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EHTHEERE PE 2 8 TCGA7 HaHil 52, R AAER, MHEN 40mL * min~',
FEERN 3,5,10C - min~}, BETEE 25 ~ 825°C , HBRE G K A7 4t , Bk I BESR BT BB UK
KIGHA, A& 4.85+0. 5mg,

2 i
ZEH Dollimore ZA“STRIERH T — MR LLE LGB Arthenius BB FH B, B
, K=A +exp(- E/RT) (1)
T LA Harcourt #1 Esson 12 H 893 R ¥ a7, B
K=C-Tr (2)

HEMTFHA TA BEQE A FLBEFE, EXQ)F, BF—WEH CH m(m> ORET
Arrhenius P RYTEILEE E MIERIEF A, TR, AFBHNETBRAEN:

da/dT=(1/B)Kf (a) =(1/B)C* T"f (a) (3)
Kep, B AMBER(TR), BXHH,5:
log[(B+da/dT)/f(a)]l =logC+ m *logT (4)
AR )
g(a) = [ de/fla) =(&/B) | TvdT (5)
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log(g(a)) =logB+(m+1)logT (6)
KF B=C/B(m+1),

M A TG-DTG £k B HHE SR #1830 1 =0 (1) A HIHWF TG Mk LR B thiRE T,
MLIERE T BRI (diffuse) B BB H (sharp) "' (2) 7 DTG Bk b 3K15 4 14 5 4L 49 75
AR TEE AR BN L IETE AL T MEBRMALIETE AHTo 3)HE onn BITE DTG IEEL
MEATE o MEUE,

& iR TG-DTG MR EFMEUE, TR | REE | BESH H¥ERNEH, KEL
] R 4 B AT RE R BN I BT L

£ 1 RIE TC-DTC MR IIEH T 0 H FER
Table 1 Characterization of Kinetic Mechanisms Based on the Shape of TG-DTG

* group mechanisms characteristie features of Tiand Tr AL T/ AH:T
A A2, A3, A4 T, sharp; Ti sharp =1
B R2, R3, D1, D2, D3, D4 T. diffuse; T: sharp >1
C Fi,F2,F3 T: diffuse; T diffuse =1
TG-DTG curve
amax
1.0~0.9° 0.9~0.8 [0.8~0.7 0.7~0.6 0.6~0.5 0.5~0.4
P1,E1, D1 D2 R2, D4 F1, A2, A3, A4, D3, R3 B1 F2,F3
Ti(d)| (24 ~34)+ (38 ~80)| T3(d) Ti(s) |T:(d)
Ti(s) ‘ Ti(d) Ti(s) | Ti(s)
D1 R2 D4 F1 A2,A3,A4 | [D3,R3
A2 (14 ~32) (30~70)| p3
a3 |[12~22) (20 ~ 42)
R3
A4 ( <10)
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Fig. 1 Flow chart showing the procedures in recognizing the kinetic mechanisms

*: Qmo; +: half width; d: diffuse; s: sharp
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3.1 #ASBiaE -

KAL(SO4)2 * 12H0 ZEFHREE R K 5C - min~' B ERSTBRRINE 2 iR, ROREER
2, 0 2 A4 KAL(SO.), * 12H.0 MR B HITRIE TC MR U AWM TS REEES
R, TR — BRI 37.5 ~27T0CREBEEN, KETHE N 45.04% HETFEEDR
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F£2 KAL(SO.). - 12H.0 B4 MR AR
Table 2 Thermal Decomposition Data for KAI(SO.); - 12H;O from TG and DTG Analysis

temp. range DTG peak loss of mass(wt% ) probable composition

t intermediat
vaee /C temp/C TG theory of expelled groups (iermediate
I 37.5~270 85.00 45. 04 45.57 - 12H,0 KA1(S04).
I 573.7~708.7 672.52 24.43 25.31 - 80, K2S04 + AlOs

