free
f;om chlorate. - These experiments were teken to prove that

potassium chlorate is not formed in heating potassium perchlor-

ate either strongly or moderately.
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Preparstion of Mixtures of Potassium Perchlorate

and Ferric Oxide in Molecular Ratios.

Portioné of potassium ﬁerchlorate and ferric oxide
were weighed in such amounts that the proportion between them
wes in approximately simple molecular ratios. They were in-
timately mixed dnd kept in glass stoppered bottles in a dessi-
cator to prevent adsorption of moisture.

Table é shows in the first column the approximate
molecular ratio, the second and third the amounts of potassium
perchlorate and ferric oxide weighed out, in the fourth the
actual molecular ratio and in the fifth the percent of potas-.

sium perchlorate in the mixture.

TABLE 6
| Preparation of lMixtures of KC104 and Fey0z

Nominal-Molecular Wt. Wt. Actusl-Molecular % KC10,
Ratio KC10y Fey04 Ratio in mixture
© 6KCLO4-1 PegOy  2.0486 0.3923 6KCL04-0.9995Fe 0z  83.896
‘5‘K0104-2F6265 2.4660 1.8944 BKC10,-1.9998Fe,0; 44,9032
ZKC10,-4 Fey0z  2.0460 3.1440 BZKC10,-4.0002Fey0z  39.422
1KC10,-2 Pey0z  2.5274 5.8253 1KCl0,4-2.0000Fe50z;  30.258
1KC104-4 FopOz  2.0519 9.4589 1KC10,-4.0011Fez0y  17.826

Decomposition of Potassium Perchlorate

The reaction test tubes specially made of Pyrex glass

- were cleaned'thoroughly in & sulphuric acid dichromate bath,



washed with distilled water, dried in an oven at 125 -.150°C _
and kept in a dessicator over calcium chloride until needed for
:{ﬁgé; »5épproximately the desired amount of material, either pure -
k"pofdésiﬁm perchlorate, pure potassium chlorate or a mixtufe-of |
these with catalyst was put in the weighed tube. A second
weighing after removing the very slight amount of material which
stuck to the inner walls and 1lip of the tube gave the weight of
.the;material added. The tubes were then fitted with rubber
stoppeis and conhected with the gas burettes. The joints were
shellaced and after drying were tested with 10 cm. of mercury
pressure. When the furnace had attained equilibrium at or
-slightly above the desired temperature, the tubes were suddenly
plungéd into the Wood's metal bath. The intervai between&si-
multaneous readings of the gas buretﬁeé, furnace temperature,
room temperature and barometric pressure depénded uponlthe
speed of decomposition.

After a final reading had ﬁeen taken the tube was
removed from the furnace and cooled to room température. Thg
contraction in gas volume on cooling was equal to the expan-
sion of the air sealed in the apparstus, when faised from
room temperature to that of the furnace. Hence this volume -
was subtracted from the‘bu:ette readings to obtain the actual
volume of the oxygen evolved. It was assumed that the gas
in passing throughvthe capillary tube to the measuring burette
became cooled to room temperafure. All these data are in-

Qorporatediin the tables to be given later.
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Calculations based on the Data obtained by

Decomposing Potassium Perchlorate

Tables 7 to 58 inclusive with the exceptions of
Tables 14, 15, 22, 29, 36 and 44 give the experimental obser-
vations on the decomposition of potassium perchlorate. The
heading of each shows the ratio mixture ofdpotassium per-
chlorate and ferric oxide used, the weight of sample, this
multiplied by the percent of perchlorate in the mixture'giv9
‘ing‘the weight of potassium perchlorate used,;the room tem-
_ perature and the barometric pressure correcteaxto 0°c.
‘Below these are;tabulated: the time of the observation in
minutes beginning‘when’the reaction tube was thrust into the
furnace; the Centigrade temperatures of the furnace as shown
by the thermocopple?readings; the volume of gas (02) evolved :
undei the temperature and pressure conditions mentioned, the

values being the burette readings minus the contraction when

the tube was withdrawn from the furnace, tne amount of potas- -

sium. perchlorate (x)‘Which if completely decomposed would
generate this volume of oxygen expressed in fractions of the
original amount present and (a - x), the fraction of potas-
sium perchlorate which remained undecomposed. The value X

. 18 calculated by the equation,
% & (vol of 02)(273)(Bar Press. )(wt.KC104 %= lece Ozunder S. m.r.)

(Room Temp)(veo)(wt. of XKC104 in sample)

,Since at the start ‘the fraotion of potassium perchlorate unde- -

‘_acomposed is unity, the values of (a - x) or concentration of



reacting substance is found by subtracting x from 1.

This way of obtaining the concentration during the
experiment would not give comparable results when different
qamounms of foreign material are present if the reaction was bi-
Sffpoly-molecular; But, since it was found that when pure po-
taésium pérchloiate was heaﬁed the observations gave & most
constant value féi the velocity coefficient when calculated
according to the équation for a first order reaction, the velo-
city chefficients in the presence of ferric oxide could be cal-
culated in the same way, teking for convenience the initisal
concentration of potassium perchlorate as one.

The lower part of each table shows the 'times' and

values of 'é - X' used to calculate K by the equation

N T T xy
where & - X7 1s the value of a - x at the-time t, aﬁd a - xp at
the time t,.  Thus, values of K of equal weight were obtained
and averaged. 'The average deviation of the values of K and
its percentage ofvthe average value of X have been compﬁtéd in
each case to show the uniformity of the observations. In
cases where the material was unfused, when taken <from the

furnace, it is so noted in the table.

In the tables excepteé above, and table 59, the;velo-‘_] ;}

oity coefficients and the average temperature of the individusl
experiments haie been assembled for each mixture of potassium
perchlorate and férric oxide. Due to the complexity of cata- |
1YS18 in two solid phases, the vélocity eoéfficients of the - )
‘unfused but catalyzed eiperiments have been omittéd from;fuithe:

cglculgtiohs.
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The consténté A and B in Arrhenius® equation have beeﬁ evaluéte@‘1 
By the method of least squares fof-each gset of datsa. The L
experimental values of K and the equation derived therefrom
are plotted on the graph following each table. In order to
obtain comparéble velocity coefficients for the various mix-
tures of catalyst, K's were calculated from the latter for |
various Centigrade témperatures. Since these-shouid be most
accurate within the range of experimental temperatures, the
calculated values of K at constant temperatures‘(500°, 5250,

550°, 575°) were compared with the molecular concentration of

the caﬁalyét present, It was found (see Table 60 and Graph 11).

that the incresse in the velocity coefficient was proportionel . .

t0 the concentration of catalyst. That is,
Ko -k, oC €
where Kb is the #elocity coefficient of the catalyzed reaction;

' .}Kb;the_velocity coefficient of the uncatalyzed reaction’ét the,‘:3yk

Same temperature and C is the molecular concentration of the

catalyst. Or, at constant temperature the expression K, - Kq
. ———
is a constant. |
Desiring to know the relation between these latter
constants and the temperature, the values obtained were applied

to an equation similar to Arrhenius’'
| Ko - K¢ | "
(1)  log =%—> = A/T + B,
and a straight line relation as shown on Graph 12 resulted.
Hence the constants A and B were evaluated (Table 61).

Equation (1) may be transformed as follows:

o ' " Kp - K ’
 teking the entilog ——p—o = eA/T + B



RV T

| solving'for‘Kb j‘K . Ce€{?;3;+3wa?
_ e Gé/ 6 o
But since K, is also a function‘of fhe temperature by the
relation, |

log Ko = Ap/T « B or K & gho/T. + By |

Ko = C oA/T +B o Ao/T + By
Since in all calcﬁlatioﬁs Briggéf logs have been used insteéd
of natural logs and since K, in fhe last equation applies for

all concentrations of catalyst (zero included) the subscript

¢ may be dropped and the equation written

K = c.loA/EP + B + loA'o/T * B.Q

= -

where K, C and T haVeAthe significance defined above and the
constants have fhe following numerical valueé:

A = -10,587

11,5679

Ay = - 13,246

By = 14.0348

4 7elocity coefficients have been calculated by
this equation for a few of the experimental conditions and

in Table 62 4re compared with those direetly celculated from -

the‘data.



" TABLE 7. | Catalyst Ratio = No catalyst

Wt. of sample = ,2607

Room Temp. = 27°C

Barometer = 738.2
Time Temp. 02 x a - X
min. 0°C ]

0 455.1
110 477 .7 15 00173 v 99827
150 - 480, .40 420 298580
155 481.6 42 441 . 99559
160 481.8 «46 483 .99517
165 481.8 .52 545 « 99455
170 481.4 .56 o587 .99413
260 468.9 .86 902 .99098
380 452.8 1.20 1259 .98741
3565 450.0 1.23 1291 .98709
360 449,35 1.26 1322 .98678
365 448,0 1.27 01333 .98667
Av. 466.6 o
Material Unfused
Time a = Xj a = X2 K -
=200 \
150350 .99580 .98741 1,84 x 107° i
155=3565 «995659 .98709 1.81 |
160-360 99517 .98678 1.84 t
165~365 . «994585 .9866%7 1.72 V
Av. 1.80 x 107°
5]

Av. Dev. + 0.04 x 10 (2.2%)



. TABLE 8. - . "~ Catalyst Ratio

= No catalyst
Room Temp. =. 25°C
Barometer = 742,5

Time Temp. 02 x a = X
min. .

0 541,0 ' :

2 539.,0 24 - 40027 9973

4 539.9 « 59 +0066 9934

6 540.3 - ¢99 .0111 .9889

8 541.0 1.42 .0160 .9840
10 541, 5 1.81 .0210 9790
12 541.5 2,42 .0272 .9728
14 541,7 2,97 0334 9666
16 542.5 3.76 0423 9877
18 543.0 4,55 .0512 .9488
20 543,2 5.35 .0601 .9399
22 543,.2 6.15 ,0691 «9309
24 543,6 6.85 .0770 .9230
26 543.6 7.60 . .0854 .9146
28 543.6 8.25 '.0928 .9072
30 543.8 9.00 «1012 .8988

Av., 543°
Material Unfused

Time a - X a = K

t=10 1 _ 2 .

10-20 .9790 9399 1.770 x 1073
12-22 9728 . »9309 1,912
14-24 .9666 .9230 2,005
16-26 9577 «9146 2.000

18-28 - .9488 ,9072 1.947
20=30 .9399 .8988 1,942

Av. 1.929 x 10™°

+0.05 x 107 (3.1%)



TABLE 9.

- Time
;.t=10

16-26
17-27
18~-28
19-29
20=30 "

Av.

\ Temp.

