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PbO, & St DRAICHEPRD ShSs ¥ inz i-BAOKCRITLRRREIZ 3 X 1T
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LBo ¥fo, BMRICX Y PbOy & Si DM pi/cly, SbhSy tRRLOREKC LD SO

AREREhHLDREOMREYTRER Si ORELNPHINDHTD S,
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S L BROBAMITENRRL LTRLAGNTS
b, SEHET7 vF & R LRSI EE LY
ONAVGHRTV 5, WEOREY TILAA L ERD
RAPTSHET v 72 YRS RICBMLBE0OR
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LUERAHOMBAEO LR GPRE L OEDRIL S
TN EL DB R T 2 720

2.4 S0 HADAE

SbS; PEDRAYL MM L VERINDLHEL

BhD SO; ¥AD FERYBBET LITHELL,

REXREZNEY LAROIOEAF VT ~HA

REXB LT Nz 2EAL 100ml/min OFHTHE
L
2.6 FBAREHHORE -
#EAHOLR 100mg LRARDBTRAHBL, €

ORMLETORICHE LATEFCH T Lo &
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vayAsey bRRD, QECL)ENTOBEE
=3a%—LTHUR. ThEDERAHEIVEE

HEDBNC X BRI DV THE Lizo
3. #RLIUZE
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OTHKIcBET 5, Fig.1 ® DTA, TG & h =6
DORARIENRE b S, H—BBEORIGH Si AA—1f

BA{L S N=REEESE (Si0y) &7 B RMRIET, 500C

FHEOWBEEDO ISR Y £ RT A RIETH D
LELZBLIDY, ZOFEBEANTHZEHORERG
B ERCTERLDND. TOESHHORIGIEE
LD PbO; dipipus & REILISISEMITE D, ¢
LBEBWULLTeBe —NF No B CRIETH LK 5L
R US=SBBORTE Eh, Eﬁ*fit@?ﬂ
KELELTVLA LGNS, -
Pmmsm&om%uxaﬁﬁuowtrmzk
DTA, TG $hifg %753 ZEXPTIL300C 2L DK
ENRBARICYRT LA CRENPHAGN
%0 N: O EREMEL DM INRRARLEEZRL
550C fHiE & DV RAEHE LN, AFROMAT T
X BABRMARIEY L F—F T Do —7F Fig. 31z PbyOs-
Sh;S; D 600C ¥ CMALE LA BRIEDO X HEHFEY
T, BB, Neth k Hiz=E{b7 v 7 & P (Sh0y)
LEH{EAY (PbS) DEHFY —~ 2 NWHBNIDB, i,
Fig.4 © SOy H ASEEMIRLY R D & XT3 300C
fHEX DR4EL, S00C HETCIRIE—EE VAR
(Sb;S; D1 F ¥ HMRTT SO & LT Lizf
21009 & Liz,) D§960% D SO, #ALERENBE
nAEMN, Ny FTILELAYZHbhiV,, BEHE
DRI X B ETHRICIIB LR 27 Thb
D Z b Ph0-Sh:S Ol & AR ZERPT
3.SbsS; LREEN—BREL SO F¥ A% 4 L SbiO;y
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|

0) Pbly: Si=7:3 in air
. €) Phay:Si=3:7 in air

. Fig.1. DTA, TG curves of various mixtures
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Fig.8 X-ray diffraction patterns at 600C
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A SipS3,
© Pb304:SbS3=3:7, 0Pbak :S1;5;:5: 6
O Pby0; :Sb;S3=57:3 — in air -——-in N,

Fig.4 SO; evolution curves of each sample

B8 85i:SbS3e5:5

on heating
16 a)
DTA
15 b) L/_

8
woight loss
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7:3inar b) SH53:Si=5:5nar
) szs, 23:7h air d) SbS:S=7:3in N,
SiaS:Sinak  f) Sby0y:Si=5:5 in Ny

