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Electric Conductivity of Liquid PbO-Si0,, PbO-GeO,, PbO-P,0s,
PbO-B,0O; and PbO—SiOz—GeOz Systems

Hiroshi SAITO, Kazuhiro GOTO and Mayumi SOMENO

Synopsis:

The electric conductivity of liquid PbO-SiO;, PbO-GeOq, PbO-P:0s, PbO-B:0; and PbO-Si0:-GeO:
systems have been measured at the frequency of 1000 c/sec. The conductivity of each system in-
creases as the temperature increases: -The Arrhenius type plots show a linear relationship and the activa-
tion energies for the binary systems range from 7°7 to 9°8 kcal/ mol at the composition of 90 mol%
PbO. The activation energies for electric conduction increase and the conductivities decrease with in-
creasing acid oxide concentration. The variations of the conductivity by acid oxide concentration is
suggested to ber due to change of the fraction of anionic species in the melts. Ionic distribution for
the system PbO-SiO, was calculated by the equations proposed by C. R. Masson and the relations
with the conductivity have been discussed. On the assumption that Pb%* is the sole carrier of electric
.conduction, the contribution of thecmobili'ty of Pb2+ to the conduction is supposed to be larger than
that of the number of Pb2* ions. :
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72> OFEMRRZ

moles SiO; from silicates

moles MO+ moles MO from silicates
“+moles SiO; from silicates

TH5HM, 02—>MO, SiOiZe—2MO-SiO,,
Si,0f-—3MO-25i0; OHFE L b

Nsjo,=

Nsio,+2Msi,0,+3Nsi3040+ -

Noz— + (2Nsio, +3Nsgi,0,+ )
+ (Nsio,+2Nsi,0,+3Ng1,0,0+ -

Nsio,=

_ Nsio,+ 2Ms1,0,+3Nsi;0,0 + -+
Noz—+3Nsj0,+5Nsi,0,+ 7Nsi;0,0+ -
(4), (5), (6)BXT(7)LD
Nsi,0,= (k Nsio,/No2-) - Nsio,
Nsi3000= (k¥ Nsio,/No2-)2-Nsio,
Nsi,0,3=(k Nsio,/No2-)3-Nsio,
L7zhioT
Nsio,+2Nsi,0,+3Nsi;050+
=Nsio0, {1 +2(k Nsio0./No2—) +3(k Nsio,/Noz—)2+
v (12)
U2yD % v 3 DHE(k Nsio,/Noz-)< 1 Thhifst
BTEoh8(8)ER5 L 1= 5 Naiicate>>Nsio, = 0 TH
DOTIZDEHZMELTWDH I 5. LichD
TADDS5FIx
9F=~Nsio/ (1 — k Nsjo,/Noz—)2 «evvereerennnn (13)
FERICAD DS EIIRD X 5 KB Eh 5.
578 =Noz— +3Nsi0,+5( k Nsio,/Noz-)
“Nsio,+7(k Nsio,/Noz-)2- Ngjo,+ -+
Nsio (38— k Nsio,/Noz-)
(1— k Nsio,/Noz-)2
e (14)

e (1)

=N02._ -+

13), dHxvUhx
Nsic,/(1— & Nsio,/Noz—)?

Nsio,=
T e o Ns10,3= k Nsio,/No2—)
O T (I— & Nsjo,/Nge—)®
_ 1
3+Ng2—/Nsjo,+ k {(k —1)Nsijo,/No2——2}

)

+1—Ny167%(UN%_—1) 1
(I =No2-)/1+ Noz2— — 1=
(0o BT,

. : — /
=1 {/3— k+ 1IXON02_+N02_1;((1L—N;)_) + k/}
crerranenen (16)
(16)13 Temrin DR amo=Nmz+ -Noz— ZFEALT
ERICXDTRLT L EMNTES. MO-Si0: FHL
ThE Nyve+=1 TH 525 6)1%
Nsiop=1—Nyo ,
E(k—1) )

amo
=1 3 —k
/{ +¢ l—amo  amo/(1—amo) + & §
cerenenninnnn (17)

L7 0, kpbiruE Nvo OMRICEITE MO iE
EPXEMRNCEHIETES. BrLkDEICH L TN uo &
ao OFEFRE T oy PLIBEROEME T HIZED
fExRkD D L3 TE S, HWHAICRKDI2 PbO-SI0, R
@ PbO iEE % RicHaRDsON and WEss ¢ 1000°C
CHEFHEMEL K TS £ =02%18%. k & Noo—

