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High-Efficient and High-Speed Chromium Deposition in a Formic Acid Bath
II. Influence of Chromium Ion Concentration in the Vicinity of the Cathode

on the Appearance of Chromium Deposits

Akihiro YABUKI*, Ryosuke ABE* and Masanobu MATSUMURA*

*Graduate School of Engineering, Hiroshima University (1-4-1, Kagamiyama, Higashi-hiroshima-shi, Hiroshima
739-8527)

A defect associated with the use of the Sargent bath, a widely-used device for chromium plating, is the substantial-
ly lower current efficiency of chromium, compared to that of other metals. It has been reported that the use of a formic
acid bath leads to the production of amorphous-structured chromium deposits with a higher current efficiency.
However, it is difficult to use this process commercially, because of difficulties involved in maintaining the bath. In
this paper, the concentration of Cr®* ion in the vicinity of the cathode in a formic acid bath was estimated from the
current density, the aging time of the bath and the rotating speed of the rotating disk electrode (RDE) apparatus. The
results show that Cr®* concentration plays the most important role in determining the appearance of the deposited
metal. The effect of formic acid and sulfuric acid on the chromium deposit was investigated, and the optimum Cr®*
concentration in the vicinity of the cathode on the chromium deposition process was determined. Taking these results
into account, the conditions required for obtaining a bright deposit with a high current efficiency at a high deposition
rate could be predicted, resulting in a bright deposit with a current efficiency of 64.8% at a deposition rate of 17.1xm/
min.
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Fig.1 Mass balance of various ions (upper) and the concen-

tration distribution of Cr®* in the vicinity of cathode
(lower).
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acid bath aged with various times.

T—Y 76, 12, 18 EE X UEEESL 4000 rpm T —Y
71, 6, 12, 18, 24FfilicBwC/oniz k ZHWT
HELEZS, CoBIRTOEMTIEIF—F L, LT
MBoT, ZastfHMEE 2 & & ORELED 37 asA
X OREIFFEL WV,

iz, Bonick IR D 6 e 25HET 2 £ 0.21
ThHolz, BIRPTHME L, REBRMEDBRYPSFEL D
L, el 0~0.45(45%1% 100% 5> & 55% % 5> 72 {H) D ik
ZHHETTHY, SHRKEORERERT DL, ¢ld0
~0.3ELHHE NG, Bohifl(e=0.21) 1% % D HipH
ZHBDT, eP—TETH5EDREFIZYETHS LEbh
%,

UERBRRTE L5112, WEBHME TOEMBKEO 3
D7 arA X REOHBEREZET, £FE2 0L OWHEEA
FRLEXDZQOREEREHRLLEI2, ZhoBEEOMEE
@osﬁ@l—yyfﬁﬁxxU%%ﬁ@@ﬁﬁﬁﬁ&é%
BB THIFIF—E LTz, ZO—BIEBERED 3 i v
A%ﬁyu$E7UA@ﬁm%imL1wétmoﬁmk,
FhpoBniz G DFFERABEL VI E2EKT 2, &5
2, ZOHEHN WA TE ZHFAEILT S0, KIVIKE
o EWFHT BT OVT Y 3D 7 aiA 4 > EF%
LTWwaZEEHsMIZLETRIER SRV,

3. 2 RR/IKEH-> ETHOEN

HiRD o> & LK > EDREDE FHEMESE *X 3 1
KT, RO - & TIFFEWRMED, K-> & TIHERES3
~7 um ORFOEPBEES N, MEEHKT S L, K
B> EITRDEDE M7 T LA F L PEED EFEN TS L
TeZuADREEHRBICLbDEHFZ NG,

HIER? T, L 1500rpm OLET TOKED > X D
MriZ o —Y v JRRENCRTE T 2 2 L B LTz, X4 1cnliz
#1500rpm TOH T —Y V IEFEIC B W T, ()RDFHEIC
X o TRDI-RIEE C > ZDOERMREOBUE 2RI,
B D X 13 > E 2 L wngt:, ORD-> &, @l
K-> EDBHT 284 THY, ThzhodEE% 1, 1,
NIl &kl 22T, WMHRBREZ G, KAH-E L
BOHPEE Couy EEHZ LT, @B 0L 0WHM»IRE 2 &



