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Abstract

The reaction behaviour of CoSQ, alone (1) and CoSO~AlLO; systems (2) was studied
in a temperature range of 25-1200°C by means of DTA apparatus, in which nitrogen gas
flows through the sample bed during the tests, and isothermal kinetic technique. In the
CoS0,-Al,O; systems, especially in the initial reaction step, decomposition of CoSO, was
promoted by the oxide, presumably because of the formation of binary metal oxide
through some intermediate which is CoSO, incorporated with the oxide, (3) and (4).

Co0S0;==Co0+S0;(S0,+1/20,) (
CoS04+ ALOy==CoAl,0;+ S0, (SO, +1/20,) (
CoS04+ Al O3—=—=(Al,05-CoO-SO;) (
(Al,O3-Co0O - SO4)==Co0AL04+S0;(SO; +1/20,) (

The reactivity of CoO and CoAlLO; formed was studied in a flowing atmosphere

(100 m€/min) of SO,-air mixture (1:1).

1)
2)
3)
4)

1. &

TTIHEE LI, MSOM=Mg, Ca)—ALO:(, o} ZREMEISDH LT, HETHT A
SRR OB A R L, EOHRIL 9-ALO:>a-ALO; THHZ LR R L, g T
BLEMET v 3 vERED SO ki 2 RISER R LY, ¥72CaSO, & L2 oL B &0
BARBGE T % 2a0HTic X vagEk L, MgO, CaO, ZnO, Coy0,, NiO, CuO % CaSO, 0 £ 43 fif
R R X v, ALO;(, a), Si0, (amorphous, quartz), TiO, (anatase, rutile), Cr,O;,
MnO,, a-Fe,0, 1% CaSO, DB, % (25 L, = DIRAEIE ML CaSO, & Bkt L v I bk &

T

* IERAEER
o OBAERA 4 b Bk
B T B SRR



120 BIREE - HTEEER - BRI - BE R 2

W% 1 BRI DEBGCBITR LT L HERR L7,

R|E, BBEE Co oWMME L 7 v 3 7 DEMKIE X% CoALO, DA E, £ D SO,
T AREM Y, FFRERTH LB L, FRERC X 5 ONEERFRC L DKL
7ehDTHBH, CoSOu+ ALO;==CoALO,+S04S0,+1/20,)
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2.1 7
(1) CoSOy: CoSO, TH,O (FIXATIE, ###) % 550°C, 2hr, Zesidmc CTHiAK LCRE Lz,
BB Co 4 F v F v — FREL, BANEEThhizl &R R L, o X#
M55 it «-CoSO, & 5-CoSOy DEEH TH -1z, CoSO,-TH,O ¥, 550°C, ZE&KHPTCHEHER
5 E TR Lick EOED D CoS04-6.565 H,0 ThHoH Z &hibh i,
(2) ALO;: 7-ALO IXIHEHE T 4§ 7 (% 4 2) % 550°C, 1hr, 225 ClMELIE LCIREL L,
a-ALO; 1 BRI 7 4 3 7% 1300°C, 2hr, Ze&dh s LB 1,
(3) CoSO,~ALO:(1:1) B &K 300

Ay v a LATFil e Lz CoSO, & ALO; 0% :
TLREWN B A vHHETHAmInEAL l!n’ [ l ’ I S AT
THE L, o °
4) CoO: CoO (CS-1000) i CoSO, & i i i f .
1000°C, 1hr, N, S CHB L7c b D CH D, .
CoO (CM-1300) % CoO (B Hfh2E, 1) % -
1300°C, 1hr, N, i HCHE L LT, CoO o S P
(CS-1000) E K} ik CoO & Coy0y DR &4 T L K N A
2_9 - _]:o 20 30 40 50 60 70 80
26(deg), CoKa
B) CoALO,: CoSO;7-AlO; (1:1) & Fig. 1. X-ray diffraction patterns
% 1000°C, lhr, N, & ¥ f ThER L CHE I, of samples.
CoALO, DAL T0% Tk KIED CoO, a, CoSOy; b, CoO(CS-1000); ¢, CoO (CM-
CosO, MAEEFE LTV o, 1300); d, CoAlO4; 0, CoO; X, Co304; @,

