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Development of Cr(VI)-free Treated Steel Sheet for Electrical Appliances and Business Machines

Shigeru UMINO, Hiroyuki OGATA and Chiaki KaTO

Synopsis : In the field of electrical appliances and business machines, a material used for the chassis needs a good fingerprint resistance and an electric

conductivity in addition to good white rust resistance. Highly corrosion resistant chromate treated steel sheets, which contains Cr(VI), have

been successfully used for a long period of time. Recently, the use of Cr(VI) has been recognized as one of harmful chemicals for human

body. In reply to the social requirement of eliminating Cr(VI), Cr(VI)-free treated electrogalvanized steel sheets have been introduced by sev-

eral Japanese steel makers. For the substitution of Cr(VI) treated steel sheets, a chemical resistance of Cr(VI)-free steel sheets is required as a

new function in addition to the corrosion resistance and electric conductivity. New highly chemical resistant Cr(VI)-free coated steel sheet

has been developed by hybridization of organic resins and inorganic reagents. The performance of the new products has been found to be ex-

cellent in comparison with the conventional Cr(VI) treated steel sheets.
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Fig. 1. General requirements of precoated steel sheet for
electrical appliances.
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Fig. 2. Film structure of a dry-in place chromate film dry-
ing at 200°C.?
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Fig. 3. Comparison with Cr(VI)-free treated sheet and dry-
in-place chromate treated sheet.
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Table 1. Test pieces used in this study.
Symbol Type Condition
FC Cl;.(r::)- Inorganic/organic composite coating (0.7um)
Cr(VI)- | Inorganic/organic composite coating (0.7um) + Organic
FCO . -
free composite coating (0.5um)
DC Chromate | Dry-in-place chromate coating (Cr; 50mg/m?)
- - 2 - -
DCO | Chromate Chr‘?mate coating(Cr; 30mg/m?) + Organic composite
coating (1.0pm)

Table 2. Chemical reagents used in chemical resistance es-

timation.
Reagent Treatment

a | FC-4326T* (pH9.5)

b | Chemikote C130** (pH9.9)
Dipping for 2 min. at 60°C

¢ | CL-N364S* (pH11.2)

d | PK-7170Z*** (pH11.5)

A | i-propanol (CH;),CHOH
10 times rubbing in the solutions

B | Ethanol CH,CH,OH under 1kgf/cm? pressure

C | Toluene C;H,CH,

D | Methylene chloride vapor CH,Cl, lmmsrswn in the vapor for 2 min.
at 40°C

E | Acetone CH,;COCH, [ 10 times rubbing in the solutions

F | Benzine under 1kgf/cm? pressure

*; produced by Nihon Parkerizing Co., Ltd.
** ; produced by CHEMICOAT Co., Ltd.
*** ; produced by Parker Corp. Co.
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Fig. 4. Surface resistance measuring method under various
holding force.
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Sheet thickness: 1.0mm
Coating weight of Zn: 20g/m? of each side
« Evaluation of drawn part appearances
after drawing without lubricant oil

Drawing speed
60mm/s

-
Punch

40x40mm

Condition of bending

Fig. 5. 90-degree bend forming test method.
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without lubricant oil
) F
10mm

Applied pressure P:9.8MPa

Sliding speed : 20mm/s

Sliding distance : 80mm

Measure the sliding force F
—Calculate p by equation below

u=F/2P
u; Frictional coefficient

re
3mm

Punch

After bending

Fig. 6. Flat dice sliding test method.
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Fig. 7. Abrasion test method by rubbing between steel and
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paper.
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Fig. 8. Corrosion resistance of Cr(VI)-free and chromate
treated sheets at SST.

