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RALZVALPY —2FAWT, REENZERSETLELD - 2iH 0.1~2mg/l o T, Pb, Cd,
In, Sn %ot Cu, Bi, Sb =®m2#stL7. Tl 13 EDTA © Pb, Cd, In, Sn 2 ~RA ¥ v/ LTE
gEUL7. Pb, Cd iz, H;O, ¢ Sn % Sn(IV) icE{b LY VERIEHRT Sn, In <A Fv /L
CTEIEZFF\, Pb, Cd o+ 2 Tl 0BAWVEEAXLTERLA. In, Sn i3, HEREKRRTHER
v, Iniod+ 5 T, Cd OEXOEHE, Sn 235 T, Pb 0BERVHEELZLTCERLE. X
Cu, Bi 1z H,O, ¢ Sb % Sb(V) iEit~2*v /L TERL/~. Sb ik, 7RA2AEVERT Sb %
Sb(III) i@ LCHIE %R\, Sb icd 5 Bi 0BEARVHERLTERLAE. A7 74V TOHH
EEP L LT, Do X Pb, Cd, Cu L#iAd Ni 22BT 5454 voREEXMARBELL.
HTHERELRECA— VT BV | pHHRENERTRTD -4, Kk, FITHEETHEMER

HRET 3% BETH- /.

1 &

BED - FMROB TR\ T, Do XWRFOTHY
YEBTHZ LXBEECHDH. Lirl, HoERDLS
S BORERDVELET B CREOTMME T
5 LfliE sy, —J, Aarg v b —TRE
RS LA & OBKILEHEBOEEFIH L CRRE
ORE TR TH BV~

AT, FA 7V VYPARNAT ) —F a4y
Z7AMY y BV ISELEV ALY — (DPASV) %y
THEHEH Y XRT ETHD - EiEH 0.1~2mg/l ©
T1, Pb, Cd, In, Sn F%¢* Cu, Bi, Sb FEEELHETL
7o, Be, ¥ 7534V TOGPRRYI L, Do EH
tg Pb, Cd, Cu RO AF Ni 2EB&TIH4 VI 1
VANEBYBR LD TCUTEHET 5.

2 % BR

il

2:1 B ¥

Pb, Cd, Cu, Bi, Ni M¥aW : && (99.9%) %5
BICBMBLATLE Img/ml L L7,

Tl E#ayw « TICH,COO % ki@l Tl 1mg/
ml & L.

* EREBIE (B BABWMPRAN - 660 KERRE
WhEEMNAE 1-3

In EHERE :
mg/ml & L7z,

Sn {ZHAH : SnCl,- 2H,0 ZiERIC ML Sn 1 mg/
ml 17

Sb R : K (SbO)CH,O,-1/2H,0 %Ki I &
L Sb 1mg/ml & L.

%o X% ¢ ZnSO,-7TH,0 400g & Na,SO, 50g % K
wERL Wiy BT pH 2.0 SRS LCELEY 1
L &1 7.

iz, NERE U CEEERBRERENL TARD -
EWELI.

Iz, Sn(IV) ¥, Sb(V) ¥¥ux EFL Sn, Sb #F
gy H,O, TRLL CHRRILA. X, KixEEKE
A A VvZBRULESORA, RFEIERRD 5V —&
mEER L.

2.2 ¥ W

AAZVALY —CREFCRTEUBRISEITE
B AS-01 WAfERLA. XN, MEEZERLTERIC
BY—//7EI2BBELEDT, Y- 2B/ TOEIRE
RIZFEAWMSE DT, FLEESFADRBEET -4
MERESBEFTEY S -2 oBEFYERALL. &
¥, EAERICIES ) TIFKBHBERE (0.395mm?), Xt
BICIE4EHR, sRERCIE-ELHEEEEZAVWE.
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2.3 SHTERtE
231 TI1 El o ) %& 10 ml 75_’1::—7]*?:&

WL, 7xaar v 0.5g ¥&%T5%. EDTA-2Na
10g EAOM 38 Iz KTHKESL 80ml r332.
500g/1 NaOH ¥ < pH % 6.0 W Fahi Li-# 100
m 227522 BLANKCERE CHRT 5. =
DR % BT« LicHLh Table 1 D4 DPASV #i
ExITH. Fig. 1(@) X5k T - 7238 5h 50
T, BHBOLUDIFRLTHS TIREE Tl v— 75X
DRk L h Tl BEEZRD 5.