560.0
557.3
560 .8
562.8

564.2
564.0
564.2
564.2
564.4

. 564.8

564.4

564.6

564.6
564.6
564,.,6
564.6
564.4
564.4

564.4

564.5

a-xl

«8998
.8923
.8824

8744

.8639

Material Unfused

Wt. of Sample = ,2216
Room Temp. = 25°C
Barometer = T35.0
02 X a = X
1.27 0157 .9843
3.54 «0413 .9587
5.92 0733 .9267
8.10 +1002 .8998
8,70 1077 .8923
9.50 «1176 .8824
10.15 .1256 .8744
11.00 .1361 .8639
11,70 » 1448 .85652
12,30 1522 .8478
12,90 «1596 .8404
13.55 «1677 8323
14. 55.1 ik .'.o 1776 08224
15.10 «1868 «8132.
15.85 .1961 8039
16455 2048 7952
17.30 02141- 07859
18.10 «2240 7760
a = Xo K
-3
«8132 4,395 x 10
.8039 4,531
7952 4,519
7859 4,654
7760 4,660
Av. 4.548 x 1072

Catalyst Ratio

+ 0,078 x 10"

3

'No catalyst

(1.7%)
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No catalyst

- TABLE 10. S Catalyst Ratio =
A, ' , ’ ' - Wt. of Sample = ,1504
Room Temp. = = 26°C
Barometer 8 744,3
Time (min.) Temp. - 02 X a ~Xx
o 539.3
30 - 539,.,8 3.7 0600 9400
35 540,.8 4,03 .0739 .9261
.40 . . 540.6 4.80 .0880 .9120
45 540.,6 . 5,70 +«1045 «89865
50 . 540.6 6.63. .1216 . .8784
- Av. 541, : ‘
90 537 .9 17,35 .3214 . 6786
95 537.5 19,00 « 3520 . 6480
100 536,2 20,70 « 3835 .6165
105 537 .7 22,47 .4162 . 5838
110 537.5 24,30 <4502 . 5498
135 535.5 31,55 . 5806 4194
140 535.,0 32,80 «6035 e 3965
145 554.6 33.83 «6225 «3775
150 554.4 34.88 .6418 . 3582
155 554.8 35.80 . 6588 . 3412
160 535,82 36,90 6790 «3210
165 535.5 37.90 « 6974 « 3026
170 535,9 38.80 7140 . 2860
175 53644 39,80 71324 2676
Av, 536
Material Unfused
Time a = X K
0-30 9400 0.896 x 10™°
0-45 .8955 . 1.072
0-80 .8784 1,126

Av."I.010 % 10™° ¢ 0.072 x 107° (7.1%)
Material fused ) D

Time a = Xy a = K

t=60 - 1 C 2 .

90-150 . 6786 .3582 4,625 x 1079

95-155 . 6480 3412 4,643 ‘ '
100-160 6165  +3210 4,724 ‘

105=-165 5838 3026 4,756

110-170 « 5498 «2860 4,730

Av. Zoggg X 10-3 '
+0.049 x 107> (1.0%)



TABLE 11,

Time
min.,

60
120

150
155

. 165
170
180
185
190
195
200
205
210
215

Time
t=35

150-185
155-190
160~195
165-200
170~205
180~215

Tempa

5635.,0
548.2

550,0
549.3
549.3
549.5
549.5
551.3
552.1
552.0
552,2
552.3
552.6
5563.0.

Av.

551.

a - xl

«8251
7902
«7481
.7030
« 6529
« 5475

1.60
4,36

12,03
14.43
17.33
20,43
25.88
31.13

34,85

38425
41,58 -
44,45
47.25
49.78

52,23

.

Catalyst Ratio
Wt. of Sample

Room Temp.
Barometer

« 49354
. 4440
« 0956
« 5539
«3132
.2408

.0231
0634

1749
.2098
.2519
.2970
3471
. 4525
. 5066
. 5560
.6044
. 6461
.6868
.7286

7592

a-x2

.9769
.9366

.8251
7902
.7481

7030
"+ 6629

« 5475
. 4934

- .4440

K

6.380 x 107

7,153
7.906

. 3956
« 5559
.3132
2764

.1893

27°
'737’0 6

8.514.

9,115

7.355

+ 0,961 x 10

]

=3
S

No catalyst

1

(12.4%{"  .
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TABLE 12. = Catalyst Ratio = No catalyst
o Wt. of sample = .2627 :
Room Temp. = 25°C
Barometer = 735,9
Time.(min.) Temp. 0o X a =X
0 580.
2 o74.2 ' 1.5 0157 .9843
3 574.6 2,9 .0303 9697
4 §75.4 4,3 .0449 - ,9851
5 §75.7 5.55 .08680 .9420
6 576.,0 6.5 .0690 .9310
7 576.0 7.7 .0805 .9195
8 576.6 8.6 .0899 .,9101
Av. 575
12 577.2 14.4 .1505 «8495
16 577.4 23.3 «2435 7565
17 §77.4 25,6 2675 7325
18 : 577.4 28.5 . 2978 .'7022
19 577.4 ‘ 31.25 3266 = ,6734
23 577.6 . 44,0 .4598. . .5402
26 577.2 53.8 .5623 . <4377
27 877.2 56.6 -+ 5915 . 4085
28 : . 877.2 . 59,4 . 6208 3792
29 577.2 - 61.8° . 6459 «3541
30 577.2 - 64.4 . 6730 « 3270
Material Unfused
Time a = Xy K
2.3 .9697 6.49 x 10™°
2-4 .9551 6.54
2"5 c9420 6.56
2=6 .9310 6.05
2=7 .91956 5.92

2-8 «9101 5,67

AV ETTE x 1070+ 0.29 x 1070

(4o7%)_'ﬂ
Material fused ) T

Time a - X3 a - Xo K

t=10

16-26 7565 4377 2,376 x 10"~
17-27 7325 . 4085 2,637

18-28 7022 .3792 2,676

19-29 6734 3541 2,791

20-30 .6374 3270 2,899 2

Av. 2.676 x 10~

+0.135 x 1072 (5.0%)
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TABLE 13,

Time Temp.
min,

0 621.5
1 617.6
11/2 617.2
2 617.4
21/3 617.2
2 2/3 - 617,2
3 617.2
3 1/3 617.0
3 2/3 617.2

4 617.2
41/3 617.2
4 2/3 617.2
5 617.0
51/3 616.8
52/3 617.,0
6 617 .0

Av. 617

Time a = xl
t=2 .

2 2/3-4 2/3  .,7840
5 "'5 0‘7307
3 1/3-5 1/3  .6720
3 2/3-52/3 .6133 .
| . .5440

02

. . o

T ol vl el vl
HOIphNVDOO® OoOkWH
® o &

*

.0320
.0883
«1280

1707

2160
«2693
« 3280
. 3867

«4560.

« 5173
« 5787
«6453
.7040
«7439
.7840

a-x2

. 4213

5547
.2960
.2561

2160

0.2006

Av.

Catalyst Ratlo
Wt. of Sample
Room Temp.
Barometer

- X

.9680
.9147

.8720

.8293
.'7840

7307

K
0.1349
0.1569

0.1780
0.1896

0.1720

+ 0,209

.6133
« 5440
. 4827
« 4213
« 5547

+2960 .

+2561

No catalyst -
.1028
25°¢c
734,.8

(12.2%)



' TABLE 14.

Table 1t°C
No. ’
T 467

10 541
8 543

9 564

575

12

. Jso;jn:

KC10, (not . fused)

1/T Abs. 1/
001351 ,051825200
.001228 1507984
.001226 1503076
.001195 1428025
.001178 1387684
006178 057651969

X log K
«0,180  =4.74473

001010 =~2,99568
.001929 =2,71467

. +004548 =2,34218

1/T log K

~,006410129
-.00367895

~-,003328188
-.002798905
-.002603038

~15.00697

.0000076519694 + .006178B = .018818952

.006178A + 5B = 15.,00697

.0012385834 + B = 3.0461237

001235564 +

B = 3.0013940

0000029834 = .0447297
. A = 14994.87
B = -15,52627
14995 lT + log K = 15.52627
log XK : 1/T
=§=—i—~5o10%%2
-1 : 11021
-2 : 11688
-3 2 12355

~.018818952



“FABLE 15,

913

s KC10, (fused) | |
Table t°C 1/F abs.  1/1° K  logk  1/T log K
No. ! N . - " h . - M R ."v
10 536 .001236 051527696 ,004696 ~2,32827 =.092871123
11 551 ,001214 . 1473796 .007734 ~-2.11160 -. 2563483
12 577 .001176 1382976 02676 ~1.57261 = 1849272
13 617 .001124 1263376 .1720 =~ 76447 -.CCOBRBO264 .
004750 .055647844 -6.77685 ~,008143142
0000056478444 + ,004750B = ,008143142 B
0047504 + 4B = 6.77685
001189024 + B = 1,7143457
.00118750A + B = 1,6942125
000001524 = .0201332
A = 13245.5
Bz——400548 .
13245.5;%'+ log K = 14,0348
log X _: 1/m t® s 0 : K
0 : .0I0506 “400 T 673 @ .0g2257
-1 : .011351 450 : 723 : .025183
-2  : .012106 500 : 773 : .0:7936
-3 : .012861 525 : 798 : .002654
~3.8 : .013465 550 : 823 ' : ,008702
575 : 848 : ,02601
600 : 873 : .07284
620 : 893 : .1593
640 3 : .3366
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TABLE 16.  Catalyst Ratio-s'xcm - 1 Feg0
. ' Wt. of Sample —.2042x 83896=, 17?3
Room Temp. = 25°
Barometer = 41,7
Time Tempe Og x a - x
‘min, o°c
0 540.3
4 : 536.,4 1,23 «0199 .9801
8 541.5 3.23 .05822 .9478
10 6542,0 4,37 0706 9204
12 542,5 5.27 0851 «9149
14 542,77 6.07 .098Q «9020
16 543.0 6.96 «1124 .8876
18 - 543,0 7.76 «1253 . o 8747
20 543,4 8.61 <1391 . . 8609
22 . 543%,.6 9.36 «1512 .8488
24 543.8 10.26 . 1657 « 8343
26 533,.,8 11,16 «1803 «8187
28 543.8 12.11 «1956 .8044
30 544,0 13.25 «2140 7860 -
. Av. 543.
‘ Mgterial Unfused ‘1
Time a - X a = K
t=10 1 2 .
=3
10=20 «9294 .8609 3.325 x 10
12«22 «9149 .8488 3,256
14=24 «9020 - «8343 34389
16=26 8876 .819% 3,457
18«28 8747 8044 34639
20~30 «8609 7860 3963
=3

Av, 3,505 x 10

-3

+ 0,195 x 10 (5.6%)
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TABLE 17. Catel yst Ratlo=6KC104-1Feg0z
) Wt. of Sample =,2062x.83884=,2485 .
Room Temp. = 22°C - -
" Barometer = 745.4
Time Temp. 0o ' x a - X
min. _ _
0 465.0
25 485.0 97 01097 .98903
125 518.0 23.51 .2658 .7342
130 519.2 26,00 «R939= .'7061
135 518.2 28,73 . 3248 6752
140 518.7 31.50 «3561 . 6439
145 518.4 34,31 . 3879 .6121
150 518.4 37.06 .4190 . 5810
155 517.7 39.51 4467 « 5533
160 517.5 41,98 <4746 .5254
165 518.2 44,31 . 5010 + 4990
170 518,7 46,50 « 52857 4743
175 519.6 48, 69 . 5505 «4495
180 520,0 51.04 8771 4229
185 519,.2 53.20 . +6015 .3985
160 518,7 55.30 «6252 . 3748
195 517.5 57.21 . 6468 3532
200 " 516.8 58.86 ¢ 6732 « 3268
205 516.5 60.27 .6814 .3186
210 516.1 61l.34 6935 « 3065
215 5156.5 62,72 .7091 « 2909
220 515.1 63.71 7203 2797
225 514.,7 65.20 L7372 .2628
Av. 518
" Time . a = X3 a - Xo K Note: . & o
- t=60 ) . different mix= -
. ' 3 ture was used
. 125-188 T L7342 03985 4,423 x 10 in this run.
130-190 © o WT061 3748 4,584 Hence % of C
135-195 .6752 .3532 4,690 KC104(83.884) ..
140-200 . 6439 3268 4,909 is siightly . '
145-205 .6121 3186 4,726 d fferent. =
150-210 . 5810 «3065 4,629 : BRI
155-215 - +5535 «2909 4,654
160~220 . 5254 2797 4,563
165~225 - «4990 .2628 4.641
Av. 4.647 x 107°