69.47% 70. 884

A: Total loss of mass (wi% )

ARG F (ERREE 45.57%), £RPHEE
KAL(S04) 2, 3% 5 SCRRIRAE ' K BAFTR  100py oo o, PO
Ao 8= AT 573.77 ~708. 77°C B EEE V!
W, RKEBLERN24.43%, HYETEE14
SOs 4+ F (LR EMEN 25.31% ) , EHRESE ™
) K.S0, 1 ALOso ZE I, KAI(SO4): * 12H,0 &
KE 69.47% (FL{EN 70. 88% ) MR LI L
Wi, FE L AR 4T KAL(SOs): -+ 12H.0 MR i
BT,
KAI(SO.)2 * 12H,0 — KAI(S0:), + 12H,0 [1]

2KAL(SOs)2 — KiSOs + ALO; +350, [2]  H2 KAL(SO.): - 12H.0 B TC-DTGC HiZk
3.2 3F%75ﬂﬁﬂﬁ3ﬁ$ Fig.2 TG-DTG curves of KA1(SQ4): + 12H:0

KAI(SO.)» - 12H0 KI5 = 45 #4418 45 (B=5% * min™)

EBHFI T3, BEITAARFHBRERN T RER A (diffuse) B9, T RIHHE) (sharp) BY,
ALT/AHT> |, ARFAIURERSBB TR LYW B4, \TREHEEEHE R2.R3.D1.D2,
D3%, AR 3AAFABERN o EEFE0.6~0.7 Z[8, HitiE 18 D3 #1 R3 £AIfiE
PR, EREIET =42, H<70 Bf AR D3; 15 <42, H =30 B4R D3 . R3 #HFH I
BE; MHUEF <30, H =20 BF MR R3, Ead DTG MR B X B AL TN 3 FT5): 70 =
Half-width =42, H L5 3 # R M 3H BN D3, BARRFHEFHE(3,5,10C * min~')
THshh¥ERE M, s ¥ERN DIRHENIIIEER g() = [1-(1-a)']%,
fla)=372(1-a)*?[1-(1-a)'?]"", BRE_SRANIBNN HEFT BRI da/dT=(1/p)
CT"(3/72(1 - @) **[1-(1-a) '*1""), R TG 1 DTG AT B M H T RERB
EMEE o THde/dTHTERAME 4 FRHEMBERATEW@R(6), BdR/N_FE
A7 3+ & 4 Harcourt 1 Esson £ H A EH B AR (2)FH m Ml C, WE S,

%3 KAI(SO.): » 12H.0 EZH S BANBRIESH

Table 3 Parameters Pertaining to Mechanism-Characteristic Features for the Decomposition
of KAI(SO4); * 12H,0 for Stage 2

30 110 190 270 350 430 510 590 670 750 830
temperature / ‘C

B ‘ T . T,

No. Tp/C AL T/ AH\T mex half-widih /°C
° /(C *min™") P shape ' @ i
1 3 647.5 diffuse sharp 1.294 0. 6239 45.2
2 5 672.52 diffuse sharp 2.238 0. 6757 42.1

3 10 675.00 diffuse sharp 2.007 0. 6182 45.4
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F4 REASUNE_DHRIR TC-DTC MERBEE
Table 4 Base Data for KAI(SO,); + 12H;O Determined by TG and DTG