3. ERER

3.1 B

Fig. 81ZFC (/0.7 um) O FHRED IFAETEABREF D
BASERERRIZDONT, BHEA C (VD EF 1L 5L Hi iR
DC (Crft&E & ; S0mg/m?) &HBLTRT, 72, &5
12 B RO S & B A6 L 72 FCO (BE/E 0.7+0.5um) &
DCO (Cr; 30 mg/m?+1.0 ym)iZ 2 WT 4R $, FCH XU DC
DA, AFEOREZ, RERFEM 100 {(HE2 SBR S h,



Corrosion width

Ak

Ak

FC '

DC

Cutting edge samples after SST 48h
sheared section
(right; up-burr, left; down-burr)

Corrosion width

KE - FHHESACr (V) 7 ) — RELEGIR OB

FC

7mm-Erichsen samples after SST 72h

Fig. 9. Appearances of cutting edge samples and Erichsen samples after SST.
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Surface resistance (mQ2)

Fig.

Color difference AE between before and
after immersion in alkaline degreasing
OFC solutions described below
-_Dq Reagent ]
FC-4326T* (pH9.5)
Chemicoat C130** (pH9.9)

CL-N364S* (pH11.2)
PK-7170Z*** (pH11.5)

ale |o|m

*, produced by Nihon Parkerizing Co., Ltd.
*+ . produced by CHEMICOAT Co., Ltd

a b c d **+ . produced by Parker Corp. Co.

10. Anti-chemical property of Cr(VI)-free and chro-
mate treated sheets.

Color difference AE between before and
after immersion or rubbing by the organic
solution described below

Reagent
Propanol (CH;),CHOH
Ethanol CH,CH;0H
Toluene C{HCH;
Methylene chloride vapor CH,Cl,
Acetone CH,;COCH,

Benzine

OFC| |
B DC

o mo|olw| >

B0 .0 = 8.8

A B C D E F

11. Anti-chemical property of Cr(VI)-free and chro-
mate treated sheets.
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12. Surface electric resistance of Cr(VI)-free and
chromate treated sheets measured by the 4 head
method.
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Composition of the artificial sweat
L-Lactic acid (CH,CH(OH)COOH): 1g/¢
Urea ((NH,),CO): 1g/¢

Sodium chloride (NaCl): 7g/¢

Methanol (CH,OH): 500ml/¢
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Fig. 13. Anti-fingerprinting property of Cr(VI)-free and
chromate treated sheets.
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Fig. 14. Frictional coefficients of Cr(VI)-free and chro-
mate treated sheets without lubricant oil.
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Fig. 15. Appearance of formed part after 90-degree bend-
ing test.

Paint: Alkyd melamine resin type
Film thickness: 20pm
Baking condition: 135°C x 15min

Primary
Adhesion*
Secondary
Adhesion**
100% ‘ 0%
FC DC

*; Painting = Cross cut and 7mm-Erichsen = Tape peeling
**: Painting & Dipping in 95°C water for 0.5 h = Cross cut = Tape peeling

Fig. 16. Appearances of Cr(VI)-free and chromate treated
sheets after paint adhesion test.
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Fig. 17. Influence of heating on corrosion resistance of
Cr(VI)-free and chromate treated sheets.
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Fig. 18. Appearances of Cr(VI)-free and chromate treated
sheets and the paired paper after abrasion test.
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Table 3. Properties of Cr(VI)-free and chromate treated

sheets.
Corrosion Anti- Chemical Paint Abrasion
resistance™! | fingerprint’2 | r "3 dhesion®® | resi 3
FC 2120hrs 0.5~0.7 04 100% JaN
FCO 2216hrs 0.2~0.4 5.8 100% O
DC 2120hrs 0.8~1.7 3.0 95% X
DCO 2216hrs 0.2~0.4 0.6 100% X

*1; Time to 5% white rust occurrence at salt spray test (JIS-Z2371)

*2; Color difference AE between before and after immersion in the artificial sweat

*3; Color difference AE between before and after immersion in the atkaline degreasing solution,
PK7170Z, at pH11.5

*4; Ratio of remaining paint film at cross cut and 7mm Erichsen area after tape peeling

*5, Evaluation by appearances of spesimen and the paired papers after abrasion test
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