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The Influence of Additional Ni and Cu in Steel on the Galvanizability and Galvannealing Rate of Si-Mn Bearing Steels

Yoshihisa TAKADA, Masayoshi SUEHIRO, Masaaki SUGIYAMA and Takehide SENUMA

Synopsis

: High strength steels have been developed in order to improve fuel economy as well as to increase safety. The conventional Si-Mn bearing

high strength steels have the drawback of poor galvanisability due to the presence of complex Si—Mn oxides on their surface. In order to im-

prove the galvanisability of Si-Mn steels, the effect of the addition of Ni and Cu on the wettability and galvannealing kinetics has been inves-

tigated.

It was show that the addition of Ni and Cu improved wettability and increased the galvannealing rate. This improvement was due to the

change of the sub-micron oxide morphology under a deoxidized Fe layer just before the galvanizing treatment (oxidized and deoxidized). In

the case of C—Si~Mn steel a film of Si-Mn oxide was formed under a deoxidized Fe layer. The addition of Ni and Cu made Si-Mn oxide in-

termittently and internal oxide formed remarkably.

Key words : wettability; galvannealing rate; surface oxide; internal oxidation; Fe; Mn; Si; Ni; Cu.
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Table 1. Chemical compositions of steel sheets tested

(mass%).
No. C Si Mn P S Ni Cu
A-1 0.081 1.32 1.32 0.014 0.006 0.00 0.03
A-2 0.092 1.33 132 0015 | 0.006 0.52 0.03
A-3 0.089 1.34 1.31 0015 0.006 0.82 0.03
A-4 0.087 1.33 1.32 0015 0.006 0.82 0.21
B-1 0.098 1.59 1.02 0012 0.006 0.00 0.03
B-2 0.079 1.62 1.02 0.012 0.006 048 0.03
B-3 0.076 1.60 1.00 0.012 0.006 0.88 0.03
B-4 0.082 1.61 1.00 0014 0.005 049 0.22
B-5 0.079 1.61 1.00 0014 0.005 0.50 0.51
C-1 0.097 1.26 1.31 0014 0.001 0.02 0.01
C-2 0.104 1.27 1.30 0.014 0.001 0.02 0.30
C-3 0.105 1.26 1.30 0.014 0.001 0.02 0.59
Final \
cooling D |:| \\
Non oxygen Gas jet \
furnace cooling
O PR\ e

Radiant tube ~J Pay-on reel

Pay-off reel

furnace Hot dip coating pot
Fig. 1. Layout of the experimental hot-dip galvanizing
line.
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Fig. 2. Thermal cycle of the galvanizing examination.

Table 2. Atomosphere of the test.

Galvannealing

Oxidation and deoxidation

Non oxidation furnace | COG gas combustion atmosphere 0.5vol% O, + 10vol% CO, + N2
( NOF ) air ratio : 0.95 ( 0,:0.5vol% ) dew point : 50°C
Reduction furnace 20vol% H, + N, 15vol% H, + N,

(RF) dew point : -30°C

dew point : —30°C
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Fig. 3. Thermal cycle of the oxidation and deoxidation
examination.
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Fig. 4. Relationship between Ni and Cu content of steel and galvanisability.
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Fig. 5. Cross-sectional optical micrographs of coating
layer.
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SEM images of the cross sections of NOF-RF annealed surfaces.
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Fig. 9. TEM images of the cross
sections of NOF-RF an-
nealed 1.3mass%Si-1.3
mass%Mn steel.
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%Mn—0.8mass%Ni—0.2mass%Cu steel.
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Fig. 11. SEM images of NOF-RF an-
nealed samples.
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Fig. 13. EPMA mapping of NOF-RF annealed 1.3mass%Si—1.3mass%Mn steel.