B CoAl,O4; no mark, CoSOy(a, 8)
InBOEBREHLTANT300 2 v v 2 T

P LCERICAV 72, 1o, CoSO0, CoO, CoALO, Hoaklo X fE i E% Fig. 1 a~d
R,
22 BAREER
FELIZ, BEEOSALED, B4 ORKEYTREOHE CHEBHNICHE X¢ DOrRE
BOMxfToLoTEn A7 v - DTAEBRFHEL, %< ORIGDOEAS IR AT
799 KW RE T, 1000°C ¥ TOERICIIZOEBER—DLOR A7, M, i
Bie & bR 10 mm OFEIE T, PLCAERIFEATES, HENEEREI MM D7 »
N T A NRTC, FREEWECY acALO; BT K Y — v LA LTHW,
1000°C Bl E OSBRI LCit, EEm7 4 7% (HER10mm) AL, FDIc/E 6 mm
BENREEINFASR TS, BAENTEROSmm OHS - B4 r v 7 s 13% i,
AR (R 40y, AR 5.8°C/mm, 3UBE 500 mg, RPISILHMESE (100 mé/min) TH
%, SO —ZEXRAEFMAOLEL, AL SO WEN 507 Wish X b Lic, FIEDHERE TR
BarmolL, XEEoWmaT-i,
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23 ERER
S X0 RUCHEERIIE 2 (T » 12, CoSO, o4 fif, CoALO, DA KIGICR LT
IR ESE A L, AT — 12 CoSO, (100 mg), CoSO,—1-ALOs(1: 1) &30 (200 mg)
AN, e OBEECHIEORMAIE L, RABo XHom, bFESHET -7, CoO, CoAlLO,
D SO, R ARG MERR T, DTA EEE F\CERT ClE L,
2.4 Xig&ow
X LS B L BT I 2010 BU-C, %&RE Co, 7 4 & — Ni, 35kV, 10mA % Fu 7z,
2.5 L& H

(1) CoSO,m&mfE  RCHORBEEYC—2 - b, EEKH100me 2z, M
BB RO CoO, Cos04 CoAlOy, ALOs e ERIWEH LT, I hD Co A vk avFy ¥
WERE2IE R L LT EDTA {EHEAYE (1/100 M) T8 L TR K D CoSO, %58 i LCHE
L,

2) CoALO, m&ERE FRILEORB2ERC—»—rk&D, 6M-HCI50mé %z,
IEEE 1 BB Lco b OnE L, @R 6 M-NH,OH B CHfiL, RED CoALO, ks X
UREIGED ALO; 2T 5, WD Co 4 4 v (1) & AHCHEE L, £RIED CoSO, CoO,
D CoOy R HER LTHEH L,

(3) Co0, CoALO, @ S0, (LT BHITE  CoALO, ¥ SO, —ZERE A Kk THEL L1k
Bro—E R L, REIE—Ths ERELT, RO L S Lic, %3, HEHY 100 mg
B FEEIK 100 mé THIELIE L, KEMD CoALO,, CoO, CosOy ALO;Ic X% IEM L, WH
D CoA A4 vu EDTABR THEEL, £ LKL CoSO, #ERKTH, &z, o B # 100 mg
FREFEL, 6 M-HCI50méic Ak, MEE 1 HKE LB BOmE L, 6M-NH,OH < fi
L, REMD CoALO,, ALOs R B Lictk, WHEFD Co a4 v& 2) LR—DlETHETS,
O & ER Lz CoSO, dEMN D CoO+Co0y dENEETE S, WA ALO; &
CoSO, D&% = MFGA%@%ZQ Eme, B

D ALO; D ERHFEH L, #H»L CoSO, CoO, a . . .
C03O4> AIZOS @_LE@I” %f %;::_‘ b [ W COA1204 )k
», Thohbillihog Coma i L, Mt Q

D OMBEIE AR E I Uk, BB CoO
L CosOy BT BB AL L, WH X HECE
BETXHVvwoT, CoO+Co0, 0% CoO & L

Exo

AT -

s 4
CEE LI, Co0 & LTHALL#RLIEE 8 N
L RA Do T, ) LV
3. CoSO, DR @# KT CoALO, ® [ ooou N
ERRICORBEREER 0 20 7% 500 500 T000
3- 1 DTA % & Temp. (°C)
. Fig. 2. DTA curves for CoSO; and
(1) CoSO,-TH,0 Fig.2(a) 1% CoSO,-7H,0 CoSOwALDs systems in flowing
o N, & co DTA i # <cH 5, 50° 150° atmosphere (100 mé4/min) of N,.
310°C /frj‘i}:[:@!y}(:/g%& |4 Qi%;ﬁ/%\h COSO(;'GI'IzO, a, CoSO47TH0; b, CoSO4 TH,O—7-Al,0;

