frmnsnn

B LEEER L DODRE
BA B, EHE—, KBRS Hke—

RiBen Ti LB ORER, BT LAKDOBRLOEENEL D, #HWTPDO
&Ti, PbO & TiO; NRIEVEL S, W LRREHORIGIE, WEEKTDOER L NRE,
W L E&eaRe(Lsh & DL, WOs L £40ER{LE L DRIES L LIZEL S, SikfRkibth oRE
X, SitE8BRUHENRENIEL, ThIZE LAVELDORBLEOREIEL S,

BRET T, WFhOoBSL RSB 6, BRIOFRFIIBERIBICSTUWENRS
n5, £RFMIRLD, BXIBE TIRAHIE S, HERLEY T2 PO <PbO; <Pbs

O DIFICHE Y, RBHR/IPL D EH/Y,

1458 PbO<Pb;0, <PbO; FONilz, 27, W<Si<Ti ROMEISY, SRISHRAN

BB EHBV, Arhl 9 BEDOPEANEY,

PR X PbO<Pb; 0 <PbO; Zilc, ®7, PO LW il &k &, Si<W<Ti
FONiICE, SREFRNS < 2 3BA, TORRIDTA LR RBOFRE LR
5, TR RAAX—DERAFENEL, FORLENBIYEORENEIEL DL

BAHLS,

. # B

ERRICR {Av onés (PbsO) LESR (S
FRIIEHERTNBY, LhL, @ifsishyc—
E&{Lén (PbO), —Rpfkén (PbO,) &ERMEF X L Si,
F8v (i), #v7257> (W) n&R&Asdbd
HRAH O IR+ TR P s,

AR T PbyO, &S LR & Si, Ti, Wi
RABORIGIE AW TERAN (DTA), BER
atr (TG), BAHRE XREFHN BERON
£, BEREONELL VETFOSRERLOTCHY
+5,

2. ® B

21 B ®

Ti, W, 8i i, WFh LEI0E99.9% D TR & &6
L7, PbO ]IS, K-8690= k v #EF99%, Pb,O,
JIS, K-5108 {- & 9 #lif594. 8% DHERG 2 ER LA,
HERAEPOPEIEARTRLE,

2.2 DTA LU TG

BRERN OTFERR R ISR DT-2B B
A LIS, BVt A iR CHRMEE 10C/min,
ZRPBLUTATY (Ar) HTRRBLE,

B55E12R17a H
*HAHERKET LHBIRCPEE
T813 BETNELES 2327

TEL 092-681-1831
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2.3 X@gmaiF

SinSHER X BEYT VD- 1R &AL, ik
U R AR A DML £ SRE S DR
EfT- 1,

magnet wi

(A) Pulse forming circut
(B) Oegnal counter 1800

(C) Recorder

Fig.1 Experimental apparatus for measure-
ment of burning time

2.4 RAFER

FoRAREMOLER 150mg & BN L BB TRiY
L, ERDBEICHE LBRFICRTLE BTL
REYEDHRBAN RO SEAE TORMETE L,

2.5 fgmmorz

RFRNBRAN BRIC L ) EoRARANOER

ITRARGSE



fRETEL, WMRMELL, REHX2g AV, =
B LBIZE BSRKCIT~ 1,
2.6 mmEEoNE
BTH6IZY » TiFbh AMEMEEC L Ve
L7=%Fig. 1 It/ &R 4,
3. HRBIUSE
31 Bkometh
Fig.2 it Mk DTA, TG gRxL7:, Ti 12500
THHENS, BRLBREECHNMERL, BR
RE®ROBHENXBET L v —E{EF ¥ & (TiO)d:
Boohd, Wit, 00CHENGE & IcRBREL
mL., MiMimd600C fif C—BL 25, RENXR
BIfLVZREs 727y (WOy) d@oH6h3,
Sitd, 600C {EM6 Z{ B4 KRBFEABH Hh
35 GiRerHEECRIEbLALV, BEMI T
(HEMBHohd, 70CRENXSEN L 9 b
MCERLERR (Si0,) 2@HOHND, £, TGO
WINB LY, BROBHE SREIBTHILNLE
AHh3S, BRL— 7ENR SIKW<Tinic k&

oo
Y
.........................