2.3.2 Pb, Cd TR Ho X 10ml 2 v—w
— W EREX UBiERgk (1) ¥5¥% {Fe(Il) 10g/l} 1ml %R
m35. 0.5M H,S80, 10ml & 35% H,0, 1ml %
REBEHTDH. BHRT A2 1 v 0.5g 2N Tob
100ml 2 27522k BLARS. 9M HPO, 40 ml
ZHMLUTKTERE CTHERT S, COBKEXRE L
WHELh Table 1 o4k DPASV HE% 1T 5. Fig.
Ib) k5 Pb ¥—2¢ Cd v— 21z Tl ©— 728
BigoleA V22 75 20380505, DO UDERL
TH5 Pb, Cd ¥ — 7B RIT S Tl v— s DFERD
B TIEEOCBEGHD, 2-3-1 THML ko7 Tl @
BT 5B BYEETS. co&EK ) &% Pb,
Cd - 27BN TOFHINHELINTED Pb, Cd v
— 7SI EETS. HOMAUDIERLTHS Pb, Cd
BEL Pb, Cd v¥— 7B XD0BAFEALED Pb, Cd v
— 7@ ICRGTH Pb, Cd BELXRD 5.

233 In R Do XK 10ml v —» i
WML7Aa2AEv8 0.5g #%Hm3+5%5. 6M HCL 40
ml ZEREMUCHE 100ml 2 27 52 2BLAR KT
EfETHRRTS. ZoBEYAE L 1cEh Table 1
D&M DPASV RIEH1T 5.

Fig. 1(c) X5 In ¥—27ix Cd v—27 & Tl v
— I MBS AR E 7T ARBLRD. HHLD
fERLTHS In v — 7B BFSH Cd, TI v—270
Hich gL Cd, Tl BEOEGND, 2-3-1 RO 2-3-2
TR EIeo7c Tl Cd BECH T HAEL ) BEXEH
T5. ZOFERLVEY In - 7BNTOEINBEL
FGIVWTED In -7 ZBI¥EHTS. o1 UDER
LTHhs In gL In ©¥— B30 EHEIAS ED In
E—7BICinTs In BEYRDS.

234 Sn FE Do 10ml v —3 i
B UsEe: (1) By {Fe(l) 10g/l} 1ml % ¥ind5%.
0.5M H,SO, 10ml & 35% H,0, 1ml % pn% &3
. BEET7T Az B 0.5g iz THhH e 100ml
ARAZFAaBLANRS., 6M HCl 20ml %#@EiHL
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TKTEREITHERTS. ZOBEY HIEwric By
Table 1 D&#: DPASV HIEX1T5.

Fig. 1(d) X5 Sn v— 27 Pbv—27 ¢ Tl &
— IBERSIFANVEEZSZANELRS. Ao TD
fERLTH S Sn &~ 7B KITS Pb, Tl v~ 270
Hich&E & Pb, TI BEORMGLD, 2-3-1 Kr 2-3-2
TR E 7o o7c T1, Po BEHIGT 58 h B2 EH
T5. COBEXLHIESY Sn ¥— 7 BN TCOEINDLEL
GTED Sn ©— 7 @3 BEHT5. bO1UDHIER
LTH5 Sn gL Sn -7 HXOBRAS HD Sn
V- 7B IRHINT S Sn BEAYRDS.

2¢3¢5 Cu, Bi Tl - %% 10ml % —» —
CERER UBiEggk (1) %% {Fe(I) 10g/l} 1ml ¥R
+%. 0.5M H,S0, 50ml ¢ 35% H,0, 1ml %z
FihT 5. NaCl 6g ZHEMLTEHE 100ml < 2>
FAICBLANRKTER E CHARTS. COBFKEEH
ErcEh Table 1| o4& DPASV HIEx1T 5.
Fig. 2(a) X 5w Cu v¥—7 & Bi v— 738503
DT, BHbHrTUDERLTH% Cu, Bi gl Cu, Bi
-7 BIOEENS Cu, Bi @BEARD S,

2:3.6 Sb R Do X% 10ml % v —» ik
Bl 0.5M H,S0, 50ml & NaCl 17g #¥%ind 5.
IMBIEBET AavEVEg 1g EIML T 3 HREHRT
5. B 100ml 2 27 5 2 2B L ARKCESF
THRT S, ZOBRLXAELLCE D Table 1 D4
#=< DPASV JiEX17 5. Fig. 2(b) DX 5 Sb v
-7 Bl - Higole Rz e 75403800
5. DO UDIERLTHS Sb v©— 7B kit 5
Bi ¥—7p&EichEE Bl BEOEFEND, 235 C
BEsnbisoic Bi BERAIET2EL Y B HET 5.
COEILYEY Sb € — 7 BATOEINLELIIWT
HD Sb v—7F3%EHTS. DO UDERLTH

