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The Effect of Chromium in Substrate of Aluminized Steel Sheet on

Corrosion Behavior under Exhaust Gas Condensate in Automotive

Muffler

Synopsis :

Seijun HicucHI and Kenichi ASAKAWA

The following are main results of investigation about the effect of chromium of substrate on corrosion be-
havior of aluminized steel sheet in neutral or weakly alkaline solution of NH," which contains C1~, SOZ ™,
CH3COO™ and HCOO™ which are found in exhaust gas condensate. »

(1) Corrosion resistance of aluminized steel is enhanced if the substrate contains more than 5wt% of
chromium. One reason is cathodic corrosion protection of coating layer at coating defects, and the other is
improvement in corrosion resistance of base steel itself.

(2)Improvement in corrosion resistance of base steel is due to the covering effect of Crz03 oxide film on
steel in the ambient air and the effect of being passivated in each solution which contains (NH4) 2SO0y,
CH3COONH; or HCOONH, individually. Substrate chromium steel has more stable cathodic protection
than low carbon steel due to these films on the surface.

The effect grows as chromium content increases and is remarkable especially in case of 11 wt% Cr steel.

(3)In the synthetic condensate solution including various ions passivation is generated on the surface of
11 wt% Cr steel even in presence of substantial Cl~ ion.

Therefore aluminized steel sheet with substrate containing more than 11 wt% Cr is judged to show practi-
cally excellent corrosion performance for the reasons described in (2).

Key words : aluminized steel sheet; chromium steel; corrosion resistance; automotive muffler; exhaust gas

condensate.
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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
5% Cr added 0.003 0.08 0.29 0.009 0.006 0.053 0.18 5.20 0.0048
11% Cr added 0.010 0.05 0.27 0.008 0.010 0.022 0.29 10.79 0.0049
Table 2. Chemical composition of the corrosive solutions tested.
‘ pH of the corrosive solutions
Corrosive ion identity Ion concentration (wt%) Contents of the corrosive solutions
At 27°C At 80°C

Cl™, 1% (NH,70.5%) 15,14 g/1 NH,Cl was used 8.0* 6.8

S07~ 1%(NH,*0.4%) 13.75 g/1 (NH4)>S04 was used ” 2

CH3CO0 ]%(NH4IO.3%) 13.05 g/1 CH3COONH, was used ”

HCOO™ 1%(NH;70.4%) 14.0 g/1 HCOONH, was used ” 7
* pH of the corrosive solutions was adjusted with NH;OH.

Table 3. Chemical composition of the synthetic corrosive solution tested.
Content (wt% )
+ - - 2— 2- - - pH
NH4 Cl NO3 SO% COj3 CH3CO0 HCOO
Ion concentration 0.3 0.03 0.015 0.3 0.4 0.1 0.1 8.0 at 27°C
. " 0.454 g/1 NH4CI, 0.19 g/1 NH4NOg, 1.375 g/1 (NHy)2 SOy, 2.0 g/1 HySO4, 1.0 g/1 CH3COOH and 1.0 g/1 7.5 at 80°C

Solution composition HCOOH were mixed. pH of the corrosive solution was controlled with small amount of ?\IH.;OH.
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Fig. 1. Corrosion resistance of aluminized steel
sheets using Cr contained base steel subjected to
the dipping corrosion test for 500 hr in various
corrosive solutions. (Each test piece has sealed
edge and sealed bottom surface.)

[ Aluminized low C steel

U777 Aluminized 5 wt% Cr steel
14

ized 11 wt% Cr steel

12

101

L)

Corrosion weight loss (g/m?)

NH,.CI (NH,),SO, CH,COONH, HCOONH, Synthetic
corrosive
solution

Corrosive
solution

* Denotes that the formation of red rust was pronounced
from the base steel.
** Denotes that the formation of red rust was relatively
small amount from the base steel.
**¥ Denotes that the formation of red rust was very small
amount form the base steel.

Fig. 2. Corrosion resistance of aluminized steel
sheets using Cr contained base steel subjected to
the dipping corrosion test for 500 hr in various
corrosive solutions. (Each scratched test piece has
sealed edge and sealed bottom surface.)
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Fig. 3. Corrosion resistance of base steel sub-
jected to the dipping corrosion test for 500 hr in
various corrosive solutions.