+0.087 x 10™° (1.9%)
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TABLE 18, Catalyst Ratio—SKCI ~1Feo0
. Wt. of Sample’ —.224 x.83892— 1882
Room Temps "= 23°¢
Barometer = 745.4
Time Temp. 0o b d a - x
min. : :
0 545.5 |
25 543.9 17.44 .2594 7406
30 545.1 21.83 . 3247 . 8753
35 545.1 26.71 3973 . 6027
40 545.5 31.44 . 4677 . 5323
45 545.8 56,43 . 5419 © .4581
&0 545.8 40,98 .6096 .3904
56 546.5 45,02 . 6697 «3303
60 546.9 48,21 J7172 .2828
65 547.7 51.80 7706 .2294
Av. 546
. Time a = X3 a~ X K
=20 2 | |
25-45 1406 4581 1,043 x 10°°
30~50 . 6755 3904 1,190
35=55 « 6027 « 3303 1,306
40~60 . 5323 .2828 1.373
4565 .4581 2294 1.502

Av. 1.283 x 10"

+ 0,133 x 107%  (10.4%)



be .

TABLE 19 Catel yst Ratio= 6K0104-1Fb205
_ : ' Wt. of Sample —.1595x.85896— 1338
Room Temp. = 23°¢.
Barometer = 735.0
Time - Temp. 0o x a -x
min, . i -
0 559.2
4 554.8 2.85 .0588 .9412
8 555.6 6,25 «1290 .8710
12 556,0 9.4 «1939 .+8061
16 556.0 12,8 .e2641 7359
17 e 13,7 02827 7173
18 0 14,65 « 3023 « 6977
19 0 15.6 3218 . 6781
20 556.8 16,55 «3415 .6585
22 8 18.4 2796 .« 6204
24 556,0 20.4 .« 4209 « 5791
26 .0 22.4 .4622 . 5378
27 o2 23.2 4787 « 5213
28 2 24,3 .5014 «4986
29 2 25.3 « 5220 .4780
30 R 26.2 « 5406 .4594
Av. 556
Time a - X a = X .K
#=10 1 N
16-26  .7359 .5378 1,362 x 102
1727 7173 «5213 . 1.386 ‘
18-28 . 6977 . 4986 1.459
19=29 . 6781 . 4780 1.519
20«30 . 6585 «4894 1,564

“2
Av. 1,458 x 10
+ 0.067 x 1072 (4.6%) .



TABLE 20,

Time

Time
t=5

6~-11
7-12
- 8«13
9~-14
16-15

Av.

~ Temp.

582.5
580.4

582.5
5683.2
583.8
584.3
585.0
585.3
585.5
585.9
586. 5

__587.0

585
a"'xl

.7896
.7415

- 6933

. 6259
5531

57.

Catalyst Ratio=6KC1l0

4~1Fég0z

Wt. of Sample =,2430x.83896=,2039
Room Temp. = 25°C
Barometer = 735,6
0o b 4 a - X
6.85 .0942 .9058
15.3 2104 .7896
18.8 .2585 7415
22,3 <3067 .6933
27.2 e 3741 . 6259
32,5 +4469° 5531
37.1 . 5102 .4898
42,5 . 5845 4155
47.0 .6463 « 3537
51,5 .7082 .2918
55.4 .7618 .2382
a - x2 ’ K
-2
. 4898 4,148 x 10
.4155 5.031
e 3537 5.846
.2918 6,628
2382 _7.317_
2

Av. 5,794 x 10~

+ 0,964 x 10

=2

(16.6%)
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TABLE Z21. ' Catalyst Ratio=6KCl04-lFepgOz -
L : Wt. of Sample =.2201x,83896=.184
Room -Temp. = 25°¢ ‘
Barometer =~ = 734.7
Time Temp. 0y x & =X
mino . ’ o ’
612 '
605 - 3.3 +0490 .9510
604.6 10.4 1543 .8457
1/3 604.6  13.3 .1974 .8026
2/3 604.6 15.8 .2345 .7655
1/3 604.6  22.4 3324 .6676
2/3 604.6 . 25.7 .3814 .6186
604.6  29.4 4363 .5637
"1/3 604.6 33.9 .5031 .4969
2/3 . 604.6  37.5 .5565 «4435
~ 604.6 40,6 .6025 <3975
1/3 60446 42.8 «6351 .3649
2/3 604.6 45.0 .6678 .3322 .
1/3 604.6  50.1 . 7435 +2566
Av. 605
“Pime . a - . & =X K
- t=2 . 1 2
2 2/3-4 2/3 7655 4435 0.1185
3 | b 7180 + 3975 0.1284
3 1/3-6 1/3 .6676  .3649 0.1312
3 2/3-6 2/3 .6186 .3322 - 0.1360
4 -6 5637 .2847 0.1484
4 1/3-6 1/3 4969 2565 0.1431

Av. 0,1381
+ .0081  (6.0%)



TABLE 22. - L

Table t°C 1/T Abs. 1/ K  logk 1/t log K
No. : _ A ,
16 543 .001225 .003603 -2.45556

17 618 .0012656 .051600225 .004647 -2.33283 -.002951030

18 546 001222 1493284 .01283  -1.89177 -,002311743
19 556 .001206 1454436 .01458  -1.83624 -.002214505
20 585 001165 13572256 .05794  -1.23702 -.001441128_
21 606 _.001139 1207521 1841 _- 87257 -.000993857
005997 .057202491 ~8.17043 -,009912263

.0000072024914 + .005997B = .009912263
.005997A + 5B ="8.17048

.001201028 ¢ B = 1.652870

.001199404 § B = 1.634086

.000001624 &. ,018784

A = 11,595.
B = -12.27303

11,595 %;‘,,1og.x;= 12,27303

_Log'E s 1/n _t° im s R
-1  : .0011447 450 : 723 : 031720
-2 s .0012310 500 & 773 : .021875
-3 s 0013172 626 : 798 : .025532
560 : 823 : .01528
6756 : 848 ': ,03978
600 : 873 : .09799
620 : 893 : .1944
640 : 913 : .3742
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TABLE 23. Catalyst Ratlo=3K(Cl0,4-2Feg0z
S Wt. of Sample -.4029x.44932~ 1811
Room Temp. = 28°C
Barometer = T43.9 -
Time Temp. 0o x a = X
0 474 :
4 471.8 23 .0035 9965
8 473.4 38 .0058 .9942
1¢ 474.4 44 .0067 9933
12 474,8 Sl 0077 .9923
14 475,2 56 .0085 .9915
16 475.4 «63 .00956 «9905
18 475,.,6 .65 .0099 .9901
20 476.,0 74 .0113 . 9887
22 476.0 .78 .0118 .9882
24 476,2 +85 .0129 9871
26 476.4 .92 «0140 «9860
28 476,4 1,00 .0152 9848
30 476.4 1.05 .0159 9841
Av, 475

Material Unfused

Time a = X, a = x K
t=10 i 2 ,
10-20 ' 9933 .9887  2.02 x 10™¢
1222 .9923 ;0882  1.80
14~24 .9915 9871 1.93
16-26 .9905 .9860'  1.97
18-28 .9901 .9848 2,33
20~30 .9887 .9841  2.02
-

+ 0.11 x 10™*  (5.5%)



TABLE 24. Catalyst Ratlo=3KC104-2Feg0s3
Wt. of Sample =.3847x,44932=,1728

Room Temp. = 27°C
Barometer = 742.3
"T™me Tempe 02 X a - X
o | 485.2 |
75 501, 6 8.10 ,1289 .8711
135 507.0 20.12 3203 L6797
140 5073 22,27 . 3545 . 6455
145 507.8 24.37  .3879 .6121
150 507.9  26.12  .4158 .5842
155 508.0 28,17 .4484 .5516.
175 508.5 35.72  .5686 . 4314
180 508. 5 37.34 5944 . 4056
185 508.3 38.75  .6154 . 3846
190 508.0  40.47 . 6442 .3558
195 507,77 42,34  L.6740 . 3260
200 B07.3 . 43.82 L6975 .3025
205 507.2 45.07 7174 .2826
210 507 .0 46.42  .7389 .2611
Time : a = X a - X
£=50 " B A
135185 L6797 .3846  4.946 x 1079
140~190 .6455 .3558  5.174
145-195 .6121 .3260  5.499
150200 .5842 .3025 5,717

155-205 + 5516 2828 5.809

Av. 5.429 x 1070

+0.295 x 1070 (5.4%)



TRBLE 25. Catalyst Ratlo=3KC10,-2Feg03
Wt. of Sample. =,3503%.44932=,1574

Room Tempe. = 25°C
Barometer = T41,9
Time Temp. 0o X | a-x
0 545.6 |
4 539,.,7 2.4 .0422 .9578
8 540,6 8.8 «1548 .84562
10 540,8 11.4 «2005 7995 .
12 541,0 14,0 «2462 7538
14 541,2 . 16,55 «2911 7089
16 541,2 18,95 ¢ 3333 « 6667
18 541,.,4 21,3 . 3746 . 6254
20 541.4 23,9 « 4204 . 5796
22 ' 541,.,4 26,5 .4661 . 5339
24 541.4 20.2 +« 5129 «4871
26 541,.,4 31l.8 +« 55983 » 4407
28 . 541.5 34.2 .6015 « 2985
30 541, 5 36,7  ,6455 .3545
Av. 541 I
Time a =X a~XZ K
t=10 1 2 N \
10-20 7995 5796 ¢ 1,397 x 1070
12-22 7538 , « 5339 1,498
14=-24 +'7089 4871 1,630 . -
16-26 , .86667 - « 4407 1,798
©18=28 . 6254 « 3985 1,957
20~30 « 5796 « 3545 2.135

2
2

Ave 1.736 x 107

+ 0,224 x 10~ (12.9%)



TABLE 26.. ... . . Catalyst Ratlo =3K(C104-2Feg03

‘Wt. of Sample =.4303x,44932=,1933
Room Tempo = 25 c .
Baromeger . = 755.6
- Time Tempe - 0o X a - X
0 562 . L o
3 557.5 9.0 . .1278 .8722
6 558, 4 19.2 2726 7274
6 1/2 558.4 2046 . .2925 7075
7 558.6 22.0  ,.3123 . 6877
7 1/2 558.7 23,6 3351 . 6649
'8 558.7 25,3 .3592 . 6408
8 1/2 558,8 26,9 . .3819 .6181
9 ' 558.8 28,4 .4032 . 5068
9 1/2 559,0 30,2 .4288 - .5712
10: 559 .0 31,5 <4472 . 5528
10 1/2 559.0 33.1 .4699 5301
11 ~ 559,0 35,1 . 4983 . 5017
11 1/2 559,0 36.4 .5168- . 4832
12 559,2 38,6 . 5480 . 4520
12 1/2 559.2 40.2 .. 570% .4293
13 559,2 42,1 . 5978 .4022
13 1/2 . 559.4 43,9 .6238 .3768
14 559, 4 45,6 .6474 . 3526
14 1/2 550.4 = 47.4 - L.6729 /3271
15 559, 4 48,8 .6928 <3072
Av., 589 .
';‘[":111518 a8 - Xg a ® X .K
6 - =11 R .5017  3.227 x 1072
6 1/2-11 1/2 ..7075 .4832 3.312
7 . =12 .« 6877 . 4520 3.645
7 1/2-12 1/2 .6649 .4293 3.800
8 =13 .6408 .4022 . 4,046
8 1/2-13 1/2 .6181 .3768 4,299
9 14 . 5968 .3526 4,571
9 1/2-14 1/2 .5712 3271 4,842
10 =15 - .5528 3072 5,103

AV. 4.094 x 10™°
+0.542 x 107°  (13.2%)



65.

