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Calcium Chloride Aqueous Solutions
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CaCl, is a low-toxic, inexpensive reagent that dissolves in large amounts in water to form highly concentrated
aqueous solutions, or hydrate melts electrolyte. In this work, it was investigated that the concentrated CaCl,
aqueous solutions (aq) as novel lead (Pb) electrodeposition baths. While PbCl, is poorly soluble in water at
room temperature, PbCl, dissolved up to 0.452 mol kg' ([Pb(I1)] = 93.7 g kg 1) by the formation of PbCly>"
complexes in the concentrated CaCl, aq due to its high Cl  activity. Electrochemical measurements confirmed
that the apparent exchange current density and the limiting current density of Pb electrodeposition decreased with
increasing CaCl, concentration. Since the diffusion of Pb(II) species was limited due to the high viscosity and ionic
strength of the solution, agitation was effective in improving ion transport and electrodeposition rate. The presence
of chloride ions in Pb electrolysis is usually detrimental due to the low solubility of PbCl,, however, the highly
concentrated CaCl, solution can be a potential candidate electrolyte for PbCl,-based electrolytic processes.
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SHT2IRE CaCly /KR D DS O BT ZE 2 TR~ 7=,
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2-1 CaClp KiB&RA~D PbCly DiEEEAIE

CaCly WL 95 %, ‘& £ 7 A /L AFYehlish) 2 Mk Cifg L, fix
DYLSED CaCly /KIEIR & 1572, RIT, +43 80 PbCly (FEE 99 %,
BT AV AFEHER) 2N, WEIR30°C, =R T 4 v T A
4 —F — % - Al E EE 300 rpm T 12 FEE oI X 0 2
NEFFEE £ CIRMSE-0b, 7 404 —JEHc L k%
B2 L, PbCly 23afn L 7= CaCly KIFIK % 372, K\ T, Zofa
T 01 mL 2 100mL A A7 J A= (T, fEE (A 60
wt%, THTATAZ) 1 mL &FAIRFE (E 99 %, Fbpk
T3) 25 ¢ ZRIMLIZOBHKTERL T, BEEE 1000 1A
WU Eik &5, FARFEE, FREFC PbCL T2 0%
B <72 Dbl LT A Iz, FFERG 77 X< 3N5 eohT
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D FRIEIE T O P I 2 HIE L, 3O L 0 AR
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ICP-OES MIZEIZ 31T i @i il o> P #E HE 2 -V CTHERR L
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2:-2 BRIEZFARE

MWEFXRTER, KK T TIT>o7, £7, PbCly % 10 mmol
kg ! VAR ST 9.74 mol kg T b L < 1% 5.84 mol kg ! @ CaCl,
FREEWRIZIZE L7z P A B ANZBEFEN 2 U L7z, Pb Ak Gl
99.99 %, =7 a) Zx A Y —fKTHIEL, MK THEL TIEA
& L THWE, 72k, PO MPWERTHLD, =AY —
HWECHFES 92 & WFESHIRL 725 P AR I CHEE L C L% 2 B
HHN, WEBRIITEE L2V B L, SIREMmICILRE
3.33 M (M = mol dm ) 0 KCI /KIEHEIZIHE U741 - LB 2
vy, BEBRIATE & ORNCIZZAE H T A DG & E iz, BRI
BN OWMEIINEART v va /AN 24 b (BioLogic, SP-
300) & 2, IZ, CaCly KEKHCo Pb(D) A 4> DEXIL
N EWET D0, VA7 Vv I RLVE A RY—(CV) &
1Tolz, TERMICIE Pt T ¢ A7 @A (B3 mm) %, sHBici
7Ty = — R EmE, SREMIT R E RO DR Z
NENAW=, FAREIE T T Po(l) A A > OHEEBARE R WE S
5728, [BiET ¢ A7 B (RDE) & AW/ §iiRmL & v 2 kY —
AT o7, VERMRICIZ Pt T A7 @M (EA 5 mm) &MV, %t
W& BIREMT L L RO D& W, FisEmEE ek
# 1., Dynamic Electrode HR-201) I3 X Lo R T v a /0
WX )ALy NERNWTY =T AL —FHRNLZ A MY —(LSV)
AT -T2, TRIEOFRMERET EMS BB R CRAE 1 T2k
&1t EMS-1000) #HWTHIE L7z, ~A 7 r <y haHn
THRY L o7 | mL OEEOERD SR OBEZRD, HRi
BRI ETRIE OB IECTEI D 2 & CERMR S E 572, £72, CaCly
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Fig. 1 Solubilities of PbCly (closed circle) in aqueous CaCly solution with six