(1) NH,CI solution with pH 8.0 (1wt% CI )

Low C steel
—--— 5 wt% Cr steel
10 -====-- 11 wt% Cr steel
-~
w
T 0S5
»
$
2 O -
- - -
—-05 ;
T Sasraa
~1.0 X X SRS s~ N
0.0001 0.001 0.01 0.1 1 10
Current density (mA/cm?)
(3) HCOONH, solution with pH 6.8 (1wt% HC0O")
151
10 ___-=’_—,-—':-'-="7"
o
-~ ] Low C steel
W ,/,' e — 5 wt9% Cr steel
3 05 ( ;’ ------- 11 wt% Cr steel
!
2 /
>
S o %
e _—
T ..
-0.5 i —==>
o .-.‘lk— ==t
—10p . J " F&s=ro
0.0001 0.001 0.01 0.1 1 10
Current density (mA/cm?®)
Fig. 4.

o DFAHNHEITT S NHLCL, (NH,),S0, KiEH, &
ARG KD BIRDBERBEIAHYLT S pH8.0 OFHT
$ £ U HCOONH, KB # 0 HROBARE I(CHYL T
% pH6.8 DEHTT, EHEEFADFHMMAOHE %
To7:. 2ORERKR% Fig. 4 1R

—%, Cr$@IxEEIZ Cry03 REEIER & N5 AT,
CORBEOREN T Cr BORME & bICHKT 5.

ShOOERPS, EEBOMEEN EICBXIETH
i Cr DEHIZRO LI ICEZOLNRS,

( 1 )NH,Cl, (NH,),S0, ® & KiFHF Tid, 1K C 5
BRLZBRBMERL, $1F07 /- FORBBXUD
V= FamidE bizhsn, Thicaf LT, 4 Cr il
DFREMIE CHMIIL~NTrLZDETHD, Lid
$th Cr BoMe L bIC XV ELRHFANIHITTA. L
ML, TBEEKEBRPCRL2DBEERT. Thbb,
NH,Cl K&EH#EFP TiE, CrMD7 / — FomILE C H
ERIL &I ICAZE WA, HV— Fomidt Cr B0t
MEELDBIETKEL LD, T2, AV —F5RBIZXD
BEETICDOETHHEBEIROONDL L) Ik 5.

—%, (NH,)2SO0, KiFHHP T, A Cr@ix7 / —
Fafick h RABRBILE NS, ORERELIE, 11 wt%

f HCOONH; & CH3COONH, K& T Tid, 12ITFAL X5 R AR
¥RTEEZ OB 0, £ Tt HCOONH; KEH T TOR
SRR EREME LTRT.

(2) (NH,),S0, solution with pH 8.0 (1wt% SO,*")

1.5
1.0p PSPPI i
. ‘:,r Low C steel
W o é ——-—5 wt% Cr steel
o N === 11 wt% Cr steet
“ A
< {
2 0} 3 T ——————
& ) >
e T T T —— T e
=Il [
e
RN
-1.0 X N::.»-_ e
0.0001 0.001 0.01 0.1 1 10
Current density (mA/cm?®)
(4) Synthetic corrosive solution with pH 8.0
150
1.0
~ 4
w
g oS
w
»
> Low C steel
z o —--— 5 wt% Cr steel
w ) =-=es=e= 11 wt% Cr steel
E) i)
—05 engnodic
N current
ﬂ\
-I.OF 1 . L ———
0.0001 0.001 0.01 0.1 1 10

Current density (mA/cm?)

Polarization curves of steels of different Cr content in various corrosive solutions.
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Fig. 5. Corrosion current density for the coupling

of coating layer and base steel of aluminized steel
sheets having different Cr content in various corro-
sive solutions.
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Fig. 6. Polarization curves of aluminized 11 wt%

Cr steel in various corrosive solutions. (Po-
larization curves of aluminized 5wt% Cr steel
equivalent to that of aluminized 11 wt% Cr steel)

Table 4. Corrosion potential concerning alumi-
nized coating layers and steels of different Cr con-
tent by measurement of polarization curves in va-
rious corrosive solutions.

