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Influence of Alloying Elements in Hot Dip Galvanized High Tensile
Strength Sheet Steels on the Adhesion and Iron-zinc Alloying Rate

Akihiko NISHIMOTO, Jun-ichi INAGAKI,

Synopsis:

and Kazuhide NAKAOKA

The influences of 11 elements in sheet steel, temperature and Al content in zinc bath on the adhesion
were investigated by use of continuous galvanizing line and laboratory galvanizing simulator. The
adhesion was remarkably affected by Si in the steels, the temperature and Al content.

The influences of Ti, Si and P in the steels on Fe-Zn alloying rate were also investigated. Ti

accelerated the alloying rate, while Si and P slowed down it in the zinc bath containing Al
case of pure zinc bath, addition of these elements accelerated the rate.

In the
Based on the SEM observation

of interface between alloyed layer and steel substrate, a model illustrating the adhesion and alloying

rate has been proposed.
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Table 1. Chemical compositions of experimental
steels.
cell] C Si__Mn P S _ Sol.Al_TotalN [ Others
1 1007 tr. 040 0006 0003 0030 00059 —
2 1006 104 047 0C0B 0005 0025 00052] —
3 j008 tr 177 0006 €003 0045 0007 —
4 1007 tr 043 0153 0003 0028 00056 —
51009 tr 049 0005 0004 0301 00063 —
6 | 007 tr 046 0007 0003 0036 00071|B:00023
7 1009 tr. 046 0006 0DO03 0030 00067|Ti:0.206
8 1008 tr. 050 0006 0003 0051 00057|Cr:1.05
9 | 005 tr 043 0006 0003 0032 00057|ND0OBE
10 [007 . 046 0006 0003 0036 0O0C6S|V: 0163
11 [008 . 050 0006 0003 0060 00059|Mo:0.49
12 1004 tr. 044 0006 0003 0058 00077|2r:0052
13 1005 tr 025 0007 0003 0038 00013| —
14 1005 004 027 0007 0003 0039 00023 —
1S |005 006 024 0007 0003 0037 00022 —
16 [ 004 009 0.25 0007 0003 0040 00022 —
17 | 005 012 024 0007 0003 0038 00020 —
18 1005 019 0.27 0007 0003 0037 00020 —
19 |005 029 025 0007 0003 0041 00020 —
20 {006 0S5t 031 0010 0004 0038 00023 —
21 | 005 103 030 0009 0003 0044 00029 —
22 {004 049 1.02 0007 0003 0025 00030 —
23 1005 074 1.04 0008 0003 0026 00033 —
24 1004 107 106 0C0O8 0003 0028 00029| —
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Fig. 1. Schematic illustration of CGL simulator.

w5 sBREIRS. FATAA—CTEHPNEELTE
L b CoMBERRFHIREYZERMAEETEHEH S h
5. DOEROFELOE H1x —20~-30°C T H >
fe.

B350 CGL # FwWwT»o% 3 % J7 ¥ 1% 200mm x
920mm DIRERFFH = A AT A A, BT X DBk
LTCEHR LI, ZOXSRLTEHBETH»DE L - E
1, AEy VBREHOT » AR T A D HRNCAE
RALsWicdFHEMO Zo FEEEH T bigwv. %
DB IR O R BT T L.

2:3 E£{LNBHE

AER DD D& Uity 20mmx 30 mm 2l L,
hFEfoHH>EO—EiEE ThEL, T I ICEE
NEx ARy PEELUCMHEEENBFE caR L.
%5 30°C/s oMBEETHEDRE X THELL, 0
BET—ERMERL, TOoBBAERTICBELTS
ALt

24 FEMBE

AR M D FEMiv:. 180° WH T, F oo
Al r ~vF—FRED, FOHEBXIHL, HEH
ORI NIBET Lo Tk 5 5 BTl % Ao
FEE S L E 0o B EEA R WEEA, FHEAYIRTbT
L BEDR B OB E T, oI EER D21 BE
XEEA 3, 10~30% BEOI AR 2, ThiE
O BEEA S L & L. BEM CoORRS, SBIOR
BHoO—#%E 5. X vRBRTHE L AR, D R4
PAEAS, BEMEEELIER LB ORVEEEEL bR
%.