-
..................................

aT

Fig.2 DTA, TG curves of ingredients in air

< 1 Bl &+, PbyO4 i3 550°C {55 A+ & REAK
&R L, RERD &R+, RitO XBEHR L 9PLO
NERNBHHD, PbO, 1DTA L 9 =>0BM
RENR OIS, 420C {4550 Bk« 12550°C {43
TZODREBRM, 560°CTHEN H 630C f3F T=
HOGREEHRT 5. TGH R U BERE, 6=
BROREARDIBHOLD, H—BRETH 5%, 1
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Table T Products identified by X-ray
diffraction of PbO,

£ PbOyg)} P00, | PbyQs | PDO
'°°;,:,‘,, o X X X
“ofﬁ [¢) X X X
480 (o] o X X
$10 o o X X
535 X o o b
550 X X o X
600 X X o o
630 X X o o
660 X X X o
O : detected X: not detecied

Temp. .heat treatment temperature
I.P. : igentified product

we

| mow,

af Pb,0—W

ht los:

PbO - Si N
Pb,O‘- Si \/’ﬁ‘
Pb0,-Si

fm ot s e ofam ¢ e e e

200 00 400 500 600 200

Temp (°C)
Fig.3 DTA and TG curves of various mixtures
(1:1 mol ratio)
— DTA in air —- — TG
-« DTA in Ar

ZBFE TR 2 %OREN (6 A, Table 1 iz, &
B T PbO, &SR L 2Rl X REHT 6, MBS
Shrgtem+, chkoPbO, i3, MRk,
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Table 2 Products identified by X-ray diffrac-
tion of various mixtures

PoO{ Pb | Ti JTIO, |PBTIO.
PpO-Ti|]o]J]o|o} x )
PbO,-Ti | O | O | O X o
Pop-Ti | O O (o] X (]
PbO - T

Cinan) | X oix|x X
POO-TiQ O | X x| o o
Rt

PbO| Pb | W WOy [POWO,
PBO -W | X o o X o
PbO,~- W) X o] o x o
Po0,-w | X (o] o X o
PO -Wl x Jlolo | x o

in Ar)
PbO - o|x|x]jOo]o
T
gg% Pbo| Pb | Si_|Si0y|Posio)
pO-sIfx [0 OO x
Poy-si [ X [ O] O | O] *
PO - Si ojo]o x
(in Ar)
PoO-Si] X | X | X | X X
O ~ delecied X ~ not delected

Pb;O;3 » & PbyOy, PbOred i2B{k+dLNEEL
bh3, ShHnz bix TCORREA, ML &
(—HELTWBZ Em6 5 6F6RED,