H of the Aluminized 5wt% 11 wt%
Coxirosive gon(')osiv e | coating layer Cr steel Cr steel
solutions :
solutions | (y ;s SCE) (V vs. SCE) (V 5. SCE)

NH4Cl 8.0 —0.715 —0.505 —0.395

(NH4) 2S04 8.0 —0.860 —0.510 —0.290

HCOONH4 6.8 —0.525 —0.730 —0.260
Synthetic

corrosive 8.0 —0.820 -0.295 ~0.295
solution
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ABHEEEOEICLY, FIRDICORLAECHEHE
FiZHSEBICEID AV —-FBRESND. EHIL, 2O
EUTOHNMN=y ZBRIZBWVWTT /- F&i5b Al
Ho XBiE, Fig. 6 IKART X, 7T/ — FH@ICX
DABELE NS, LT, TOHMN= vy ZIBR
R85 Al - 2BOBRE, Al 1)0EHFT
KHRTELIISNA L VD, 2000, o’
BRFEEIC BT AEERIID - SBICX D REIBICbL
DH V- FHREENRA. ZOXH, CriziAkL T
% Al B XEHIE, BEMCT NS, FRIZ, 11wt
Cr@Br R +5 Al oo XHME, PNy 78
BIZE B0 o XBONFER L ABHRBEENE S ICHER S
nAEAEOR M EHRICLD, ZORAEHIFLL
s ns.

(3)pH 6.8 O FEIRIEAIRE M4 ¥ 5 HCOONH, K
BT, Swt%Cr MOBABMIT Al O XBD
FREDVETHY, /- 1NMwt%Crilizn - EB XD
BAREBEEMERT. —FH, A=y 2BEERI,
5wt%Cr % AL T5 Al ©o FFWICOWVTH,
BEOMMICEIEEMI o0 - EBE IV — FHHRETS
KB, 51, BROETEL L LICERDFEN
BEBNHEL TH - EBASRKEEEL AV — FHAT
BHMAICERSHENRALIIC A A, ZRIIHFLT, 11
wt%Cr % Bk T2 Al o MBIV T, B
KRBy LAY Y - FHET AN ZBEE
AN S.

DED#ERED2S, Swt%Cr #z ke +5 Al Do
EERICOVWTI, 200 - EB-EEEBMO TV =y
2ROV RIEABMOR L EEIAET / —Fek
LIEESETT S, LL, SOFV=y ZEBRICK

D, Cr0; REBOHBE XA TV R VHIBCTOBAEN

ETTAHE, B0 X)) CEERREABRILEN A, T
DR BAROBM IO - B LY ELFAICHEITL,
OS> XBAOREMFICH V- FREBRSEND LI I
LHLHEENS, COBERIDIIBVWTT /- FEk

Al EBIR, 7/ FORICK)AMEHELENS.
FDI¥, HVNRZ 9 VBEKBICBTAT 7/ — FRIG
HEl s s tELONSL, TOXHIZ, S5wt%Cr #l
RRAELTH Al O FHUE, WEOMNHICED - &
B RFER I BV CERAHMOBRLEITT 525, TOREE
PEITTH & & S ICEEMO S - ERBICX D REIEICH
720H V= FHEShA X IIeB0, WMEKICTS
na.

—%, 11wt%Cr #% AL 35 Al - 2RI,
FAR(2)DOKBHRTEFAUBEIIIVHARICT N
B, BRIS, TOLBHTO AL o EBONERERIFERR
T, (NH,).S0, KBW T ICHAT, 2 /hswn,
FD7, HVNRZ 9 ZBRRICCBITAT /7 — FRIG
BESIIFIEh, O EBICXDH Y — FHAEBFA
WMRT 5.

DEnkdiz, Criix#ike 5 Al O IHIRD
G, Cr05 REK L HT Cr iR 2 EFHMON
BRECED, BCRMLEIELVDOSEBIIXAI Y —
FRHR & o X B HFEHR O ERARMOB MM BRI X
D, Fig. 2 1ORTEICELIHIS 1B,

(A)EHREEATTE, Al ERBINELBAR
fro¥tk Cr it » v — FHATHHINC, o X@Ed
O RAHICK X L PARER N S.

