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Corrosion Products of Steel on Vehicles Used in North America and Their Growth Mechanism
Sakae Funra, Hiroshi Kanvama, Masaaki Yavasurra and Akihiko NisHiMoto

Synopsis :

Quantitative analyses of crystalline compositions have been performed on the rusts which formed on the outer panel

surface and in the crevice of the lapped portion on vehicles used in North America. X-ray diffraction using the internal
standard technique was employed to analyze the rust composition quantitatively. Characteristic regions of the rust
compositions were found in the a-FeOOH/(Fe;0, + y-FeOOH)/(8-FeOOH +amorphous rust) ternary diagram that we
proposed in the present study. The rust from the crevice in the lapped portion contained more (y-FeOOH-+Fe;0,) than
that from the outer steel panels. The composition of rusts which formed in the accelerated corrosion tests indicated
that the high content of (Fe;O,+ y-FeOOH) in the crevice rust of the lapped portion is caused by the high wetness.
The rust on galvanized parts was mostly amorphous at the initial corrosion stage and then 8-FeOOH in crystalline
appeared characteristically. The composition of iron rust on galvanized parts moves towards the regions of steel parts
at the following stage. A ternary diagram that we proposed in the present study is useful in correlating the results
obtained in accelerated corrosion tests with those found on automobiles under service conditions.
Key words : rust ; vehicle ; X-ray ; a-FeOOH ; 8-FeOOH ; y-FeOOH ; Fe;0, ; wet and dry ; corrosion test.

1. &

i

ek, AERRT I AR 02 S s\ B A A O T B 7
DAL L CBREEC S 635D, SR &8I &
HELOAD THIRAbEI, s TR SERE, ¢
MOFL L b EEBEYZ Y 2 TPMRIEL CB U B
TR R L OTEEREASOBELEE L L TR
Eiyonrtvs, 20029, ZRFNOIWAIIBITEIBER
BBE L EORMEREIE U TRE R % BS80S T L 52,
AA b L SMEEED 2 N Z NOEE % IR 3 IR
HERBRED I E CREIS NT 3100, B AIRERBREDE
HHHEPE D HRET v oo o, A RERE Ol E LD
BETHBAE L TR T 59,

IHH LT, SRS A B 2 T 292 Bt B
U, SEAEACH T AR BRIE £ EIS O ABE OB A %
WIATAEN LIS LB 2 EPBRESISNT S99, L

Table 1. Vehicles used in the present study.

Vehicle Manufactured model| The used period panels Displacement of Engine

A 1980 11 yecars CRS 1500cc

B 1980 11 years CRS+GI+ZCM 2800cc

C 1980 11 years CRS+GI+ZCM 2500cc

D 1986 5 years CRS+GI+ZCM 3000cc

E 1986 S years CRS+GI+ZCM 3000ce
CRS:Cold Rolled Steel Sheets  Gl:Galvanized Stcel Sheets
ZCM:Zicrometal
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Fig. 1. X-ray diffraction patterns of the rusts which formed in the door hem and outside panel of side sill on

vehicle A.
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Table 2. Analytical results of the rust composition
on the parts of steel sheets without galvan-
ized Vehicles: A, B, C, D and E.

Rust composition ( wi% )
Vehicle _panels @ -FeOOH| 8 -FeOOH| y -FeOOH| Fe304 | Amorphous
Hood (hem) 28 1 10 18 43
Left door(hem) 30 1 4 29 36
A |Floor (lapped portion) 31 4 6 17 42
Left reaquater(lapped portion) 26 0 9 19 46
Left sill(outside of outer) 26 4 5 5 60
Right sifl{outside of outer) 28 4 4 3 60
Floor(outside of outer) 52 3 5 7 33
Hood (hem) 30 0 17 22 31
Left door(hem) 24 0 7 15 54
B [Right doorfhem] 33 0 7 20 40
Left reaquater(outside of outer 20 0 5 4 71
Floor(outside of outer) 50 1 2 8 39
Hood (hem) 22 1 8 12 57
|Right door[hem] 20 0 3 24 53
C  |Lefe door(hem) 27 0 4 39 30
Left reaquater(outside of outer; 27 3 2 8 60
Floor(outside of outer) 52 3 8 11 26
D [Left door( hem) 18 2 2 10 68
Right door( hem) 22 0 5 19 54
E |Left door( hem) 26 0 2 22 50
Right door( hem) 20 0 2 19 59

Table 3. Analytical results of the rust composition
on the galvanized parts of steel sheets of
vehicles B, C and D.

