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The Effect of Chromium in Substrate of Aluminized Steel Sheets on

Corrosion Behavior under Salt Corrosive Environment

Synopsis :

Seijun HicUcHI and Ken'ichi ASAKAWA

The influence of Cr content in substrate steel on corrosion resistance of aluminized steel sheet applied to
be the exhaust system of automobile in salt corrosive environment was studied, and the following results

were obtained.

(1)Corrosion resistance of aluminized steel became better with increase of Cr content in steel.

(2)Cr in steel diffused into coating layer in aluminizing process.

steel shows excellent corrosion resistance.
which restrains cathodic reaction.

With the effect of Cr, the aluminized

Cr in coating layer helps the generation of protective film

Key words : aluminized ; chromium bearing steel; substrate; corrosion resistance; salt corrosive envi-

ronment ; automobile ; hot dip coating.
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Table 1. Chemical composition of specimens tested.
Content (wt%)
Steel
C Si Mn P S Al Ti Cr N
Low C steel 0.004 0.02 0.30 0.019 0.015 0.060 0.063 0.00 0.0021
1.5%Cr added 0.004 0.01 0.21 0.012 0.012 0.019 0.050 1.50 0.0023
3%Cr added 0.003 0.01 0.20 0.011 0.004 0.039 0.11 2.90 0.0027
5%Cr added 0.003 0.08 0.29 0.009 0.006 0.0053 0.18 5.20 0.0048
7%Cr added 0.010 0.05 0.30 0.008 0.010 0.023 0.30 6.95 0.0047
9%Cr added 0.010 0.05 0.30 0.008 0.010 0.023 0.30 8.90 0.0050
11%Cr added 0.010 0.05 0.27 0.008 0.010 0.022 0.29 10.79 0.0049
1 cycle
' ' %, SREIRIG AR CW-E2 BA 7 > o 4
SST —Drying —Humidifying —Freezing . e s e e A S
60%RH 95%RH WEL 2., EFERELR 10X 10 mm? Th 5.
6hr  4hr 4hr 4hr S

Fig. 1. Flow sheet of cyclic corrosion test.
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Fig. 2. Flow sheet of cyclic corrosion test with
heating cycle.

ABREM R T HEEGEARER (U, ht CCT(1)
EWET) BLUOY 79 -HBORE LR 2 ZEL T,
Fig. 2 IZ/RTHEBEMGOMBE SR EARER (L, <
h# CCT(2)EMY) 24T7-72. %8, SST, CCT(1)
DR IRAEERE 8577 4 T A F v 7 L CHEO#
HOEEY RV WAEMOFMIE, RERITMERE I
WY LHFOREEGOBRBEICLDHE, BLUE
AREOWEICLDITo 7. BEEEZ, BERREZD
AE IR 20g/1 ® CrO; & 32g/1 ® HiPO, 2 &t
KEH T 88°C, 10min DRIEFIC L VIBELERY % #
BEL, MEARAZOEREZL DRSO,

2-3 BRERVORE
BEERDOFEIZ 7 1 v 7 A% PW1710-1729 #l
X MErEEEIZ LD, Target & LT Cu # Hv, Volt-
age-current 40 kV-20mA OFEH 12X HHEKE, BL Y
HARE 78 JDX-8030 & X #EIH4E@E 1 L D, Target
& LT Cu % v, Voltage-current 40kV-30mA, A
5 2° D&M TEBRKICL Y X AT EIT - 7.

2-4 BRILFEMBIE

Al & SO 5wt% NaCl BFHEF B 5 BEEE
BrERET 5700, KEBEKRTICC, SREM M
KEMEHV, 27°C IS THBBEBOBE % 1T - 72.

2-5 WHEBOLEDF

Al ® 5 SEROMERICBLIZITHREBERYIOESEH S
BORELBT L0, D38BT LALRBIVE
BARMFICETNLBRER*BRAKFE S <R
HoriEE (ICP) LKLz, B, $Hoko
OB B L UBRESEYOHEEFEFILToEBY T
H5b.

(1) 3@* RF )3

B 100 g/1 ® NaOH B % Fv, B 80°C b
L CHRIEE L AW T L 2.

