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Comparison study of trivalent Cr platings of sulfate baths and

chloride baths for plating exterior parts of automobiles

Chang Ho Woo

Department of Metallurgical Engineering,
Graduate of Industry,

Pukyong National University

Abstract

Experimental study of trivalent Cr plating to select a practical plating
solution suitable for plating exterior parts of automobiles such as
micro—porous MP plating of radiator grill was performed and following
results could be derived.

According to the analysis of trivalent Cr chloride baths on plating
properties, the maximum plating rate, 0.3um/min was possible at 10A/dm’
current condition. The plating efficiency was over 15% and the maximum
plating thickness was 5um.

In case of a trivalent Cr sulfate baths, on the other hand, the maximum
plating rate, 0.03m/min was obtained at 5A/dm’ current condition. The
plating efficiency and the maximum plating thickness were below 5% and

0.3um, respectively.



As a test result of corrosion resistance of trivalent Cr platings, platings
of sulfate baths appeared a more satisfactory result than platings of
chloride baths. Trivalent Cr plating of sulfate baths showed corrosion pits
of typical MP coatings on the plating surface. Pits size decreased as
plating thickness increased.

Trivalent Cr plating of chloride baths lost luster, showing a number of

micro pits spread over the entire plating surface. Moreover, micro cracks

were found when the plating thickness was over 0.3um.
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Table 1 Standard reaction potentials for chromium ions

Half cell reation Eo, V
Cr’ + 3¢” —» Cr -0.74
Cr(OH)* + H' + 3¢~ — Cr + H0 -0.058
Cr¥ +2¢” — Cr -0.91
cr’ + e - Cr* -0.41
Cr:0, + 14H' +6e — 2Cr®* + TH0 1.33
Cr:0;> + 10H' + 6e — 2Cr(OH); + 3H:0 1.10
CrOZ +e — CrO 0.1
Cr* + e = Cr* 0.6
Cr’* + ¢ — Cr* 1.3
Cr*" + e = Cr* 2.0

Table 2 Hydrolysis of chromium and equilibrium constants

Reation Log K
Cr** + Hy0 — Cr(OH)" +H" 5.3
Cr¥ + H,0 — Cr(OH)* + H* -0.42
Cr¥ + 2H,0 — Cr(OH); + 2H" -104
Cr* + 3HO0 — Cr(OH); + 3H" -18.7
Cr* + 4H,0 — Cr(OH), + 4H" -27.8
2Cr*" + 2H,0 — [Crz(OH)z]*" + 2H' -5.3
3Cr* + 4H,0 — [Crs(OH)41°" + 4H" -8.7
ACr® + 4H,0 — [Crs(OH)]1®" + 6H" -13.9
Cr®* + 3C204%7 — [Cr(C2040)s]* -15.4
Cr* + HxyEDTA? — [CrEDTA] + 2H' 23.4
Cr¥" + S0 — CrSO4" 1.8
HoCrOs — HCrO,” +H' 0.61
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Fig. 1 Drawing of plating bath for specimen preparing.
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Fig. 2 Plating system for specimen preparation.
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AFEEER o Cu A AL Table 33

, Al

Z712 Table 48} .

Table 3 Electrolytic Conditions of Cu Plating

Composition Condition
CuSOy + 5H20 220 [g/0]
H.SO4 60([g/¢]

CIC 60 mg/d
Brightener Ultra A, B, Mu (Atotech co.)
Bath temp. 29C
Plating time 45min
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Table 4 Electrolytic conditions of Ni plating
Class. Composition Condition
NiSOy4 + 6H20 272 [g/t]
NiClg - 6H20 41 [g/t]
H3BO;3 47 [g/ﬁ]
N pH 4.1
SBr— Ni Bath temp. 52T
Plating time 15min
Addition regent CF-Mu (EBARA co.)
Thickness Bum
Class. Composition Condition
NiSO4 - 6H20 310 [g/(%]
NiCls - 6H0O 54 [g/t]
H;’;BOg 48 [g/E]
NG pH 4.0
Br-ji Bath temp. 52T
Plating time 15min
Addition regent CF-1,#81-S,#83 (EBARA co.)
Thickness 8m
Class. Composition Condition
NiSO, - 6H20 280 [g/t]
NiClz - 6H20 59 [g/]
H3BO3 47 [g/Q]
N pH 4.7
Mp-Ni Bath temp. 56T
Plating time 2min
Addition regent DN-311,DN-333 (EBARA co.)
Thickness 2um

_14_




3.2.2 37} ABEFY A3z

B

2 Ao AHgE 37 AR ST 9FE> A( AtotechAl), Co(Coventya’h),
W(WINSTARAH, C(CanningAh), M(MacDermidAhellA 9438t 5572
Ladlow FEste] AREsilth e 37 AuEw & BT FYUAE
A AsHEAZE 371 BAHA, Co, W), FaEEAZE 271 3AKC, M)E o]l
gt e 242 Table. 594 2t

Table 5 Basic bath composition of trivalent Cr plating

Class.