DfE%E (10) WRATIVE Nsiof~ BESHFIC (4),

(5), (BYTRALTHDA F L 5RERKDD Z EMNT
5. DEOFHRECIoOTHRDI-FEES Fig. 16 15
T, TR b SO, BEORMMC E o T Si0l-,
S108 75 DR (Ion Fraction) 25 &M & 5 i ZE{b$
L0 X birb. ‘
52 P+DBHEELAT U AREOBEK o
BRIZEE (¢) L BAERE O X v+ ) 7O%(n), *
¥V 7T OBPE (1) B IUCLOER (Ze) ORIz
OREBASK LTS, :
' t=n-Ze-p e (18)
FERCEITZF+ )7L LTPO*DL%E 2, PO
BELETAF UL TVv 5 L RETSHE, BHER
Pb+ BAHEROME, FOBBEC L OTRES
ND. nBARENErDEBEL D 38 Ric L >T
ROBIEVBTEDL. —FHnliB0EODBE ST
FEEXDLPNIEHETE S, PbO-B,0; ZTHRIT2vT
DEFEEODL O nzkdtcEHRE Fig. 17 wxi$. 1
cm? H72 0D Pb+ i PbO-Si0; o 5HH PbO-
B:O3 REVDKTHEHZ &b, EBILI £ DS
n i LISEIEE ¢ ok, EEMEILMIBE: 0BG E Rt
& Fig. 18 X5t/ 5.
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Fig. 16. Ion'fraction of (1) No2—, (2) Nsioi™,
(3) Nsiof~, () Nsiod=>(3) Nsiolls
(6) NsigoiZ~ plotted_ against mol fra-
ction of SiO, for the system PbO-Si0O,
at 1000°C.
20—
\O
\\0 o=——0 PbHO-Si0;
2 a=—e=—s  Pp0O- BOs
\\° :
15 \\ .
A\ o
= 10 A \
< \ P
a \
\ o\
. N\
\
OlOO 80 60 40 20
Mol % PRO
Fig. 17. Number of Pb2+* ions (n) in lcm?® of PbO-

SiO; or PbO-B;O; system plotted agamst
mol?%, PbO at 1050°C.

%10
5
v & PpO-B:0;
A ° PbO— Si0:
1
[e]
3 \ \
o A
b
:g 0\
o . {2y
E . AN
. . c D —] i
\\( —
I \\ N
,I\“
o i
100 90 80 70 60 40 30 -

Mol % PBO

Fig. 18. ’\/Ioblllty of Pb2+_ion at 1050°C in PbO— )
5i0; or PbO-B.0O; system plotted against
mol%, PbO.

Flg 17, Fig. 18& £ ODERE» Sb5 X 5T, Fl—
EEM R L IRE i S\ TiE, PbO-Si0: Fix PbO-B,0O,
ZRIDF A VTOBENKTHIILD»2bET, £D
NSV, 2O E X DERERICEFEERICOVT
¥, BEEE lem? ho X+ ) 70K XI DL, Phi+r o
BHELCIRINTV530LBbh5. EizF—Hk
TRIBEAE L5 & £ BSEINT 525, CIIEELES

WEBRATTOBEORASITESTS lemd Fo Pbh2+

OEDOWH X b P2+ OBEEOHEKRT LHENSKTH
LT EERLTVS.

Fig. 18 o4 Pb2+ OfFEEIE, SiO: mol% 0 F
W TIIER NS LD TWw5B. 2L & I13Fig. 16
DA X HBOR TS IS5 SiO: BEOEVE
WMTRBORESEA X BHERLTET, SiO: 3%
L E#EMLUTD P2+ OBBELZHIT HIERICELY
ERNL DD THAS EEBbIS.

5-3 ﬁEu;éE4t>®%ﬁEﬂaﬁﬁm;6
BEIE

papﬂz 5y OEREEER, AERLA £ FiEEAT
$% NaCl, CaCl, 7z ¥ L ARICBEO LR E EbiE
iy, —IRIRE(T), EHlb=a1v¥— (E) &0
B RSB DL &b TW5.

m:A-’exp(—E;/RT) ........................ (19)
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Table 1. Activation energy of electrical condu-
ctivity of the binary systems at 90 mol
% PbO.

System | PbO mol % | E,(kcal/ mol)
PbO-SiO, ' 90 9-8
PbO-GeO:, 90 9-8
PbO-P-O5 - 90 9-5
Pbo—3203 ‘ ) 90 9-7

FEBRFER T, Flg 3, Flg 5,Fig. 7 kX ’'Fig.
ID LIS DI, BEE LIRS B i
BT ) ROBEFEZBEHRL VDL L brD
L OEMOAE L D% T FH OB LR 10 miol %
rkﬁé@ﬁwlxw# @ﬁ%~ﬂabf'MMel
7. i

FrLoop and KNaPP®}3 RICHARDSON and WEBB D
PbO oEEBIEHED 0~20mol% SiO, | OFifH TiBEE
TR LW Z &R E LTS, ZoMBROBRT
FEIET DA A VHESICE L Che DEABMTH D, PbO
@ﬁ;@%@%w%?&maD;w—ﬁ%Tbrwé_
& %J_\J\T\/‘é : -

DT EXY, 0~20mol% Si0; D#IFHTILIE4 #
2 OMEIBEC X O T LAV X B L LR TE
E5. Z0Z LEELT 2 ovF — 2SRRI X O TZL
LV, %D log v & /T PEKEGRCED L
ZRLTWS. Ly LISRIEEEMED X 5 iche 4 # 238
MEREEEA A L LTHEELTVWS EE 25N BEEC
W, RWREREIC DT 2= — 2 G L 4L
—Z2RY ERRE . RERBERCHS W CHEEER
MREOBEWEET log ¢ & /T OBMEIFEHMHT
RLILDF/DBHLDE, M—HEETIRET L >TES
ELTDEA F o OEEPRELT B D TRV EE
z2bh5%.