142 t

Fig.3 Scanning electron micrograph of the bright deposit (a)
and gray deposit (b).
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Fig.4 Appearance of the deposits obtained under various

condition in the formic acid bath. (Rotating speed :
1500 rpm)
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Fig.5 Relationship between the formic acid concentration and
the aging time of the bath.
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Fig. 6 Appearance of the deposits obtained in the formic

acid-free bath aged with various times. (Rotating
speed : 1500 rpm)
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Fig. 7 Effect of sulfuric acid concentration on the deposit rate

and the appearance of deposits in the formic acid-free
bath aged for 1h. (Rotating speed : 1500 rpm)
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DoEXWRZEbo>DF(=—y > 7 24 1M, 120A/dm?),
BB D EFICE D SO EEIC L > T3 fizass
YOBEDPHRD - SBE TV o170 Thb, &5IZ[H
R B S ETHE LR ot (m—y > 7 1R/, 40A/
dm?) D%, FERIZ 55> Twic b OOFEE/ 3 iz asA
A EEBN 1IN 6 UATICTF BT LES 7D TH 3,

%72, 3Mliz oL Z2HVIFBEY ICk3 L, FBELET
TiE3fliorasrsDONHbH 5 b sy, 6ffior
T LA F AT, 3flid 7 astFriddienicy, K
WHRCTHW FBENB TR 6 Mo 7 asA 4 > O
BXEWTH 2 L Bbh b,

5. BYFESES OLDS EIE

i 7 v b4 4 VEEOHRE, KR/IKED > & DERK
HE, £E27 0s0NHBBR SOV TOELZNS, R
zusd oS ONHEES L UERSR2 EAESE 51213,
ROEDCD> EEXHRRET NI VWEEZ SN D,

BREEMED &, KRBERICHERERDL 215D
379, 70 ALrNHOBRINEMEL %59 Licd’>T,
EBRERE2 PRI 57-0121F, BREEL2 LA IS¥hITE X
VW, L»L, BREEZERSE3 L, BHEEETO CH
ERL, BR® - &L SMAND, THRIRRT 51213,

1. o EWEP L TRAAED 3D 7 v A 4>

DB EEL T C 2 T 3,

2. WIRO-EPBOENZBAMECon 2 LT 27DICF

BEEHmT %,
DEMERITZIE X v, s DEMEE2BERNICHRET 2720
2, ETFBRE L —Y I OBR(E5) 2HWT,
X 4 Ol Z FEEEE AR L 72 (K 8). Z DK DL
DI (Cs o < Co < Co ) DR - EHTHOEHTH D,
FREDIEEE D IE E % DIEDIE D, REERSEA:DON T XE
BEEAMROEVORI—Y VIR0 DEETHE, ZDE
XOFMIEE 0.50mol/dm3, BX U iEd 2 Cou=
1.75mol/dm?® &, DIl Fifleo—Y 7 1K
Bz B 2 FBIEE 0.41mol/dm?, Csy=1.50mol/dm® %
8z TR LIz, RICKE9 Offtfliic oD Cou B &
U Cs6(0.30mol/dm®) D %2 & D, % o DR % i B



144 Wt
3
Formic acid: 0.5 mol/dm?3
25 L (0 h aged solution)
© i : 350 Afdm?
E 2
g Cs H
15 F
E \O\
PRl
O
05
UsO0
0 1 1 1
3
Formic acid: 0.41 mol/dm?3
o5 L (1 h aged solution)
[e2]
e 2t i: 250 Ajdm?
o
g 1.5 CsH
=0 \Uso\
o i: 190 A/dm? A
05
CsO
0 1 1 1
0 1000 2000 3000 4000 5000

Rotating speed /[ rpm

Fig.9 Relationship between the rotating speed and the Cr®*
concentration (Cs) in the vicinity of cathode. Cs were
calculated at 190, 250 and 350 A dm™? in the bath aged
for 0 and 1h. Meshed area shows the concentration
range of Cr®*' in the vicinity of cathode for bright
deposits.
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EEili s,
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