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Effects of Addition of Potassium Chlorate on Thermal
Decomposition of Oxalates

Tadao IsH11, Ryusaburo FFUruicHI, Toshihiro Kawasaki, Kunitsugu KAMADA
(Received Novtmber 30, 1972)

Abstract

The effects of adding KCIO; (0~30 mol %) on the thermal decomposition of alkali and
alkaline earth oxalates, MC,O, (M=Na, K, Mg and Ca), have been studied by using gas-flow
DTA, X-ray dowder diffraction and infrared disk techniques.

KCIO; additive was introduced by evaporating aqueous KClOj; solutions containing solid
Na,C,0,, MgC,0, and CaC,0,, and by mechanical mixing of the powders for K,C,0,. Gas-
flow DTA apparatus consists of two quartz tubes (id.=9 mm) placed vertically in a furnace,
in which gas flows through the reference and sample powders during tests.

The characteristic feature of the decomposition of all MC,0, with KCIO; was that a
singular large exothermic peak, Py, appeared at around 350°C on DTA curve. And, at
peak Py, the decomposition of KClO, and MC.0Oy was promoted.

It was suggested that the effects of the additive may be related to the oxidation properties
of active oxygen generated by the decomposition of KCIO;.  On the basis of the hypothesis
that the first stage in the thermal decomposition of all oxalates is the rupture of C-C bond
in the oxalate ion, the following reaction mechanisms were suggested to be MeC,0,-KCIO,
systems at the peak Py

a) KClO;—KCl+30%,

5KCIO4—2KCl + 3KCIO, + 30*
b)) xCy0,% 4 yOF—=[xCyOy 2 e yOF ] xCO3% + yCO, + (x — y)CO

where O% and [xC,O0,27-yO*] is active oxygen and intermediate M, respectiviely.
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a) KClOz—>KCl+30%

5KCl10;—~2KCl +3KClO, + 30*

b) xCaC,0;+yO0*—[xCC,0, yO*}>xCaCO; + yCO, + (x— y)CO
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Fig. 1 DTA curves for CaCy0,-KClO; systems.

: CaCy04-HyO (1000 mg) in Ny static atmosphere.

CaCy0,-H,O (1000 mg) in O, flowing atmosphere.
(80ml-Oy/min)

: CaC,y0,-H,;0 (900mg)+KClO; (100mg) in N, static.
. KCIO, (200mg)+a-Al,05 (800mg) in N, static.

47T scale enlarged 3 times.

: KCIO; (69mg)+ a-Al,O5 (940mg) in N, static.

Heatimg rate : 5°C/min
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Fig. 2. DTA curves for Nay,C,O-KClO; systems.

Heafing rate :

1 Nap,CoO, (759 mg) in N, static atmosphere.

: Na,C,0, (759 mg)+KClO; (21 mg) in N, static.

: Na,C,0, (759 mg)+KClO4 (69 mg) in N, static.

: Na,CoO, (759 mg)+KClO; (208 mg) inN, static,

: Na,C,0, (759 mg) +KCIO; (69 mg) in O, flowing

atmosphere (120 ml-O,/min)
5°C/min
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Fig. 3. X-ray diffraction patterns at various Fig. 4. X-ray diffraction patterns at various
temperature ((O~@) on DTA curves temperature ((O~(@) on DTA curves
(a, band d) in Fig. 2, for decomposition (¢ and e) in Fig. 2, for decomposifion
of Na,C,0, and Na,C,O, containing of Na,C,0, containing KCIO;.
KClO;,. ®: Na,CO,, O: KCI, x: KCIO4 no
@: Na,COy O: KCI, no mark : Na,C,0, mark : Na,C,0y4

@CiE NagCOy 1P - Tl b,

ML bk KCIO; & 20 mg #Ehn (3mol %) Lizdb D Th %, CaCyO, ol & BT 350°C ff
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CO; T h 547°C DWW — 213 Na,C,Op O ME — 7 CH o, M a 1ol TH 40°C %
FLTCW5,

Mk ¢ 1x KCIO; # 69mg ¥ (10mol %) Licd DR TH D, 344°C D/ph S e
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H,O 1z KCIO; # 3~10mol % L 7

LED, BHRYMFMZ O DTA Hhighc a
=3

HBHa HH LA KGOy -HO it 1042
mg THoH, iR bofar X Hedro
T BB A I 0 U e A st X B
o %y Fig. 6, 7TicmRd,

i a 13 KeCoOy-H,O WD EB T H
%o 162°C, 393°C oW#ve — 7 13X F
AURIK S BB R T %, 570°C D # e
— 71k KCOy ~ o e — 2 0 5 15 4
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fifg bz KCIO; # 21 mg ¥ (3 mol
%) LIcBaThad, Bk (166°C), ¥
(401°C) DR E '~ 711 a ER—TH 5,
328°C (L I N SV R B — 7 Py 23 | | . i 1 ]
»UL{‘ I3 L, DY~ ﬂ% f)é‘l@ o X ﬁ";}’ i m 0 100 200 300 400 500 600 700

Reference temperature (°C)

Tk KGOy o AR mESh, @, @Th Fig. 5 DTA curves for K,C,0,~KClO; systems in N,

AT—-Exo.