Composition

Cr* : 22g/ ¢, Fe/:150mg/ ¢
Ammonium Chloride[ NH4Cl1], Ethanol, Formic acid [HCOOH]
Ammonium Formate [NH.HCO:]

Co

Cr” : 20g/ ¢, Fe :150mg/ 4

Formic acid [HCOOH], Ammonium Chloride [NH4Cl]

E\(})C%lﬁ_[ﬂ]e salt (KNaCsH:Os -4H-0), SODIUM HYDROXIDE
a

Cr’" : 22g/ ¢, Fe : 50mg/ ¢
Boric Acid[H3BOs, PEG, Ammonium Formate[NHHCO-]

Cr 1 10g/ 4
Sodium Saccharine, Thiourea, Ethanol, Boric Acid[HsBOs]

Cr’ @ 15g/#
SODIUM HYDROXIDE [NaOH], SODIUM SACCHARIN
Malic acid [C:HsOsl, Ethanol, Boric Acid[HsBOs]

_15_




Table 6= 37} AwEw °oFF AXAbIA AAE %FE FHx7olx
Table 7> AFs7] 9% =wd 24 F S99 =4+ ddxzdolr.

ool th g+ ZAJE Table 59 Zrt}.

O &% (Temperature)
o
e

A8 32~34C ol EFelal, B2 55THA L
@ FaolF % (pl)
1~

IdF =85S dvd M= piE Hi®F 1.60)8tE, #est
WFo] st AL BiET Stk pHE WFe A5 43d dFss
7] Yt = FAloll A 200A/dn° e =S AFUE

o}, wehA pHE 2.4-3.8 oA E=Z83ic).

1~J

HE

@ =522 &=(Cell & Anode)
o

3482 S (graphite)s ARE-stal FALSLE B (Ti)ol o2& (Ir)

antA o7 F7|wRE 7] A wHE, Flow cellS o] &5 E AdoAq= &)

SoA 37 aure sheich,

©® AFYUE(Current density)
pH 2.0 o]AFell Al 0 ~ 50A/dm*el|A] =3}l ch.



Table 6 Comparison of operation conditions of several

Cr(Ill) plating solutions used in this study

Surface Bath Area
. C.D. Vol. .
Class. Tension Be' pH Temp. (A/dm?) W) ratio
(dyne/cm) (©) (+:-)
A - 1.20~1.24 |2.5~2.7| 29~32 |8.6~13.5| 6~12 | 1.5~2:1
HCI 24~28°Be )
Co B (1.20~1.24) 2.5~2.8| 30~35 |8.0~12.0 1.5~2:1
W - 1.20~1.24 |2.4~2.8| 27~38 | 8~11 - 1.5~2:1
22.1°Be Max.
C 29~34 3.4~3.8| 50~60 4~6 1.5:1
HpS0s 29 (1.18) 12V
M Bty 32~40 3.2+3.8/. 50~65 | 7~15 I\f;; 2:1

Table 7 Properties and operation conditions of several

Cr(I) plating solutions

Surface =~ T Operation
Class. Tension Be' (o) pH Temp. Remark
(dyne/cm) e (T)
A 37.3 25 2.71 2.6 34 HCl
Co 42.1 24 2.64 2.6 34 Bath
W 424 | 20 2.64 2.74 3p | T graphite
C 37.6 33 2.66 3.45 55 HzSO4Bath
+ . Ir-coated
M 30 29 2.67 3.3 55 Ti

_17_




3.2.3 A|EAF A A HA

It AEETS 72 AFUEEE AFer|dste] & =gzl A

sk o Fig. 33 2 o= 3F3tt.
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Injection molding
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| Etching |
J

| Catalyzer agent |

| Accelfrator |
Electroless
Ni plating
!
Copper sulphate
plating
J
| SBr—Ni |
J
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l
| MP—Ni |
l

| Trivalent Cr |

Fig. 3 Procedure for trivalent Cr plating.
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5A/dm? 10A/dm? 20A/dm? 30A/dm?

Fig. 10 Surfaces and cross sections of chloride based Cr(III)
deposits after CASS test for 40h(A).
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Fig. 11 Surfaces and cross sections of chloride based

Cr(III) deposits after CASS test for 40h(W).
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0.14m

Fig. 12 Surfaces and cross sections of chloride based
Cr(I1I) deposits after CASS test for 40h(Co).

30A/dm?
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Fig. 13 Surfaces and cross sections of sulfate based

Cr(III) deposits after CASS test for 40h(M).

30A/dm?
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Fig. 14 Surfaces and cross sections of sulfate based

Cr(III) deposits after CASS test for 40h(C).
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Fig. 15 Surface morphology of Cr plating layer
(Cr 0.29/m, Ni 13.8/m, Cu 28.8um).
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Fig. 16 Comparison of plating surfaces coated in sulfate bath and chloride bath.
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