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Abstract:

Keywords:

The effect of brighteners on the deposition behavior of Zn—Ni alloys ant its microstructure was investigat-
ed. Zn—Ni alloys were electrodeposited on Cu electrode at 10-5000 A-m2, 10° C-m2, 308 K in unagitated
zincate solutions containing various brighteners. Although the degree of suppression of hydrogen evolu-
tion was different depending on the kind of brightener, the transition current density at which the depo-
sition behavior shifted from normal to anomalous was almost same in solutions containing brighteners.
The current efficiency for alloy deposition significantly decreased with an addition of brighteners which
had suppression effect on the Zn deposition. Since the brighteners more suppressed the Ni deposition
than Zn deposition, the Ni content in deposited films decreased with an addition of brighteners. When
the brightener of a straight-chain polymer composed of a quaternary ammonium cation (PQ) which can
suppress the diffusion of ZnO,?>" and Ni ions in solution was added, the Ni content in deposited films in-
creased with increasing current density at high current density region. This is attributed to that Zn which
is preferentially deposited over Ni earlier reached the diffusion limitation of ZnO,* ions and Ni deposi-
tion didn’t reach the diffusion-limited current density. When both PQ and a quaternary ammonium salt
with a benzene ring were added in solution, the films obtained at the diffusion-limited current density of
Zn0,* ions exhibited the smooth surfaces composed of fine crystals. With an addition of brighteners to
increase the overpotential for deposition, the y-phase (intermetallic compound of Ni,Zn,;) of the deposit-
ed films was formed easily.
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Electrodeposition Behavior of Zn-Ni Alloy from Alkaline Zincate Solutions

Containing Various Brighteners and its Microstructure
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Table 1. Solution compositions and electrolysis conditions.

ZnO (mol-dm™) 0.15 Current density (A-m2) 10 ~ 5000

NiSO46H,0 (mol-dm™) 0.016  Temperature (K) 308

N(CH.CH,OH); (mol-dm™) 0.34 Amount of charge (C-m2) 10°

NaOH (mol-dm™) 2.5 Cathode Cu or Fe (1x2 cm?)

Brightener (ml"dm™) 0~4.5 Anode Pt (1x2 cm?)
Quiescent bath
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Fig. 1. Total polarization curves in Zn-Ni alloy solutions
containing various additives.

Table 2. Details of brighteners used in this study.

Symbol Chemical agents Suppression effect Amount of addition
aternary ammonium salt . ~
QA Qu with aybenzene r‘i‘ng Adjuvant for PQ 0.07 (g-dm™)
PQ Straight-chain polymer§ compgsed Diffusion of ions in solution 1.45 (g-dm™)
of quaternary ammonium cation
PQ+ QA — Diffusion of ions in solution 1.45+0.07 (g'dm™)
IME Reaction product of epichlorohydrin Charge transfer of deposition 3.0 (ml-dm®)

and imidazole
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Fig. 2. Partial polarization curves of Zn during Zn—Ni alloy
deposition from solutions containing various additives.
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Fig. 3. Partial polarization curves of Ni during Zn—Ni alloy
deposition from solutions containing various additives.
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IME ZR ML 2258122 7.1,7.3, 7.8 mass% & 78 > C
0, PQ, PQ+ QA, IME DRMITIXEH LD NI & 4
K28R, yHOANBER X L7,