Table 1 Conditions of differential pulse anodic
stripping voltammetry (DPASV) analysis
Deposition potential (TI, Pb, Cd, Sn, In) 09V
vs. Ag/AgCl
Deposition potential (Cu, Bi, Sb) o AgCl
Deposition time (TD 240 s
Deposition time (Cu, Bi) 180 s
Deposition time (Pb, Cd, Sn, In, Sb) 120s
Current range (TDH 1A
Current range (Pb, Cd, Sn) 2RA
Current range (In, Cu, Bi, Sb) 5pA
Modulation amplitude 50 mV
Scan rate 20mV/s
Pulse interval 0.1s
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Fig. 1 DPASV curves obtained by (a) procedure
for determination of Tl, (b) procedure for
determination of Pb and Cd, (c) procedure
for determination of In and (d) proce-
dure for determination of Sn

Sample : zinc plating solution with 1 mg/1 of
Tl, Pb, Cd, In and Sn

(a) b Sb_ Bi

Cu

|||||||||||||||

-05  -03 —01 —05 —03 —0.1

Voltage vs. Ag/AgCl

Fig. 2 DPASV curves obtained by (a) procedure
for determination of Cu and Bi and (b)
procedure for determination of Sb

Sample : zinc plating solution with 1 mg/l
Cu, Bi and Sb

% Sb L Sb ©— 7 BXOBEFKNHBED Sb £—7
EXedinTs Sb mEERRD 5.

3 RLBE

3.1 ®-> &P TL Pb, Cd, In, Sn OER
SElokHcir TI(D), Pbdl), CGddI), Indll),
Sn(Il), Sn(IV) DFEXERL LA, Th LIk IR

EWEfzie DPASV v—s2iph b EicA.
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TDXoi
BAT, THERBEYTRLTE— 7 J#XT 59,
FhmHo#EE, EDTA iwkb Pb, Cd, In, Sn i~
2xvr7Eh Tl v—roan@bohi. X, U VEBRE
Wi\ ik In, Sn(IV) A= AF v /IR,

%z, Tl, Pb, Cd, In, Sn E&¥EELLT, ¥7,
EDTA B %< Tl oBEXTV, T, Sn &Fx
< Sn(IV) cBbL7-# ) vEBEER TUELT, B
b T, Pb,Cd v—2sm,b Tl v—27 0 Pb, Cd
e 7 ~DEKDVE BELT Pb, Cd *EETSH. &
w, EBBEERRTCHEEZTY, In ¥—27~0 G4, Tl
— s DEKHVMEL Sn v— 27~ Pb, Tl ¥ — 7 DE
D BEXFO>2 &k In, Sn ZEETHLLEL
7.

3¢1s1 EDTA [ tk23TXFvF HE EDTA
Ibh Pb, Cd R=xxvrEh Tl €—270HNHBL
hBVe, SEOKEHTIE, 2:3-1 CH\T 6g BlED
EDTA:-2Na OFRMT< A% v 72RE»RH b, 10g
DEINTH - E¥H 2mg/l » Pb, Cd, In, Sn(l),
Sn(IV) #=AFv 73h5 LeHRALEL. itk B
#o pH xEE 92 Tl OREENFE L L5 EHAA H
-7z,

3.1.2 H,0, (&3 Sn(@) NEE 232 K&
W XHed 100mg/l @ So(ll) HE{b~AF v 7
xhi-. vk, BEDO HO, 0Hfi R 5 Db hi
BRI R TR L, Fedll) OBTICZ7 A2 vE VR
w#HEHRALLK.

3.1e3 WHERAREOEE 213 RV 2-1-4 KR\
CHEBBENEL LARORT In, Sn ©— 7 HIHH
Ko HIERANED bR, foe—273HE hERL
fth ot