Si
L=l L 2L
2040 500
2027 164
2015 428
2003 392
1931 357
1978 321
1966 285
1954 250
1922 214
1930 178
1317 142
1305 107
1893 71
1881 35
1868 9
[y 3 I LM
0 30
? 27
4 25
1 23
8 21
5 19
2 17
20 15
17 12
14 10
11 8
8 §
5 4
2 2
: 0 ]
7.5(um) o 7.5(um) -
Mn Ni Cu

Fig. 14. EPMA mapping of NOF-RF annealed 1.3mass%Si—1.3mass%Mn—0.8mass%Ni—0.2mass%Cu steel.

27



. 23

$k&$H  Tetsu-to-Hagané Vol. 92 (2006) No. 1

HRNBARET AL TER -7,
4, EE

SEIOFERFERS S, Si, MnFINDNi, Cudfiiliz &k b
D > XD MA EL, 72, BRI - X%
DAESIEENMEE I NDE Z A R2 57, 72, Si, Mn
FNDNi, Culmimiz &K DBl - EILH OB IZE L T
TOBRNBRONDZ LD Gh 7,

(1) Wi E 2, 5 Ni, Culiiilic & gk - ETik
D Si, MnBAL A WL L T 380 @ h, /-,
WERFR(L HMEME S 5 25 ERR LI RE D B 25 B HfI AR 5
N % (Fig. 8,9, 10),

(2) BAL - EICHROFMREmMOBILYIEES LT, Si,
Mn#fIZ AT —IZEEL LTV 30K LT, Ni, Culsimsn
210~20um OME LIZBEIL LT 5, ZHiE, WiEs e
KARILEEZ SNBH, Ni, CuliilgilD 15 4 & ki Fig
LOFREAKE W0 TH 5 (Fig11, 12)

(3) Bt - EICBROHREED Si, Mo L BIT N,
Cud®INZ & AT 3 (Fig.12).

LT A T, Ni, CulfRINEH TIZHNR & sk L & 8T
Jg & DI R 5N Si, MnBEILYIOHEE A 2 75 5 TREME A
MniRE SIS R» 6 HZ 6N 50, KEROFHHNTIE
FHREIC S B 2 N TEARN -7, X512, Ni, CuDTETERL
BEZ DWW, Fig 141 $ & S IStk & ki b & &
JE & DMIZR S N5 Si, Mt ORI GET 32 & %
RS 2 REHIIA S N AAIRE S TFEAERLE O BT K
Mmofe, NiGgHEHOSRELERE TORE®DIZLD L
Ni, Cuid Fe, Si, Mn & 0 & BiER{LAD 720 8L Tid &
SERALORIRIZ T Z Mo TS, ZOHIR
Mo, RFEBETONI, Cu & EILHBE F D Si, MnBEILHD
JIBICHFAEL T B EHEE XN B,

FACAESR A S HEE &N B Si, Mn SO AR S5 - X Mk
FIZKITT NI, Cuif M ROHEE A 71 = X L DEAX %
Fig.15127"9 . NOF (B&fL) #13Si, Mnfi & Ni, Cu?Rim
D TIZEIEFIR LN, liH & RO _EIzgkERb st
L TW3, RF (GBJC) ILSi, Mo & Ni, CulRINHH &
SITANAOSERLINIIEITC I N5 A2, BIC I - gLy
EHIR & ORI TORRIEIEA NI, CulRilz L o wd L,
PO, BRCEREL L FO/MTRL 5, Si, MnSiTIZE T
SN 7= gkt & il & ORI BEIRD Si, MnER LY 23
EhD, 2RI L, Ni, CuiiiiiTida)E L S h =8k
B & SR & O FIE D Si, Mn B ILHI AW 12 2R %
AR S5h5, bR AL MBS D, o) NEEELY
WRIEMEfE XD, FHTS, MnfiE TR E 3,

AR > X EAM B K UAS L 1R & AR
HED > X L ORIZAERT 5 Si, MnBE LI BT 5 2 L
BRIGNTHED, BIEMOHFEIZ KD BREHD > ZDOF
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Fig. 15. Mechanism of improvement in galvanizability by
Ni and Cu addition.