No. B=3C * min~' B=5C * min™' B=10C * min™"
T a da/dT T a da/dT T a da/dT
1 884.4 0.1104 0.51 901.92 0.1191 0. 68 903. 15 0. 0980 1.04
2 886.9 0. 1331 0.56 904.42  0.1332 0.78 905.65 0.1104 1.21
3 889.4 0. 1532 0. 60 906.92  0.1549 0.84 908. 15 0. 1240 1.40
4 891.9 0. 1746 0. 66 909.42 0.1719 0.94 910.65  0.1406 1.58
5 894. 4 0. 1973 0.72 911.92 0.1923 1.02 913. 15 0. 1581 1.75
6 896.9 0.2229 0.77 914.42  0.2136 1.10 915.65 0.1781 1.92
7 899.4 0.2567 0.86 916. 92 0. 2365 1.17 918. 15 0. 1990 2.07
8 901.9 0. 2871 0.94 919. 42 0.2619 1.27 920. 65 0. 2220 2.22
9 904. 4 0.3218 1.05 921.92  0.2931 1.39 923.15  0.2463 2.39
10 906. 9 0. 3599 .12 924.42  0.3226 1.51 925.65 0.2727 2.60
11 909. 4 0. 3992 1.20 926.92  0.3543 1.63 928.15  0.3017 2.84
12 911.9 0. 4501 1.30 929.42  0.3880 1.74 930.65  0.3336 3.07
13 914.4 0. 4968 1.37 931.92  0.4238 1.85 933. 15 0. 3681 3.33
14 916.9 0. 5447 1.42 934.42  0.4638 1.98 935.65  0.4043 3.52
15 919.4 0. 5944 1.42 936.92 0.5125 2.10 938.15  0.4444 3.73
16 920.65 0.6239 1. 43 939.42  0.5562 2.20 940.65  0.4840 3.95
17 921.9 0. 6431 1.40 941.92  0.6012 2.29 943.15  0.5279 4.16
18 924. 4 0. 6992 1.30 944.42  0.6478 2.31 945.65  0.5722 4.22
19 926.9 0.7424 1.16 946.92 0. 6765 2.33 948. 15 0. 6182 4.27
20 929.4 0.7788 1.04 949.42  0.6948 2.30 950.65  0.6630 4.25
21 931.9 0. 8134 0.98 951.92  0.7406 2.15 953. 15 0. 7081 4.10
22 934.4 0.8519 0.86 954.42  0.7881 1.75 955.65  0.7499 3.73
23 936.9 0. 8793 0.72 956.92  0.8189 1.41 958.15 0.7874 3.48
24 939.4 0. 9024 0.65 959.42  0.8455 1.24 960.65 0.8236 3.18
25 941.9 0.9234 0.62 961.92  0.8709 1. 14 963. 15 0. 8551 2.60
26 944. 4 0. 9448 0.56 964.42  0.8918 1.05 965.65  0.8790 1.92
27 946.9 0. 9658 0.44 966.92 0.9172 0.97 968.15  0.7965 1.55
28 949. 4 0.9795 0.34 969.42  0.9355 0.92 970.65 0.9122 1.51
29 951.9 0. 9893 0.23 971.92  0.9538 0.82 973.15  0.9293 1.51
30 954.4 0. 9957 0.14 974.42  0.9696 0.67 975.65  0.9450 1.45
31 976.92  0.9808 0.51 978.15  0.9604 1.34
32 " 979.42  0.9892 0.36 980.65 0.9732 1.21
33 981.92  0.9958 0.22 983.15  0.9855 1.04
£5 TRBAFZ/IABHHFESHY
Table 5 Kinetic Parameters Obtained from Different Methods
No. B E/(k] * mol™") inA m InC

/(°C * min-") (A-D) (A-D) (H&E-D) (H&E-I) (H&E-D) (H&E-T)

523.46 68. 85 69.04 80. 39 470.72 552.42

5 484.01 62. 61 62.43 70. 50 426. 71 486. 80

3 10 507. 47 65.92 . 65. 16 74. 36 445.12 513.49

A-D is Arrhenius differential method; H&E-D is Harcourt and Esson differential method; H&E-I is Harcourt
and Esson integral method.