K,CoO, oifiEndesyrund e s K,CO, static atmosphere. Heating rate: 5°C/min.
. =y - . . a: K,Co0,-H,O (1042mg)
DE = 7EBD B, DTIL S N T bt KzCoO4 HoO (1042mg)+KCIO, (21mg)

KeCOy i n T B E%mRL, Lichio ¢ KGOy H,O (1042mg)+KClO; (69mg)
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temperatures (D~@) on DTA curves Fig. 7 X-ray diffraction patterns at various
(a and b) in Fig. 5, for decomposition temperatures (D~@) on DTA curve
of K,C,0,-H,0 and K,C,0,-H,0 (¢) in Fig. 5, for decomposition of
containing KCl10O;. K.C,0,-H,0 containing KClO,.
® : K,CO4, no mark : K,C,0, ®: K.C,0,-H,0, O: KCI

x : KClO;, no mark: K,C,0,

T 563°C D #e — 7k KyCO3 ~D 4 fic s+ %,

i ¢ 1x KCIOy % 69mg ¥ (10mol %) Ui, Wike— 2 (155°C) i ks
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Zh BB kTl O NapCy0,-KCI1O; R fied T L CHBIL T 5B,

3-4 MgC,0,-2H,0-KCI0; %

Fig. 8 ¥ MgCy0,-2H,O o¥f o DTA i, Fig. 9 iz o&goifio X BIEYTH R
%o MgCyOy-2H;O 14 840 mg V72,

i a 13 MgCy0,-2H,0 HMA A BHHAFEMZA CHIE LIcHERETHE, 250°C Dlfih & —
7K, 513°C oW #he — 211 MgO ~OGffe— 2 Th b, @THE MO pEE S,
@Tir MgO OARTH A,

IWE bz KClO; % 69mg % (10 mol %) Licd 0EET, 10ml/min B 5 AHHME

UG CLLBK €~ 7 (254°C) Wi BB bhicly SOBE L Py - 7703384 L,
@0 X MBS MgCO, DIRIE»ETE< e, KC &0 MgO OEENHED
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¢ . Mg C,0,:2H,0 0
50.4mg | KCIOs(10mol%) |
MgC,0, +Kcio, =10 b
MgC,0.4+ K11 ! .. i
1
”: ! I ] il 1
= ®
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1
®
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@
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s
| 1 | I
100 200 300 400 500 600 700
Reference temperature (°C) ; ull L (T ;
Fig. 8 DTA curves for MgC,O, - 2H,0 and W 30 oo a0 60 n
MgC,0,-2H,0-KClO; (a and b) and TG it Coke
curve for MgC,0,-2H,0--KClO; (¢). Fig. 9 X-ray diffraction patterns at various
a: MgC,0,-2H,0O (840 mg) in N, static temperatures (D~@)n DTA curves (a
atmosphere. and b) in Fig. 8 for decomposition of
b: MgC,0,-2H,O (840 mg)+KCIO; (69 MgC,0,-2H,0 and Mg C,0,-2H,0
mg) in N, flowing atmosphere (10 ml- containing KClQ,.
N,/min) ® : MgO, & : KCI, % : KCIO;,
¢: MgC,0,-2H,O (46.6 mg)+KCIlO; (3.8 no mark: MgC,0,
mg) in 3.3 mmHg-N, atmosphere.
Heating rate: 5°C/min for a and ¢
3.5°C/min for b
TR D, COBE, R AL icw oy, MgCO, ML ECH b Icb & 4
zZ bbb,
TR C L X BRI B i L o s icilﬁlf«/wﬁfs/w“c o0 i b 0@, ®

Thmo CO.f’*. Q’C b KCL it s 2 &b, Mgf() ANop IS S g T MgCO, o
Hpk, KCl ~rfig-4 % aftc KCIO, 45 - 2 oilfigcx %

R ¢ tx b SR —ME MgCy0,-2H, 01 46.6 mg, KClO;: 3.8 mg) & { » /23 FH o TG
“)é’aﬁiﬁm/f\fu%é“ TG EILpEH R 7y v KT, )Xﬁﬁl’i’?‘@ By 40 mm, JEW 3.25x
1073g/mm TH 5., Fgtbis 33 mmHg CIF Lo EEMAT, HEEE L 5°C/min TH
5o

B LB H QWK R B U SRR & 30 A%, A D & R L Ol S IR R
NTeb, chur TG EHROFIMINBIETH Do ikgig ik r, DTA kw1, &
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\\\\\

Wl A Loy, REa e - Chi3iE anuJM&*UJ L, Y.y ;“ifﬂlf,:uuéﬂrc LI 2 H
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Fig. 10 (k=27 Py o1& KCIOy o L OMHRA R LI LOTHL, O B
hiiEAs 10 mol 2 R & Tk Py fmmlu LR L, S O BTl » T 5 JEAAY
G kiR KCIO, o iz e L

HT EMbm A Lo L, 30mol /
DX HEICERM L T Py ol
VEE O F E AR RN T
VT 5 o B o x i KCIO,
L UM 618 - € KCIO; A3

30mol%

observed at around 350°C

Area of exothermal peak, Pu,

L CoHlimy W v 70 B 1o, e ALO, N o
10mel%
LRAELTHD) D& xn KCIO, » ’
D TEEGETCH B, ik, Py o o
by KCIOy F o 4 o o4 fific Tol? | | >1<
LR EE B IHTH L Z L 0 % 100 150 200 T50
B Amounts of adding KCIO, (mi)
Boldyrev? 1;)0; FhE. vavo Fig. 10  Area of exothermal peak, Py, observed at around
it R, SR o f fﬂ’wq“}{j el 350°C vs. amounts of adding KCIO; for thermal
’J"\‘"C oW ‘lf‘: { v C-C &5 Yo decomposition of MC,0,-KClO; systems (M =Na,
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