3.2 ZRSRSHOMER;

3.2.1 EMEHETi ORS

Fig. 3 e 8= iR A4 DTA, TG &R+, &4
Bitth L TinRAHORE ZLh TORRMRED
SRS ENE— 713, TiggkoDTA L L {(—%
+3, Artho BRI, PO L Ti nEEEREI &
3bntHBL6RS, TG LEKG T, Ti Hikonih
& LRAROMOiR &L 7=, Table 2 CE-RHR
AHONRRE CXHENRI CHMBL, 2OHRET
L7z, PbO-Ti Ti2, KRRENOPLO, Tis X rPb, ¥
& B8 (PbTiOy), ArchGi3Pb 8IS Lz, PbO-
TiO, ¢i2, DTA 2B (LR Rohiwve:, XBEINR
Izt 3E@EHRIE, PbO, TiO, L RAHPLTIO, &
B, —htyPbO-Ti ¢i2, ZEhogKkLTin
RET TiOs o & kb, PROL TinRIE Itk
DPbLUTIOr &M BL OGN, X, ERENL
TiO; & PbO ot Az, PbTIOs A& Eh 3
nrEiebnS, PbyO,-TiGizDTA kv, Z&S
TORBREE, PbyOs Mtk IR L IBBRE
t—#1+3, TG »6B&h TRERNHIM &P 2t
mH6hd, XEEHH 6K PLO, Ti, Pb, PbTiO,
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ERELE, ZhXY Pb,O,-Tivit, Ti nB&sp
DOBRE L NRIERIENEL, SV TPbsOy PO~
ORI &Iz PbO & Ti oRJGIc L  Pb, & &
hi- TiO; & PO R IE i & 9 PbTiO, &R A4
Lat#HExHND, Ar G TRDTA L 9Pb0,&Ti
NDRIELEL DL BAONS, PbO,-TioREN X
BEHF 6 PbO, Ti, Pb, PbTiO; &ML /=, PbO;
-TioRkR, PO R 6 Ui TiBE hoEk
R, ROUEIRICLVETIRREOBEREN E
23, n3nTER RS PLO L Ti, PbOL TiON
B L, PbRPbTIOs NERENSLNOLEEBR
Hhd, ZhoffRittr e TiogRE TN, REKD
B L SFRBRBOOREN- 1,
3.22 giltthe W ORD
SEe Ay & W nRatyniis, DTA, TG TiiPb
O, PbO,, Pby O # v #hoififh &, 400CHES 0
KEL DL LRBRIE R, BAC— 7 EHUL,
Pb;O( <PbO<PbO; Mfiic k & vy, = NRMEE
DR TIBER, WHEZEOREL L {—KT 3,
PbO-W n@&RELMm R 6D, ZhizWiik
NRA LRBOFIFERT, PbO,, PbyOy # TR
famiP e, ArthoDTA ¢k, PbO-Wolls
RUFEILR o hisvy, PbO,, PO R TiL, 2h
FhHEOSRHRIC X SRAEE L RIBE L VRRK
RENVEBH6nS, ENBRLE -7 Ofi RIZEAIC
A bRPEV, XREWIZE IHBHRIZ, Wi
noPL LBRD, Arth, Pb, W, 2 - 727 R
8 (PbWO,) Th-1z, hd vilkkivss s WoRE
ik, WEAKhogRic L SBERIENET, ic
PbO, PbO;, PbsO¢ LRI D Pb kg, %
& Ui PbO X WO; MRz & ) PbWO, & &
RELDEBRAOGND, TLEZRAFZDREHOB
LESEREMDBShisha 1,
323 mmtHs SioRRG
PbO-Si ¢it, XBERIHOMBHR 3BEH, Ar
thk bic Pb, Si, SiOs S MBARE, £k 7 2R
LBbd7 v - FEREAD O, EMINER
"EA6h3D, PbO-SiO,nERR. 680 CHELY
BREGLEBHHN, XREHNGIRY 0 — FLEH
BLhBe6hins1s, PbO-Siit, SinBRbNE
RLEOAEBLY, PO & o —BEAHRCEE, &
L3P, &R ENLREN SO SBEERICE L
VWIBRRBE 1 Si & PO oRIENQRIcEFDILNE
#2605, PbO,-Si Tit, 400C g L v PbO
HOAMIZL D EBLOADI=>OBRBRENED &
h, 580C i v ARLRREENREL S, Ar
TLRBORE &Rt . £t RELRBRRERPLO,

ILRXRBOE



Table 3 Measurements of heat of combustion

Heat of combution (&g )
7:3 1 3.7

e \Jin air lin Ar |in air |in Ar Jin air fin Ar

PbO-Ti [ 1519 |153.3 | 312.0]241.6 {345.112361
PbO,- Ti | 2623 |2927 | ©346 |483.3 |722.5|497.1

2009 |179.5 |369.3 | 2943

gl = | =

W= =} =] =]~ |-
00w 1160.2 |167.1 | 180.2 130.5|n4.5] 96.7
Wl — | — | 856]842] 77.3] 525
PbO-S1| — — [153.3 |1429]193.1 146 .4
Oy Si | 2180 | 217.5 | 417.7| 3829 | 452.9396.3

Q-] — | — 1942|1574 3564]176.)

