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Hydrodynamic Analysis of a Continuous Vertical
Electro Plating Cell
Tetsuaki TSUDA, Atsuyoshi SHIBUYA, Minoru INISHIHARA,
Katsuhiko YAMADA, Mitsuo KATOH and Kenichi YANAGI
Synopsis :

An engineering interest to develop an electroplating cell which assures uniform alloy—plated coatings
at high current density and high-speed operation has stimulated this investigation. Many beaker scale
studies have been reported about the major influence of electrolyte flow on the electrodeposition of zinc—
based alloy-plating. Much less is, however, known about the availability of process data obtained from
laboratory experiments for scale-up and process design of commercial-size electroplating line. Experiments
have been conducted utilizing a high-speed pilot-line, coupled with flow velocity measurements in a hydro-
dynamic model with a moving endless strip. A process analysis method for a continuous electroplating
line through the use of empirical correlations of appropriate dimensionless numbers is advanced. The char-
acteristic quantities for this system are the hydrodynamic equivalent diameter, and in addition the mean
relative flow velocity in a coordinate system with the movement of a strip. It is shown that alloy-plating
behaviour at a continuous plating cell with fluid injection can be approximated based on relaxation of

similitude rule.
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Fig. 1. A Schematic plan view of the rectangular
flow channel cell with variable incident angle.
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Fig. 2. A schematic cross-sectional view of the
hydrodynamic model.
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Fig. 3. A schematic of flow velocity measurement.

Table 1. Specifications of electroplating pilot-line.

Strip gauge 0.2-0.8 mm
Strip width 100-300 mm
Line speed 20-200 m/min
Plating cells
Vertical type 4 cells
Rectifier 8 kA x40 Vx2/cell
Injection nozzles counter-flows
Anode Insoluble
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Fig. 4. Effect of electrode separation gap on Ni
content in deposit.
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Fig. 5. Influence of Reynolds number on Ni con-
tent in deposit.

i, =y P=AZEIVIRIR TS, Bk Pb
BEOTREREBE > OXOBEC I LPHEH L. @
BEICHBR L TODOIRBEITDITRE D, HO
FROBRERAEIL , FAREF L VEFHETI LT
Yo7, Fe-Zn »o¥ iHh~it Snz+ % 10~30 ppm
ik X 5 BB EZRML, B0 FEbADINE
RN FRBE-A LY, THEAD DO X WA
ENTARRECDT, RERBEE OO 7 AW X5
ERBOBE NI EE 2, BEEYITOL.

3. RERBREIUEER

3.1 JO—bBATOHDOZEE

DOEWH FTIROBE, FHWE ¢ (EEIRE/ W
H) @A w T, Zn-Ni D oX%{F 2 -
WE% Fig. 4 wrt. bbb (1) EHEEAE-
35, AE&EFFdO Ni @FRIE. (2) F it E
PR—0BE, BE-EBEROAE VIS NI 5K
HEV. ZhidoXROMEBREELERT 2 -8

ik, WUARERELCT TR THY, BERERL
FTLRILHETHLENDH L EER LTS,
Frm—w TORERE & LT HRMEDFDHEYBER
de (=2hw/(h+w), I h XEE-TEBEER, ©
EBIE) AEAL, PHRE @ 2REEEL LT Re
BakDdDT, Fig. 4 0 F—2 »BELEL- &R Y
Fig. 5 wiR¥. h OX/NChhbbT Ni 4FEH Re
KoBIEE LCaiE—ADMBIcEs = Laibhs. B
AR B Y THE, PITEREER TH B AHDER
B F 7B RS © X IO\ TR AR TGE @ Ot de
YREELL, 5574 7 ABDOXEOWCIIHSE
L TCoOMEMRRE @ ROEEMAGEE R 2 RNER L%
2bhbZ EERELTWS.