Rust composition ( wi% )
Vehicle panels a -FeOOH| 8 -FeOOH| y -FeOOH] Fe304 | Amorphous
Right sill (lapped portion) 22 7 1 13 57
B [Left sill (lapped portion) 19 1 0 37 43
|Right sill{outsidc outer panci 17 13 0 0 70
Left sill (outside outer panel) 5 11 0 [4] 84
Right silt (lapped portion) 10 10 0 0 80
C  |Right sill(outside outer pancl) 10 13 0 0 ya
Left sill {outside outer pancl) 18 9 2 0 71
D |Food hem 25 0 0 29 46

Table 4 . Analytical results of the rust composition
outside the flat panels exposed to SST

and CCT.
Cort. | gt Sheet Rust composition (wt%)
test 2-FeOOH | g-FeOOH | y-FeOOH Fe304 | Amorphous
- CRS 35 0 7 36 22
SST EG20 21 0 6 23 50
CRS 40 2 1 12 45
cer EG20 28 1 1 19 51

CRS:Cold Rolled Steel Sheet
EG20:Electrogalvanized Steel Sheet (20g/m2)
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Fig. 2. Ternary diagram for the rust composition on
the parts of steel panels without galvanized
steel sheet on vehicle A, B and C.

o-FeOOH

Tt;'e crevices Ic;f
the lapped panels

The outside surfaces

B-FeOOH
~13%

Fe304
+7v-FeOOH
Left sill-lapped portion(B)
Right sill-lapped portion(B)
Right sill-lapped portion(C)

Remainder products
(Amorphous rust +

B-FeOOH)

Hood hem(D)

Fig. 3. Ternary diagram for the rust at the portion
where galvanized steel sheets were applied
on vehicles: B, C and D.
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Fig. 4. Ternary diagram for the rust composition
outside the flat panel the accelerated corro-
sion tests.

300 & ARBRMIMI DT 512 L7zhT o T, WESIROE®K
IR - RBAT L Tv 3, 20 3TEIKIEX» 6, $50H4T
1%, HHERD o IHIRDOBA, FEME D> O RAE L TKE
IR ESIR DR BT L T b D EHEEI NS, 3
72, HABEIRAEREC I © T b /KSR L R
D o S IR DEREE L IEME S & A L THIEESIIR O
AT B PR TH 2 2 Laigh 3,

Wk T5aER L EARERERE, o5 %EiLF Y Y
LKIERR (35°C) #EARL LT 32%, HAWAEERR
(3 EERRER] D50 % T EZLEAR T H b I AKEFFRERIZ { 6~
THIREDVE G, DI L6, IR 5 L TFe,0,+
y-FeOOH DM ILHTHi U, a-FeOOH bt k5B DK
TAHERMPDH 2 D EHESNE, 06 DBEEERR
TOHMRDEALIL, Fig. 2 1235 2 ETHEDOTEHRA b ¥
oL THOMBESL DR OE BB OBIREOE I
RELTCAZERREL TV, T bbb, 3TREN
THIRFED & THBLESL 57 TFe,0,+ y-FeOOH 1 D#LRK
HHha vt 2T AR L, IR RIME- THHR
AbEE AL RIEL L 72, THRA b, DEIE
BEIBAR DR LS & O M GAEA L T S 7oA bhiissE L
PP ERBLED TH S 2 L, SDERIC L b BEBIN
BB~ DEMEBE AT 5002, BMERBELVHERS h
5LHEESNS, 72, THRADEEIONEIZIZIE B
AT LIS KRR #ER T 2 2 L2, SiAH
BHETNVIZL B A N= v 2 BROBIEWPACA ¥ ¥ —
£ ZADRED, KETORBEE=F—12L 5 7RO
BHEC L YO IZS N T 529,

—%, Table 3 ZiR LTc & 5 \CHKD S - & SR 1242
B L 728ti, WEESIMIZZER U 7cds (Table2) £ { 6=
B-FeOOHH £ K L Tv 5,8-FeOOHIE b £ b & vt
WETHY, a-FeOOHD 3 - i3Fe, O, 2B L L T 8T
CETHBOZ L, 72, Fig. 3 % & U'Fig. 4 @ 3 jEikEEX
SR BEOEAGEREY, O, HEDTED - 3 HAE
P AR L 72 8-FeOOH I M ESRMK = 35 1) B THl e ER . & T4R
WA b OB 2 hRIRERYTH 5 wrEett

a-FeOOH

B-FeOOH
Zinc Coating

Fe304
+1-FeOOH . /

R inder products
(Amorphous rust

+ B-FeOOH )

Fig. 5. Change in the rust composition on vehicles
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diagram we proposed in the present paper.
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