N . (1:1); ¢, CoSQy; d, CoSO4—7-A5l03(1:1)
. 4 ke N - ©
CoS0,-H,O, CoSO, ~DIitK FZIitiz, * 7z 860°C Wt. of samples: a. ¢, d, 500 mg: b, 1000

FUE DR B~ 713 CoSO, D43 il [Z I i a4 mg.
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5, A0 X EETH R 960°C Cix CoO TH
D, 450°C % X1 630°C CiiFhFh $-CoSO,,
a-CoSO, R E N, T~ O TIEBRIGHE LT
WBH I EERRTH, ZhieHinT s DTA v—7
LB T,

(2) CoS80,-7TH,0—7-ALO; & Fig.2(b) Ik
CoS0,-7THO —7-ALO, (1:1) %o DTA i ##TH
B, 1050°C i F 13 % ok oo X E 5745 Rk
CoALO, DER AR L, 840°C ffirOB B v — 7
13 CoSO, D4 & CoALO, DA KIGDE T -
b OIHIET B EELLND, 2OE— 70 (a)
E R L CETER M ShTv 3 0ix CoALO,
DERIGCEARS DD L Bbi s,

3y CoS0, Tig. 2(c) it CoSO,-7TH,0 %
550°C Tl Ak L CoSO, » DTA [hTh 5,
870°C DR E Y — 7 13 R4 %, 950°C
B0 X FREHTEE S CoO Dizhic—i CosO,
OFENPTER IR, Ny RBEEAL S 23053
53 CoOy BNAEMTADIIKR DO RITIC LB H D
ELE2 65, Ingraham HY 1 X5 & 1) R
HEETH S,

WEEYE - 28 &
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Fig. 3. DTA curves for CoSO;—7-Al,04
systems with various mixing ratios in
flowing atmosphere (100 m#é/min) of Nj.

7-Al,03/CoSO4{mol): a, 0; b, 0.25; ¢, 1; d,

3;e 5;f,7; g 19

Wt. of samples: a-c, 500 mg; d-f, 800 mg;

g, 1000 mg.

CoSO,;==Co0O + S0, (1)
SO;=—80,+1/2 O, (2)
3Co0+1/2 O==Co0,0, (3)
3CaS0O,==Co0;0,+3S0,+ 0, (4)
4) CoS0,—7-ALO, &  Fig. 2 100 - o]

(d) 11 CoSO,—7-ALOs(1:1) % DTA 800

i TH D, 860°C DRI — 7 (1l 8o oo

Wby D 840°C D ¥ — 2 imHis L, il

(o) &l LOE THEIRcSh Ty OF

%, Fig. 3(a)~(g) 11, CoSO,~7-ALO; = y

FC BT CoSO, 1kt F B 7-ALO,  Wf -

D EAA 0~19 OFH CE/L 32T

Lz DTAMBTHS, 7-ALO; © 20

BAELEA BT 5 oh e — 270 EE ° 650

Sk, B (g) T (a) X h#9 100°C 0 2.0 40 60 % 100 120 %0 40 60 &0 T 120 140

By, oz sk, 9-ALOs DHETER . e {min)

Xb CoSO, o M ERBTE TS Fctond dompion of C0s0uin)

FRL, ZOREFTE XHCIERYT flowing atmosphere (100 mé/min) of Na.

% B CTHERERET - 2,

A, CoSOy; B, CoSO4—7-Al03(1:1)
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1) CoSO, © & & Fig. 4 (A)
ik CoSO, 0 4y i B DR A ZE L% 7R 0.5
4, Fig. 5 (A) 13z 0% RE IS
A 5 < Mampel 0%, 1— 0.4
I—a)P=lkyt THEHLILDOTH-
T, REHORIGRC I ) I WEG
BFRAELR TS,

(2) CoSO,—7-ALO; R ICHIT B 0.2
CoSO, &g Fig. 4(B) 1% CoSO,—
7-ALO; 1: 1) Fle BT % CoSO; D5y 6.1
1R DR E LA RT, CoSO, ¥l

1, | 1. i 1 ]

ZEHIE LTI h 52 0 20 40 80 80 100 120 0 20 40 60 80 100 120 140
LM, Fig.5B) e oflfy time (min)

Fig. 5. Mampel’s plots of data in Fig. 4.

