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Abstract

Lead-tin-copper ternary alloy electrodeposition is conducted onto the inner bore surface
of plain bearings as an overlay in order to investigate the effect of slot width, current density
and fluoboric acid concentration on the uniformity of overlay. The thickness of overlay is an-
alyzed by means of current distribution resulting from the overvoltage of plating bath and the
apparent distance between cathode and anode.

The results demonstrate that the uniformity of overlay is remarkably dependent on the slot
size and current density, but has little bearing on the fluoboric acid concentration over 100g/L.
This present stuay indicates that uniform overlay is obtainable within the tolerable thickness
of ¥2um by using the slot width of 22mm. The surface morphology examination also shows
the important role of concentration polarization on the micro-uniformity of overlay. The micro-
uniformity has improved at the low concentration polarization which resulted from operating
at the low current density and high fluoboric acid concentration. The surface morphology of
deposits exhibits the vivid pyramid crystalline in the plating condition of low concentration
polarization and all deposits have columnar structure parallel to the applied electric field regard-
less of the electroplating condition used.
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Table 1. Pb-Sn-Cu overlay plating bath com-
position
Chemicals Composition
Copper 1-—4g/L
Lead 100 — 130g/L
Free HBF, Varied
Stannous Tin 8 — 13g/L
Boric Acid Saturated
Additive # 1 2 — 5g/L
Additive #2 0.5 — 2g/L

Table 2. Chemical properties of lead-tin-copper
fluoborate and fluboric acid.

. Properties
Chemicals
wt % g/L Density
Lead Pb (BF4), 50 875
Fluoborate HBF, 0.7 12.3 1.75
H3BO; 4.0 70
Stannous Sn (BF,); 49.6 795
Fluoborate HBF, 1.8 29 1.60
HyBO,3 2.0 32
Cupric Cu (BF4), 45 693
Fluorborate HBF, 0.7 10.8 1.54
H;BO, 30 46
Fluorboric HBF, 49 671.8
Acid H; BO; 0.5 6.85 1.37
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In . Current density of the cathode nearest to
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It . Current density of the cathode furthest
from the anode.

en . Cathode single potential at n

es . Cathode single potential at f

E ¢ Potential drop through solution only, from
anode to f

dr

K : Primary current ratio(‘—‘g; . numerical
value)

dn. Interdistance between anode and n of
cathode,

df | Interdistance between anode and f of
cathode.

I‘n

K: Actual or secondary current ratio.

7k 2] dn (anode(A)
2]) Apolo] A Ful % ol
df Alelol AFUER
< A Ze A

Fig. 4 (A) oA [n A%
9} cathode(C) & n¥-H7} A
o, Ite S2A 7 HA
of 5 9 Abole} AFUE
2 vebd F U

T 3] Yojubxl Y (en=en=0) 2}

%3 C
S3EFo] Ao} FUE (en=en¥0) 7
=

T 14 AFEEE 541 FE ofzfj o 44
(2) 2 ZA A},

I'n Y e aereneee et e anaetatateaaaas 2)

Tp = Ko (

2t ololds) AFUE e (¥l AR
U5 [t RAFUEE WA FAL £FF
A7t dojA Al ok Fig. 29 Fig. 3014 slot
width 7} & 7}goll whal anode 9k cathode ®] center
(a) -8 Abolg] A LAY ¥l anode ot
cathode 2l edge 291 (O Abol7} BolAlw 7R &
F577} center £ Bt} edge FH7F FoksHA

S 5 ek

&H R. A. Schaefer F+ &= Atolo] baffle 2
4 shielding Al &=} AFEEE Fig. 4 (B 2} 2ol
Wtz p3ele f“rflﬂ]”—‘”} T AST AR
712] (apparent distance) 7} Zo}A| Al 5= g4t
EEEE 9 F gon, o T 7 FHolA
o A ix ZE7IAY AF(gY) ol v
(icg®) Gk B sfa QfeH®

Fig. 5+ slot widths} AFH% W3l W& 3
213 overlay o HFFAIZke] WEkE ebd A
olch, AAMFUE A slot width?t F7Hglel] u}
2t HaFAZ (A A FEE) L parabolic 3] &
7hetdom, w3k o]eld FA Frte AFdEst
Z7hghol whel o A gke] AR A VeldE &
Art. ol AdozHe FHE F AFUF A
T dbZo) A Ao g ALLE AFeke

dth 7} & 7}dho)

O 4 A/dm?

e @3 ¢
5 o2 v O/O
- @1
S (o] (o]
S 30F
>
3
o

24}
@
w
o
<
%]
e
k—

Averoge
o
[ ]
X
-]

T
@

O I 1 1 i 1.
il 22 33 44 55

Slot  Width (mm)

Fig. 5. Variation of average thickness (relative
efficiency) with slot width at various

current densities at HBF, 60g/L.



