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Abstract

Chromium-carbon (Cr-C) and chromium-carbon-phosphorus (Cr-C-P) alloy deposits using trivalent chromium
sulfate baths containing potassium formate were prepared te study their current efficiency, hardness change
and phase transformations behavior with heat treatment, respectlvely The current efﬁc1enc1es of Cr-C and
Cr-C-P alloy deposits increase with increasing current densuy in the range of 15-35 A/dm” Carbon content
of Cr-C and phosphorous of Cr-C-P layers decreases with increasing current density, whereas, the carbon
content of Cr-C-P layer is almost constant with the current density. Cr-C deposit shows crystallization at
400°C and has (Cr+Cr,;C¢) phases at 800°C. Cr-C-P deposit shows crystallization at 600°C and has
(Cr+Cry;Ce+Cr;P) phases at 800°C. The hardness of Cr-C and Cr-C-P deposits after heating treatment for
one hour increase up to Hv 1640 and Hv 1540 and decrease about Hv 820 and Hv 1270 with increasing
annealing temperature in the range of 400~800°C, respectively. The hardness change with annealing is due
to the order of occurring of chromium crystallization, precipitation hardening effect, softening and grain growth
with temperature. Less decrease of hardness of Cr-C-P deposit after annealing above 700°C is related to
continuous precipitation of Cr,;Cqs and CrsP phases which retard grain growth at the temperature.
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Table 1. Bath composition for Cr-C and Cr-C-P electro
deposition

Cr-C bath

Chromium Sulfate 140 g/l
Potassium Formate 84 g/l Potassium Formate 84 g/
Potassium Chloride 75 g/l | Sodium Phospinate 20 g/!
Ammonium Chloride 54 g/l | Potassium Chloride 75 g/i
Boric acid 40 g/i Ammonium Chloride 54 g//
Ammonium Bromide 10 g// | Boric acid 40 g/l

Additive 2 g/l Ammonium Bromide 10 g//
Additive 2 g/l

Cr-C-P bath
Chromium Sulfate 140 g/I
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Fig. 1. Current efficiency of Cr-C and Cr-C-P deposits
from trivalent bath.
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Fig. 2. Effect of current density on carbon content of Cr-
C deposit.
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Fig. 3. Effect of current density on carbon and phos-
phorous content of Cr-C-P deposits.

o
o
_O,L
§:3
g
b
ot
b
R
2
e
M
el
2,
X
i
i
9
=
LS

(A) 20A/dm?

(C) 20A/dm?

(B) 30A/dm?

(D) 30A/dm?

Fig. 4. Surface morphology of Cr-C and Cr-C-P deposits with current density; (A),(B) Cr-C deposits, (C),(D) Cr-C-P
deposits.
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Fig. 5. Cross section image of Cr-C and Cr-C-P deposits with current density (A),(B) Cr-C deposits, (C),(D) Cr-C-P
deposits.
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Fig. 6. XRD diffraction patterns of Cr-C and Cr-C-P deposits.
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Fig. 7. XRD diffraction patterns of Cr-C deposits with
annealing temperature.
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Fig. 8. XRD diffraction patterns of Cr-C-P deposits with
annealing temperature.
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Fig. 9. Effect of current density on Hardness of Cr-C and
Cr-C-P deposits.
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Fig. 10. Effect of annealing temperature on Hardness
of Cr-C and Cr-C-P deposits.
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