M.R = mol ratio
— = no combulion

A PbO-Si
A PBO,-Si
20{ 4 PbQ-Si
en
w

® POO-Ti
O PHO-Ti
© Pb,0-Ti
o PbO-w
R PbO,-W
N Pby0-W

e 20 36 70 0
AE(kcal/mol)

Fig.4 LnA~AE (from ignition delay time)

Pb;O, ZNIBPS XY WL, SKFWALRBBEEHN
X#BEFH» 61, PbyO,, Pb, Si, Si0, #BB L1,
ARLRREEH O XRENH 6 ORBHREE, Pb,
Si, SiOy Th-7, “h kv PbO,-Sifx, PbO,n%
MERIC L 0 PbyO, Agp+52%, Fssic—ig Si
ENRIBLEL S, ERENT Pb0, LSitoRE
PARICEL, HbET PbO L Si, PbO & Si0nK
ERELBLNEEAOGIS, RAKOBWIZL AT
fkiz, ARLRRBREEIVThOBPEL S v
WS RABRECRIEEME L TE Y, Si opmss
26h3,

3.3 mmmonE

Table 3 124 Zf o BEHOMERONERRE
Rt. ZRPCREBOTESHEVE, BERIRSY,

Kdgyd Kayaku, Vol.42, No.5, 1981

Table 4 The lowest ignition temperature
from induction period

nto
sampl 7:3 1:113:7

PbO -Ti 660 630 | 600

Pb0,-Ti | 700 | 670 | 640
PbO,-Ti | 760 | 7110 | 660
PO -w | 535 | si0 | 490
PbO,-w | 580 | 520 | 495
Pop- W | 540 | 525 | s10
PbO- Si| S00 | 470 | 460
PbO;- Si| S10 | 280 | 40
Pop.- Si| 600 | s00 | 460

ignition temp.(*C)

The lowest

Table 5 Burning rate of various mixtures

m.s 7:3 1:1 3:7
Bample\| b.7. | b.d.| b.r. [b.d.| b.r. | b.d.
PoO-Ti| — | — | 903] 372|293 3.&
PLO,-M | 265| 332 exp | 3.52 | exp | 3.2¢
PO-M| — | — ]2250] 3.92 [19599| 264
POW|— |~ | -] —-]—-]|—
PUO~W | 321|372 {1202 | 4.12 [2049 ) 2.28
PoQw| — | — | 582412 |1793] 428
Pbo-Si| 148 { 392 | 303 | 385 | 294 | 275 |
PoOSi | 196 | 324 | 404 | 3.2¢ | 793|275

PoQ-Si] 1.8) | 324 ] 202 { 3.6 | 3.70 ] 295

b.r. : buming rate { MPSec)

b.d  bulk density(9¢nd)
m.r. © mole ralio

= : not burned

exp. © explosion

SAER L4 % T PbO<Pb,0,<PbO, MR AHGIIZE
W, 2RFZATENIWSIKTI n BAHOMIcE,
Ar pTLRBROFIMABON I, BRBOPE S
Dby, ZOWE, SRNEVE, BHEhTRINE
MABVENS, SRIBEPNBRBLRELEED
LERXORD, £, Arh OB TS LICL DS
ZERAReH (PbO-WERL) 1, A0S LE
SROBIBEENELZLNEBRIOGNS,

3.4 RAFBHMOANE

BEoRAREHORBKIBMENEL, BBETTO
EftE e L, 04 & Table 41 X FFig. 4
iZRY, WTFhoRAHLBRERLE, Wihog
B% bIRER KEBER, PbyO,>Pb0:>PbOF M
KRR 2 2EMERT, BXCATIALTNE
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fEt=kn¥— (E) & B icPp2e 2 5HnE
R, W, Si ROBESEHE 9FLNR G,
BEKOZIZ X 3B, WTFhoRSHOPS L,
RN S VRBERKBEI, ERELL25, JE ik
BRLBBEVEVLCBAPLVLEITHD, Ti, W, Si
MENORAKGRBRCRT, WEBKMEREDOAL,
Ti OBERKIBAIX540T, Wi2400C ©, JERRE
h¥h15.4, 7. 1kcal/mol @7, Fig.4ick 5 4E
LEIERFORKE 7w v F LIRS, SR —Si.
W, Ti n&RMME &R+, ShE ) RERRIL,
Hipsem+ o LABRAOND, ARRLEDLELRT
2 Tigk, Wk, Si%k oMfiic £ B KIBHE {ERE &
rt, RRTORRKER, Sik TRBEREY ERE
THY, WRTRWoBEL D NERFRERL LBRLH L
OBEARENFERRICE L5, TiRTR Ti oS
DBRERENBICEL, i QR L OREK
BAELBLNLBRAOGAS, —FRBIBTCOE=M
FRESPOFEIE, EROABIZL SEREIFEFICLE
CLRARBEDENDLEXGND,