Fig. 10 12 8B R % 2000 A-m® (Zn D FfFER &L O H. T
A F VLB AR O FEIK) 12T 6 2 TR O 2 il SEM
4783, 2000 A-m’ 12T 5 NZZBHIEO NI &GH %13 6.3
~9.3 mass% CTd - 7z (Fig.6 (b)) . JiRAl % & & 7\ AT
B NEME (a) 131 pm AT O KRR S 5 FE K
Sz, QA (b) ZIRMIY 5 &AGEA KL L7222%, PQ (¢)
AT 5 &, S E 20, PQ+ QA (d) #WRMT
2 LASEIEHICE & 5 D R A RMEK 2 /8 L 72, IME
EWMT 5 & (o), Mdldml & 285 7228, # FHMNA R
bz, &2 AT, KiRAE G E BOIEEY» S OBHED
Y 4 T IEEE R EE 2000 Am™>T1 umiiff (Fig.10
(@) TH2BDIZx LT, HEFREE 200 A-m™ > Ti30.2 pm
Hi#% (Fig.8 (a)) EBREEN BRSSP KEL &>
7o W, BIRBESEL B D LA RSB L, R
WAL S % DSAHIFZE O KEHIL W OEIA % 78 L 72 Zn FBATIC
BT, 2o’ A K v OPEEERO &M T T, oM
EBIZEW A ER LSS A TR ELS BH 2 MG S h
T3 K220 2000 A-m > Tld, Zn, NifiHi28Zn0,> ",
NiA & v OEEEE & 5> TH D (Fig.1-3), T D7=DHE,
A ZTNKEL L-72FZEZENS,

Fig 11 MDA % &L WEIZ 551 T 2000 A'm T
5N EHHE (Ni &H26.3~9.3 mass%) D XHREIHTIXIE
ERT . BNFIRE WIS (@), 24 V¥ — 2 iEn-znfHiC
B4280THD, bEL Tyl (NiyzZn, OEBEBILAY)
CHET -2 RN, QAZGRINT 5L (b), yHHD

Fig. 8. SEM images of the Zn—Ni alloy films deposited at 200 A-m~ from the solution containing various additives. [(a) Additive-free,
(b) QA, (¢) PQ, (d) PQ + QA, (¢) IME]
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= 2F e 0n-zZofliICBT52E -2 8 R 5N 7, PQ
ERNT3E @), ylHOEY -2 R FEL EDHFHIInZn
HICET A3 -2 g A ons, PQ+QARIMTIZ (d),
HRDOFeLAMZ, yHHOAD Y — 2 L 50D, 1-ZnlHO ¥ —
JIERENLEN 572 IMEZRMNT 5 & (o), yHHOY -2

ZNZF16.6,8.0,9.3, 6.3 mass% TH > 72,

P EDFigo, 11 O L D, 200, 2000 A-m > TH LI 72
U, BIRFH 2 OEAE, FEITn-Zo il A 6 RS
Eh 55, PQ, PQ+ QA, IME 2RI 5 & FiZyilh & M

END ZENRGh 577, QARMIOEEAIX, 200 Am ™12

2000 Am ™2 TE S MBI Ry MBS L 5 5
7208, BRI X ONQA DA OYIREI 2RI L 223546103, v
DI KT EIREE O EIRF IR ot h - 7z,

NETIED 5720, n-znficBT -2 8 Roh, &
B, BITIEO NI &L, JRAID 50 GA, 6.7 mass% T
HBDIZK LT, QA, PQ, PQ+ QA, IME 7RI L 22355412

(a) o (b) o (0 *
*
O
o ‘
* O * i
30 40 50 60 70 80 30 40 S0 60 70 80 30 40 350 60 70 80
20/degree 20/degree 20/degree
(d) (e)
* *
| *
* O
N o 0 x O

730 40 50 60 70 80 30 40
20/degree

20/degree

Fig. 9. X-ray diffraction patterns of the Zn—Ni alloy films deposited at 200 A‘m~ from the solution containing various additives. [(a)
Additive-free, (b) QA, (c) PQ, (d) PQ + QA, (¢) IME] (o Fe PDF # 65-4899, @ Zn[n] PDF # 87-0713, and % Ni»Zn, [y] PDF #

65-5310) (Online version in color.)