IWEBE K UASLRIBAENS Z & ARG Eh T 539,
Fig. 8~Fig.10 5 5 RFEERD A, Si, Mn#i, Ni, CuRMEA
EH MR ERB ICHBIEHOR TSR 02 um fF7E L
T3, ZHEAHE L7 & 5 ICEIL A2 R X B - EBRO#
RTHHDOT, BRUERSD > & EEREED W - % HATD $hk
OB TBEAIZ02um X DL 2> T3 L HiE X
NB A, Ni, CulfllZ & 28 » FFENMOSEDFRIZITH
RREBOGFBRILMOBRTTBOEA L EDFELELI OGN
b, LaLans, REBROFEEMNTIENI, Culfliliz&
FERLMDETTBDE F D Si, MnB It MO TEREDZEL 2R
REhlh, SBRICHOETTRE OB IEIARE S R 4 H -
2o —H, BRSSP RBOH L AR HD >
EDOHEEDETEL 3728, #REERmICINAFTA, S
1um 2 £ TOMEROBENKENI EXMENT NS,
DFD, HNRERRBOHKBICHOETHICMA , SRty
DETLIEDOE T O Si, MnB kA ARSI ET S &
Eiohd, INOMRARERERICUTIDTELD
EUTFOESIZh 5B, Si, Mnfll T, ETCSBOE FIZHE
FErIIZ Si, MnBBILI AR § % 72912, Si, MnBR (LB O
HISETS#EL S 2DIZE 20 b oS, HEREEHD - 27E
WEAEHLEE D EHRR, RICASILRE A BRI Y3,
FRIZH LT, BB L2 K5 ICNi, Culmmsiid, ETHE
TOSi, ML ENEAD L, 2D, Wit ER T 51E
mERT, T, RARL, NI EETS, OF
D, Ni, CulmiNZ & D Si, MnfDOBERMH S0 > 2@EIM B
OB EE % BT X 2 5 Si, MnBR{L R 2 HD S+,
7D, Si, MnRIbMIRE L b X ¥ 5, ZOMKR, Si, Mn
D Ni, CuiRINZ & D VAREE S > 2 FEIAMEL A E L,
ASLHESEEL-EEZ 5N,
AEBHERTHPOSIENE L &5 L6 UNi, CulRing
TE BRI - X FENE R L UASLEEDWERR A



INEL BBRRBBONDE, BRAFESD > 2FHENML,
GEREIIHELS A SEITHBOE MEKT 5 Si,
MnBE LR HPSi A A =AML= TEEA
5hb,

Si, Mn#A~ND Ni, CuiRINIZ & 5 ISERER§16D » & 1 & AR
Hiie > EFIOBEHMBFOMILPIZEIZ DOV THAL /R
AELHBELUTOEEDTH S,

(1) Si, MnSENONIFRNMNIZ & D BE#DEY > 2OFERN
MAE ELAD > EAHI S5, X512, BEHEND -
EROABILRIDHEEE NS,

(2) Si, Mn#ll~DNi, Cu#HARMIZ K D AR EED -
ZOFNMEHE L LA EE NS,

(3) Si, Mnf\O Cu BRI T AR # DB 1
ERRIER S ke,

(4) Si, Mnf~NONi, CulRINZ & 2 B > 2%
hWEE K UASREORENRIMTSIRE L EHL &
BLhX kB,

(5) Si, Mo~ Ni, CuiRINIZ & D IERLER$55 > Z Bl
DAL (NOF) - ¥ T (RF) BESnG | 2B T8 OB F Iz Ak Y
3 SiMnBE L E NPT 5 & & & 1CSi, MnBR{LHID i
AELT B, ThbHA, Ni, Culfilic & 2RI - ¥

Si, Mn SO IERE I > & HANER KOG BAFEC ZIEFH D NI, CulRMO 2%
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