different CaCly concentrations at room temperature. The solubility in
CaCly—free pure water®? is also indicated (open circle).
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LT,

2-3 TEER
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KR RNT, hENRBRETT- 72, (EAmICIE, EWoER
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Table 1 Solubilities of various lead salts in pure water and
different CaCl, concentrations.

solubilities of PbClz in aqueous CaCly solution with six

Solubility Solubility
Lead salt = = Ref.
cad sa (g-pp dm ) (gpoke™ ¢
Lead fluorosilicate, PbSiFg 409 - 4
Lead sulfamate, Pb(NH2SO3)» 368 - 4
Lead chloride, PbCl; in
9.25 mol kg ! CaCly aq (n=6) 66.7 93.7 This work
6.94 mol kg ' CaCly aq (n = 8) 72.8 92.7 This work
6.17 mol kg ! CaClp aq (n=9) 70.6 87.2 This work
5.55 mol kg ! CaCls aq (n = 10) 62.9 75.7 This work
4.63 mol k,(j1 CaClpaq (n=12) 31.0 37.2 This work
3.96 mol kg ' CaClp aq (n =14) 19.8 22.6 This work
Lead chloride, PbCl in pure water 72 - 4
Lead sulfate, PbSO4 0.03 - 4
[CIT]/ mol kg_1 Table 2 Formation constants of Pb(I1)-Cl complexes, solubility product
100 10 1 0.1 0.01 0.001 of PbCl, and standard electrode potential used to draw the
-0.3 T T T T potential-pCl diagram.
Pb**
- PCly(s) Reactions log K (25 °C,1=13.0) Ref.
T - = _
5 04 Pb2* + CI = PbCl 1.17 2
< 2
s PbCl, .
= Pb>" +2CI™ = PbCla(aq) 1.7 22
= Pb
E® 05+ — ot _ _
o£ Pb“" +3Cl =PbCl3 1.9 22
©0
L5 -1
< ~—5.84molkg " CaCl, Pb>* +4CI™ = PbCls*” 1.2 22
> ~_ -1
< 06 9.74 mol kg * CaCl, —
¢ PbCla(s) = Pb*" +2C1° -5.0 22
Redox pair E° (V vs. SHE) Ref.
07 I | | |
=0 -1 0 1 2 3 2+ _ _
pCl Pb"" +2e=Pb 0.126 23
Fig. 2 Potential-pCl diagram (pCl = —log acy ) of the Pb-Cl-H20 system at 25 C
(apb(r) = 0.01), in which rest potentials of Pb electrode immersed in
concentrated aqueous solutions with two different CaCl, concentrations
containing 10 mmol kg7l Pb(II) are indicated. The scale on the upper side
of the horizontal axis was marked assuming that acy- is equal to [CI™ ]. PbCIt + C1™ =PbCly(aq)  -+orrrrrrereeermmmrmeeeeeeeeeeeeeeees 2)
PbClz(aq) +Cl™ :Pble .......................................... (3)
RRIE AT, CaCly IRFEDHIR & & 412 PoCl IR IR L,
CaClp # )% 6.94 mol kg ! (H,O/CaCl, E/L n = 8) {28\ T PbCl PbCly + Cl™ =PbCly? wooerveemsiesss @)