3.1.4 DPASV RE&#  AIEMEMIIEFETS
Zn BT IRV E 5 —0.9V us. Ag/AgCl &L
fo. ks, MIEMEREIHEMT SR E - 7 BITHEK
L.

3.1s5 REE HBEHEROC-70 #Eich FER
B4 (Pb w3+ Tl, Cd x5 T, In &§2%
Tl & Cd, Sn i35 TI & Pb) 2R L& T 5,
» o X 0.1~2mg/l BT BIF 7 BRESED
i, X, 20% BE O TAROEBIRERCE
w;h By kot ok, Pb BER Do XRPIC
T1 7% 1mg/l T Pb 0.09mg/l HYDO L~ 7
BRIk T 5. R, Cd EER: T11mg/l o
#2e¢ Cd 0.02mg/l, In Rz Tl 1mg/l Off
7#Z£=< In 0.0l mg/l, Cd 1mg/l OFFT In 0.10mg/
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Table 2 Analytical results of T, Pb, Cd, In and Sn in synthetic zinc plating solutions (mg/l)

Sample Tl Pb Cd In Sn

(1) T, Pb, Cd, In, Sn  1mg/l 0.97 0.96 1.02 0.96 0.95

(2) TI, In, Sn 1mg/1 1.00 0.01 <0.01 1.01 0.97

(3) TI, Pb, Cd 1mg/1 0.98 0.99 0.99 0.18 0.17
In, Sn 0.2 mg/1

(4) TI 1mg/l 1.00 0.22 0.19 0.18 0.18
Pb, Cd, In, Sn 0.2mg/1

(5) TI, Pb, Cd, In, Sn 0.2 mg/1 0.19 0.20 0.20 0.18 0.18

I, Sn &Rz T1 1mg/l OFEZET Sn 0.20 mg/l,
Pb 1 mg/l Dff7ET Sn 0.68mg/l 4D v — 27
IABAL .

3:1.6 BEH->ZBHOAMF Tl, Pb, Cd, In, Sn
% 0.1~2mg/l FMLiz GRD » TWH DLz =
5y BN RIFCER Xhic. Table 2 &/ #kEE D
—BlZ"T. 7rds, 0.1mg/l BEED In, Sn DEEICE
LT, ¥—7HELRhMEEDKE L Cd, Pb 0HER
B lmg/l BETH 7.

3.2 ¥ Cu, Bi, Sb ER

SEO#HF iz Cul), Bi(III), Sb(IIL), Sb(V) o
FEEZERB LI, Zh bk HEE - Efzic DPASV
E—723pb&ELS. LiL, Sb(V) 3ERLEER
Tig & = 7 BRI -0, Cu, Bi, Sb E&Ei:
LT, ¥F, Sb 23T Sb(V) b L7=H%EL R
% Cu, Bi ¥—27Xb Cu, Bi #EET5. #H\T,
Sb % Sb(III) &L L CRIELFT Sb v — 7 iex3
% Bi ¥~ 7DERDHELX LT Sb 2 EETHo L &
Uiz,

3.2.1 H,0, [ k3 Sb(III) OE{E 2-3-5 it
WT o X¥h 10mg/1 o Sb(Il) 2E{b<R% v »
Shic. ek, ZOBKEREETS Cu -2 L Bi v
— 7 DoERT 0.1~2mg/l OBETRIFTH - 7.

322 FZANEVEICKSD SB(V) ORT  2:3-6
EWTH- P 2mg/l © Sb(V) 2B Ihi-.
L, BBRENSSMEBLEET Az A vEED
DRERYDIcDC ©— 7 B IRWAOT HEANRED S
ni.

3:2.3 HILWI* O REOKE Hitw1 + v &
BNt 5 oh T, Sb v—rEXfil,
7 B/AL S EACBEIL 7.

3.2.4 HKBB BWEBROC—s70&EL) BER
B (Sb 335 Bi) 2R LAEZ A, Do S
0.1~2mg/l OFETRIF LEHESBE Shic, X, 20
% BEDD - ZHMARDOEINT RERCHEY 51 7t

B —

hofo. 7ods, Sb WERHC Bi A 1mg/l Tl
Sb 0.40mg/l HM4D v — 7 FH I AT S.

3:25 SR - ZHOFH  Cu, Bi, Sb % 0.1~
2mg/l HEMUIBED - BEESFT LIoE S5, H
IHBRIFCER Ihie. Table 3 i3 HikEE O —f %5
3. 7x¥s, 0.1mg/l BEED Sb OFEBHL T, v
—7BEDHEEDO KX Bi OFHABREL 1mg/l &
BETH-7.