Fig. 10. SEM images of the Zn—Ni alloy films deposited at 2000 A-m™ from the solution containing various additives. [(a) Additive-
free, (b) QA, (¢) PQ, (d) PQ + QA, (e) IME]
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BRDGRAIE SD Y —NE»50 Zn-Ni G EHEMF B2 OMMNGE 265 I

4, EE § B AR S e, BRI R B AT 547
¥ B BRI, G OBRME, BHIEOMK,

TAHY YV — MBS DZn— NiA B EFD), 8 BHRDIEREZ KIE T HRIRFN OB 2 OFFIZ L D
WD TREZ FAE T HIRAN DB 4 £ L 8 725 % Table BTN 5Tz, LN, Z ORI D TR TE FE
3UZRT, PQERINGT % &, ZnE M O 35 BR 78 i % s (Zn OB & 0 & CIEFHRINT O M), hEREE
AHBLL, QA ZMAFX ¥ 3 & Z DILERA B IS HME W (Zn OFHEN & CE MRS EIENE, ZHIRET O 5HE
T U7 (Fig2). £72, PQ, PQ+QAZRIIT % &Nif * W), EEWEEE (Zn O PHER & DT A A v hrEHE
¥ OYLEHESEIZ & D Ni &2 B HUE I AYK < 2 5 kA R HOTEE) HIZEET 5,
b7z (Figd). $4abb, FHIME L 722 KRAPQIZIE, 4+-1 Zn—NiGE2DEREENCRITTRIRFIDSE
BIREH D Zn0," ™, NiA F ¥ OJLHEZE P 2 12 & 411 (KEREER (Zn O FAGEN & 0 & TIER R

D, ZOMFIZQANIATT B L HIBHF & k572, —, A D FEIR)
IME (&, AR & 2 5 2B 55 56 Wi % % 100- RZED Zn — NI SEBITIZ BT DB EREEZ, 6

300 A-m > ORI F KON IR & 10-20 A-m ™~ > D5H IRAI N2 50~100 Am 2 TdhBDIZH LT, KR
BT\, Zn, NiOHTH ZIIHIL 72 (Fig.2,3). Tab b, Al &MU 72556132 ORI D 5 3720~50 Am * &
IMEIZ1E, Zn— Ni&&BHIZ 3 2 B85 G % #1H] 20, FRFOFMZ K KE LT L2 (Figs (@), T

@@ o (b) * (c) *
°
o O
"30 40 50 60 70 80 30 40 50 60 70 80 30 40 50 60 70 80
20/degree 20/degree 20/degree
d (e)
(d) N x
" o .
' | e
* i : DRI S * */ ! | * © *

30 40 50 60 70 80 30 40 50 60 70 80
20/degree 20/degree

Fig. 11. X-ray diffraction patterns of the Zn—Ni alloy films deposited at 2000 A‘m~ from the solution containing various additives. [(a)
Additive-free, (b) QA, (c¢) PQ, (d) PQ + QA, (¢) IME] (o Fe PDF # 65-4899, e Zn[n] PDF # 87-0713, and % Ni,Zn, [y] PDF #
65-5310) (Online version in color.)

Table 3. Summary of effect of brightener on the deposition behavior of Zn-Ni alloy and its morphology.

QA PQ PQ + QA IME
Suppression effect Charge transfer Diffusion of ions Diffusion of ions Charge transfer
Transition C.D. Decrease Decrease Decrease Decrease
iLim 0f Zn Not affected Decrease Decrease Not affected
o :
at (I;I BA;ml ggg(ﬁtm,z Not affected Decrease Decrease Decrease
at C.D. > 1000 A-m 2 Not affected Increase Increase Decrease
atc(ljl r]r)en<t };:(f]%%lﬁxz,z Not affected Decrease Decrease Significantly decrease

at C.D. > 1000 A-m 2 Increase Significantly decrease Significantly decrease Decrease
Morphology Coarseni Smooth Significantly Smooth Smooth

at 2000 A-m2 oarsening moot 1gnificantly Smoot moot]
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2T, In—NiAEEWITB I 2 iIBEREE X, KRR
PP ENBIEEMRL A2 Z Mg ST 2, 1Y
DYETCIENI WG A H,, & R U 72 2 P RS O 12
KOEITL, Hy D WETE S 94 M HIRE T3 72
¥, Zn(OH), MR E B L AKRFKRAENHI S h 5 Z &2
W ENTOBE Y F72, HIRAE LTIME 2RI 5
EARBRAEPH S h, BREREESMKT T2 L E®
HIhTnB2,