TABLE 27. Catalyst Rati0o=3KC10,-2Fes0
Wt. of Sample =.3795°x.44838=,1705
Room Temp. = 24°C
Barometer = 741,2

Time TempPe 0o X a-x

0 5865

2 584,65 12.8 .2083 7917

21/3 585.1 15.4 .2506 7494

2 2/3 585,2 17.6 .2864 7136

3 585.6 19.9 _ 3239 . 8761

3 1/3 586.1 22,6 .3678 . 6322

3 2/3 586,.5 25,1 .4085 .5915

4 586,.8 27,6 .4492 .5508

4 1/3 587.2 31,1 . 5062 .4938

4 2/3 587.8 33,9 5517 .4483

5 588,2 3649 .6006 .3994

51/3 588, 4 40.1 .6526 .3474

52/3 588,6 43,5 7080 .2920

6 589.0 46,3 1535 . 2465

Av. 587

Time a - X a = K

t=2 1 2 .

2 1/3-4 1/3 7494 .4933  0.908 x 10+

2 2/3-4 2/3 7136 . 3483 1,009

3 -5 .B761 .3994 1,143

3 1/3-5.1/3 .6322 3474 1.300

3 2/3-52/3 ,5015 .2920 1,533

4 -5 .5508 .2465 1,746

Av. 1,273 x 1071
+ 0,253 x 107 (19.9%)



TABLE 28. . Catalyst Ratio=3KC10,4-2Feg0s
o Wt. of_Sample_','.57961:.449%2:.1705

Room Tempe = 25°C
Barometer = 734.7
Time Temp, o 0g . X aex
0 . 606.0 g
1 601.0 7.3 .1174 8826
11/2 600,8 14,8  .2379 7621
1 3/4 600.8 18.4 +2958 7042
21/4 = 600,8 25,8 .4148 . 5852
2 1/2 600.8 29,7 . 4775 .5225
23/4 600.8 32,53 .5193  .4807
3 . 600.8 35.3 .5675 .4325
31/4 601.0 39.4 6334 +3666
31/2 = 601,86 23,3 . 6961 .3039 .
33/4 601,00 46,9 7540 . .2460
 Av. 601
Time” a - X a - K
=1 1/4 1 T2 _
1 1/2-2 3/4 7621 4807  1.601 x 107*
1 3/4=-3  .7042 .4325 1,694 |
2 -31/4 .6478 .3666 1.978
2 1/4-3 1/2 .5852 .3039 . 2.277

2 1/2-3 3/4 .5225 .2460 = 2.817

Av. 2,034 x 10™+

470,331 x 10”1 (16.3%)



~ TABLE 29,
' 3 KCl0y = 2Feg03 |
Table T°¢ 1/T sbs. 1/ log K 1/Tlogk Residuals
23 475° .001337 ,00020 ~3.6989%7

- e e @ e @ o e @ o= s en @

24 508° .001280 .051638400 005429 ~2,26528 ~.002899559 +.0570

25 541° .001229 1510441 .01736 ~1,76045 =.002163593 -.0538
26 559° 001202 1444804 .04094 -1,38785 -.001668196 -.0671.;’
27 587° .001163 1352569 ,1273  =.80483 =.001040687 -.0151
28 601° .001144 1308736 .2034 _~ .691B5 -,000791248 -.0111

| ' .006018 057254950 ~7.,00004 =,008563283

0000072549504 + .006018B = .008563283
,0060184 + 5B = 7,00004
 ,0012055A + B = 1,422945
-.0012036A + B = 1,400008
.00000194 = ,022937

A= 12072.1
h B = =13,12997
12072.1 & + logK = 13,12997

T

log K @ T t® : T : K
s . o » . H .0
-1 :..011705 450 : 723 : 032709
-2 2 ,012533 500 : 773 : 053257
3 : ,Q013361 5256 : 798 : .01005
. - 8680  : 823 : .02894
575 : 848 : .07835
600 : 873 : .20030
625 : 898 : .48601
640 - : 913 : .80820
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- TABLE 30. Catalyst Ratlo =5K0104-4Fe 03
, Wt., of Sample =.5205x.39422=,2052
Room Temp. = 25°C
Barometer = T42.2

Time Temp. 02 X a - X

0 461,5

4 457.2 «25 .00337 «.99663

8 457,.,0 « 30 .00405 .99595
10 457 .4 39 . 00526 «99474

12 457 .6 39 .00526 .99474

14 458.1 43 .00580 .99420
16 458.3 .48 .00648 .99352
18 458, 5 .48 .00648 99352

20 458,5 .51 .00688 .99312

22 458.,5 .58 .00783 99217
24 458.5 .63 00850 99150
26 . 458,5 .66 .00891 .99109

28 458,5 .68 .00918 .99082
30 ‘ 458.5 .70 ,00945 99055

Av,. 458

Material Unfused

Time a - xl a - Xg K
1020 .99474 .99312 0.7079 x 10 5
12=-22 .99474 99217 1.124
- 14=24 099420 99150 1,181
16-26 .99362 99109 1,044
18-28 .29352 .99082 1,182
20~30 . 99312 «990855 1,125

Av.. 1,061 x 1075

+0.106 x 1072 (10.0%)



70,

TABLE 31, Catalyst Ratio=3KCl0 ,~4Fe 03

Wt. of Semple =.5000%.394522,1975
Room Temp, = 25°C
Barometer = 735.1
Time Temp. 02 X a - X
0 508,0
15 | B03.3 - 385 .0535 .9465
70 . 501.9 23,70 .3291 . 6709
75 501.9 26.95 3656 .6344
80 50643 29,85 .4145 . 5855
85 - 50643 32,70 .4541 . 5459
90 50643 35,20 .4888 .5112
135 507.3 = 52477 7328 .2672
140 507.1 54,33 7544 .2456
145 507.1 55,90 7762 .2238
150 5067 57 .52 7987 .2013
155 506,7 58,40 - 8109 .1891
AV. : 507
T_j_.me a® xj a = Xg X
t=65 _
70-135 . 6709 .2672 6.151 x 10™°
75-140 .6344 2456 6340
80-145 . 5855 .2238 6.425
85-160 « 5459 .2013 6.665
90-155 5112 .1891 6.644

Av. 6.445'x 1070

3

+0,168 x 10" (2.6%)
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TABLE 32 Catalyst Ratio= 3KC104-4Fe Oz

- Wt. of Sample =.4906x.3942 -.1934
Room Temp. = 300C
Barometer = ,738.7

Time Temp., 0o . x . 8 =X
0 510.4
4 508.4 1.35 . .0189 "+9811
8 810.7 3.8 «0532 «9468
12 512.6 8 4 <1177 - +88823
16 515.,3 14,056 «1969 «8031
17 515,7 15.4 «2158 .7842
18 516.0 16,7 T 2340 A 7660
19 - 516.,2 17.75 | <2488 - .7b612
20 616.4 18.9 2649 . <7351
26 516.6 26.4 «3700 - +6300
27 5616.6 27.6 " +3868 .6132
28 516.8 29.0 4064 «5936
29 516.8 30.15 ' 4225 5775
30 516.8 - 3l.4 «4400 "~ «5600
Av. 516
‘Time &ﬂ-ﬂx - 8.e X5 | ;K
t=10 N l L 2 L _
16-26 .8051 « 6300 - 1.064 x 10 2
17-27 « 7842 ~+6132 1.068 .
18-28 .7660 . «5936 1.107
19-29 .7512 <8775 - lel42
20-30 <7351 ~ +5600 ‘Tfl 1825

Av. 1. 110 x 10 -2

£ 0.041 x 1072 (3,74)
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TABLE 33. Catalyst Ratio=3KC1l04-4Feg03
. : Wt. of Sample =.3654x.39422=.1440
Room Temp. = 25°C
Barometer = 738.9

Time Temp. ' 0o x & - X
0 b34.5
4 532.4 - 3.1 .05693 9407
8 - 534,9 Ty 938 «1875 .81256
10 535.9 12.45 «2383 7617
12 536.5 15.2 «2909 7091
14 537.0 17.85 e 3416 . 6584
16 537.3 20.9 «4000 6000 -
20 «538.2 ' 2646 «5090 «4910
22 538.4 29.2 ' «5588 ' <4412
24 538.8 31l.6 « 6047 " 39563
26 539.0 34,0 « 6507 « 3493
28 539.2 36425 « 6937 ' + 3063
30 ' 539.4 38.4 7348 «2652°
Av. 538
Time & =« X a - X K
$=10 1 . T8
© 10-20 7617 .4910 1,907 x 10”2
12=-22 - #7091 4412 2.061
- 14-24 - +6584 « 3983 2.216
- 16-26 «6000 3493 . 2.350
18-28 «5445 « 3063 '2.498

- 20-30 .4910 . .2652  _ 2.676
| | | Av. 2.2824 x 10™%

2 0.223 x 102 (9,8%)



73,

TABLE 34, Catalyst Ratio=3KC1l04-4Feg03
- Wt. of Sample »3574x,39422=,1409

Room Temp. = 2500~
Barometer = 735.6

Time Temp. ‘ 02 x & - X
0 563.8

2 559.5 2.8 .0545 +9455
4 560.4 9.4 .1831 .8169
‘5 560.9 12.1 2357 <7643
51/ 560.9 13.8 . 2688 L7312
6 561.2 15.4 3000 . «'7000
6 1/2 561.4 17.2 « 3350 +6650
7 561.7 18.6 « 3623 6377
7 1/2 561.7 20.3 . .3954 .6046
8 562.,0 21.9 «4266 5734
9 562.2 25.4 .4947 .5053

10 562.3 28.8 .5610 «4490

10 1/2 562.5 - 3015 .5941 .4059

1 562.7 32.1 .6252 . 3748

11 1/2 562.9 3347 .6564 . 3436

12 563.1 34.9 .6797 3203

12 1/2 563,.1 36.5 <7109 . .2891

13 568.1 377 7343 <2657

Av. 562

Time 8 - X & =X X

=5 1 TR

5 -10 7643 4490 4,620 x 1072

5 1/2-10 1/2 .7312 +4059 5.072

6 1/2-11 1/2 .6650 . 3436 5.735

7 -12 . 6377 . 3203 5.981

7 1/2-12 1/2 .6046 .2891  6.408

8 -13 5734 .2667 6.681

Av. 5.703 x 10™2
" §0.569 x 107 (10.0%)