(2)BERB 0K

#EBE 30 g/1 ® NaOH & 10 g/1 ® AlCl;-7H,0 DKE
WE A, REE27°C THILE* SHER L L CTERE
10 mA/cm® ODEBHEMTH - XEEM — 0.3V »
LEERBIZALE 0AVICERT AT, ZOBMIC
Blo7epidREL LTHS ERBYHIBELZ. 20T, i
B 50g/1 ® HClL 2 0.25g/1 D7 3 %A k¥ ¥—
(ZF27{bFTERLeYoy A-5) 2RML2ERY
v, 27°C THERB LA L CHEE L 238 %5
Mricfit Lz,

( 3 )BEARY O

% 100 g/1 © (NH,),HCeHs0, i % Al >, {REE
70°C "C 30 min RI{ERIC, MM 2488 % 02 TR
SHTCAEL 7. '

3. RBRRREEER

3-1 Cré%zHEFBELELTHW: Al - ZWIEOTHEM

SST B8BTS Al O XKD ATEC B LIFTH
i Cr EOPEIZOVTRALKERE Fig. 31917,
EAEMT Cr B8OBIME & 112, ©- 3BOKEHE

T —RCERS - 3HE0D - 3BEA4RE, HELBZAE LTV
BAEBEETIH, AEBIRBIL, - X BOREERE AI-Si B2 ® -
EBLEETD.



268

% & W % 77 £ (1991) % 2

=}

K

DAL, O o SBOMAMNH LTS, 5, 2
Ml34Hed Cr & 5wt% LLETE L.
S X2 SST 2B, EMom ERhE»HECSE

DIE

«g 20 ‘\ o SST 240 hr

£ \ s SST 720 hr

0

8 30¢

£

=

$ 20°F

o< \A

8

S 10} *

o T

K [ T e ———— L
0 — s 8 1

Cr content in steel (%)

Fig. 3. Effect of Cr content in steel on the corro-
sion resistance of aluminized steel sheets in salt
spray test.
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Fig. 4. Corrosion resistance of aluminized steel
sheets with different Cr content in salt spray test.

%1 ( ) denotes the total salt spray time.
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Fig. 5. Corrosion resistance of aluminized
steel sheets with different Cr content in
CCT (1).
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Target : Cu Voltage current : 40 kV-20 mA
Powder X-Ray diffractometry

Fig. 7. X-ray diffraction patterns of the corro-
sion product of aluminized steel sheets with
different Cr content after salt spray for 1440 h.
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Fig. 8. X-ray diffraction pattern of the corrosion
product of aluminized 5wt% Cr steel sheet after
CCT (2) for 3 cycles.
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Table 2. Chemical analysis of aluminized coating layer formed on the steel sheets different Cr content.

Analysis of coating layer (%) Analysis of intermetalic layer (%)
Base steel
Cr Fe Si Al cr  Fe Si Al
Ultra low 0.005 0.24 7.80 Bal. 0.120 38.00 11.30 50.60
C steel (0.00006) (0.00265) (0.0848) (0.0024) (0.7510) (0.2233)
1.5%Cr 0.015 0.132 7.46 Bal. 0.624 40.34 13.60 45.43
(0.00016) (0.00143) (0.0807) (0.0137) (0.8879) (0.2994)
3%Cr 0.036 0.20 7.80 Bal. 1.280 37.20 13.70 47.80
(0.00039) (0.00217) (0.0848) (0.0267) (0.7782) (0.2866)
5%Cr 0.050 0.188 7.76 Bal. 1.805 33.33 16.49 48.37
(0.00043) (0.00204) (0.0843) (0.0373) (0.6891) (0.3409)
7%Cr 0.051 0.209 8.07 Bal. 2.006 34.64 16.09 47.26
(0.00056) (0.00228) (0.0880) (0.0424) (0.7224) (0.3405)
9%Cr 0.064 0.235 7.88 Bal. 4.154 32.18 16.26 47.40
(0.00070) (0.00256) (0.0358) (0.0852) (0.6604) (0.3430)
11%Cr 0.082 0.291 7.65 Bal. 4.467 33.21 16.05 46.27
(0.00089) (0.0316) (0.0832) (0.0965) (07177) (0.3469)

* Numerical value in ( ) denotes the ratio of the content of each constituent to that of aluminum.
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Fig. 9. Cathodic polarization curves of aluminized steel sheets using Cr contained base steel
subjected to salt spray for various time in 5%NaCl solution.
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Fig. 10. X-ray diffraction pattern of aluminized
steel sheet using Cr contained base steel subjected
to the salt spray test for 120 h.
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Fig. 11. Dissolved chromium contents in the
corrosion product of aluminized steel sheets using
the steels of different Cr content subjected to the
salt spray test for various time.
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