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Phosphatability and Surface Characteristics of Silicon-Manganese
Dual Phase Steel

Shigeyoshi MAEDA, Tunctoshi ASAI, Shinichi ARAI, and Kenichi Suzuki

Synopsis :

Phosphatability and surface characteristics of silicon-manganese dual-phase steels have been investi-
gated using bright annealed steel sheets of various contents of silicon and manganese. Silicon remark-
ably reduces the phosphatability because adsorption of titanium colloid, acting as a nucleating agent (chem—
ical activator) for the phosphate crystal formation, is reduced with an increase in the silicon content. The
reduction in the titanium adsorption is due to surface carbon enrichment, which is facilitated by the sili-
con in steel, during annealing. On the other hand, manganese increases the titanium adsorption because
of prevention of the carbon enrichment, resulting in a good phosphatability. Therefore, the phosphatabil—
ity of dual-phase steel is primarily controlled by a balance of silicon and manganese contents.
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Table 1. Chemical compositions of steels tested.

Chemical composition (wt.%)

Sample
C Si Mn P S Al Cr
M1 0. 089 0. 41 1. 47 0.017 0.009 '0.024 0.011
2 0. 095 0.74 1. 50 0.018 0.009 0.024 0.011
3 0. 100 0. 97 1. 48 0.018 0.010 0.024 0.010
4 0. 092 1.29 1. 49 0.018 0.009 0.026 0.011
S1 0. 046 0.01 0.28 0.005 0.004 0.017 0.005

2 0. 038 0. 20 0.32 0.004 0.004 0.021 0.005
3 0. 045 0. 63 0.32 0.005 0.004 0.020 0.006
4 0. 036 0.98 0.32 0.006 0.004 0.024 0.006
5 0. 032 1. 37 0.31 0.005 0.004 0.024 0.006
- . }’ 1min “{ HNX gas

21 r70C— (H25%,DP-20C)
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S 50 C/sec
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Fig. 1. Heat treating condition.
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Table 2. Phosphate solutions and treating conditions.

Ph:: u}:iaot: Degreasing Pre-treatment (Chemical activation) Phosphating

Bt 137 . FC 363 :2% 60°C. 2 min, dip. Contained in the degreasing agent Bt 137 M, 70C, 2 min, dip.
Bt 3004 FC 4357 A and B, 50°C, 2 min, dip. PN-Z, 0.1%, 20C, 20 sec, dip. Bt 3004, 50°C, 2 min, dip.

SD 2000 Fizogin 5 N-4 TG, 0.1%, 20°C, 20 sec, dip. SD-2000 TG, 50°C, 2 min, dip.

R.D.-SD 2000 TG 2%, 60°C, 2 min, dip.
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Table 3. Mechanical properties, microstructure
and surface oxide film.

Mechanical Properties Microstructure .
Sample Oﬁxl;;le
Na TS El YR | GS
(kg/mm) (%) (%) | (py  Stuewre | (A)
M1 57.2 24.4 57.0] 4.3 F+i{P+M 100
2 62.3 28.2 53.0| 6.0 F+{P+M 75
3 62.9 22.2 59.0| 4.0 F+M 80
4 68.1 28.9 49.0| 6.4 F+M 80
S1 37.4 30.6 92.0| 8.3 F+P 65
2 40.5 26.0 92.0| 6.7 ” 60
3 45.2 25.5 89.0| 7.2 ” 80
4 49. 4 24.0 90.0| 6.9 ” S0
5 52.7 22.3 91.0( 5.5 ” 65

F : Ferrite, P: Perlite, fP : Fine Perlite, M : Martensite
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Photo. 1.

Microstructure of samples. (x500x7/10) -
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Phosphate crystal size,p

Phosphate crysta) size, p

Phosphate crystal size,y

Phosphate crystal size

Structure of crystals {P-ratio)
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Photo. 2. SEM photographs showing an effect of silicon and manganese contents in steels
on phosphatability (Bt 3004). (x1100x3/4)
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Fig. 3. Effects of silicon and manganese in steel
on pickling rate in 0.01 N-HCI solution.
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Photo. 3. SEM photographs showing an effect of the chemical activator (pre-treatment) on
phosphatability of a mild steel sheet (SPC), Left hand side: non activated, Right hand side:

chemically activated (Bt 3004). (x1100x3/4)
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Photo. 4. Ion image of the titanium adsorbed on the various sheet surfaces by

chemical activation (SIMS).
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Fig. 5. Depth profiles for the secondary ion in-
tensities of nickel deposited on the steel surface
after being dipped in NiCl, solution.
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Fig. 7. Effect of silicon and manganese contents
on the surface silicon concentration determined

by SIMS.
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Fig. 9. In-depth analysis of carbon by AES.
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Fig. 10. XPS spectra of oxygen, iron, silicon and
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Fig. 12. Relation between surface carbon concen-
tration and titanium adsorbed on sheet surface by
pre-treatment (activator B).

s (o 2 EEOMBIBRTHL L A caiEzDEN
Bbhi). SEBRCIDOTEREAERN DI S5 E L
Lich%k Fig. 13 iRl T b, EMMO Si, Mn
RkERWG (B LAEM Si iiiceetiz, Mn i3k
DT3) B, KACIKEBECMHAZIATHBZ LA
M5, (fek AES X3 L FEHEHE 0.1%) oS

BEYrZEDDRICY, SEBHHECLRICEEDS D5
HehiHot). DIEOEENL, & Si oy vEBIER

EOETIE, ZHCORBMTIzF2 vOBREEET

— 104 —



»

Si-Mn REAHEMO Y vERE A B X RS 2505

Non coatin

Ti image
_(smMs)

Phosphate crystal
(Bt 3004)

Sulfur coating
G Mo

Photo. 5. Effect of sulfur coating prior to annealing on titanium adsorption (chemical

activation) and on the phosphate crystal size.
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Fig. 13. Variation in the surface components of
the sheets owing to sulfur coating prior to annea-
ling (SIMS).
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