VAMREEIZIZIE BRRICEE L7, ¥7=, CaCly #2E£ 9.25 mol kg ! (n=6)
2T PoCly iR 135K 0.452 mol kg ' ([Pb(ID] = 93.7 g kg )
R Lz, 7235, PbCly DR # IR OIS HT= Y OIRETH
5T L, CaCly I 6.94 mol kg ™! (n = 8) (235U T PbCl, VAFESE
AR 0.351 mol dm™ ([Pb(ID] = 72.8 g dm™) Z7 L7z, filik s~
O PbCly VAMRHELE, 11 % 1E Critical Stability Constants22) |2 20
VEAREERS log Ky = —4.78 25 °C, A AV HREET=0) 1OHEMTS
L 16 mmol kg ! ([PbUD]I =33 gkg ) &2 2, T7hbb, BE
CaCly /KE R H1 ~D PbCly, DEMEPEIT, MAIZ FL~ T KA 28
fFlZB LS5 b olz, CaCly KIEIERDIRIELIZ LT=D8 5
PbCly VAFRIEDIERIE, @ CLIEE FTLL PO (D-@) 0L H i
TRt % [POCLIY 2D SEIAN R E LIz Th D & £ 25 DON
W T 5 2022,

prr +Cl- :pr]+ ................................................... (1)

(Bai) http://doi.org/10.2473/journalofmmij.137.103

IEJE CaCly ZKEEHEH ~D PbCly DYEMESE S LW DRk
M 72 SR HE DMK ~DVAMRIE % Table 11283, #RIE CaCly KIFIE
o~ PbCly DIRELEIZ OV TITE BTV R L OREE /L
FEThob L% L HITRT, IIE CaCly KR H O PbCly O
ERREEIE, ShOBMERIRICH VLN D 74 7 vk (PbSiFg) X°
AT 7 2 RS (Pb(NHLS03),) OIRMEEIZ E K& <10 b D
@, PoEN T 7 ATHEMATHICH > TH5r7 Pb(ID) JBET
HIRTE D LR L,
3-2 BRILFBIE

Pb(II) 2% % 10 mmol kg! & L 72 CaCly-PbCly K¥EH~D Pb #i
D ERIZEN A, pCl (=-logacr, = 2 CIEEETMICHICE
FNDCAAONHBECI T Z ac £ LW E R L)
ZxtLCrry b LIRS % Fig. 212773, 72, Table 2 {27
TR E S 2 35 K U Pb2/Pb (LB TR R EE M AL 2 %
FW T L7=N-pCl X% Fig. 2 PICEQTRT, 28, &

© 2021 The Mining and Materials Processing Institute of Japan
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Table 3 Equilibrium reactions and conditions used to draw the potential-pCl diagram. The electrode
potentials are indicated with reference of Ag|AgCl in 3.33 M KCl aq.

Equilibrium reactions

Equilibrium conditions

Pb2" +2e=Pb
PbCla(s) + 2e = Pb + 2CI™

PbCls> +2e = Pb + 4CI™

E (V) =-0.332 +0.0295 log apb(1n)
E (V) =-0.480 + 0.0591 pCl

E(V)=-0.367+0.118 pCl + 0.0295 log apb(1)

Pb>" +2CI" = PbCly(s) 2pCl=5.0 + log apb(in)
PbCla(s) + 2CI” = PbCly> 2pCl=-3.8 - log apb()
(@ s (b) o2 .
N 10 mmol kg™ Pb(ll) N i
) 6l ] ! L
§ — 9.74 mol kg_1 CaCl, § 01k
<é: 5.84 mol kg~ CaCl, < r
ab o € L
N — 0.10 mol kg NaNO, = N
= A 2 ool
7] | 7] .
c 2+ c
3 \ ) 3 : .
£ AL £ e 9.74 mol kg™' CaCl,
£ ——— P — E 01 o 5.84mol kg CaCl,
S L o -e- 0.10 mol kg™' NaNO;,
I I 1 I I _0_2'|.|.|.1.||
-08 -07 -06 -05 -04 -03 02 4 =2 0 2 4