Fig.5 DTA, TG curves. of szs, Si and
Sbe0, : Si

MED & L 3ic PbiO, & ShS; ORI BTRIG
1z D PbS % Sbh,0s MERIN®, N Tt PbyO,
b SheS; ORIED2HBETBEHELBhB,
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Si-5byS, Oz X ARIER ¥F DTA, TG fig
TR%&, Fig.5 X 0 BLEH TR 300C 35X h @3
PHUERRRCEYRL, 500C fHECBMRIEND D
550C {1:EmbARERMRICH AR, IREIZYH
300C X hi&isidh T, BAHADE W TiX
SbiS, AP B & 550C fHEDRMRISIND B eh
iZir%o Ny T TG iz (ks { DTA (= 500C
fHEX YRARENEBON, SbS, ORFBEEEY (2—
BT 5. BEFTOLMERARCIIRBOMENE
2bhBo £ZT ShS; 2K 500C ECMAL
TIHHID SbOy Litillidh Sb,0s % Si LEAL
DTA Z¥EL, Fig.5 © ), H &Rt HilSH
D SbyOy ¥JWA LI DTA Cig&d, Nashr iy
S60C ICQMARMREIBOIDe ¥, ShS; %
BWEP 500C ETMRAELALLOYRALESAD
FRL R TRTH, N R ORARn RRAKIEIR €
SAMEEND, —F Si-Sh.Sy OMSNAMEBIEED X
REHEY Fig.3 © o) &FRT. B&H 600C ¥T
BB L7=d DIk 7 v v (SHP & Si? DEIT
¥—7 t—ET5, OEHHRL SbO, HilESHL Si
REZPRY Ny BTG, ¥ie, BHEHTE00C T
PN L e SbsSy & Si R BHHTEIhEH 500C ¥
TINRAE L BIEOENT Y — 7 LR i &R % 1§
720 ShsSs % ShyOy DEEFY — 713G hinm ok,
Si-ShyS; DBEF PN L Y &RT B L BHh3 SO,
HARERPIEL Fig. 4 1ITiR$, 300C 558X D3
& L% 500C {1 Tiid— & 7x Y R D #9025
DIRERERL, SbS; OLADOBA LINTEMILER
"Eohize ThHDZ LD Si-SheS; Dmghic k
AREIRBEAHORER L ShSy MREL, S0 H#A%
B L2 Sbi0y LM T5. B Ehi: S0, &
Si LCEBERIEBTRLNEL, Lk RARIEY
RL Sb % Si0: MEREND EFLbIRD,

3.2 Pb;0,-Si-Sh.S; OIS

Pby04-Si-Sb:Ss ¥ ML B EOKIBIZDWT, ¥
T PhO, & Si ORAWAL—BTL ShS; OB
BrHeicimeizao DTA, TG ¥ERELL
Fig.6 TR 3o PhyO-Si 1341 DR\ 1009 2L
ShySy 48 5 % RiLAE a) i 300C HEXD
e RARECHEONFUS50C TR O xiiom
RRARIEE 630C T SRR IE24E U B,
ZhHBORERZRASBAHDOWE LHET 5 L BW
D IBRABIEES SbeSy DRELRIGY 38 X U PyO,-SbySy D
RRARG L 8T 5, BOLNrRRARIER. Py0-Si
DRMEIGE—FT 5. ShS: OBMBLXRMTS 2
A b) XY 630C (HEDRMBIEMSIZTLL Y, |
©) TIRAMERMEITIE 530C &L U Do 2D
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0) 5:5~60%in air f) 5:5~30%in N2

Fig.6 DTA, TG curves of Pb,0; : Si~Sb;S,.
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. Fig.7 DTA, TG curves of PbyO : Si~ShsS,

in air
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Fig.8 DTA, TG curves of Pb,0, ; Si~Sb:0,
and Pb;0; ; Si~Sh;S,*(treated at 600C
in air)
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Fig.9 X-ray diffraction patterns of
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The evolved 'S
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Fig.10 SO; evolution curves of PbyO, :
Si~Sb;S; on heatmg

O-Si DHADOBBMAERMRCEEL B —ET %,
2T ShSy-Si ORIEOHE L ARNC Pb0,-Si-ic

Vol.40, No.4, 1979

12,0

4.0

(] [l

500 550
Temp.(*

A 7:3

®3:7. HS:5

Fig.11 Induction period of ignition
by Pb;O-Si
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Fig.12 Induction period of ignition
by PbsO; : Si~Sb;S,