74,

TABLE 35. Catalyst Ratio=3KCl04-~4Feg03
: " Wt. of Sample =.5407 x .39422=,2131
Room Temp. = 26°C
Barometer = 741.2
Time Temp. 0p X a -x
0 611.8 u
1 606:5 11.4 .1474 .8526
11/3 6067 16.0 <2069 :7931
12/3 606.5 22.0 .2844 7156
2 606:5 29:0 3750 . 6250
2 1/3 6067 39.2 :5068 :4932
2 2/3 60645 48,3 .6245 + 3755
3 60647 57.8 J7473 ;2527
31/3 606:7 63:3 8184 +1816
32/3 60647 67.8 .8766 +1234
Av. 607

gime a - x3 & = Xp - K
11/3-2 1/3 .7931 .4932 . 0.2063
12/3-2 2/3 .7156 . 3755 0.2801

Av. 0.2932

0.0666 . (22.7%)

" l-'-
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. TABLE 36. o
- 5 KC104 - 4 Fey0p
Table $°C 1/T abs. 1/m? K log XK 1/T logk
No. « : :
30 458° .0013680 .051871422 .0001060 -3.97428 =-.005436940
3L 507° .0012821 .051643780 .006445 -2.19078 -.002808799
32 516° .0012674 .051606303 .01110  -1.95468 =-.002477256
'35 538° .0012330 .051520289 .02284  -1.64130 -.002023723
34 5620 .0011976 .051434246 .05703  -1.24390 -.001489695
55 607° .0011564 .0s1291405 .2932 _-~ .53284 =.000605519"°
.00611655 " 4057496023 | -7.56350 =-.009405092
0000074960234 + .00611656B = .009405092 ‘
.00611654 + 5B = 7.56350
.001225544 + B = 1,53766
.001223304 * B = 1.,51270
000002244 = ,02496
A = 11,142.9:
B = -12,11836
. >11,142.9 %.+‘1og K = 12.11836
Log K : 1/T a t® ;1 i K
~ 0. : .0010875 200 : 673 : .0,0642
-1 : .0011773 450 : 723 : .0z3209
-2 : .0012676 500 : 773 : 005050
~2.8: .0013388 525 : 798 ': .01429
B50 : 823 : .03793-
575 : 848 : .094965
600 : 873 : .2262
620 : 893 : .4369
640 : 913 :

.8198
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' DABLE 37.

Time Temp.
0 463
4 459.8
8 . 462.2
10 . 463.0
12 464.0
14 464.9
16 465,23
18 466.2
20 466.5
22 467.0
24 467.5
26 467.7
28 468.4
30 468.2
Av. 466
Fime & - X
“t= 10
- 10-20 99308
12-22 .991564
14-24 «99071
18-26 .98964
18-28 .98856
. 20=30 .98678

[ ]

Catalyst Ratio
Tit. of Sample

Room Temp.
Barometer

¢33
.58

.59
.71
.78
.87
.96

1.16
1.20
1.35
1.38
1.40
1.55

Material Unfused

&-Xzi

.98678
.98570
.98392
.98356
98332
.981583

= 1KC1l04-RFe203 :
.7681x.30258=,2324

= 259 ,

= 742.2

X 8 - X
.00393 .99607
~00691 -99309
.00703. .99297
.00846 .99154
.00929 .99071
.01036° .98964
.01144 .98856
.01382 .98618
. 01430 .98570
.01608 .98392
. 01644 .98%56
.01668 .98%32
.01847 .98153
s
3.032 x 10~%
2.565
2.987
2.681
2. 308
2.053

-4

2.604 x 10

Av.

§ 0.296 = 107%  (11.4%)



78.

TABLE 38. Catalyst Ratio=1KC104-2Fe203  —
Wt. of Sample =.8017%.350258=.2426

Room Temp. = 240¢"

Barometer = 734.2
Time Temp. - 0g x 8 - X
min.

0 . 469.4 |
120 479 .4 8.55 .0969 .9051
185 481.2 14.25 1614 .8386
240 481.0 18.87 .2138 .7862
310 477.0 25.85 .2702  .7298 .
315 . 476.8 24,10 .2730 7270
320 476.6 24.48 +2773 7227

325 480,0 24.75 +2804 7196
350 479.7 25,00 . .2832 7168
588 479.0 27.80 3162 6838
460 487.3 32,90 . 3733 6267
540 485 .4 39,082 4437  .5563
610 488,5 ' 43,00 .4890 .5110
615 490.1 43,23 . ,4917 .5083
620 490,53 45,58 .4956. ~5044
685 491.0 - 43.80 .4981 .5018
630 491 .4 44,10 .5016 - .4984
Av. 481
Material Unfused
Time = & -%X3 =~ & - Xp X
£=300 |
510-610 .7298 5110 - 5,159 x 10°*
%15-615 7270 .5083 5,180
320-620 7227 .5044 " 5.206
%25-625 7196 .5019 5.216
330-630  ,7168 .4984 5.261
Av. 5.204 x 1074

o+ 0.028 x 10‘4 A(.Qﬁ%)' }ig;iﬁ:;




Time Temp.
0 514.5
4 511.8

-8 513.6

12 515.0

16 515.8

17 516.0

18 516.2

19 516.2

20 51l6.4

23 516.6

26 516,8

27 516.8

28 51648 -

29 516.8

30 516.8

Av. 516

Time a - X3

t=10

16-26 7437

17-27 7239

18-28 »7053

19-29 « 6867

20-30

«6693

79.

Catalyst Ratio=1KC1l04-2Fep03
Wt. of Sample =.7707x.30258=,2332

Room Temp.
‘Barometer

05

1.60
5.75
14.25

22.05
23.75
25.35
26.95
28.456
32.75
37.20
38435
39.70
41.00
42.40

a-x2

5676
5542
.5%85
.5234
5071

= 300

c

= 73818

.0186
.0668
.1656

«2563
2761
«2947
3133
« 3307
« 3807
4324
.4458
«4615
+4766
.4929

X

l.174
1.160
1.172
1.179

x 10

1.205

.9814
. 9332
. 8344

. 7437
7239
«7053

« 6867

+6693
+6193
.0676
5542
.53856

+5R34

-2

5071

Av. 1.178 x 10~2

- 0.011 x 1092  (0,9%)



TABLE 40.
Time Temp.
0 536.2
3 . 532,5
6 533.6
7 1/2 533.6
8 533.8
8 1/2 533.8
9 533.8
9 1/2 533.8
10 534,0
11 534.,0
12 534,0
12 1/2 534.0
13 534.,0
13 1/2 533.8
14 533.8
14 1/2 533.8
15 533.6
Av. 534
Time a =X
=5 1

711/2-12 1/2 .7516
8 <13 7393
8 1/2-13 1/2 .7208
9 -14 - ,7038
9 1/2-14 1/2 .6892
10 -15 6745

Catalyst Ratio=1KC104-2Feg03

Room Temp.
Barometer

Av.

= 26°¢
= 736,8

X

. 0417
.1867

.2484
« 2607
2792
+2962
. 3108
« 3255
3594
. 3888
.4057
«4181
«4336
.4482
.4628
4759

X

2.040 x 10‘2
2.079
. 2.113.
2.144
2.191

2110 x 10~
4 0,039 x 10-2

- Wt. of Sample =.5869x.30258=.1776

& - X

. 95683
8133

7516

7393

7208

.7038
«6892
V6745
« 6406
26112
«5943
.5819
5665

5518
5372

5241

(1.8%)



8l.

TABLE 41, : Catalyst Ratio=lK(Cl04-2 Feg03 =
| Wt. of Sample =.6234x.30258=,1886
Room Temp. = 250C- .
Barometer - = 735.6

Dime Temp. ~0g ‘ x & - X
0 558.8

2552 552.2 3.2 .0466 .9534
4 553.6 13.9 .2022 7978
41/2 553.8 _ 16.6 . <2415 . 7585
5 553.8 18.3 .2662 . 7338

51/2 553.8 20. .2982 .7018
6 554.2 22.6 .3288 .6712
6 1/2 554.2 25.0 . 3637 .6368
7 554.4 26.9 3913 6087
7 1/2 554.6 29.1 4234 5766
8 554.6 31.0 «4510 5490
8 1/2 554.8 3345 <4874 5126
9 554.8 35.6 5179 .4821
9 1/2 555.0 37.8 5499 4501

10 555.0 40.0 .5819 .4181

10 1/2 55542 42.5 .6183 . 3817

11 555.0 43,9 «6397 3603

11 1/2 555.2 46.1 «6707 . 3293

12 555.2 48,0 .6983 . 3017

12 1/2 555,2 50.0 7274 .2726

13 555.2 51.5 7492 .2508

Av. 555

Time a -x 8 - X K

4 -9 7978 .4821 4,375 x 10~

4 1/2-9 1/2 _ .7585 .4501 4.533

5 =10 .7CLl7338 .4181 4,886

5 1/2-10 1/2 ~ .7018 3817 5.290

6 -11 .6712 .3603. . - 5,404

6 1/2-11 1/2 .6368 3293 5,728

7 -12 6087 3017 6.096

71/2-12 1/2 .5766 = .2726 6.507

8 . -13 .5490. .2508 6.805

Av. 5.514 x 1072
+ 0.685 x 10™%  (12.4%)



.82,

TABLE 42. Catal yst Ratio=<1KCl04-2Fe203

: . Wt. of Sample=.62§4x.50258=.1901 -
Room Temp. = 2567C
Barometer = 736.8

Dime Temp. 05 x 8 -x
0 559.0 ~ | : |
2 555.4 5.2 .0752 .9248
4 ~ BB7.2 17.3 2501 7489
41/2 557.6 19.0 .2877 7123
5. 557.8 22.3 .3224 .6776
5 1/2 558.2 25,1 .3628 .6372
6 558.4 27.7 .4004 .5996
7-1/2 55912 36.7 .- .5305  .4605
9 560.0 44,6  .6447 .3553.
- 91/2 b560.2 47.5 = .6867 3133
10 56046 49.7 7185 .2815
10 1/2- 560.8 52.2 7546  +2454
11 560.8 53. 7792 2208
Av. 559 | |
Time & - X & -Xx ..?K
36 1 o | |
4 -9 .7499 .3553 . 6.488 x 1072
41/2-9 1/2 .7123 3133 7.134 :
5 -10 <6776 .2815 7.630
5 1/2-10 1/2 . .6372 .2454 8.288
6 ~ =11  .5075096 .2208 8.677 |
| ' -2

Av. 7.643 x 10 o
£0.671 x.107% - (8.8%)

-



»

TABLE 43.

Time Temp.
0 581.8
1 578.5
2 679.2
2 1/3 579.6
2 2/3 579.8
3 580.2
31/3 580.7
32/3 581.0
4 581.3
4 1/3 582.0
4 2/3 582.2
5 582.5
5 1/3 583.0
5 2/3 583.2
6 584.0
Av. 582

Time a - Xy .
= 2 1
2 1/3-4 1/3 7702
2 2/3-4 2/3 7214
3 -5 LCTL 86796
3 1/3-56 1/3 «6373
3 2/3-5 2/3 5717

-6 .5276

83.