110

F4Edxe A18d A3& 1985

7t aobAw slovsil 213 shiel i
F dhgol molt: WAL AHoz 4

grh 2 slot widthd Zav 4Ad A EolA

F

a
o of
o
£
Ao
2
2
)
ket

=] (<]
e AFUR) wep QXA oz Fridhy, ol
T30 A gako] Aol G4 BHH AR u
2l 8kl wg-o] vt

A AR 4 A/ oA 2087 AT d:
=¥ slo] W overlayd F7 W3S FA3 Ao
o}, 84 =7 60g/L°ﬂ’q overlay ¥4 T

qol 7 B AAEE MolFe], A¥E wohE
TF s FAd Zd#%% AdeT ITE BoE
c},
33 b HBF, Concentration (g/1)
0 30 O 100
© 50 o 200
32 ¢ ® o ® 400

Thickness of Overlay’ (um)

Measuring Point

Fig. 6. Thickness of overlay as a function of

fluoboric acid concentration at 4A/dm?

o)

abd o g rFde "AEwrt FrhslkA
Lol transfer& =7t F71aAl Hol A
o Ao FEEFL Hoix 7| wlfel SFAPANA
ok Foll 77 BAE L AFUEA), 7l F-
Ae A AFHES}L 27 A shA Hol "] A
E57F A2 mgolol vsl o AgL
ek & A7 "45—‘:7} 2 zgde AFEE
£ A 9§ 13 AFEE o °37%h°
AH oz WA stk debd Fig. 79 A
A3 Fig, 69 ABE vastd 2 47| 7.1
7} g & Fod AzAK o] FolAA Hol TUR
overlay & A A1 4 9lom, 60g/L HBF.olA
center ¥ 9 (a) & edge ¥-3 (0099 FAx 1um

o3t} FUAW EFEL HelFTh EG FEAF

T

Hoi x|

o Pﬂ -'H a

E7} 60g/L ol AellAE, FAFAE L= A
FA 2pm o vl A FAF AAFE BT
ok,

Fig. 7904 =839 JFd57+= 58455 60g
/LollA AHAE veplz o] B84 R S

Ahitel weh 240e Mol Eeh ol: ¥4 FE

[-4

—  33p 1320

- c"‘J\o

E \<_Cell Voltage -3

= ° - 3

g st 8. {2809 =

3 HI
. ) zre 2

- Conductivity 3 3

g 29r © J240 3

s HE

K <

el Al ©

.

>

)

b3

H

£-¢

- / ><° e
e | L
vV T oo

25 t e
T . . , T
o 100 200 300 400
' HBF4 in Solution (g/L)
Fig. 7. Average thickness of overlay, conduc-

tivity and cell voltage with HBF,
concentration at 4A/dm2, slot width

22mm.



Pb-Sn-Cu

A4 TR AxEe 7YY 97 1)

wistoll wet G4 A F HY W F4 4 " A
soll 7iQlEle Aoz s, Rl FE84 St
2 2FgeolM e H 5271 SrHEA Ao, ol
s34 AEE FrhElY] 4 DARHE A 5)E
B2A Ades HEET 359 %8 tasd]
A Reg A74de, =3 Fig 7004 A7 A=
FAL A ¥E 50g/L el A LA E
epll i ofA] FEBAL FE7F F7Hol wte} o] A
£ 57} F71eHg v FEot, sl o faElso] gl
olg9l Fx7t FrlskA ™ A7 Axnes o
Ao g FrhaiA et

Pb-Sn-Cu 34 =AU o] 4 F
o] #&3e =F 44 Pbt Snel *F
Agdpc g4 old 38§55 HE

A 9 (less negative) ollA] 249 43 o
oAuiAl etk el Fig. 79 %%4“5‘57}
/L ZulbolA] FAE niAe
lof) o]y} He Frosl EilHm F
ol 2ol o8l ¥L FEAME F3 FEAe
o) A7l Ax 7} 247t Folslelnl Aoz Alg

i

r‘z fr p

S
1o
o
[y

W Ee z

E]o], olel &) 5101194 cell vohage® AEE7}
Z7gdel we} Badtn, Hado] web Fogs
E‘_ T 9\14

a2t Fig. 7oA LoiFe wist o] FEA

FE 7} 50~60g/L FTolA el d4e 2 4
Holl 4 vhel} B Az A7)8HeE) S9o)
A F dsiolel ¥ FAAetn A7dot

3-3 HHFFYPEX
A =359 A4 Ag4Ae 2359 s
HogRe Aauwpgel Habel wWekd Axde
¢ Fig. 83 Zo] JAL 4 gt

columnar &

Az Tz Fig. 99 Fig 1000142} 7ol
pyramid d4te] Ago2 FAs]o 9, AF

néi

SEM micro-structure of fracture surface
of as-plated LTC overlay at 4A/dm2,
slot width 22mm, HBF4 60g/L.

Fig. 8.

Fig. 9.

SEM micro-structure of as-plated LTC overlay with the current density at
slot width 22mm, HBF, 60g/L.
(A) 2A/dm>

(B) 4A/dm?



N2 e B Aigd M3F 1985

Fig. 10. SEM micro-structure of as-plated LTC overlay surface with HBF4 con-
centration at 4A /dm?, slot width 22mm.
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