S$bz0; i dhds XU SbeSy 2 ETF £ TMSAAEL
LOYBMLERS, No T DTA, TG ¥HWE LA,
Fig. 81T To WX D ShOs ¥ BMT 5 L, BIHT
#3500C, N; T#) 480C T RBURRARIER R T,
—TTIMEAE L7z SbeSs X105 WimT 5 L BRPTH
600C 1T, 30%AMT B & £ 540C 1 QR FRARIG
NBHNBH, No FOEE# 50C (T S RARE
b %e Fig. 9 CERFBREAHOXBAFORE
wiRTo BX DESh 600C ¥ THMALE LRI
t%, Sb, Pb®, Si %otk SiO; DEYFE -7 NERE
, N, 1 600C ¥ THMREIE LA ERTLITEL PbS, Pb,
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PERE Lo ThOOEFTAIES, BRAPUHIREN
AR TR EA R T, N Tik ShoS,
OMAaNSIrd & PbS DEHRENBL, P
%5 & Pb DEFHENEL HObND, Fig.10 ©
SO; HASBEEM L D BRHE T ORI 300C
EMNGTH D 500C (HETIURIE—EL RS, &
BRRAWAITGE S0 BEOML BN, Ny
hTIE 5 YREORBERLMBDHOARV, HLED
LM HERSRAEMAT D L BEPTIL S5hS,
LREOBARIGIZY V- Sbi0y ¥ &ERL SO ¥A%
BT 5. &REN ShO, & Si L CEIERRRME
BEREMNEL, ROBES TGN, PhO, $EX
HOEREERIGO Si 0 RBBERTRCMNRE
ENHLOLETMES, —H Ny $FTIX PhO, &
SbySy ML PbS % SbaOs MER I h Do DX
BEEFOANPE LY, Fig.l TrRTLABER
FORBOMWENEVLDABLRBRRIENEE bix
WHDEELBNRD,

3.4 RARSEHHOME

ZRABAHBIVC=EABAHORKGBIFRY
MEULSERTCORGEYRN L. TO&KR% Fig.
11, 12 iRt ZHARAHOHAIL Fig. 11 x
4 PbyO-Si 38 X U SbySy-Si iz oW TRAMNBDH S
hiemd, ShS,-Si k1559 DAL, ShS, ¥l
B LBRIIBDHO ARV, THIBBTCETT
5L SbeSy MBIRTHVBDROBELETEILHL
LLHRHNOBMBERUEL SO: FAXHIML Si DR
{LRIELXMET 2D L EL b5, PhO-Si 75
3DHA 500C TRKABIFRNIL 10 iR,
POy i B ER{InDo EARERKRED
7% 3T 480C D= >DRALIT bER TH
kTBho —HRKGELHBHOMHE L BKBEONEY
7v=9R7e vt LELGOBE=FA ¥ -2
LT Table 1 {ZifFo ZhXVRBXTETHENLT
DIEEE= R ¥ —1%, PhO B2 RD RS
%2 TT. SRARSHOBEY Fig. 12 TFRT.

Table 1 Activation energy by Arrhenius plots
from induction period of ignition.

PbyOs : S
\ 7:3 1:1 3:7
SbsSs

055 27.5 23.6 20.3
(kcal/mol)|(kcal/mol)|(kcal/mol)
13.4 13.0 11.3
SbiSy 10% ey caljmol) (kealjmoD)|Ckcaljmol)
18.8 9.8
SbeSs 20%  |ckcaljmol)|(keal/mol)

Z DB PhO, & Si DEAWACHER  BRER
T, SbsS; OBME L3085 & L BAICiiBdoh
Lo ZDZ kL ShSy-Si DBGLERTHY, %
7o, SbsS; OBMIC X Y PbyOy & Si DEMMBHTS
N PhyO-Si OREMAHEI Db EXbND,
PhO-Si OEREHT SheS; X103 5 L RBAED
BRAiZE X D PbOy MESVWEBHE M, REJRKBE
LEBCL D, ZOFUIL PhO-Si 0 HBALFAHRT
HBMN, SbS, YBIMT D & R AHBEAIREN < In
D, REAKBESERCBITTS. T, PbO-Si
754 31T SbySy X205 WMT B L I RALSLFT <
Bo 5H5OBATRHATRHIBOLALV, Zhb
D= bind PhO-Si iz ShSy P x5 &, Rt
2B EhBH, PhO, L Si DRAMESP ShS; ©
Bz DERZRD, THLDTADERLAL
—BTAHM, SbS; OBMALI0%LUALZ TS ELE
DOEEICX VRBALEL D AT OiEtkfb=F1
¥ —{% PbyO-Si D L T 55 SbeSs D&
B25{THLEWEVRRTRREY 8,

R 3 ]

BALEDER L D PhO-Si DB EAPCIIMRD
BIb X D QIR RRARIE 2R T o PbiOy-SheS; i)

Table 2 Combustion temperatures of each
sample from DTA
—no combustion temperature