Potential / V vs. AgIAgCl in 3.33 M KCl aq

n/mv

Fig. 3 (a) Cyclic voltammograms (2nd cycle) on Pt for concentrated CaCly aq and 0.10 mol kg{1 NaNO3 aq containing 10 mmol kg71

Pb(ID), at a scan rate of 5 mV's |

{Z-pCl K OHET ClE Table 3 IR T & Pl L =58 L, Bk
KA R AL L7 W pH fEFH Td D Z & 2 E Lz, RIE
CaCly KEEHRIZI T 5 Pb O HIKIZ BN, Pb(H) @nvkﬂm’ *
v & LTERIET 5 P2 /Pb FR{LSE 70k o oAl B (I HERTH
180 mV #1127 + L, PbCl42 /Pb ﬁ&“ﬂﬁﬁfnﬂ@q:@ SN &
EL< =& L, 2oz hb, Hifficikz L 51, BIE CaCly
YR O Po(ID) FEITHALEER PbCl> TH B L EX BB,
Pb(ID) # £ % 10 mmol kg ! & L 7= CaCl,-PbCl, K ¥ i 35 L O
NaNO3-Pb(NO3), /KIEHKIZ-DVNT, Pt B4 (F 512 v CHIlE
Liz¥A 27V v 7R %%E 5 5 (CV) % Fig. 3(a) \ZRT, &AL
O s mv st &L, BENIHRREEML L ETH Y —
RIGEAT, DWTT / — KB~ ET VIR LTz, Fig 3(a) IZ
2D XY A 7V TELNZ CV DI L, B O PR
HEOZEN/ NSV 2 YA ZILHORNVLEZEST T D Rm L TW5D,
Fig. 3(a) @ CV TR\ T T / — RIFIAl~O i FIR 3% o0 it & i
(LB 0 i 5 BN OFENL A, Fig 3(b) TIXOV &%

L, MOZFOUEHEEILR L TS, Fig 3(b) IZBWTENM OV
% HMEIC £ 5 mV O#IPH T Butler-Volmer O BB EIT L 29 (5)
X0 RHEREE L RS -7,
mF
J == Jy—————]]  tcceecccescccssccccrscessctersstteseteresttrssstrastorraens 5
P =0 (5)

ZIT, g (TR L, m (TSR O BURE 4K (= 2),
FI37 7 77 =88, RITRMBER, TIFHHRE (=298.15 K),

%E%%@] Fio, WY —RHFANLT /— RHE~TY
W EBALIC DEMEE Y, WHEET Col Y — RIRETRS
B L B Te LT 77‘]&0710 BRURNZ DN TR DT A i [
BIXOMAEREEL Table 4 I2F LD 5, 7o, (5 OIKiE
EIEATRSe, ElE LTl (Tafel KO BHE~DO U ) 12X

© 2021 The Mining and Materials Processing Institute of Japan

and (b) the positive-directed voltammograms near the intercept of the potential axis.

Table 4 Exchange current densities (ip) and limiting current densities (ir).

Solutions io (uA cm™2) i (pA cm2)
9.74 mol kg ' CaCl, 57 134
5.84 mol kg ' CaCl, 131 243
0.10 mol kg ! NaNO; 425 902

0 A MRE T A £ 0 IEREIC R B ICIERIRIE O Syt it &
WHDONREAETH D, LL, KFROFRD L D ITEEOHT HE
R K 0 BRI ORRES L 2 BT D35E, ERARIED /il
BREBE LIV, 22T, AR TIEERIE TH S CV Off
BN RZWEREE Z AL 2 EE L olz, 0L X, B
FIRE OBMGEE O L K 7 AFEO P E A L E FIRREIC I T 5
FEE WS SATRBET 572, R U7 AS AR iR I X = O fE I KT
TEAARAE B ET 2 Tha &0, TORBINE L