L7ds5 T, TOKBHETICBITDO - ERE-FM4KH
BOFNNZy VBRI, ©o&RBET /) —FeihiE
75, Cl” OV BEIhLBIOEETO Al®- &8
i, BIRO(2)BLU(3)DKBEBRICHST, £OAMH
BAHERTESPLZOKE L, TLFLIEVEMT
BARABELSKR S, Thbb, TNy 2EBERIE
WBWTT/—Fe%ubd AlHo 3BOBRIZEES L
BOT, HWNR=y 7BRERIKRE LS. LaL,
BiR D & 512 Cr ISR S WA BRI, A&
IGRLZZIE CHEIRRER D, Cr,03 REES XU #T
CrOWMBIULLD I Y- FEBTTERELTHELD
B, L7=hoT, ZOEMTTCIR, o 3BRIREICE
Ao XBOBAEGHIE(2)B X3 )DKEFERPI
BUsX0bBESADLY, EEMHIO - EBICLDE
BV FPRShAE o), Criirife
5 Al O SHHIE, o EBICKBA V- FHAL
HBARMOWALORRBRE XY, WEEICT NS,

PDlEo ki, BEAKBHEFICBITS Cr iz ik
EY B Al O EWMBEOD - XB-HAEHEEO AV
Ny y RSB, FEAROMIRE Y S MR
DR L S P ZOBARC E > TEA SRS,
L72%5 T, Al Ho MR oM AR, (NHy) 2S04,
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Fig. 7. Influence of Cl~ concentration on the ano-

dic polarization curves of 11wt% Cr steel in
synthetic corrosive solution with pH 8.0.

HCOONH, & % Wiz B KO EMHT Tk, Cr&S5
wtB D EOBREFHT A LICKDELLALET S,
—%, CI” FEMTE I L NHCl KBEHKTFTiE, =
DRNRIZEBIT 5.

RIS, FERHLERD O FEERREK L HEE L oA
KOBBETICBIT A 11 wt% Cr MOA@REILIZE X1
T Cl DEBIZ>VWTKEF LR T Fig. 7\ RT.
Cl” Bo¥mE & b ICA@BILEBIIRA T 525, &
HE 1wtd% LT TRMBOEHRA A > OfERIC L) T H
BibLEhs, L -, EBO-75—-HNERREET
&, CI” DRHEFELLTEELREFTICBNT, 11 wt%
Cr M cilEYRETHEBREZAT A, 11
wt% LLED Criiz#ihET5 Al 5 éﬁ*&:‘i, o I
EBICLDEEL NV — FHAEBHRICID T SRATHEA
HABONS.

4. B B

BEESFR VAL 0ARK s 2BBEKICET LS
Cl~, SO}~, CH;COO~ KU HCOO™ # X & 4 5
FELZWLIESET7TAVI IHEDT v By AERABHRT
WZBTS Al ® - SFIROBEZEEIC B X EAEHWS
Cr DFB >V TURE 217V, UTOHRESHO .

(1)Al o EWWOMEMIE, Do EDHEMAEE L
TCrES5wt% L@ +FERTAZ LIk hmE
T5. Zoadomb, KCHMLEEAET5 Al
Ho MK OBEAEIEHE X h B NH,CL, (NH,),S0,,

CH;COONH,, HCOONH, D & KEBEH T B L UOBHEOME
A A o AEINDT YDy AEBAEKERS,
b b ERERAKPICBWTEL L, i NH,Cl KiE
WONDBEBETTE LY. ZOMBIR, - XBRIGH
WKBWT, EREHOD - ZBICLB A Y — PR & &EE
$om AR LOMBHEICLE LN THS.
(2)34k Cr o &R ik, NH,Cl KE#F T
BARKRPTHERICAER S NS Cr,0; AMILEOHKTE
RFRIZL O, FABOKBEERF T ORHR EHF Cr
WER L CEEEIARERBLshs I LItk b, FhiC
Eb%wv, Cr DERSNAEMAEMIE, € CHMICH~T
Ho ZBIZIN SHLIZEEIIH Y — FBHRSNS.
NSRBI, MPICCr LG Th, £/
Cro0; ZREBEOHBEHICT <N D 11 wt%Cr WIZB W
T L.,
(3)BHEDOBAEMEA 4 V& T h B AHERKOBRE
TT, ClI” 252420 E BB ESRBE/FIIBVTY,
11 wt% Cr iIA@REB L h b, 20720, Cr & 11 wt%
ULEOBW A E T2 Al © - TEKIE, ERBICIZ
TNAEMEESBOND LU s,
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