DO X RTVGA FEEH 0° Th 5 FT RO S 4, Fig.
6 » Zn-Ni »2o%, YOk, Fig. 7 @ Zn-Fe »o¥
DOTRHIZDOWTE, HOXED LY THRFRAOER
BEFHAOEME (KALHITEZER LD BRI
§=X/de) TOBEBRSEBRIE R RE—THD.
72 §=0~5 DETRHREED Ni #7212 Fe F%
Lo T %. P EoRREIR, ELEERC RS TWER
BB ADEINEMDD - L L FE LT
%. —H, DOXEWHRMGALFAEEN 45° CH 5 BEE T
DHFIL, Fig. 6 RO'Fig. 7 1o Bobnkt kD,
Ni 4 U<k Fe &HFRIERELHECEL, THAR

’g 20 Re(avg) = 5.0 x 10%
s [
(2] .
'9 1.5} °
x Y Y
lx [ CH
Lol
oy Relavg)?1.25x10%
|4F_ —.—--)—_ :u:-—.—ﬂ—
+ 3
3 I13F D/
L2l L ___Reag:soxio®
2 Wp e e T o=
= 10 : /
of 0—o—°
sl
Lot vt i s b v a1
9) 50 10 X/de
Distance from the stagnation point
Wall-jet Flow Paralle! Flow

O—O Refavg) =5.0 x 104  ®-® Relavg)= 5.0 x 104

4
O~ Refovg) = 1.25x10° ™ Relovg)= 1.25x10

Plating conditions :
[Ni2*]=1M, [Ni2*]/[Zn2+]=2.5
pH 1.9, Temp. 60°C
Current density 80 A/dm?2
Incident angle 45°
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Fig. 7. Comparison of streamwise deviation in
alloy content for Zn-Fe alloy deposition between
wall-jet flow and parallel flow systems.
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Table 2. Gas bubble enhancement factor of
Cd for Zn-Fe alloy plating.

kg Ky, prea. B
(x107%2cm/s) (x1073cm/s) (—)
1.0 12 3.9
5.0 6.2 1.5
10 5.8 1.3
o 5.5 1.2
Here, %oss =5.5x1073 (cm/s)
g= M, pred, 1
,cale.
kM, cqre P ky calculated from Chilton-Colburn, equation (5)
kg : Kinetic rate constant, assumed to be within the

i above range
Piating conditions:
80A/dm? pHL 8, R, =8.6x103
[Fe*]; 0.76M, [an"] 0. 54M
Plating current efﬁcnency 77%
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Fig. 8. Overall rate constant K of trace Sn ion as
a function of Reynolds number.

Table 3. Gas bubble enhancement factor of Pb
for Zn plating.

. Fobs kr kn, prea.
B Re 08 N > b od B

2 M (x10-% (x10-2 (x1073
(A/dm?) (x10% cm/s) cm/s) cm/s) =
60 1.13 3.7 1.6 4.8 0. 56
60 2.26 5.5 1.6 8.3 0. 56
60 4.52 7.8 1.6 14 0. 56
120 1.13 5.9 4.6 6.8 1.22
120 2.26 9.0 4.6 12 1.22
120 4,52 14 4.6 21 1.22

Plating conditions:
ZnSO,- 7TH,O L. 4M
Na;SO, 0.5 M
pH 2.0, Temp. 60°C
Plating current efficiency 94%
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Fig. 9. Schematic representation of flow in the ele-
ctrode separation of continuous electroplating
cell.
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Fig. 10. Relative velocity, U, of electrolyte as a
characteristic velocity for this system.

Table 4. Variation of local Reynolds number
calculated by eqn. (7) based on velocity profile
measurements.

Line Speed 3 Reg
(m/min) (X) de) (x104)

50 L6 6.9

50 14 4.4

50 23 2.0

50 35 2.5

100 1.6 9.3

100 14 6.6

100 23 3.8

100 35 4.8
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Fig. 11. Variation of the overall rate constant K
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Fig. 12. Dependence of Ni content in Zn-Ni alloy
deposit on Reynolds number based on relative
velocity.

Table 5. Comparison of experimentally observed
Ni contents with predicted values.

Line Speed 50 m/min 100 m/min
1.6 11.5 10. 7
X/de 14 14.0 11.5
23 31L.5 19.0
35 27.5 14.0
Average Ni% pred. 21.1 13.8
Ni% obs. 18.5 14.8
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T 2T Rey (XBHRO FAABERIERIC X % i /A
ERERC(7)ReEALTELNS.

Ao BFx+hiE, BERERFEHIR (X=0~L) R
Re EEEHL T BEETIIERR (8)HIGL T
DEXELZFACOANELLTWEEEL BN, FDHD
B2 FEO QUEDFHEL (1) R TRDHh5Q &L —
%3 5. BEOEIEBEC R OIHERIL, BORD
DEMBE LRI FIREEZE D E LAV TL2A0FE%
RdDIUL I\

BHEBNLS F 4 7L TOELE Fe-Zn »o x5
APT, HOEELZHMOEESERSFE IMMA T &
DB TR, BEEHOYGAD BTG LT
Bic Fe% OEWHEREZBEL Tk bh, K5O M@ITE
DEMEE X ERNCZHFTHEDOTHS.

