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Combustion Calorimetry for Transition Metal Sulfides

Hirofumi Hinode, Masataka Wakihara and Masao Taniguchi*

(Received August 8, 1994)

Enthalpy changes of combustion (AH) of nonstoichiometric compounds for Ti-S, Cr-S and Ta-S

systems were measured by using a Tian-Calvet type twin-calorimeter.

The experimental conditions

for combustion calorimetry were discussed from the standpoint of (a) temperature of calorimeter, (b)

oxygen partial pressure, (c) particle size of sample, (d) amount of sample. The entalpies of phase
transformation for Ti-S (4H- to 2H-TiS)), Cr-S (trigonal- to rhombohedral-Cr,S;) and Ta-S (2S- to 3S-
TaS,, 38- to 65-TaS, and 6S-TaS, to 1S-TaS,) systems were estimated. The relation between the AH,

of nonstoichiometric sulfides and the crystal structures were described.
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Fig.2 Equilibrium sulfur vapor  pressure-composition

isotherms in Ti-S system at certain temperatures.
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Fig.3 Equilibrium sulfur vapor pressure-composition

isotherms in Cr-S system at certain temperatures.
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Fig.4 Equilibrium sulfur vapor pressure-composition

isotherms in Ta-S system at certain temperatures.
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Fig.5 TG-DTA curves for m-"Cr,S,", t-"Cr,S;" and r-

"Cr,S," at 10°C/min (sample amount 10 mg).
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Fig.6 Combustion arrangement in the calorimeter cell.

ATHLSKM, ks vy L TH2BE s 2 PREL
72

POSILE N MBEE NI KD BELLBREBED
BEAAL WALy DA TRBENK) L LOBHL IR
HICEE, TIAEORBISHT AR VAT B, B
EH AL FROERED S FUE2em’s CES L TH L, %
RO TSR OBESIEC LY, SAEEH LR
BCRMTIHIILLE I ICEEL .,

ROVEIEL R, T5RELEALMLOT, 7
YT NDIGIER GROIER) AW T 5 2 L0k ) KIS
G 7,

Fig TIZEBRI B O NIy DADBED T4+ A7
V-BEDON= FIE—D—BI% R, 75 713, #
PREENTT VAL =L 1.5mV, BEHSEETT LR
ToMIFTHE, E—-r @R, (BT EICRTH
EGiARH, YTV ERBOTHE LTRSS, K
RGP LRTE T30~400 % EL 72,

It OSEE, tUroih 2L RES LU 2R
B L ZDREO2EICHT TR RXEETIC Ly st
DEEEIT 272, ZOKRE, 2TORBCREETED
BRALY (TI0,, Cr,05, Ta,0) DEHT Y — 7 DASEL R
7zo LD LZADSS, BILMIO EPMA 58 54T 572 & &
By WALT 5 Y DG, #kx=15ME & in TiS) D3
BT 5mol%, x=2.005 1 Tt 2.4mol% DRERFALF & >
PREENTZ, 22T, IOEYLEBARICOVTE
MBIHELERERE L7,

26 ¥+ UJL -2 3>

AFRTHC AR Y A=y —TEd S v YT -2 3
S EREMD 2TV, Fv U T3y T s
TROBULEDN DB, F¥ U T —2arTr0 4—
i, " ROREBFEMHTHLDIS, EBEOREXIZZEAL



SR

WOA o ( 366 4928 )

8} A - ( 1392, .5024 )

#

RUN No. 12
fMEB '88/ 5 / 27
x in CrS X 1.478
g B (mg) 9.08
i) ®" 637.4091
Q (J) 85.22734
A Hcom (kJ/mol) 932.8694

Fe® 774N VETH (y /n) 2

Fig.7 Graphic display of experimental result.

FHETEZ OFHE L,

22T, BRABER/GOREEH T A M) —-THE,
NbO,5Nb, 05 12 72 2 BRALIIE %l V> 720 NDO, WAL
SREMND,O5 % H, A5 950°C T 14 BER SIS & BT
BIEiE 0B, BBERSTIC X VMR EANL
%, NbO, o & KO DIz, 72, BARXMEIIC &
) NbO,HMTH B & R L

NbO, 75 Nb,Os 1< 7% % BALIIG O BESAN &, /¥ T
v EBAEF — 7 R— AMALT'OC & B B L7 (-AH=
153.649 kI-mol™! at 611°C1& 1%, NbO, D&% &AL
K THREREE FT, BEABLHHY - ERE
Fov b L, SANTEECL VEROEELRD, v
JFS L= gy 77y —k Liz(Figs8)

3. RBBEREER

31 MEILZIE—BLUBBI 2N
3.1.1 Ti-S L&

EETE LN AHE 1 mol 4 Y ORBEFILDT ¥
Z A ¥—% Table 1R L, MEMARIIFLTTRY
FL7-b D% Figd 1OR L7z, REBWT, FHREE
L5 —N—TRL%,

LERRE THY LSRR FE DI L 5 &, 4HAD
LOHAENOMEBI 1LREB TH ), FRBICTERY
ELTWD, —F, 4HH?» S HA~NOHER I 2R S
VLY SAOHEBTH Y, FERGIERL T
%, ABFRETHLNIBRET Y 5V E— (AH) DFR
(Fig BT, AH &, 4H M4 b 4aHAN R RERER
EHENTERELTE D, 4HMAD S 2HANZHL 221
RE#HFFELT WD,

AHM Y OHMOBRER G0 TV & V& =50 LABER

50 —r————————T—

1 1
40 - Nb02+z o, —~ —2—Nb205 _
30 -AH,=153.649(kJ-mol™") at 611°C

20 + & —

on

PN R R SR ST S !
0 100 200 300 400 500
Area

Fig.8 Calibration curve at 611°C by combustion of
NbO,.