Catalyst Ratio=1KCl04-2Fes0s

2 0.363 x 10°

-

Wt. of Sample =.7847x.30258=,2374
Room Temp. = 26°¢C
Barometer = 741.2
0o X a - X

37 .0429 .9571 ..
16.1 .1869 8131
19.8 .2298 o ..T702
24.0 .2786 S T214
27.6 « 3204 <6798
3649 4283 5717
40.7 4724 .b5276
45.7 5305 +4695
50.1 .5818 .4182
55.3 «6419 .35681
63.3 7347 2653
64.9 7533 2467
68.9 7997 2003
8 - xz K »
.4695 1.075 x 10~%"
.4182 1.184
« 3581 1.391
2653 1.903
2467 1.825
.2008 2.098: "

. o -l

~Av., 1.594 x 10

1

(22.8%)



84.

Table 44. - .
| 1 KC10, - 2 Fey0y
Table t°C 1/T abs. 1 /12 K log ¥  1/Tlogk
37 466° 0013532 .051851096 .032604 -3.58436 -.0,4850286
38 481° .0013263 .051758966 .035204 -3.28366 =-00,4254987
39 516° .0012674 .051606371 01178 -1.92885 =-.0,2444676
40 534° ,0012392 .051535511 .02110 -1.67572 =-.0o2076481
5 | 2
41 555° .0012077 .051458611 .05514 -1.25853 =-.051519964
42 559° .0012019 .051444619 .07643 -1.11674 -.031342236
43 582° .0011696 .0-1367942 .1594 - 79751 =-.0g932760
.0060858 .057413054 ~6.77235 -.058316117
.0000074150544 +.0060858B = .008316117 |
.0060858A + 5B = 6.77735
.0012180904 « B = 1.36648
.0012171604 + B = 1.35547
.0000009304 = .01101
A = 118328.7
_ | B = -13.05413
i;*11838.7 %'.’ log X = 13.05413
log X _: 1/1 T ST
0 s 0011027 200 : 678 : .0,2905
-1 : .0011871 450 : 723 : .0z4783
-2 : .0012716 500 : 773 : .025481
-3 : 0013561 525 : 798 : .01654
' | 550 : 823 : .04670
575 : 848 : .1240
600 : 873 : .3113
6R0 : 893 : .6265
640 : 913 :1.2228
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86.

TABIE 45. ' Catalyst Ratio=1KC104-4Fes03.

Wt. of Sample -.8506x 17826-.1481
Room Temp. = 250¢
Barometer = 742,1
Time Temp. 0o X a - X
0 471.5 - -
4 467 25 .00468 995632
8 467.8 «58 .01028 .98972
10 468.3 67 .01253 98747
12 468.8 79 _ .01477 .98523
14 469.2 93 .01739 .98261
16 469.4 - 1.08 02019 97981
18 . - 469.2 1.18 .02206 .97794
20 469.4 , 1.32 - .02487 - ,97513
22 469.8 1.48 - .02767 .97233
24 - 469.2 - 1.60 .02992 . 97008
26 469.2 1.73 .0323b +96765
28 469.2 1.83 .03422 96578
30 469.4 1.98 .03702 .96298
Av. 469

Material Unfused

Time a - X 8 - X K

%210 : 1 , “2

10-20 . 98747 . 97513 5.461 x 10 -4
12-22 * .98523 97233 5.724

14-24 «98261 .97008 5.574

16-26 97981 + 96765 b.424

18-28 .97794 .96578 5.434

£20-30 975153 .96298 5.445
Av. 5.510 x 107%
+0.092 x 107 - (1.7%) .



"TABLE 46.

87.

Catalyst Ratio= 1KC1Og-4Fep03

Wt. of Sample

Room Temp.
Barometer

02

10.79
11.40
11.92
12.50
13.09
17.34
26.54
32.06
32.46
32.88
33.25
33.50

Material Unfused

Time - Temp.
0 474.2
95 482,0
100 482,0
105 482.2
110 482.4
1156 : 482.2
175 475.2
270 483,82
345 483.5
350 483.7
355 483.5
360 484.4
365 484 .4
Av., 481
Time a - X]
t=250

95-345 .8200
100-350 .8098
105-355 .8011
110-360 7914
115-365 .7816 "

a-xz

+4651
.45684
4514
.4452
«4410

= 260C
= 737.

.1800
.1902
.1989
.2086
2184
- +2893
4428
.5349
5416
.5486
.5b48
«55690

X

9.8560
9.886
9,965
9,994

7

x 10

__9.942

Av. 9.927 x 10~

.8200
.8098
.8011
7914
7816
7107
.5572
4651
4584
.4514
4452
4410

-4

4

4 0.048 x 1074

(0.5%)
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TABLE 47.

Time Temp.
0 814.5
5 509.6

10 511.0

15 512.0

16 512.0

17 512.0

18 512.0

19 812.0

20 512.0

26 611,.8

27 511,.8

28 611.8

29 511.8

30 511.8

Av. 512
Time. a -~ X3
t=10
- 15-25 . 73568

16-26 7134

17-27 « 6911

18-28 .« 6714

19-29 « 6491

« 6301

- 88.

02

5.3
10.85

19.5
21.15
22.8
24.25
2509
27.3
23.7
5449
56.1
7.1
38.2

39.25

& - Xg

5434
.5271

. «5108

.4973
.4824
4682

Catalyst Ratio=1KC1l04-4Feg0z
Wt. of Sample =1.1223x%.17826=.2001
Room Temp. ,

Barometer

= 30°C
= 738.8
x a ﬁlx
. 0447 .9553
1470 .8530
.2642 7358
.2866 7134
.3089 6911
. 3286 <6714
. 3509 . 6491
. 3699 6301
4566 5454
4729 .5271
.4892 .5108
5027 L4973
5176 4824
.5318 .4682
K
1.316 x 10-2
1.314
1.313
1.304
1.289
1,290
Av. 1.304 x 10~%

+0.010 x 10°% (0.8%)
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TABLE 48. Catalyst Ratio‘lKClO4-4Fé205 -
B . Wt. of Sample -.6547x.17826=.1167

Room Temp. = 220C
. Barometer = 735.7
Time Temp. 0o - x a8 -Xx
0 534.3
4 53l.1 2.40 .0570 « 9430
8 532.6 9,90 " .23b2 7648
9 532.8 11.80 2803 7197
10 533.2 13.50 « 3207 « 6793
11 533.8 15.55 . 3694 « 6306
12 533.2 16.80 « 3991 « 6009
13 533.4 18.10 4300 5700
14 533.6 19.50 «4633 «5367
15 535.6 20.95 <4977 .5023
-16 533.6 22.40 .5322 4678
17 533.6 - 23.65 .5619 « 4381
18 533.6 24.70 .5868 4132
19 533.8 25.70 .6106 . 3894
20 534,0 ° 26.80 « 6367 «3633
21 534.2 27.85 .6616 . 3384
22 . 534.2 28.75 . 6830 .3170
23 534,82 29,70 .7066 «2944
24 534,2 30.60 7270 2730
20 . 534.2 31,50 .7484 .2516
Av. 533.5
Time a - X .8 =X X
t210 | 1 _ 2 |
8-18 7648 ,4132 2.674 x 10~2
9-19 L7197 . 3894 2.668
10-20 6793 . 3633 2,718
11-21 « 6306 . 3384 2.703
12-22 . 6009 . 3170 . 2,771
13-23 5700 : .2944 2.893
14-24 .536%7 .2730 1 2.938
15-25 .5023 '.2516 3,002

Av.. 2.797 x 107"
+ 0,111 x 10~2  (4,0%)



TABLE 49.
Pime Temp.

0 545.2

3 540.0
6 541.0

6 1/2 541.3

7 541.3

7 1/2 541.5

8 1/2 542.0

9 542.2

9 1/2 542.2
10 542.4
13 543.2
16 543.8
16 1/2 543.8
17 543.8
17 1/2 | 544.2
18 544.2
18 1/2 544.4
19 544.4
19 1/2 544.6
20 544.6

Av..b43

Time a - X1
=10
6 =16 7552
6 1/2-16 1/2 .7286
7. =17 <6943
7 1/2-17 1/2 .6662
8 -18 6413
8 1/2-18 1/2 .6163
9 -19 .5960
9 1/2-19 1/2  .5726
16 -20 .5508

90.

Catalyst Ratio=1KCl04-~4Fe203
Wt. of Sample =,9926x.17826=.1769
Room Temp. :
Baromeger

02

5.89

15.68
17.38

19.58

21.328
22,97
24.57
25.87
_27.37
28.77
36.11
42.11
43.06
43.86
44.55
45.25
46.10
46.756
47,60

48.05

8.-1!2

3410
. «BR76

« 3101
. 3044
2934
.2802
«2700
2567
. 2497

= 755.6

. 0607

2448
2714
. 3057
. 3338
. 3587
. 38387
«4040
4274
4492
.5638
6724
. 6849
.6956
.7066
. 7198
«7300
« 7433
.7503

X

5.463
3.472
5.431
5.402
3.296
3.425
34439
S.484

5.436

Av.

x 10

« 9393

7552
. 7286
. 6943
6662
«6413
«6163
+5960
5726
.5508
4362
« 3410
«3R76
« 3151
« 3044
2934
.2802
«2700
.2567
« 2497

-2

3.439 x 10~

.+ 0.023 x 10~2

~

(0.7%)
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TABLE 50. Catalyst Ratio=1KC1l04-4Fe203
: Wt. of Sample =,6179x.17826=,1101
Room Temp. = 22°C
Barometer = = 738.5

Time ~ Temp. Og X & -x
0 553.2

4 549.8 8.74 .2208 7792
5 550.2 11.93 .3014 . 6986
6 551.0 13.73 ' . 3469 . 6531
7 551.7 16.52 4174 .5826
8 6b52.2 18.72 .4730 5270
9. 552.5 20.31 5132 «4868

10 552.7 22.31 .5637 «4363

11 553.0 24.31 .6143 « 3857

12 563.4 256.91 . +654%7 3453

14 554.1 28.95 .7315 2685

156 554.3 30.20 7631 <2369

Av. 552.6

Time a - X a - X X

t=6 1 &

4-10 7792 4363 4,198 x 10~%

5-11 . 6986 . 3857 4,300

6-12 «6531 . B8453 4.613

7-13 .5826 3001 4,802

8-14 6270 «2685 4.881

9-15 +4868 «2369 . 5.213

AvV. 4.668 x 10°°

+ 0.298 x 107°  (6.4%)



TABLE. 61.

:

1/2
1/2
1/2
1/2
1/2
1/2
e
1/2
. 1/2 .

PHEEHEEE.
QARDORHOCOVO@EOIIoauurid MO

561.2

Av.

- TempPe.

5567

552.5

55546
555.8

- 55643
556,

557.4
557.6
568.0
558.4
56849
559.1
559.3
559.8
560.0
560.2
560.5
56047
561.0
561.0

568.8

a-xl

92.