3.5 #mmaRoMe

Table 5 iz, £#=/MARASH OB ORIERER
&1, SARIEDR OISR, POy ROES
i, 23T PbyO, %, PbORMFATH 1=,
RSN\ IZ & MK, 2RNEFROZV
8, M esdfiment, aeRRTRTI 2L,
DB TCWHR, SiROBITH-on, PbO-W i
Lishntc, BEHOMTBVIC L 582, BAHRE
LRARTHIN, FoROBREHOPER LD,
Ti ROPEHIC, DTA, BAERR LBV, FERIC
ML BPMERLE, SNOZER, =X AX—-0E
ABICLBBANEULLEAOGNS, DTA Rk
HEROBAI, REEKCAENIGCBEEETFTY
(DT, =X ¥—-fanig—Licy, (ERVBRFH
IZELS, —F= v BRItk 0B R ¥— &8
BMicRtBo—Richtoh d L, BRI LELR
LORERENEIEC, BERT, Thick i

BOGRBIEL D, ELRBANELS L, BRI L
FEBROERIC L IBRBNRE WL 0IRY, MINEE
BHLBIEBIAOGADIZENSLEPIENS,

4 ®

FBRTCHEoRARSHORRER, TikTR Ti
OB PBRBICE SBREREIEL, B TTi &
UE DR L AR LS IC PO RGN E LB, W
R CRWOBRbRRIC & SRR & 5508 &
WORSENEICEL, BVWTER TS WO, & 4608
{LSADRIE A4 U 3, Si T I3 4 5Akk(Lsh & DEHERIE
BRELSLLLIE, ZADBRBREOREREN L b2,

BHET TRWIANBLSLBAARGAS, Gk
{LHRF CRMERIBICTPHEN RO 50, SRA
TiPbO<PbO,; <PbO, D127 {. RRSHR
bl (R BT,

BIERIZPbOLPb; O, <PbO, F)ff], W<Si<Ti%
O, Bz, @REHRIS (e 3BE {, Ark vELK
FOHANB,

PSR 12 PBO< Pbs Oy <PbO; I, % 7/-PbO
-WERASIKWLTi ZOlfiicai <, RESHRNS
{REBHV, CORIIDTA SBAHREBOSER &
Rd, ChR=IAX—DEIHIZENEL, IR
RLEERIEMLORENVELELDHEBAOGAS,

X R
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Reactions Between Lead Oxides and Metals

by Masaru MATSUMOTO®, Junichi YOSHIMURA®,
Toshiyuki NAGAISHI* and Shunichi YOSHINAGA*

Nine kinds of mixtures, each consisting of a oxidizing and a reducing agent
were chosen as follows : PbO-Ti, PbO,-Ti, Pb,O,-Ti ; PbO-W, PbO,-W, Pb,0,-
W ; PbO-Si, PbO,-Si and Pb,0,-Si.

When these mixtures were heated, it was observed that oxidation of metals and
reactions between lead oxide and metal or its oxide occured.

The ignition temperature of mixture of titanium and lead oxide was the higheét
in the mixtures used. The temperature increased as ratio of metal of a mixture
decreased.

The heat of combustion increased in the approximate order PbO-metal <PbO,-
metal <Pb,O,-metal and W-lead oxide< Si-lead oxide< Ti-lead oxide. As ratio of
metal of a mixture increased, the heat increased, which was larger in air than in
Ar atmosphere.

The burning rate increased in the order PbO-metal < PbO,-metal <Pb;O,-metal
and Si-lead oxide< W-lead oxide< Ti-lead oxide. The effect of ratio of a metal in
the burning rate was the same as in the heat measurement.

(*Department of Industrial Chemistry, Faculty of Engineering, Kyushu Sangyo

University, Matsugadai 2, Higashi-ku, Fukuoka, JAPAN 813)
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