Table 4 OZRPERD AT Reg AT, Fig. 12
CRIREINEER O(Reg) X b, BT LD Q¢ %Kk
BB, WIC4E (E=1.6, 14, 23, 35 TxET D Qe
DEMFHERETE Ui FEs Table 5 @ R LT Fig
Ni%prea- THYH, HOXERFHMBEL FERVGAIGE
ALTW3%. ¥i: Fe-Zn »oX ikl 5 Sn2+ Ity
ZEhC oW T HFERR Fig. 8 »bBEbhitc krp=5.0x
10-2(cm/s), f=3.1 %M\, F14 Y AE— i 50m/
min, 100 m/min OBF OV THAT Reg H%(6) X
CRALT, 4H0EMEHIY kM, pred. ®IRD L.
K (2)R &b Fig. 11 b0 kprea. H° FilIZH 5.
kpred. % Kops. LD RXEHOMEI DTS, O
E&MHRRA—THIIE kr Z—ETHB EEL DR DIM
B, Wi B=2.5 RAVTHEHETLL, FoTHHEE
FEMEE IR —&KT5. KPROMPTEIELIEEL L
THALTARERERL, ETD02%D Sc Frkx
< (102~10° Dk — & —), BEIKBESRL, Tk
FWERBEA XD T4 EBREIGHREAITED R
B KETAC L, RERXBEREDOEXES vV TD
Re i &HDdTHEL (104~10° DA — 5 —) FELITHR
RBThoicd, Prandtl oBERAICZ BN X510, B
DT AR LTh (7) R TERE U fo MR ik %
P HACER B ETHD LHEEINS.

Fe-Zn 2% Sn #HFHBERVT, 7o —wi
RABy P FIAVET, RRBROR B HTFAELR
REBEELNT LS BSN TRV, “HCsT R
EfED 7 AR N—RH L LTS L 5 % & Bbh
5.
SBBELNBESILENEE AL, kr 2ER L T
BHATERELCRD, ELAFETOFAWDOKE X, F
EE, FYARORKMER EOBEE b T, X HERE
BISBRAANETH 5.

4. £

7R =2V X HD0XER, WAEBEEALFH LR
EAMRE, LW, B my b - 54V TODD
EEBET, AEDOXER L DO XKITE & OBER
KOV THERE LR, UTokgRErvE.

(1) EEAEMEI (45° MGAR) (T3 (0° WARK)
CHNCTEBEFEH DD DS FED S SEK O E—

i
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BAEGE LR D2 & O Wk T W AR T 953

CEARE. Fhbb, WAL AT TR Zn % A
B THA R EI 2R T Zngy 2384 L, v CF
TROLED Zngy CHIL L. ZHIX TR Rk
TR L D RO FE L ELTEES N & RA BT
THRDTHSEHEESNS.

(2) MEHFAAV2EML CEBREOEHCK
T AYERBRELYTAE L L A, BECHWEBEIR
EBG bR, REREEBNEETLUTCRETS
BlAEKFE 7 Ao RERGERAVBELREE cCOWER
BEiEL 5 LEEIR, AL 0XOBRRAERE
EolEHFELTWHLDEELBRS.

(3) BEIFTIGORBE BT — R BRI ICETT &
WEBBIEHN E OBEFIEATH D & 2, b (2)RK
BRO(O)RIC X b b,

(4) BEHROCETTDIANY » TEHEEBET DD
RN OBB-EBE OO X RTRESAIE, AL Y o
T ED 7 =y I EYGARIEIRIC X % BEHPEE & O H
BERAC I AR IhICEMRTHD. ZoRERE
THEELTEATAALY o 7 LOEBERDN DRI
wHsEE U #EHLT, cheESWiBbhsB
T Re Buz W CEHBRERBREDO 7 e — b1 m
b X L ORI - BT AEURI Y EH T &
5. FTioh bR L ) BERME L BRGSO ER
BRBEBEDO DO X LRI Y 1§ L RS MREIEME &
HEOWTEBRTODOEIBEBTHETH I ENTES.
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