MampeldD R, T L1z 0 C,CoSO;
A, CoSOy; B, CoSO4—7-Al03(1:1)

OBE ERBC L WESBEGRAE O R

Twb, Linis T, CoSO, Doy, B, BAREE L, BoERLHNE, Ficxibiam
Tied, RARGBERCTHDHZEETLTD, ZORKEE L RHEAL= 32 F —1%, CoSO,
IR C 62 keal/mol ThH D, CoSO,—CoO0+SO; DFIGD = v 4 A ¥ —, 566 keal/mol” &%
F—HLTwb, —F, CoSO,—5-Al,O; 2 Tl¥ 44 kcal/mol THIR X n/h &L, KGO
BpREZBRB,

3) CoS0,—ALO; RI{CTHITB CoALLO, DER Fig. 6 {1 CoSO,—7-ALO;(1:1) ki)
% CoAlOy DAERERORMZE A E =T, Fig. 4(B) LT, RIEHM Tl EREE o8 E
T CoALO, MERT BN, WMERESOFEBTET LI Loiiiizd serricinb, Fig. 7132
DFE R I EE RIS < Jander D, {1—(1—ap)?)2= kst TRIGKEH] 60 min ¥ TH 5 —
AHEBERLILDOTHS, LWEBBERAELRTWAR, 750°C Bl E CrrE R S @i
V, ZOZEND, KGO TIBREEC X 5oy, ST 5 ARSI - T
BT EPHEETE D, Fig.8 1%, Fig. 7 ol Omin iR At L Bt & DR ELLRD Iz ar
AR LICH DT, Flzid1000°0C kT, Zo@mRIEI X v 40% @ CoALO, RERT5 Z
EERFEHRLTVD,

Fig. 9 1% CoSO,~7-ALO:; ZORICEM lhr v kT 24 B IE L ERRT54 B H Hir s
3. ZORE (U~ RKie X v 4R L CoO, CosO4 25 ALO; & KIE LT, CoALO, AR TS
UG (B), (6) DIREEHRIRL T\ %,

CoO+ AlO; = CoAlLO, (5)
Co304+3A1,0; = 3CoALLO,+1/2 O, (6)

L Lishb, (B), 6) RTRT oo~z AlLOy @ CoSO, 7 B RMELETH R L, +
TREEHIEDY, CaSO,—MO R W THSELBAKLYHEL, e ot s X b it ¥
BRI, TOBEERBRH oM, RIEOMPC BT HE-IEE 7), @R L, #fH
# (ALO;-CoO+-SOs) %42 T CoALO, 24 BT A HMAMKIEN o RED R LRI D LD EH
27,
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0.075
Fig. 6. Fractional formation of CoAlLO,

(af) as a function of time at various
temperatures in flowing atmosphere
(100 mé/min) of Ny for CoSO,—7-Al0O3
(1:1) systems.

50 0.05
40 b
30
) 0.025
g 20}
800°
10 750°
/O/A
L ! ) ! ! _ﬁ&
%0 800 900 1000 1100 1200 0 20 40 60 80
Temp. (°C) time {min}
Fig. 8. Fractional formations of CoAl;Oy Fig. 7. Jander’s plots of data in Fig. 6.
(ay) for 0 min, which were estimated
from Fig. 7.
CoS0,;+ AlL,O3=—=(AL,03-Co0-S0O3) (7)
(Al;03-Co0-SO3)==Co0Al,0,+S0O; (8)

Fig. 10 1% CoSQ;—17-ALO; %% L O CoSO,—a-ALO; R 3\~ T CoSO, 1Txi3 5 ALO; ©
EAHE 0~19 DHFCE L ¥ & 20 650°C, lhr w5 CoSO, DR %A md, Fi-z
DL CoSO,—1-AlL0; %D CoALO, DA KELRELTH B, CoSO, Eiééﬁ HTED B 2%
THBHDEK L, ALO; OBIMT GG HREIED LR EL 0D, ZOEE 7-ALOs> a-ALO,
ThHBH, TOMRE CoSO, & ALO; DR FOE MR & btk h k& ?’é.xjé’\?rté ZELE
BRL T 5,

¥, T TEZCHATRMEOWETERTH D L#23»C, CoSO,—ALO; Ric it
% CoSO, D 4RI DAL ST AE ST B RO MBI S BOMB E LTEER W5,
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Fig. 9. Composition change in CoSO4—7-Al;03
(1:1) system at various temperatures for lhr
in flowing atmosphere (100 mé/min) of No.