Zn D - EAL & 0 B & sk Tl AR R AL, PQ, PQ
FQARIMIZ L DIHI Eh T3 Z &2 H» % (Figd).
Zhid, Hy B ETE S 94 bAKIRE A T35 729
Zn(OH),, IME & [ilA%1Z PQ, PQ + QA 23 K & ¥4 % i1 4
L5572 6N%, In—NiAGEEINIZH W TPQ, PQ+QA
I % LAKFERAEDPHI S N5 7280, HEREREE L
KTFLZEZEZ6NS, L2ALADS, QARIITIE, Zn
DR & D EH A B IC B W CORERENIZTEAEW
XN T WZEED ST (Figd), BEREE IZPQ,
IME 2RI U 723856 & FARRICIC T U7z, & 72, RIRA O
FHIC K O KRFRAEOMBOFRE N R A 512D LS, K
KAl G 5 OEBEREE XIZIER— L 5572
(Fig.6 (a)) o ZDERIZOWTIZBIRAHTH 3.,

EZAT, Fig2lZR T LI IRAIE L b LU QA %
WML 22VERIC BT, Zn D8R & D & 7% — 0.9 VAl
BRICEBEWTE ZaRPFICHB L TH D, BT EzZnd
Underpotential co-deposition 234 U 72, Zn — Ni& 4 B AT I
$51F % Zn D Underpotential co-deposition &, B HTIZ & D %
T 75 BB LA PINZny, BT S, BHTIED Zn D15 &
BB EDNEL KB -0DHE B ZERBME XN TN
%% ¥ 7B, Zn® Underpotential co-deposition 23/ U
5 7-0ICIENIOIA A REE 50, KIFZEIC BT, K
RAE L 35 K UNQA 2 RN L 7298112 36 T Zon D E-1i
M&DEA—09 VEIRIZE W TENIiOWEBEE TH B
728, Zn® Underpotential co-deposition 25T L7z & & % 5
hs,

4-1-2 WEREEE ZnOVEEMN & O B CEREH)
s, 28 R 0 )

Zn—NiFEEMICH T 2 EBHRARIZ KT HRRAI O
HIZOWTIZ, PQ, IMEIX, Zn, NitBHT Ol /7 % #IkI L ¢
B0 (Fig2,3), T O 7= 2 IR AHr O Bk T8 i Rh = 48
IKFLZEEZ 605 (Figs (a). Zn D EHEE 300
Am LU N OBREEL, § &5 Zo B O fi fL B
FEAGE ORI T, I ORANZ TN T E ZnBEHTICH
T BIEIERA A S N, Z OB RIZIME A i & k&
» o7z (Fig2) . EBTEE 50~500 A-m > OE fa £ EFE
HFHOFHIR T, IME ZIRNIT % L BHRADESIREICT L%
D13 (Fig.5 (a) , (b)), Zn®EHT I3 2 HEIN R 1% & K
W eEIONS,

— 7, BTGB R 3 RRA O BIZ >\ T, PQ,
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PQ+QAARINT % &, Ni&g A FI1X100~500 Am 2%
WTIKF LT3 (Figé (b)) 225 NifFD A2 & D
BRI S E Z e nh 5, HIRFE L TIME &R
BZENIGHEMET T2 2 L ABICEE Sh T,
Ni#EAHIZ 50 CTHRANIOH,, 2SS T & 5% 4 b A HIR

ENTVB ERETIUL, IMEARIL 284, 7 0OWE
12k DR E N NIOH, DY 4t A EEH X h, NitE
MOGREDmL Il Eh s L ERIN TS, pQ,
PQ+ QADHIMNZ BT D Z L g X h 5,
4-1-3 BEREER ZnOFEHEN X0 R TA 4 VI

B O REI)