HDHOXBLESHEOHEO DI, K% KFEH
ﬁﬁ%lU%ﬁﬁ%?@ﬁﬁ(ﬁMftﬁ%Lﬁﬂi

, SEHOHBEAET LD, KED Zn Fi A

/ttﬁ%ﬁ%btlm’ﬁ@fW£LSMﬂTE§L
o, AE&HooP T XMA W, @B X
wOIMA, <A 7 rt ., h— A% AT,

3. R B B R

3.1 HoETEN

Fig. 2 % CGL v § . v—4%T, Zn R0 Al
E% 2 CHDOE LR OEERZRT. ZORKE

T, PDIAAENLE S OBEBERY, KE AN
%®$%@%%L1b%.ﬁzn%@%ﬁmu,k%%
OO BEMITEL. 0.15% Al DH4 Si, Mn %%
MU E R RO OMOBEMEIZTFE 4 LI Lok
Thn., e ALt 0.159% #v5 0.56% @itz T b,
1%Si OB HERIIERE LTHE SRV, BED &

— 279 —



1406 B X 9 1 68 4 (1982) 9

Additional Pure Zn Q15wi% Al - Zn [0.56W1%Al- Zn
elements [99 ;—, Nat good +—Not good [Gopd «— Noj good
Standard e e | | Do > (o I
1.04wt%s Si Do ® ®
177 wtlMn L) o (s o oG o
015wt% P ° Da ) ®
0 0wtrsolAll © [ | | © °
00023wtB| ¢ ©e o 5X) 5T
02wtle Til 0 © ©s o | @o @
105wt Cr o Do [ ®o e o
0BEWILND] o oOe o <R G <
Qlewt V o Otli ° o o(Co o)
0.49wt% Mo] oG o s (3 Qe
0052wtk Zr] 4D o e aOo.

Fig. 2. Effect of Al contents on adhesion of
coating to substrate. (180° bend and peeling test,
5 levels evaluation) The test was repeated eight
times and the symbol ((®) stands for one result,
and (Q) stands for mean value.
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Table 2. Galvanizing conditions of mill tests.

Test No. 1 No. 2 No. 3

co | Width (mm) [ 920 [ 820 | 920

O [ Thicknessmml 0.8 0.6 0.6

NOF (°C)| 688 | 692 | 710
Reduci

cot fuﬁﬂggnc) 800 | 800 | 800

Zinc bath temp. (°C) 460 470 506
Coating weight'(g/m?)| 239 258 263
Chemical Al 0.18 016 018
composition  Ipp| 023 | 023 | 023
zine bath (wis) Fe | 004 | 002 | 006

% both sides.
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Fig. 3. Effect of zinc-bath-temperature on adhe-
sion of coating to substrate. (180° bend and
peeling test, 5 levels evaluation) The test was
repeated four times and the symbol ((®) stands
for one result, and (Q) stands for mean value.
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Fig. 4. Effect of zinc-bath-temperature on adhe-
sion of coating to substrate. (180° bend and pee-
ling test, 5 levels evaluation)
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- Fig.” 5. Effect of Al contents in zinc' bath on
alloying characteristics of galvanized sheets. The
sheets were galvanized by CGL simulator.
Alloying temp. : 450°C. Coating weight per
side : 220-260 g/ma2.
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Fig. 6. Alloying characteristics of galvanized
sheets. The sheets were galvanized by CGL.
Coating per side : 140g/m?2.
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Photo. 1. Scanning electron micrographs of Fe-Zn alloy fo
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(a), (c):Steel 2 (Si added) (b) (d): Steel 7 (Ti added)

(a), (b):Galvanized by pure Zn bath
(c), (d): Galvanized by 0.16% Al bath

rmed at Fe~Zn interface.

<
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Photo. 2. Scanning electron micrographs of Fe- Photo. 3. Scanning electrcn micrographs of Fe-
Zn alloy formed on (a) Steel 2 [Si added] and Zn alloy formed on (a) Steel 4 [P added] after
(b) Steel 7 [Ti added] after 450°C x 60s alloying 450°Cx120s and (b) Steel 1 [base steel] after
treatment. Al content in bath : 0.169% 450°C x 10s alloying treatment.
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Photo. 4. can‘n;;g electron 1grgap s of (a)
coating side and (b) substrate side of Steel 2 [Si
added] after bend and peeling test.
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Fig. 7. Schematic model of coating structure.
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Fig. 8. EPMA analysis of coating layers of steel
2 after 450°C x 120s alloying treatment and steel
7 after 450°C x 10s alloying treatment.
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