BTe LT,

Fig. 3(a) £V, JRJE CaCly /KEEHE T XAy NaNO3 KK IZ L
NRTIETTERN LD BARENDDWNIED D Z EBbDd, Zh
B TTR el YR 5wy S RS AT A =2 P RV X T2 Ey TG ANA DI
WCHRET %, F72, CaCly #2713 5.84 725 9.74 mol kg [ 4N
L7z356, BEIcEmIL L 0 Mifil 47z, Table 4 KV, CaCly R
DOEINT U723 ASHRFE TS FE 3 L OB B FE 23 ) 9740 b Pk
HLTNDZ EWNbnD, HRZ, JE 9.74 mol kg ! DI CaCl,
IKVEWR T, A NaNO3 KIAHK & e~ TR IR LA 1 M
HUTNWD, ASHETRE BRSSO OGS E % & 6 b fiis
Td D, CaCly I FE D INIC X 2 53 8 ik 7 FE o Wb 1%

(Bai) http://doi.org/10.2473/journalofmmij.137.103
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Fig. 4 Linear sweep voltammograms measured using RDE for 10 mmol kg ' Pb(II) solutions of (a) 9.74 mol kg ' CaCl, aq, (b) 5.84 mol
kg ! CaCls ag, and (c) 0.10 mol kg | NaNO3 ag, at a scan rate of 10 mV s .

Table 5 Static viscosity (x), density (d), dynamic viscosity (v), diffusion coefficient of Pb(I) species (D) and Nernst diffusion layer
thickness (&) under static condition for each aqueous solutions containing 10 mmol kg71 Pb(1D).

Solutions (mlé‘a o) (g cfn%) (mm‘é sh (10°¢ csz sh (ufn)
9.74Cna~:gll 2kg’1 39 1.53 26 0.25 26
5-84(:‘2(‘;1121‘51 73 138 53 11 70
0. 1(1)\1 ?I\?é)lgg" 0.95 1.01 0.94 6.3 135

PbCly? /Pb i {38 I G D IEMEAL = L 2 — 7% Pb2*/Pb MR {LiE 7T
FIEDZEN LR TEL, KGHEERN NS W ThDH LE
ZBbN5, ClIEEOKICZLY, 7 a4 (Pb?) I~ TEL
PR LB 2 POCl 2 I8 K W BB L 7 B 7, LA T4 &
72 ) BTSSR FRIC bR Z v i< < B b L Bbh b,
72, RABIRBEE OB, WORMELHE T OA A [ EAR
FOHERIZH S LT Po(D (LFROILHE B AFNZ A oo fed & B
ZBND, TNESHICKRIET 5729, BUF CIEshER L& o A
KU —IELS X 0 i o> P (b 5FE O BE AR H 2 54 L 7=,
3:3 EETsRVEBERAVEZRTRARILEIDA LY —

BT & [/ UHLAR D& AT IC SV T, RDE % UV CRE AR FLE
FE1I0mVs ' THELEY =T A —FTRLVEET T Lk
Fig. 4(a)—(c) (2759, )5 CaCly KA (Fig. 4(a), (b)) ICH W T,
WAL 0.6 V KV HUREN TR ICEN L Fig. 3 & RARIZ Pb EHT

(Bai) http://doi.org/10.2473/journalofmmij.137.103

WX T 5, A NaNO3 KEIRIZIS VT, P BT A E 5 BAL
=047V X0 ERBEMNHH T EOBRITERDER SN, 2O
BT & B OSSR 02 OB Z OSSR S
Nz Emt, SIS A Ay OBTTICET A RRER LB 2
LD, MBSO CIE, Thia v s r7I oy RERe LTE
LBI< = & T Pb BT ORREE L AR T,

Levich D3 29 (6) 1o XA4UE, LA T ORIRANL Y 320,

iL = 0.62mFD?3y Voc g 12

CIC, i FRAVEREE, DI OYEHERE, v ITEIRD
FRIMELREL,  1RRIR AV 2 128 2 BUSIIIRE, o IXEMOR
HAMEERT, o ITITEROBE 2 AV CTHERE VRN OK
FEE /LIRS ICHSR L7 PO(D) R EE 2 fRA L7z, Fig. 4(a)(c) T
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Fig. 5 (a—c) Photographs and (d—i) surface SEM images of deposits obtained through the potentiostatic
clectrodeposition using 100 mmol kg ! Pb(I)-containing solutions of (a,d,g) 0.10 mol kg ' NaNO3 aq with
pH adjusted to 1.0, (b,e,h) 5.84 mol kg ' CaCl, aq without stirring and (c,f,i) with stirring at 400 rpm.
Open squares shown in (a—c) are the area of (d—f), and those in (d—f) are the area of (g—i).