7536

S 1/2

1/2
1/2
1/2

7033

”06633

. 6286
. 5921
. 5692
. 5263
.4918
« 4607

Catalyst Ratlo=1KC104-4Fe203

Wt. of Sample =.8481x. 17826=.1512

Room Temp., = 23°C
Barometer = 73547

% b d a = Xx
2.90 0830 9470
13,49 «2464 7536
16,24 « 2967 .7033
18,43 e 3367 . 6633
20,33 714 . 6286
22,33 . 4079 . 5981
24.13 .4408 . 5592
25,93 <4737 « 5263
27.82 05082" 049181
29052‘ 05393» 04607
31.22 « 5704 <4796
32,62 . 5959 " 4041
33,91 .61956 «3805
35,21 «6432 . 3568
36,61 . 6688 03312
37.81 . 6908 » 3092
38,91 .7108 .2892
40,01 7309 2091
40,91 T4 4 .2526
41,80 7636 2364
a = Xo K
.4041  5.413 x 1072
. 38056 5.336
. 5568 5.386
.3312 5.566
. 3092 5.643
.2892 5.727
.2691 5.826
.2526 5,787
2364 5.795

Av. 5.609 x 1072
+ 0.16 x 10™2 (2.9%)
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TABLE 52. Catalyst Ratlo=1KCl04-4Fe203
_ : Wt. of Sample =.5855x.17826=.1044
"Room Temp. =~ = 24°C '
Barometer = 741,11
Time Temp. 0o X a - Xx
0 568.8 -
1 562.2 1.2 0319 .9681
2 562,0 3.9 21037 .8963
3 562;2 8.6 .2286 7714
3 1/2 562,2 10.6 .2805 - .7195
4 562,2 12.4 .3296 . 68704
41/2 562, 4 14,3 3774 .6226
5 562, 4 15.8 .4200 . 5800
51/2 562, 4 17:3 . 4598 . 5402
6 562, 6 18,7 . 4970 . 5030
i . 562;6 21.0 . 5582 .4418
8 562.6 23.3 .6193 . 3807
g81/2 562,6 24,2 .6432 .3568
9 5626 25:1 . 6671 <3329
9 1/2 562,8 25,9 . 6884 .3116
10 , 562.8 26,7 7097 .2903
10 1/2 562.8 . 27455 J7327 .2673
11 562, 8 28.3 7522 .2478
Av. 562.5
Time a = X a - X K
t=5 : 1 & _
3 -8 7714 - .3807  6.134 x 10%°
3 1/2= 8 1/2 .7195 .3568 6,092
4 -9 L6704 +3329 6,080
4 1/2~ 9 1/2 .6226 .3116 6.010
5 -10 .5800 . .2903 6,012
5 1/2<10 1/2 .5402 2673 6.111

6 =11 . 5030 .2478 6,149 -
Av. 6.085 x 10™°
+ 0,043 x 1072 (0.7%)
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TABLE 53. ' Catalyst Rati0=1KC104-4Fe203
. Wt. of Sample =.9875x.17826=,1760
Room Temp. = 25°C :
Barometer = 737.0 :
Time Temp. 02 x a - X
0 56340
1 5578 1.7 .0266 9734
2 5578 9,1 .1422 <8578
3 5582 19.2 3001 .6999
3 1/2 558.4 12340 .3595 <6405
4 558, 4 26.5 .4142 . 5858
41/2 558.6 20,8 .4658 . 5342
5 558.8 33,0 .5158 .4842
5 1/2 559.0 . 35¢2 .5502 . 4498
6 559,0 3649 .5768 .4232
6 1/2 550,2 39.8 .6221 Royade:
7 559.2 41,5 . 6487 .3513
7 1/2 55944 43.5 L6799 - .3201
Av. 559'\
T™me A~ X a - X K
t=2 1/2 1 S
3 o5 1/2  ,6999 4498  7.681 x 1072
3 1/2-6 . 6405 .4232 7.199
4 -6 1/2 .5858 3779 7.615
4 1/2-7 5342 .3513 7.2381
5 -7 1/2 .4842 .3201 7.189
AV. 7.39% x 102

+0.204 x 10" (2.8%)
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TABLE 54, | Catalyst Ratio=1KC10,-4Fe203

Wt. of Sample =.5080x,17826=.0906
Room Temp. = 25°C
Barometer = 735.6
Time Temp. 05 x a -~ x
0 577.7 '
1 571.6 5.0 .0318 .0682
2 v 572.0 12.4 2561 7439
2 1/2 . 572,2 15.4 .3470 . 6530
3 572,.2 18,3 .4349 . 5651
3 1/2 572.6 21,0 .5167 . 4833
4 57340 23.3 .5864 .4136
4 1/2 57342 25,7 .6591 . 3409
5 575 .2 27.8 7228 L2772
51/2 - 573.6 29.4 77132287
| Av. 573

Time a = X3 a = Xgo K
=2 :
2 -4 7439 .4136  0.1275
2 1/2~4 1/2  .6530 . 3409 0.1411
3 1/2-5 1/2  .4833 .2287 _ 0.,1625

) Av. 0.1465

+ 0,0122  (8.3%)
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(

TABLE 55. Catelyst Ratio-—lKClO4-4Fe203
: Wt. of Sample .8682x.1’7826-—.1548 :
Room Temp. = 26°C v o
Barometer = 735.0
Time Temp. 02 | X a - x -
0 580.2 S . ~
2 576.5 10.3 .1819 ° .8181
3 577.3 20.1 .3549 .6451
3 1/3 577.5 22,3 .3938 6062
3 2/3 577..5 24,9 . ..4397 * . 5603
4 578.1 27.5 . 4856 .. 5144
4 1/3 578.1 20.9 5280 4720
4 2/3 578.1 = 31.8 5615 44385
5 57845 34,0 .6004 3996
5 1/3 578.5 36,0 6357 .. 3643
5 2/3 , 579.0 37.5 .6622 3378
6 579.0 - T 39.1 . 6889 .3111
6 1/3 ~ 579.2 40,7 .7187 .2813
6 2/3 579. 4 42,0 74186 .2584
Av. 578.4 '
Time - a - x3 a - X, - K
t=2 . .
3 1/3-5 1/3 .6062 °  .3643  0,1102
3 2/3-5 2/3- .5603 .3378 0.1099
4 -6 .5144 .3111  0.,1092
4 1/3-6 1/3  .4720 .2813 0.1119
4 2/3-6 2/3  .4385 .2584 _-0.1148
Av. 0,1112

+ 0,0017  (1.5%)
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TABLE 56. ' Catalyst Ratio=1KC104-4Feg03
. Wt. of Sample =.7787x.17826=,1388
Room Temp. = 26°C ‘
Barometer = 7356.0
Time. Tempe 02 xb a - X
2 590.4 13,95 2746 7254
2 1/3 : 590.4 17.75 .3495~ . 6505
2 2/3 589.8 21,5 .4282 .5718
3 : 589.8 25,15 .4952 . 5048
3 1/3 . 589.8 28.35 . 5582 4418
3 2/3 589,6 31,55 .6212 , 3788
4 589,.2 3385 . 6664 3336
41/3 589,2 36,35 7156 . 2844
4 2/3 589.,2 38.35 71550 .2450
5 589,2 40,35 7944 .2056
5 1/3 5892 41,55 .8180 .1820
52/3 589.,2 42,75 .8417 .1583
6 589 .2 43,85 .8633 1367
Av. 589.3
Time A - a - Xq a-x, . K
=2 1 2 T
2 1/3-4 1/2  .6505 ©.2844 0.1797
2 2/3-4 2/3 ,5718 .2450 0.1840
3 -5 .5048 .2056 0,1950
3 1/3-5 1/3  .4418 ©,1820 0.1926
.3 2/3=5 2/3- ,3788 .1583 0.1895
4 =6 3336 .1367 - 0:1937
‘  Av. 0.1891

+ 0,0048 (2.5%)
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TABLE 57. Catalyst Ratio=1KC10,-4Feg03
, Wt. of Sample =.7327x%.17826=.1306
Room Temp. =26°C
Barometer = 738.6
Time Temp. 0:2 x a - X
612.3 '
- 606.1 1.8 .0378  .9622
606.0 14,2 .2086 7014
1/3 606.0 19.4 . 4079 . 5921
2/3 606.Q 23,6 = .4962 . 5038
606.5 28,4 . 5972 . 4028
1/3 606.5 32,7 .6876 .3124
2/3 606.7 35.6 - .7482 .2518
Av. 606.3
Time a = X a = X l K
Tim X 2 AR
2 -3 7014 .4028 0.2409
2 1/3-3 1/3  .5921 .3124  0.2777
2 2/3-3 2/3 .5038 . .2518  0,3012

Av.. 0.,2733
+ 0.0216 (7.9%)
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TABLE 58. Catalyst Ratio=1KC104-4Fe203
Wt. of Sample =1.3220x,17826=.2303
"Room Temp. = 25°C
Barometer = 736.7
Time Temp. 0o x ' a - x
0  616,2
608.2 4.6 .0549 9451
2 608.2 28,0 3342 .6658
2 1/3 608.4 37.2 4440 . 5560
2 2/3 608.6 - 45,2 .5394 . 4606
3 609.0 54.0 .6444 .3556
31/3 609. 4 61.8 7375 .2625
Av. 608.7
Time a = X a - X K
=1 1 2
2 -3 .6658 .3556 0.2724
2 1/3-3 1/3  .5560 .2625  0.3259
| | Av. 0.2992

+ 0.0267 (9.,0%)



TABLE 59. 1 KC104 - 4 Feg0z
2 . o |
Table t°C  1/Tsbs. 1/ 'K log X 1/T logK
NO Y 4 . . )
45 469 .001348 © .0005510 «=3,25885 ., 0004 1R
46 481 .001326 .0009927 -3,00318
47 512 .001274 w051623076 .01304  =1,88472 ~.002401133
48 533.5 .001240 .05l537600 .02797  =1,55331 =-.001926104
49 543,0 .001225 ,051500625 03439 =1,46357 ~-.001792873
50 552.6 .001211 .0g1466521 ,04668 ~1,33087 ©.001611684
51 558.8 .001202 ,051444804 .05609 ~1,25111 ~,001503834
52 562.5 .001197 .051432809 .06085 ~1,21574 ~.001455241
53 559 001202 .051444804 .07393 -1,13118 =~.001359678
54 573 .001182 .051597124 .1465 - .83416 985977
55 578.4 .001175 .051380625 ,1112 - .95390 11120832
56 589.3 .001160 .051345600 .1891 - 72331 839040
57 606.3 .001137 .051292769 ,2733 - .56336 640540
58 608.7 _.001134 .0-1285956 .2992 - .52410 504329
014339 0417152313 ~13,42933 © ,016231265
.0,171523134 + ,014339B = .016231265
.0I4339A + 12B = 13.42933
.001196200A + B = 1,1319660
.001194917A .+ B = 1,1191108
.000001283A = .0128552
A = 10,020
1 B = -10.85396
10’0206 + log K = 10.85395 |
log X :1/T ' t . T . X
o, : .001083 400: 675 : .049234
-1 : .001183 450z 723 i ,079886
-2 : ,001283 500: 773 : ,027789
: 528: 798 : 0.01984
550: 823 : 0,04775
' 5753 848 : 0,1091
B 6003 873 : 0,2378
R 620:893 0.4299