DT NVE—(-AHYEEH Lz,
~AH,=75k}/mol

T, BTV S VE - EEEORERI OV TE
35, ARETE, BEEERE-> CRBOTIY S VY
— AH=AU+PAVD S B, AV=0¥ L, &5 IT(HERT AV
FAD=(REROBREIANE UL HD I ENTE
2, chEb, B Eiy 585k Figl0D £ 5 I
2B, Thbb, BALBMS 2EEME LHFES@IC
B U5, BELD LIRS ET 5.

—AH =Uy—(AH +AH o) (€8]

Netsu Sokutei 22(1) 1995



BRERTAHOMIES o) 2 by —

Table 1 The enthalpies of combustion for the Ti-S

system.
X in TiS, —-AH_ (observed)
(kJ-moxty
4H’-TiS, phase
1.498 1025
1.513 1080
1.542 1092
1.575 1103
1.643 1110
4H-TiS, phase
1.656 1102
1.687 1110
1.710 1108
1.73% 1109
1.765 1111
1.801 1119
2H-TiS, phase
1.826 1045
1.866 1077
1.917 1102
1.928 1131
1.956 1184
1.998 1249
1300 l ] ' l ' ' 4
3 i
- 4H' E 4K :’E 2H
B 1200 ; i 4
= ! i
2 ! :
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Fig.9 The heat of combustion for the Ti-S system.
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Fig.10 Schematic diagram of the cnergy statc.
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Table 2 The enthalpies of combustion for the Cr-S

system.
x in Cr§, -AH_ (observed)
(kJ-mol't)
t-CrS, phase
1.402 385.8
1.419 517.9
1.424 582.1
1.429 644.8
1.442 822.7
1.457 850.0
1.461 851.6
1.471 855.5
r-CrS, phase
1478 938.6

CIT, AH L AH R FNENERM LTS D his
BThHo. AHIRTIR, ZEREIC L D BRRLY I
Ti0,(Cr,05, T,0 L —ELTW B D, Zh LY, Phis
BOBBURI O TRERR OB > T—Kk b L ¢ 12
—RICECHETERENT 2% 518, BEOLEEDY
HEPELEZLRD, LhL, ZOKEMI 280 E
D5 VEESBD L NBHEIE, RBOREEL
KHETIREROEIEEL 5N,

ST, REGHTABETES CHIET 2010 0E
&1$w$~909ﬁ%ﬁﬁemgwAmgu;bﬁbn
ETNHE, BRI AL F~ U SKEVIZEL ke LT
DB -AH TS 2B EZL bR,

mw%%%t,ﬂ&m?%ﬁ&%ﬁﬁvymwﬁ&ﬁ
Ronz, Zo#gci, partially occupied layer D4 /&
ﬁ@&%b@m@m%ﬁbfwéocwﬁtdmmw
occupied layer D6 /& 238 W Cordering 33 & & #di& T
AVF Uk AR @EERBEFELTND), RiEs
PEROSRLIERER > TWREEL LD,

3.1.2 Cr-S&1Le¥

BB TNV G720 ORBERIED LY & 1 ¥ Al %
Table 2123F, 72, COMEHRELR IR LTS
By ML, BEREEFIS - N— X LTRL
(Fig.11)o

%ﬁﬁ@@bﬁg,zﬁé%&g£iﬁwﬁ%og&
DHWILITHATFERYE S5 LN bh b, it
EEF-REBTHD I EEFTBLTVEE, KFEO
HRTHOMEBOBET V5 LY — T RES 2 A LTS
D, BN —REBTHLILERLTVS, $72, =
TR CS MHE BEAERERCS MOBOMEB L 5 1
E—id, -AH,=83.1kJ-mol™ & B D bi 7z,

=HEARBLUCEERZRCS T, IOk



800 -

700 t=CroS3 B

600 - ]

—AH _/k] -mol™!

500 - -

400 +

@Ol-.,‘t.
1.45

x in CrS,

(7]

1.50
Fig.11 The heat of combustion for the Cr-S system.
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Table 3 The enthalpies of combustion for the Ta-S

system.
x in TaS, -AH_ (observed)
(kJ-mol'!)
28-TaS, phase
1.500 1215
1.517 1224
1.529 1228
1.551 1239
1.595 1243
3S-TaS, phase
1.646 1129
1.678 1126
1.683 1132
1.693 1177
1.710 1202
3S-TaS, phase
1.728 1249
1.737 1255
1.760 1258
1.780 1262
1.798 1263
1.817 1265
1.825 1269
6S-TaS, phase
1.879 1301
1.898 1310
1.934 1314
1.945 1316
1.963 1324
1S-TaS, phase
2.000 1389
(25+685)-TaS, phase
1.994 1366
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Fig. 13 The heat of combustion for the Ta-S system.
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(1120) section

Fig. 14 Crystal structures of Ta-S system (1120 planc).
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