Zn DEBF B EE 300 A'm 2Ll FOEEREE R T,
FEIRFE 2 22 WA, ZnBHTEZn0,” ™4 F ¥ O HEEkEE &
o THD, ZOMIE TIXIME, QAIZ X % sl [
bh< -7 (Fig2). ZHhid, IME, QAIZIX, ZnO, ™4
xV OPEE T 28RN s w0 eELENS, Fh
126 U CPQIRINA TIE, Zn DI B H 200 A'm ™ 2R
BT Zabr i PR A BB ICEGEL Th D (Fig2),
PQIEZn0," " 4 & v OHLE A PRI L T 5 Z & 2355 h 5,
PQIZQAZMA % & ZnMr i D HL AR A i % 1T I
TLTHD, PQLQAIZIZZnO, 4 7 ¥ DLk A W&
BRI R S N7z, NTFEHTIZ RIE T OERA OB D
W3, Zn BT & IZIERBEOMEAIA R 57z (Fig3). PQ
PQ+ QA ZIRNNT % & Zn, Ni#T 23 Zn0,> ™, Ni 4 &+ ¥ D
BEEICEDE LS < 5> TH D (Fig2, 3), 2D 7281000
Am YU EOEBEREBEEIRTIIBERDENLIDET LA E
FEZibhb (Figs), k¥, ZonDFMHEM & » Bk
BT, QAERINL 7281 Tid, ARFEAELIH 2 h T
W72 (Fig4) . QA &ML 72 83 T 200~2000 A-m > D H
BREE L LOESEREEIRICB T Zn—NiAEEHO
BRI L 72 (Fig.5 (a)) DI, KIFFEELHIH S
57:0FELO6N5,

PQ, PQ+ QA Z RN L 72 VA 1 T &, 8 % & 511000
Am PP EICE B EENRONIGEENEMNT S &v )
B 2 28 1 5 h 7z (Fige (b)) 24U, NilZx LT
eI 2 Zn D A1 Zn0,2 ™ 4 F v OHLERA & 7
DNiMFHHE F Z PR AEREE ICEE L TohAaned
(Fig.2, 3), BHHE ORI AE, BEHIREO NI &4 38
MUZ=EEZBNS, PQIZIE, WO A F+ v DA d
W B21EHN D 5720, Z0 &> BHFEEOBINZEN
NiGHENIRMT 2 LW BN S EHREC e H 4
bENB, ZOPQ, PQ+QADHIMIZE D ZnO, " 4 F v D
WHAMEH XN B 28T, O vy — VAP SDHMZn® -
XIIBVWTHE IR TVWEEDLE—TH D, Zn—Ni
BEBEIICB T RO R S N7z, Zn0,) 4 A v
DILHNZ KIE T PQ & QA DMFEANRDOEKIZDONWTIE, Z
NETIIHRE SN TESTAHATD 5,

PQIXESIRE T ThH D, QAILEIMT v =Y 41



DODHETH %, T ROKEZOPQIZER D% 5
FEfRIE DAY A MIZIEDIRET 2 DIZ LT, 5 FED
INEDQALE, RTINS A MIIRETEZ AT Hh
b, ZD728, PQOWEE S 4 b OFRIEIZ QA 2 IKFE L TR
IMA DRI TS REMED B 5, IRINAOWE
BHRWMNT 5, TabDBRMAIORENEL &5 LIET

T, TEEUE % & T B A T OVEIROREE 25 S U kR
JETDA & v OIED PRI E 5 LFHTE 5,

4.2 Zn—NiBAE&EWEOHMES L&E?%ﬁmw%g

AR A B R EE N TOEN T, W5, BHRITR
WEET vy P4 M IRERBZ krb@ﬁ&éh“m\é
M0 KB D PQ + QA & TR L 7= 1WA b DB T
Zn0," " 4 & v OPLHRAE R E T (2000 A-m ™~ )f@%
Price b od, FlEaseis 2L 72 (Figl0), PQ+ QA
d, AEETIC K 2 EA R A PR S Z LT
AT, P O Zn0," ", NiA & v O A HI L Tw b
(Fig.2, 3) o Z DAER, BHTRLO K5 SRR 2 PR & h, 4
&ﬁﬁﬁmﬁ%r‘<&h AN R 572 F A5

o A LB & JIH] 9 % IME & 300 L 72354 & 2000
Am Z“C &, BRI S E & D PIFIZ % 5 7228 (Fig.10),
PQ+ QARMNE & Tl & h - 7=, BATED E A i