—7h, % - IRTYE PbO-SiO, itk 5 PbO
FEE X EHRERE (ZrOy-CaO) 2 i L /B R iX Bt
ZRVWTERILTNS. ZDFERIZRF - EEOR LR
W - Bz MR OBREEPL DI —FKLT
V555, PicHARDSON and WEBB DR L 1327 D DE
BERLTWS. 5-1 TR~z Massond BRI & 5 A4
Z G EOFTE T, Ricxarpson and Wess OZEH|L
7z PbO DR & L CEEIER(K) DEZREL T
W5, EEMSEROGECEMEL LD EIATS
55 EBbhs.

M X S L T o v, BEE - Y 1
FbO-Si0; FOBRZEEDHBIERZ T PbO:SIO,=2
HIBEIC Il 0L ZATIREAEEDLL TV 5 ORI

R TDILEMPEET DD TH 5 LT 5b
2, ZDZ &1 ScHELLINGER and OLson® 3 E0bH T
5.

BE - L5 - SH™ 2 PbO-Si0, ZOFXRMIENH X
UCHFAEHOBEIEX Y, 2Pb0O-Si0; 35 Xt PbO-SiO,
DILEMOMBEFDE T4 & Ok Lo (b e HEEly
DILEMBAFRETHASD L EFRRTVW3 . BitiTE &M
913 PbO-B.Os FrD¥htt, BES XS TFARLHAIE
L, ZnvZh PbO-2B:03 DMK CRSIC TS % 32
DA F UORKDELEZRRL TV LT 5.
zH*ROSQZTwﬁﬁ%hwme@ﬂﬁﬁkfﬁi
ERTERIL{AMmbh TS

ut,%ﬁ1#ﬁﬂwmbﬁ01%®%ﬁmméﬁ¢
+52, 3@@%§Ut#;hg®ut@ﬁﬂ%®%L
THaERT Db D EMRENL S . Lo LARER T
a*ﬂ)i)ZFaEllim% 54 &o*cwtaw@fﬁ Wb b
75, —TXA Zﬂ TR L ThD. BRI T O
k%LT@ﬁ$ﬁﬁk%wi%b<ﬁ&?5%?%-4
A URVITRD, BEDE L AERWEEOREMNITIZL
SIRVERETH D SRFECEABIEEDORIE, %W
HHOME X DML g by, -

6. ¥ & ®
BEER(LY SiO, GeOs, P:0;, B:O; OBDBDIT

SRR LPLO I X 24 =TEF & PbO-SiOn-GeO,

ETLRIEOVTOELKUZEE & Kl LIk OF R x5k,

(1) ERMEEMLWIREOHEMIC & b ko TERZE
E(x) OESTFEROITHEAL L TL 58, 2024812
SiO; %>B,0; F>GeO; RODIEI DTV 5. PbO-
Si0: 7R TIE, SiO IRENE L 5 & « O DE|EHS
WLTL 5.

(2) AZFRFRCHTS logr & 1/T OBIRILISE
BB IIL DTV 55, BEELIIRERE <
D& EROOBRIC 7t SEES R 5N, Zhii PbO-
5i0;, PbO-By0s R IZ IV THIC £ DIHEANEE < Bbh
Twb.

(3) PbO 2 ék4$z%&bfw5&wvﬁm
DL L TEBEEREREZHCEFS T A A0 0KL0 b
T OBBE DTN K E V.

(4) EMEB(LMOBREIRKICED EEOKXRERA 4

UHBEDLNTETH % ) 745 OBBEN NI Y,

FRF ¥ Y T OIS BIDBEEIINE DL LD
tEZBNS.

C(5) —HlE L cEdEs b 10mol% o 1000°C 1z
BEIB £ (@ 'em) DEEZHETSLE, PbO-P,0,
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(1-39), PbO-Si0;(1:89), PbO-GeO:(1:93), PbO-
B:O3 (2 1) DB K& L 72D TH b, BEYEEDOEEE
LD FRO e BEDERNEL 2TV S.
b0z, RO SRV 72V B R R R
S EFH AP, RERIELICE S )IEREL
BRR A1 iR HBAR QYIRS TR IR R
WioLET.
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