-100,

- 640: 913

o 90
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TABLE 60.
Temp. KC10, 6KC10, 3KG10, OKCl0, 1KCl04  1KC10,
. 1Feg03 2Feg0z 4Feg0z  2Feg03 4Feg03
0 .14286 .40000 .57142 .66667  .80000
~.84510 -,39794 ~-.24304 ~,17609 -.09691
500 .037936 .001875 .053257 .055050 .0,5481  .0,7789
525 .002654 .0,5532 .0T005 .0T420 .0%654 .0Ios4
550 .008702 .0I528 .02894 .03793  ,04670 .04775
575 .02601 ,03978 .07835 .09496 ,1240 .1091
500 ~3.10040 ~2,72700-2,48718-2.29671 -2,26114 ~2,10852
525 -2.57610 -2,25712~1,9978%3-1.84497 =1,78146 =1.70243
550 -2,06038 -1.81588-1,53850-1,42102 ~1,33068 ~1,.32103
575 ©1.58486 ~1,40034-1,10596-1,02246 ~0.90658 ~0.,96208
500 051081 .052463 ,004256 054687 .05,6995
525 .022878 ,057396 .0I164 .0I389 01719
550 0% 6578 .02024 .02923  ,03800 .03905
575 .0I377 .05234 .06895 .09799 .0831
500 -2,96617 -2,60854-2,37100 -2,32911 -2,15521
525 -2,54091 =2.13100-1,93405 -1.84730 =~1,76472
550 -2,18191 ~1,69379-1,53417 -1.42022 ~1,40838
575 -1,86107 =~1.28117~1,16147 -1,00882 =~1.08040
500 .057567 .006157 .027448 .027030  .0o8744
.02015 ,01849 ,02037 .02132 .02149
550 .04605 ,05060 .05115 .05700 .04881
575 .09639 .1308  .1207 .1470 .1039
Kc-Ko
Tempe Av. Y
500 0.007389 + 8.6%
525 0.02036 ¥ 4.1%
550 0.05072 ¥ 5.3%
575 6.1198 ¥ 11. 4%

conc.c
lyst

Qct
> Vm

log C

log K,

Ko=Kq

log(Kc~Ko)

C
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.0012937
.0012531
.0012150
.0011792

TABLE 61.

105.

Evaluation of constants A &+ B in the Equation

1/z

IOQEEEEQ .

1/18

. 051673660
.051570259
.051476225

A

iy
Ke-Ko
-C

007389

.02036

05072
.1198

.0049410

.0000061106574A

.0049410A + 4B

.001236724 =
.001235254 +
.000001474
A

B

B
B

. 051390513

n»

.056110657

.0049410B =
6.03899

1.5253106
1.5097475

.0155631

10,587

-11.5679

10,587 + log 1%3_‘_0_ = 11.5679

Ke-K

log—— : &
<1.0 : .0011872
-1.5 : .0012343
-2,0 : .0012816

+ B= 0O
Ko~ 1.  _Ke=K
log—3H2 o Tlog—2x—2
-2.13141 -.0027574056
-1.69122 -.002119268
-1.29482 -.001573207
-0.92154 -.001086680
-6.03899 -.007536560
.007536560
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TABLE 62.
o Comparison of Values of X calculated from general

equation (XK) and directly from data. (K('(')bs)

Conc. of Temp. Abs. K K

Catalyst Obs,
0 | 809 .004587 .004696
0 850 .02827 02676 .
.14286 791 .004125 004647
.14286 858 006369 05794
. 40000 781 .005301 .005429
.40000 832 .04087 .04094
57142 780 .006776 .006445
57142 835 .05909 .05703
.66667 789 .01121 .01178
. 66667 828 .05148 .05514
80000 785 .01110 .01304
80000 851 1367 .1112
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Decomposition of Potassium Chlorate

Portions of potassium chlorate were weighed in the
same manner &s the perchlorate. Additions of potassium chlor-
ide as catalyst, however, were made to the individuql samples
instead of Weighing.out portions of & mixture made up once for
all, since it was not desired to make mixfures in simple mole-~
cular ratios.

Potassium chlorate decomposes on heating according
to two reactions and tlms it was necessary to determine both
the oxygen evqlvgd and the perchlorate formed at various stages
of the reaction. This was done by subtracting from the amount
of potassium chlorate originally present both the amount decom- .
posed to oxygen and the amount remaining at any particular time.
Seven samples were weighed and heated respectively for intervals
of time in arithmetic sequence. Obviously, the difference
between fhese intervals was smaller, the higher the temperature.
Four of these samples were placed in the furnace at the be-
ginning of the experiment end one was heated throughout the
experiment. When the other three tubes had been. heated for
the second, third and sixth intervals, these were removed
and replaced respectively by the remaining three which by the
end of the seventh interval had been heated for thevfifth,
fourth and first intervals. Thus, the four holes of the
furnace were continuously occupied and there could be deter-
mined the chlorate remaihing after heating for the seven
different iﬁtervals. Observations of the potassium chlorate

decomposing to oxygen were made only on the samples‘heated
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for the slxth end seventh 1ntervals but, since they merely
involved the readlng of the gas burettes, were taken more often.
The entire reaction residue was dissolved in water,
the solution divided into aliguot portions and the chlorate
content in each was determined by the procedure mentioned under

Analytical Methods.

Celculetions based on the Data obtained by

Decomposing Potassium Chlorate

Tables 65 B7, 71 and 75 (taken at four temperatures)
show the experlmental observations from whlch were determined "
the fractions of.potassium chlorate equivalent to the oxygen
evolved. Tables 84, 68, 72 and 76 show the results of the
analysee of.the reaction residnes, and below, the correction
(ﬁ), calculated as previously noted, for the perchlorate which
hae,decomposed. The last two columns give respectively the:
amount of potassium chlorate transformed to perchlorate and
the amount of potassinm:ohlorate decomposea to potassiumcehlor-.
ide and oxygen. (See also graphs 13, 19, 25 and 32 whichhave
been used in the calculations.) |

In graphs 14, 20, 26 and 33 the correction (w) is
plotted against time in order to interpolate it for the cor- l,
rection of the oxygen evolved. - In graphs 15, 21 27 and 54
the amount (z) of potassium chlorate decomp031ng to oxygen is
plotted against t::.me in order to determine the tangent Az/At

at various points during the decomposltion. Graphe 28 and
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35 show the amount (¥) of potassium chlorate transformed by
the other reaction into perchlorete. From these the tangent
AY/A t was read to determine kj by the differential equation
because the value kz requisite for calculating kj by the in-
tegrated equation was obviously incorrect, since the kp,t curve
contained a maximum, - L ’

Tables 6‘5, 69, 73 and 77 émbody $he following data:®
first column, the time of;the observétions in minutes or hours; .
second column,  the potaséiﬁm chlorate decomposed directly to
potassium chloride and oxygen (z); third column,’that trans-
formed to potassium pérchiorate (y); fourth column, the
potassium chlorate remainihg (a - i);, fifth column, the
slope of the z,t curve at'the time givén in the first column;
which divided by (a - x) gives kg in the sixth column; seventh
column, fhe value of k1<calcu1ated by either the differential
or integrated equatiohs; and the last column, the concentra-
tion of the potassium chloride produced in equivalentg of
potassium chlorate. This is obtained éy adding one fowrth
of g to z.

Since ky rapidly increased as the reaction proceeded,
it was desired to ascertain whether this was paralleled either
by the concéntration of potassium chloride or of perchlorate.
Initial additions of potassium chloride to fhe chloraté, which
ﬁill be more fully explained later, was found to give in a’
certain time an increased yield of potassium perthoraté
without materially affecting the aecbmpositiop yielding oxygen.
The curves on graphs 16, 22, 29 and 36, on Whichllog-QKCl is
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plotte@ against log kj, show, however, that k; is not propor-
tional to any power of the concentration of potassium chioride.
But, by extrapolsting a ky,t curve to t=6,. (graphs 17, 23,

30 and 37) a value for k; (kp) was obtained when the concen-
tration of the potassium chlofide was zero. It was discovered
by the grephical method that the value k; - ko was proportional
to the cube of the concentration of the potassium chloride

as shown on graphs 18, 24, 31 and 38. Hence, the values

X - ko

=
Cxe1

in the last columns of tables 66, 70, 74 and 78,

k -k
The values of kp “‘?%{“" and T were assembled
| ' ct ’ |

were computed. These values (p) are tabulated

in tables 79 and 80 and the logs of the constants were plotted
against the reciprocal of the absolute tempersture in graphs
39 and 40, On accomt of the meagerness of the data, the
constanfs of Arrhenius' equation were not calculated for
these relations, as wae done for the potassium perchlorate
decompositiong. |

In table 81, as previously mentioned, are tabulated
the results of experiments on the heating of potassium chlor-
ate to which initial addltlons of potassium chloride had been
made. All of the tubes were placed in, and taken out of the
furnace at the same time. They were then analyzed for
chlorate and it was noticed (column 6) that more chlorate
~ had suffered change in the tubes containing the greater amount

of potassium chlorlde. In- the first: group, determinations
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of the fraction‘of'chlorate, decdmposing to oxygen directly,
were made for each sample and, subtracted from the total
fraction changed, gave the fraction transformed to potassium
perchlorate. Since the fraction yielding oxygen varied
slightly while the potassium chloride increased from 0 to 12%,
determination of the amount of chlorate participating in
this side reaction Was made in the later groups only with
the initially pure potassium chlorate. This decision was
unforﬁunate, since in the last experiment, due to the lower
temperature and the addffions of potassium chloride, the mix-
tures were unfused at the end of, and probably throughout
the experiment. However, even when solid the disappegrance
of potassium chlorate paralleied the concentration of potas-
sium chloride. Thus it is evidént that the transformation
of potassium chlorate to potassium perchlorate is catalyzed
| by potassium chloride. It would be interesting to f£ind out
if a greater yield of potassium perchlorate from the chlor-
ate, then that reported by Blau and Weingand(17?,‘cou1d be
effected by this measns. For commercisl operation, the
inefficiency of the higher fusion point of the melt and the
‘lower percentage of potassium perchlorate in the residue
might, however, cowmterbalance the efficiency of the in-

creased yield.



TABLE 63.

Time Furnece

hrs. Temp.
0 419.0
1 404.5

2 410.1
3 410.5
4 405.6
5  406.9
6. 413.8
7  .404.3
8471.14%4.5
‘9 . 415.8
10 408.7
11 403.3
12  405.2
13 413.4
14 417.1
15 412.7
16 406.8
17 404.1
- 18 408.0

19

20 407.8
21 407.0
22 406.0
- 23 405.6
24 404.7
- 25 415.8
26 416.6
27 405.6
28 410.3

Av. 408.9

Room Barometer
Temp.

209

Liz.

XC10z

‘740053

739.0
738.2

738.1

738.2
738.2

739.0

739.9
740.8
741.2
741.3
742.1
742.4

742.7 -

743.1

743.4.

743.9
742.1

744.3.
- 744.3
744.7'_
744.7

744.7
744.4
744.4
743.4
743.2

Fraction XKC1l0Ogz

== Ox gvolved

Sample Wt. -
A = ,5374
B = .6025
Oxygen
B
A
Caltd 1.1
0. 1.10 .0054
1.73 1.73 .0106
2.42 2.45 .0148
3.11 2.93 .0190
3.62 ~ 3.34 .0221
4,35 3.86 .0264
5.03 4.35 .0306
5.756 4.80  .0351
6.42 5.27 .0392
7.02 5.68 .0429
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