AR E LT, & o2 12kt d 2 iL Ofi% 73 (Levich plot), ir
& o Iz TG LOERBUE ARSI, BEIRICOWT,
K (6) # b & 1T Levich plot DB X Z AW CTIEBREZ R L, &
TEOFREVEAREL, B, BRER L L bic Table 5 I L D,
 OREEARE L, BT T O BRI FE (Table 4) & U,
R (7) 127 Nernst DIEHUFIC b & 5 < IR E T EE DR 2D Hn
BEM U7 M T COIBUEIE SI2 T Table 5 12T,

~ mFDc
)

iL ............................................................ (7)
I CaCly KA HIC 1T B Po(ID) L2 FE DR RS E, v Td
NaNO; /KR & L TRE R T T2 2 B bhodz, FE
12, JEJE 9.74 mol kg ! DIEIE CaCly K&K T 1347 NaNO3 K%
TS R THEBAR ST 25 550 1ITIR T L7, 24Ul Fig. 3(a) IS
Bl 2B LGRS, IRORMERI T O A 4 M EER AR Z
< POAD ALFEREDIEE N RN R -T2 ThH EEZBND,
CaCly JEJE DB U 28 W IEH 3R T Comig /& S 13 L
BRI 9.74 mol kg ! DT CaCly KT TIEA % NaNO3 /KIA
WA EE~T 80 % i L7z,

AgCl % ¥ fif L 7= iR CaCly KIEHR D> 6 D Ag DB - X (T
B3 B WF2E 19 123800 T, CaCly BEEEDBIINC L7228 Ag BT
DORZWBFRBENRD L, CaCl, #E& 72 WIRICH R TRKTI
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i Uiz, &7z, CaCly IEEEDBINNC L7223\, CaCly, & %
FRWVIBIC T Ag(D) A A > DIEEARE A I K T30 0D 1 LLF
IR T L, IEBUEE S DR T 79 % B Uiz, AR5 ToORE
CaCly KIFW 5 D Pb BATIZH W T S [RIERO B N H iz 2
LG, CaCly JRFEDBIINC LT’ 5 A BB FE o iR 5 o
KT, PEEJEE & OB ITHIE CaCly KIFHED b D48 O BT
icHE T AR TH D LB LND,

3.4 THR

Pb(ID) # 4 % 100 mmol kg ' & L7=K 1AM 2 AW T, MEEHET
TREBMENZ1To72. 5 OB OINETE L K SEM
%% Fig. 512/, A% NaNO3 KIEIE) 15 b= B (Fig.
5(a), (d), (@) 1B TITAIEIR H 1K 1.5 um FLE O 1E - 7=
BRI AE L T e, 2SR U CHRIE CaCly KB b3 B
7= BT (Fig. 5(b), (o), () 123 TUTRIEE | pm LLT O/ &S 220kL
DR Z B, O RICFT v R4 MROWHEMRR b,
72k, EHTFERICK T DRMEOSISIE, #IE CaCly KK CIIH
FRASOE, Tl NaNO3 KIS CIIMBERENIETH D LB X
b, BHIRFOBIOHER % Fig. 6 1273, WTNLDEETY,
FIINEENL X BT SO E A 5+ e B Th Y, BT
W R &0 2 e TR DO/ MELE & 2 TR EE VIR 7R AR 5
JEHIRRTH D VW25, LIBEOBETEROEME, T K74
IARHT HE e & DM DK E WEHTERE DIERIC & 5 EBO B R #E
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Fig. 6 Time development of current density during the
potentiostatic electrodeposition with or without
electrolyte agitation.
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Fig. 7 XRD patterns of deposits obtained through the potentiostatic
electrodeposition without electrolyte agitation.

