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Effects of Substrate Pretreatments on Initial Crystal Growth and Film
Performance of Ion Plated Chromium Films

Yoshihiko Y ASUE, Hiroshi KIBE, Tomoaki HYoDo and Hiroshi KAGECHIKA

Synopsis :

Effects of pretreatments such as argon ion bombardment and preheating of steel substrates on adhesion
and formability of ion plated films were studied. The chromium film formed on the steel substrate with
preheating at 200°C and argon ion bombardment (proper pretreatment) provided the excellent adhesion and
formability compared with that formed without preheating or argon ion bombardment. The compositional
depth profiles of chromium films on steels obtained by AES showed that the chromium film formed on the
steel pretreated properly had no oxide and carbonaceous contamination at the interface, with much broader
mixing zone than that of the chromium film formed without argon ion bombardment or preheating. It was
suggested that the good adhesion of the chromium film formed on the steel with proper pretreatment was
attributed to both the sputter cleaning effect before deposition and the formation of mixing zone.

The growth and orientation of the chromium films formed on the steels with various pretreatments were
investigated using TEM. Plate-like grains grew epitaxially on the steel with proper pretreatment, whereas
very small grains that didn’t grow epitaxially were observed in the films formed with improper
pretreatment. It was considered that the inferior formability of the chromium film formed without
argon ion bombardment or preheating was caused by the high probability of the crack formation in grain
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boundaries among many small grains.

Key words : chromium film; ion plating; adhesion;

bombardment ; epitaxy.
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Fig. 1. Schematic diagram of arc-discharge ion

plating system.

Table 1. Chemical composition of low carbon
Al-killed steel (mass% ).

C Si Mn P S Sol. Al
0.045 0.03 0.31 0.015 0.015 0.045
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Fig. 3(b) HIRT A XS 1288 % 0t BFMI L,
T 7 v Lo S REA OF % EARE
# (SEM) #lgHic L - CEEME L 7-.
24 F-TIRRAAMRCLZVOLEBEEREDOTE

O :13% 2
s 0 LEEHENEORETOMBELERNE -0

A : Evacuationl~Preheating+Argon ion bombardment—LCr ion plating

7X10* Torr 200°C 10min 50A /sec

B : Evacuation}-+Preheating— Crion platind
7%10° Torr 200°C 50A /sec
C: {Argon ion bombardment[Cr ion plating
7X10° Torr 10min 50A /sec
Fig. 2. Coating processes of chromium ion plating.
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() 180° bending (b} SEM observation

{a) 180° bending for the evaluation of adhesion
(b) Scanning Electron Microscope ( SEM) observation for
the evaluation of formability

Fig. 3. Evaluation methods of adhesion and
formability of chromium plated steels.
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Table 2. Results of bending test of chromium
plated steels under various pretreatment condi-
tions.

Film Pretreatment conditions
Performance A B C
Adhesion Good Poor Poor
Formability No Crack Cracks Cracks

A)Evacuation—Preheating—Argon ion bombardment—Cr ion plating
B)Evacuation—Preheating Cr ion plating
C)Evacuation Argon ion bombardment—~Cr ion plating
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(a) Condition A (Preheating at 2®°C)*’(Argon ion bombardment for 10 min)—(Cr ion plating)

(b) Condition B (Preheating at 200°C)
(¢) Condition C

Photo. 1.
with various pretreatments.

(Cr ion plating)

( Argon ion bombardment for 10 min)—(Cr ion plating)
Scanning electron micrographs after 0t bending of chromium films formed on the steel
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(c) Condition C

(Preheating at 200°C)—( Argon ion bombardment for 10 min)—(Cr ion plating)

(b) Condition B
(¢) Condition C

(Preheating at 200°C)

(Cr ion plating)

{Argon ion bombardment for 10 min)—(Cr ion plating)

Fig. 4. Compositional depth profiles of the chromium films on steels with various pretreatment.
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(a) Condition A
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(b) Condition B

20;& and 100 A in Photo. 2 (a){b)(c) show the thickness of only chromium films.
1— Ring pattern of small 7-Fe;03 grains
" 2— Ring pattern of small chromium grains

(c) Condition C

(Cr ion plating)

(Preheating at 200°C)
(¢) Condition C

Photo. .2.

steels with various pretreatments.

(Argon ion bombardment for 10 min)—

(Cr ion plating)
(Cr ion plating)

‘Electron diffraction patterns obtained simultaneously from the chromium films and the
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Photo. 3. Transmission electron micrographs and
electron diffraction patterns of the 20 A, 100 A
and 500 A thick chromium films on the steel with
pretreatment of condition A.
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Photo. 4. Transmission electron micrographs and electron diffraction patterns of the
500 A thick chromium film on the steel with pretreatment of condition A.
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‘Photo. 5. Transmission electron microgrq)ph and
electron diffraction patterns of the 500 A thick
chromium film on the steel with pretreatment of
condition B. '

Photo. 6. Transmission electron microgr_q)ph and
electron diffraction patterns of the 500 A thick
chromium film on the steel with pretreatment of
condition C.
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Photo. 7.

Transmission electron micrograph of
the small grains observed in Fig. 10 at a higher
magnification.
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