0, CoSOy; D, CoO+Co304; @, CoAl,O4

125
100 100
80}~ s

ag (%)

10
A1203/C0504 (mole ratio)

15

Fig. 10. Fractional decomposition of
CoSOy4(aq) and fractional formation
of CoAl;0O4 (ay) in CoSOy4—ALO;
(a, 7) systems with various mixing
ratios at 650°C for 1hr in flowing
atmosphere (100 mf/min) of N,.

0, X, CoS0;~7-Al,03; ®, CoSO,—
(X-A1203

4. CoO & KU CoALO, D SO, (LT BRICHEDRBRER LEE

CoO B XN CoALO, % SO, + 5 0REEFRMA 1 :1) T 1hr,

o ETCLBLT, T

TR ORI FIE DM (9), (10) e X b CoO, CoALO, ORIk A tEr Uiz,

CoO(Co309)+ (SO, +1/2 O.)==C0S0, (9)
CoALO,+(SO;+1/2 O))==C0S0,+ Al,0, (10)
Fig. 11 (A) 13 CoO (CS-1000) o
BRTH D, 900°CETORCLS A 8
CoSO, > # I &, CoO +Cos0, D i ook L
4, 900°C Bl kT M~k k%
CoSO, w47 fif & CoO+Cos0s dBM o (oL L
BREBNIS, (B) ik CoALO, Df#sHE T, g
900°C f5F ¥ T (10) RIT £ B CoSO; = gl !
ORI E CoALO, DFA, 900°C H3E  ©
LlET (O)~4) R X B CaSO, D5y 1% 0.2k L
&, (5)~@®) Fiz X B CoALO, DAFK
BRDHBRD, Zhnb, (9, 10K 0 PRI W S T T
400 600 800 1000 400 600 800 1000
O T TG SIEHR W it 5 & &, Temp. (°C)
CoO 13 CoALO, L b bk E v Fig. 11. Composition change for CoO and CoAl;Oy4

&b D,

at various temperatures for lhr in flowing atmos-

phere (100 mé/min) of SOy+air (1:1).

Fig. 12 i3 #A7w» — DTA © X
D), 10O)ROEFWEILY A 7 1%

A, CoO(CS-1000); B, CoAl;0O4
0, CoS0Oy:; @O, CoO+Co304; @, CoAlLO4
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Fig. 12. DTA heating and cooling curves for CoO and CoAlOy
in various flowing atmospheres (100 mé/min).

a, CoO (CS-1000); b, CoO CM-1300); ¢, COALO4

HHINCAT - IfERTH 5, (a) 12 CoO (CS-1000), (b) 1% CoO (CM-1300), (c) i1 CoAlO, %3
Bhe fvie, £35S0, —ZE G RP& (100 mé/min) CH | L (58 1 B, 1100°C CHRH &% N,
(100 mé/min) Y] bz CRER L (58 2 BER), 600°C THUE 1 Bk & A B (38 3 ) L
7o, RAIOBITTNTCS0mg THH, Lidis T (o) RIS T 5HEEN MO 1/2 Th
D, TORDE—=27IFNME, E—~27E, REIRLCETOEMIELNSED, WwThii
ER—DHEAEERLTWD, (@), ) OROOEATOFHBO XBEHFEREYEB LT, §F 1EE
T3 800~900°C 1= KI5 CoSO, dA R, 900~1000°C i3t} % CoSO, D4 (¢ Tik CoALO,
DERELES), 52 BRETiE 900~800°C it 11T 5 CoSO, DR, # 3 B T3 1 B iR
LRGSR - T b 2 A TED B LT,

KRB, SCEEREMEMB SR EA L, 2 C@BERYET S,
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