PbyO,:Si | Si:ShkS, | Si:ShO,
in air|{in Ng|in air{in Ng|in air|in N;
C C C c C [
7:8 645 — | 580 — | 560 580
1:1 635 — | 550 — | 5601 560
3:7 _ — | 560 — | 560} 560
Pb,0, :
W 7:3 1:1 3:7
(s8)
) | (630)
10 610 — | 635 — | 670 —-—
as) | G0
20 550} —1 560} —| 560| —
30 550 —1 560 — | 560 -
50 535 — 1 560 — | 555 —_
60 (560)
PbyO ;.
m 7:3 1:1 3:7
(%)
10 500
30 500 | 480
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A N2 TGPk SbyOy & PBS ¥ 4835 BHRIERTR
KTHD, BIABTIL ShS; LB LAREL ShOs
& S0y HARERTHRIENERBIETDH S0 SbeSy-

Si O#HE N PTIRRCIRERETEADPTIL SbS;

LERSRIGL SbiOs & SO AR LR T Ho HiV
T&EFE i S0, L Si DFEMRERTRIENEL
Sb % Si0: MERT 5o

PbyO,-Si~Sbs:Ss DHALLABTIL ShSy LREN

RS L SbaOy & SO AR L, LRENASH0s

& Si OEMEREBTEREMNEL % & AR E ORI
RicX Y POy & Si DRIGHRALE N BRI RREK
ERTRT L L SIRREED Si LREL D RIGkIRE

X¥Bo Ne FTIL, PbOy & SbeSy; DEMRERT

R U SbO, & PbS 2 4R L, £MRE i Shi0s
L Si $IURRIED PbO, & Si DEMRLRTR
EAEL o SRABAHOBRHTO MR RAR
ERBAMICX D E LixBo DTA KX BRI
RAGHMEBEY Table 2 IRUi,
BETTORGII=RABAHOBA PhOSi 3
XU SbSe-Si THEAL1H 9 IRV THRANED S
NBo PhiOSi Tt PbO, SSVEEEFRKR-BBH

ENP BRBERERBLES, ZRFEEHOBE
BRAMZL VRS LEMBIUCRAKREIZ L
BN, SbS; OBMEYELTHERKIEDLIL
{irbo ShS OBMEMNPEDHERABICIAR
LA RN 30, Bty $&kic+se
SbaS; DREAFAIC X VEBOKEXRNTD L & iz Pby
O, & Si DEfMPE T, ShS, LAEORELD
RIEWC X D SO FRARER L Si ORMERIEYMT

BldTdHbH,
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Reactions among Pb;0,, Si and 8b.8,

by M. Matsumoto®*, J. Yoshimura*, T.Nagaishi® and S. Yoshinaga®

In case Sb;S, is added relatively in small amount to the mixture of PbO,
and Si, the mechanism of reaction, the effect of Sb;S; on combustion temperature
and reactivity at high temperature have been studied, along with the reactions
of the two compoment mixtures, by means of the differential thermal analysis,
X-ray analysis, measurements of the evolved SO; gas and induction period of
ignition. The results are as follows :

1) The reaction of Pb,O, and Si is accelerated by the participation of oxygen
in air.

2) Sb,S, and other compounds react on heating mainly as follows :

25b,S; + 90, = VZszog 4 6S04 (in air) (1)
Sb,0, + Si = Sb + Si0, (3

3) The mixture of Pb,O,, Si and Sh;S, reacts on heating in the way that in
air equation (1) occurs at first and equation (3) is accelerated by its exothermic
reaction, followed by reaction of PbsO, and/or O; and Si immediately, while in
N; equation (2) occurs at first, followed by equation (3) and/or reaction of the
unreacted Pb;O, and Si. Therefore, the combustion temperature in air is shifted
to lower with increase in amount of Sb;S; in the mixture.

4) The ignition is observed in reactions of Pb,0,-Si, Sb;S,;-Si and PbyO,-Si-
Sb;S,; mixtures at high temperature. The induction period of ignition is shorter
with increasing amount of Pb,0, in Pb,O,-Si mixture. The ignition is not observed
with increased amount of Sb,;S, in the mixtures, but the lowest ignition temperature
is shifted to lower by the addtion of Sh.S,. The reason is that SbyS; melts, absorbs
heat from the surrounding, disturbs the contact of Pb,0, with Si and causes
oxygen to run short in the system due to production of SO; gas.

(*Department of Industrial Chemistry, Faculty of Engineering, Kyushu Sangyo
University, Matsugadai 2, Higashi-ku, Fukuoka, JAPAN 813)
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