Table 3 Analytical results of Cu, Bi and Sb in
synthetic zinc plating solutions (mg/1)

Sample Cu Bi Sb

(1) Cuy, Bi, Sb 1mg/! 0.98 0.97 1.08

(2) Cu, Bi 1mg/l 1.03 1.01 0.22
Sb 0.2 mg/l1 _

(3) Cu, Bi, Sb 0.2mg/1 0.19 0.21 0.21

33 FOSAVENLEYAPY —

2:3 DFHERHCTH - X5 1 VIRBIT 5 HERY
AP LICKE, Pb, Cd, Cu O v 5 1 v %15
Cklli. X, Ni-Zn &5 - TBENLO Yo &
2B RTS Ni OBRFELHMEE D, & Kbho Ni
EDOWTHRHMTHLEIEL. 2T, Thbisy
WTasrvs4 v mEBE2BEELE.

SHEBOBMKXREY Fig. 3 R, v 7)) v rE
TEDS>ZIEDD - XWHY v 7Y v 7 3h, £5HS
BETHEA~ZEYAEh%. Ni pHHOYESEM®
HABRE LT Pb, Cd, Cu ¥ s b2 5 0xEh
IEF 57, BIE-LL 2 RFIRT . s, —HEDOL
PrigfE, BIEHME, HWEOHERI I TN T~ 7R
2V, —x—THEXh T3,

3e3e1 HoZ2HP Pb, Cd, Cu OER - XH
h Fe(lll) #7 Az A vBETRTLLAEE UV vEE
BRCTHAETIZLELE BAE:RABL, 7221
EVBEBRL, YV vBEBKs, K1), WEEER, Zn
B EW, Ni-Zn §&5 5 2¥, Fe-Zn &0 2iK
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electrolyte «—— water
k———0.125 M H3 PO,
«——— 100 g/1 ascorbic acid
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delivery

unit

Fig. 3 Schematic diagram of on-line voltammet-
ric analyzer

WTFhoBE& Th 1mg/l
BETH 1.

3¢3¢2 %Kk Ni OER Ni (3 SCN- 241
BRI WTTF 4 7 s VY Yy RV AR—T 0 I T T
A —REXhe—2zhBoh5. AEEBECTH NHSCN %
SUHBCHAETHLELE BAK AR, XHF
BRE 49). AIEEE 100mg/l v~/ CHRHEERRE
# 3% BETHhH .

3:3.3 ZHABBR ORE TRHBHRECT AN
EVBBREYERL T2, ZoPEIBLIhT
WOTRERBYERTA—CTHIEELE. 20K
B Xy 1 »ABEENELFIRETH - 7.

VLT MR ERERE 3%

ok, AOWMEBRMNES 1 VICHRELKR, SHOH
HELUCIEFRCERHL T 5.

x Rk
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Determination of trace elements in zinc plate
electrolyte by voltammetry. Hirofumi Kuravasu
and Yasuo Inokuma (Technical Research Laboratories,
Sumitomo Metal Industries Ltd., 1-3, Nishinagasu-
hondori, Amagasaki-shi, Hyogo 660)

Differential pulse anodic stripping voltammetry
(DPASV) was applied to the determination of 0.1~
2 mg/l of Tl, Pb, Cd, In, Sn, Cu, Bi and Sb in zinc
plating solution. Tl gave a DPASV peak without
interference in the solution containing Pb, Cd, In and
Sn with added EDTA. After the oxidation of Sn(II)
to Sn(IV) by H,O,, Pb and Cd gave DPASV peaks in
the solution containing H PO, which masked In and
Sn. If the sample contained TIl, peak heights of Pb
and Cd were corrected by subtracting the overlap of the
Tl peak. Indium gave a DPASV peak in the solution
containing HCL. If the sample contained Tl or Cd, the
peak height of In was corrected by subtracting the
overlap of the respective Tl or Cd peak. After the
oxidation of Sn(II) to Sn(IV) by H,0O,, Sn gave a
DPASV peak in the solution containing HCI. If the
sample contained T1 or Pb, the peak height of Sn was
corrected by subtracting the overlap of the Tl or Pb
peak. After the oxidation of Sb(III) to Sb(V) by
H,O,, Cu and Bi gave DPASV peaks. After the
reduction of Sb(V) to Sb(III) by ascorbic acid, Sb
gave a DPASV peak in the solution containing CI-.
If the sample contained Bi, the peak height of Sb was
corrected by subtracting the overlap of the Bi peak.
An automatical on-line voltammetric analyzer was
developed for process control. The analyzer was able
to determine Pb, Cd and Cu in plating electrolytes
and Ni in the wash water of the plating bath with a
39, relative standard diviation.

(Received July 30, 1988)

Keyword phrases

differential pulse anodic stripping voltammetry; de-
termination of Tl, Pb, Cd, In, Sn, Cu, Bi and Sb in
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