3, WA X OB HFEG L TWbEELLN
5,

—J5, BHEOMMREIZ OV, IR RN 5 &,
%ﬁ%@méﬁ%‘%befvmﬁwméh%<&ot
(Fig.9, 11) . FEICEEHTOME L % #1 & ¥ % PQ, IME % I
M4 % &2 OMEBHIEE Td > 720 Zn— NiR2ICR -y
REEX 7 12 & 5 LS T Oy MO % R NI 12.8~16.5
mass% C& %, PQ, IME % IR L 72 VA 7> 5200 A-m ™ > IZ
THRLRNLEHBIE, NiGHENT.1, 7.8 mass% Tdh 512
LD SFyHMHE D, FHAIREX 2> 5 PRI SMHE
35 5T, yHOREHIBEONI LD & DB WNIE
HETYHEMIZZ BRI & LTE, yHIZZo 2B L T
né’&ﬁ%i%héﬁﬁ%iT%?%é BWHIZEB T

, A GBEE2E < &2, b bR AP
é?ﬂ'é&: B U & N7z I 1 A3 A D IRRE THE AL &

N3 =am I HPIL 2236 F i (& 2 0 3 mEi i)
@ﬂ%ﬁﬁ%%ﬂhé ENWE X NTOE Y, SRIRA A BRI

EEAEENEFRIIN A RS LEFE 2 PRI 5 Z & 23
iéhfﬁé”oiﬁﬁuhwfi,%ﬁﬁ@ﬁmuih

AT DM ALEE I % 728, EICE N7z Zn & Ni
DT (Zn,, Niy) 23K DBEIANZ D, KEX & 135
s BRI CYHPER E NG o LR Eh 5,

5. #&

i

BECRE A&7 L HY Y v — i (Zn0 0.15

mol-dm ~*, NiSO,-6H,0 0.016 mol-dm ~°, N (CH,CH,OH), 0.34
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BRDGRAE &L 2 r =50 Zn-Ni &5 S BN 2E B 22 O ARG

mol-dm ~*, NaOH 2.5 mol-dm ™, 303 K) #*5 D Zn— NiH4:
BB & 2 OWANREE 2 AR, LT Z &%
Mo Te, BITEEIA LT A 5 20T T 2B ER
AL, ERFNOFTINZ L DK U 72, RFIOFREHIC &

D*i%&@ﬂﬁ@?&ﬁﬁ&été%b%f,%Wﬂé
GO S OB RS IIZEN— L 5> 72, HEE
ﬁ@%%ﬁ~i:m%ﬁéﬂ%?é%%ﬁ@é%ﬁﬂé
W 5 & k& KT U722, XRANL, ZnEMH & D NITE
WOJ % 0@ Rl 2720, BEHEONIGAEIE,
IRFNE RIS 2 LK T L7z, EURT v E=T LA F 4V

PNEFRICHE Lzma+ (PQ) 2T 5 &, WHhd
Zn0," ", Ni 4 & ¥ OJLEII & NS B K I Bl

B ORI ENENIRO NI &H R8N 5 &5 5
B 2 N S h iz, ZhuE, NSk LT 5
ZnDFFHBHAZZn0,> " 4 F v OEER AR L 5 5 72— )5 T,
NitFH R IERR IS S a5 2720 E 2 51 5, PQ
ERVYVEREGODENNT V= A5 AU TR
% &, Zn0,) A 4 v OILEIRAEREE T TOENIZHB WL
T, ROMSIEHEE L 2 W AaRMERAE 6N, &
Hr oW aE % BN & & 2 0 IRA &2 I3 % &, SO NI
GAEFIZED ST, v (NiZn, EEBLAY) BER S h
2 oz,
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