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Abstract - According to the lack of resources and the stringency of environmental regulations,
a study of the high strength thin plate sheet steels for automobile have been become an important
issue for automobile industry. However, the problem of hydrogen embrittlement of high strength
sheet steels was concerned with the degradation of mechanical properties. Therefore, we studied
the hydrogen behavior of surface layers of 590MPa DP sheet steels on development using by
relationship the microstructure of subsurface and the distribution of micro hardnesses. Hydrogen
was charged into the specimens using by the cathodic electrolytic method. The behavors of under
surface layers were investigated by the observation of microstructures and the micro vickers hard-
ness test with the amount of hydrogen charging with hydrogen charging conditions.
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Fig. 1. Manufacturing process of DP sheet steels.
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Table 1. The chemical compositions of DP sheet steels.

Chemical compositions (Wt.%)
C Si Mn P Al Cr Mo B(ppm) F
No.1 0.06 0.03 2.0 0.01 0.03 - - - bal.
No.2 0.06 0.03 2.0 0.01 0.03 - 0.2 - bal.
No.3 0.06 0.03 2.0 0.01 0.03 0.3 0.2 - bal.
No.4 0.06 0.03 2.0 0.01 0.03 - 0.2 10 bal.
No.5 0.06 0.03 2.0 0.01 0.3 - 0.2 - bal.
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Table 2. The experimental conditions for hyd-
rogen charging.

Experimental conditions

Electrolyte 0.5 mol H2SO4

Temperature room temperature

Current density 150

(mA/cm®) 200
5
10
Time(hrs)
50
100

Controller

Potentiostat/
Galvanostat

Tetlon tape
Anode(Pt) | Enamel
paint
Cathode
_(Specimen) | 4
0.5M H;é(h Specimen

10mm

Reference electrode
(Saturated calomel
electrode, SCE)

Fig. 2. The experimental diagram for hydro-
gen charging.
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Table 3. Austenite volume fractions of DP
sheet steels before hydrogen char-
ging.(at 800°C)

No.l No.2 No3 | Nod | Nob

Austenite
volume
fractions
(vol.%)

No.l

(a) (b)

Fig. 3. (a) Optical and (b) SEM Micrographs
of DP sheet steels.
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Table 4. Hydrogen amount of specimens with
charging conditions.(ug/g)

Charging

condition

(mA/cm®
~hrs)

No.l No.2 No.3 No.4 No.5

200 - 50 68 66 68 59 70

100
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704 |—<—No.5|

60 -
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Hydrogen amount (xg / g)
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Fig. 4. The hydrogen amounts charged in 150mA/
cm’ specimens with holding times.
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nesses with the depth of surface of the
hydrogen charged No. 3 specimens.
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Fig. 6. Optical micrographs of transverse section
under the 150mA/cm’ with charging
time —(a) Shrs, (b) 10hrs, (¢) 25hrs, (d)
S0hrs charging condition. No.3 specimen
(x200)

©

A= Ao z2A, 425U 37 TH3} sub-
surface zone©] A3} = HAOo7 I & Qi)
kA FAFYULS FAFAANES oA IAE
b gA o] e TEAI7] = Advky o] d]l
o7 A7ksk 4= Qi

A =Y AIZ e Tt S} subsurface zone 2
A3 ARE Fg 60 JeRAQIth a3el=
A WA O] EAE B 4 9loH, ol A
2 muAsS, Fste 5o dolE ek
T Q= Aoz A7) subsurface zonel] W] A7

.

KIGAS Vol. 14, No. 6, December, 2010

A9 nA x4 BEARZRE, &
of 93] AR F47F HF - ity
Fshe Zo7AE FadFol 2 sl 31
AFHE] HoA FaFFdols FUAIZEY
W slel] Wt 170um, 350m 2 ZAFE QI o)
AR SV AT SR e =
A HFZlo)E F7MA71H, APARIEA] 4
7} S7Velehh ESAAIE Hol= o= y7te
= AZTh

V.24 B

2 ATl M= 590MPas DPAS] el %
ol thet Tt v B 4 A
ZHE v 2 AR A%h STl
TR F7heh e mEHUe| EZA ) Hu)ig
o Wist gl AR g AvaAE 7 2o
ARSI £ A0 e, AFUE Bus
YAJFEo] AT Fo S AT 5
AT 5041 FRRANA FaFFe F
IAIZEel] et Seug/g Bl TAuglg7h A= AT S
ok w3 DPAY] eAHUe|E HuEE STk
TETUFY F7FE UEhs AF4 WA =
AR QlE o] plEEIAbO] E U] 50 W]
71905, ptEEIAOlE 24o] Fad Al

A S Qdslth BE S ol wE v

Q

Al

AERE Ao F2F 2% S F0)5)
HHRAE e A BT 5 Atk

[1] Maroef, D. L. Olson, M.Eberhart and G.R.Edwards,
Int. Mat. Reviews, 47, 191 (2002)

[2] J. Watanabe, T. Takai, M. Nagumom and Tetsu-to-
Hagané., 82, 947 (1996)

[3] Hagiwara. N., “Variation of the fracture toughness
of a high strength pipeline steel under cathodic
protection.”, Corrosion, Vol. 57, No. 8, 721~729
(2001)

[4] H. Matsumoto, F. Nakassato, N. Kiratomi, T. Ku-
shida and T. Tsumura, CAMP-ISIJ, 7, 1602 (1994)

[5] D. P. Dantovich and S. Floreen, Metall. Trans., 4A,
2627 (1973)

[6] A.R. Troiano, ASM Trans., 52, 54 (1960)

[7]1 HK. Bimbaum and P. Sofronis, Mater. Sci. Eng.,

- 42 -



A176, 191 (1994). R. A. Kot and B. L. Brahnfitt (Ed), Metallurgical
[8] I. Maroef, D. Olson, M.Eberhart and G.R.Edwar-ds, Society of AIME., New York, 3 (1981)
Int. Mat. Reviews, 47, 191 (2002) [12] H. Matsumoto, F. Nakassato, N. Kiratomi, T.
9] YA, HES, AAY, A28k A8 Kushida and T. Tsumura, CAMP-ISIJ, 7, 1602
3] =53, 133 (2009) (1994)
[10] R. A. Kot, J. W. Moirris, “Structure and properties [13] Kota Murakami, Nobuaki Yabe, ASME., 6, 563
of dual-phase steels”, The Metallurgical Society (2006)
of AIME, pp. 40~61. (1979) [14] Valentini, R. and Solina, A. Mat. Sci. Eng., 10,
[11] G. R. Speich, “Fundamentals of Dual Phase Steels”, 914. (1994)

S 43 - st=7kAsk e 4] #1498 A6 20109 129