R O RN ST %, 7 NaNO3 KL TITER A L < #
M %—J5C, JJE CaCly KR TIXEROHNMILD 5L Th

D, W CaCly /KIEHK D O U 72 BT DG DAL R L A
5. Fiz, B CaCly KIEEIZ B TIX BT WIS 7ok 03T
WL, BIEINCT v RIA4 MROFTIHNBN T L EZ B 5,
IRIE CaCly KIEE D LRUE R BN RHE O L1, BE
CaCly ZK¥EE H C Po(ID) L FRE DRI IE T/ N E W T DI,
BRSNS poln D ELBRLCWD EEZBND W,
BT 0O XRD 3% — o (Fig. ) 12”3 K 518, ErIERE STk
D Pb ([FHLNLS) Thotz,

WIZ, WHROIREEN BT KT T BE R, HlEE1T-
758 S OB % Fig. 5(c), (), () IZRd, £/, &t
OHER % Fig. 6 1071, BRI L 0 RET OmEBEINMEE S
TGS, BT A S OBMEETE LA L, BEERE
1 Cem? OBMICES DRI, LEHEBOBAICHT D 1
WA Le, 2o X910, @HPETH DIREKBERIZBNT S,
R X 2 WERBE O & BT EEOM LR RETHH Z %
R Lz, —HT, T¥ RIA MRATHORAEL TR L
BT EICB T 2 EMOADERETE L KEL RTINS &
BZ b, R, HEETICX 2GRN EO iRl T= D, EMR
D75y (Fig. 5(0) IR W THRANEORSY) I2BWT, T R
T A NROYT AL TH - 7=, T X0 E R M
SN2 &C, BB EICEBOICELCTZT Y RIA4 MITH Y
DEENEVENICRE LIz e B2 6N, L0 FEREN

(Bai) http://doi.org/10.2473/journalofmmij.137.103

WMERDICIE, FEREEO TR, fx O TEEMIZTITI LD
IREINAI OB LI 2 SRS 5,

4.4

4

IRIZ CaCly ZKIEWR D™ D DERENT 48 2 #Wi Lz, PbCl 13 =R
THIKICHEA TH D08, PEIE CaCly KR Tl K 0.452 mol
ke ! ([Pb(ID] = 93.7 g kg ) £ CIRMATHE TH o 72, ZHIFHW
CliF Rz L35 PoCl2 RO KD EEZ bR B,
SRTEATICBE T 2 BRI & T TR R, CaCly I DRI
L 72 AW AZHR TR F & O R LT 8 FE o delk b 3 R S T,
TEBA BT L VR L um LT O/N SRR 678 5 Pb 35 5
Nz, RO ERIERP K & oA A IR EAEH 0 72 912 Pb(1D)
(LD EIR S LD DD, WKOHHEEITH = & TEF
EEZM ESEDLZENAEETH o7z, Tk, ShEMICBIT DI
{b4ir OF X PbCl, DEERIE DR S P ZITRER T - 7278,
HRJE CaCly /KRR Z FAVN D Z & ¢ & v IRV Ph(ID) R EERLDH CHifb
PR a R CE D AREEA R ST, O X 9 ICIRIFEKRIER LS
BIEROF TN OO LS LD iR END, —FHT, B
JE CaCly KIRIK & B OBE LTHWE 2 L5545, #Hix
IR EHACEER L U TR TE D &\ ) RIE KRR O REEN
W & 72 B ATREMENR B 2 b b, SO BRI 2 E L7
JERESRA~DRAER DT/ — RIERFE-CA M) e 58 OZE T DO
TS HOBFRE CTH D,

BEE ARHFEIIR RS A A FE R AT (S) (R 2 BRI
FHF 2 355 20H05663) 3 X OEMEAF7E (B) (R : dbms; #
WFEE5 19H02490), 2B NI VL b » B = o ZWFge (b
M Bk = 2105) OBk E ST Tirbi,
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