3.3 FUBENRER o HKEYE
B% K(T)=A-exp(-E/RT)=CT"
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E=m(InT,-InT) R+ T+ To/ AT (8)

KBRAFFABERESC  min' HHBREURBEIFTEARSFTEBIN m A CH
BRAFR(8)FKBIERE ESATRRBIEITEF AE, TELERII TR 6 P, RITEE
RAMBROPHEESI B EX o TZHEMXRE & 3 74 i, BE 3 ME 4 FE] LA
B, FBEENSC - min' FIELGE EREE o 1 THLEATEAN,HFES THLEHEX
R RIBEHMBE TFRERY 3 M 10C * min~' BHHIEILAE E BREME o M1 TH EFAMEK
#,3¥E5 THREEXRR,

FR6 FREENSC - min' HPEZTHIBIHFRIE
Table 6 Kinetic Parameters of Thermal Decomposition of KAI(SO.): -

No. E In A Es InAq No E in A, Eq In Ay
(H&E-1) (H&E-1) (H&E-D) (H&E-D) " (H&E-1) (H7E-1) (H&E-D) (H&E-D)
1 528.74 63. 46 468. 17 60.51 2 530. 08 63. 64 469. 35 60. 67
3 531.75 63. 86 470. 83 60. 86 4 533.07 64. 04 471.99 61.02
5 534. 61 64.24 473.36 61.20 6 535.91 64. 41 474. 51 61.35
7 537.31 64. 60 475.175 61.51 8 538.95 64. 81 477.20 61.70
9 540. 46 65.01 478. 54 61. 88 10 541.72 65.17 479. 66 62.02
11 543.33 65. 38 481.08 62.21 12 544. 82 65.57 482. 40 62.38
13 546. 18 65.75 483. 60 62.53 14 547.77 65.95 485. 01 62.71
15 549. 11 66.13 486. 20 62. 87 16 550. 56 66. 31 487. 49 63.03
17 552.01 66. 50 488. 77 63.20 18 553.70 66. 71 490. 26 63.39
19 555. 00 66. 88 491. 42 63.53 20 556. 55 67.08 492.79 63.71
21 558.22 67.29 494.27 63. 89 22 559. 37 67.43 495.29 64.02
23 560. 90 67.62 496. 64 64. 19 24 562.29 67. 80 497. 87 64. 35
25 563.93 68. 00 499, 32 64.53 26 565. 31 68. 18 500. 54 64. 68
27 566. 80 68. 36 501. 87 64. 85 28 568. 29 68.55 503. 19 65.01
29 569. 65 68.72 504. 38 65.16 30 571.39 68.93 505. 92 65.35
31 572.59 69. 08 506. 99 65.48 32 574.05 69. 26 508. 28 65. 64
33 575.63 69. 45 509. 68 65. 81
H&E-D is Harcourt and Esson differential method; H&E-I is Harcourt and Esson integral method.
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Fig.3 Plot of E against « taken from the mid-point Fig.4 Plot of E against temperature in kelvin

of the AT increment(8=5%C * min')
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12H;0 for Stage 2(8 =5°C - min™')

increment(8=5%C * min~')

taken from the mid-point of the AT

RS YRS RSB EEE N TS T, 7 2710C U TA—£BE 12 MK,
BB RAMRIE I EER N D3, R A% B R da/dT=(1/8) CT"( 3/2(1 - &) *’[1 -
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Kinetics Model of Thermal Decomposition Reaction
of Aluminum Potassium Sulphate

ZHANG Jian-Jun"* WEI Hai-Yu REN Zhi-Qiang
( Experimental Center, Hebei Normal University, Shijiazhuang 050016)

The thermal decomposition process of KAI(S04)2 + 12H.0 and its kinetics has been studied by
TG-DTG. By Dollimore method, D3 is defined as the second step of thermal decomposition kinetic
model and its kinetic equation is da/dT=(1/8) CT"( 3/2(1 - a)*?[1 - (1 - a)'”*]""). At the
same time, it has been found that the apparent activation energy E increases with the increases of
fraction of conversion « and the absolute temperature T, and then it shows that a linear relationship

with the temperature T has been obtained.

Keyword: aluminum potassium sulphate thermal decomposition kinetic model



