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Corrosion Products formed on Steels under Atmospheric Environments
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The atmospheric corrosion products formed on the different types of steels at two different
exposure conditions were investigated using Mossbauer, Raman spectroscopy and XRD. The
corrosion products formed on all the coupons were composed of goethite and lepidocrocite. The
existence of magnetic maghemite in the corrosion products on the carbon steel at the coastal
site was a cause of the high corrosion rate. The inner layer, a protective layer, mainly composed
of goethite, The larger fraction of superparamagnetic goethite with decreasing the mean particle
size of goethite, in the corrosion products was closely related to reduction in corrosion rate in the
marine and rural sites. The outer layer of the corrosion products on all the steel coupons was
consisted of the interdispersed lepidocrocite and the small amount of goethite. The larger
amounts of silicon in the steel were helpful to form superparamagnetic goethite.

Key words : atmospheric corrosion products, superparamagnetic, goethite, a protective layer,
magnetite, maghemite
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Table 1. Chemical Composition of Specimens
(Unit : Wt.%)
ASTM
steel type
Weathering
Steel(A242)

C|[Mn(P ]S |[Si(Ni|C|Cul|A

A3 009085 |011[0.0321029)0:66 {052 0.27

A37|0.18 { 073 (0.007|0.017{€0.01<0.01( 0.02 | 0,015 [<0.005|Carbon Steel

Cu Bearing
Steel
Weathering
Steel( A588)
Weathering
Steel(A588)
Weathering
Steel(A588)

A38 (004036 (0.006/0.024/<0.01{ 0.01 | 0.01 ] 0.26 [¢0.005

A4510141097 [0.012)0016{ 0.12 | 0.31 | 059 ] 0.36 | 0.037

A5010.12 ) 1,06 10.0060.013) 0.77 { 0.01 | 059 | 0.33 |0.038

A52{0.14 | 1.00 10.008(0.018] 0.75 [ 0.31 | 0.57 | 0.35 {0.052

Table 2. Environmental condition of different exposure

A Expr‘:e Site name |Latitudes| CI* 50
rea p(eyr) exposed  |Longitude] (g/m?Yr)|(g/m®-Yr)
Coastal| 16 K“reNimh uN/8W| 300 | 412
Rural | 16 Sayk:;b“’g' AN/TSWino data(3)|  6.2(4)

(1) : LaQue Center for Corrosion Technology. Kure
Beach, NCH <& ZAd di7] $9 Hd
chloride ¥# 3 (1962 %5 199538 71A).

(2) : LaQue Center for Corrosion Technology. Kure
Beach, NCell 9jasl &3 ¥ 7] F9 H#F SO
R (199435 E 19959 72)),

(3) : A=A dtS

(4) : Saylorburg. PACIN ZAE 7] 9 HF
SO, &% %F (19783 % 19823 74A]).

e AYgsnh £ BE AHEC] 7Y
E 30°9 Zx2 71g&oz duzE 164 .} =
Hoy, sEg ¥ Zo] Hd FAPH A A
AEZ A JIE ddLE A" v FE
3ot

524 AAdEe] A7 XRD, Mossbauer24 3
Raman &4 ols] F#3=en, T3 ZAulg
%] £A(Transmission Mossbauer Spectroscopy.
TMS)E #3iMe 4 AAPESS A¥e #9
o (1x2) cm’EHE EA<Q ol o8 A
&AMt 23y SR HolM E2d AW
A37E Ao BE AlHe] EAHAY| 9o, 7o
FdoA "oA U B4 MBS TMSEHNM
AHE-E Tl o] W Ad&(300K)F A-Z(77K) A
BolF 2iuke9 AHMEYES transmission in-
tegralol 3] fitting® F 2 H4 WYAHE A
(phase) &9 dA FA4¥I&S HASNTH A7
A BAuke-g] AR @ Fu|&E Fe RS
o o3 FAUIEE HE|E 95y, 7 R YA E
9] relative recoilless fractiong ©)-&3tict."

EG, AlEA A5 gl ¥4 4482 XRD
435 8@ B9 ot AR OH, R A
AE 2 QS E37] f3kd 10°~120° Abe]
9] XRD¥AAS 7183ttt 182 4 RAE
FAA 564°04 £E A H2E ZE obvivhd

lo
bu
e

hu



286 348304 #2907 A55 2000 1049

9]E(# -FeOOH) ¢l A %8 & ¢ 4&3iA +#
23171 95t 50°~60° W A9 ¥xe XRD
AGE AT 4 4489 WHo] Raman
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@ 10°~120° XRD3 AN BE A®HoN ZH2
s HEolE(a -Fe) 3 224 AAHE T
7t ¢48A gl 719 Aoz d&gn. oE
74 g8l W XRD AL AW FF
Z7 @7 daglel vzt

a2 iAol E29 AE A379] XRDH
AAE g RE AHAA 42 XRDIAA A
ol7t AREH, 1 AL HAAYR k& AW A
o] At 22 YAHEo slAl)E(y -Fe0s)
EE vlavlgelE(Fe;04) 7F EAE917] w&o)t}.
%, 50°~60°cA 71Z¥ XRD3AANA A37 A
Holglo] RE Y& AWM E oll7lelE AR
o Pt 56.4°0149 HAt W@EA YeuR
ggton], o Z AHE FAHY F4 Y2
ob7l7hvel Evt EA8A getisE AL ondn
a2 St Aol =28 A37 Al¥d ¥AY
4 AAdES XRDAAANAM 564°0] ANA
noise¥ Kol of¢ 2L M3rt EAsgon,

Table 3. Chemical analysis data of different corosion
products using XRD.

A Spe- XRD analysis
rea | .
cimen |a -FeOOH (7 -FeOOH| 7 -Fex0s | 8 -FeOOH
A35 yes yes no no
A37 yes yes yes | possible*
A38 yes yes no no
Coastal
A4S yves yes no no
A50 no no no no
A52 no no no no
A35 yes ves no no
A38 ves yes no no
Rural
A45 yes yes no no
A50 yes yes no no

* : exist possible

o M2 # @ AW AYSl 44 A4EA b
Fholze] 24 bsAe 948 WAL = 3
Ao,

3.2 Mossbauer 244
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2 ALAM A7 AL @ FLS YAY A
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o] o Hd ZvHA7IZFL 300kOeclAt, o] H
W 2o AL AARIE(m) Y HFE 437
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Fig. 1. Mossbaur spectrum of comosion products of
specimen A45 exposed at rural area.

A2 71E9 R2ueq 2HEY(1Y
1(b)) el #Ael 23w, 224 AAEo] AlAolE
(S1+82), HFMEAZAIE, wpAnl)E(S)ER
T4 UFE BAFEh 53] doubletd dHI:
AZAlo|Est AA|E(S2) ARoz FA=HACD
4ot doublete] FA¥EE 27% UL%
HhAo), sextete] A& 73% F7HE%th 2 9
AL AAIE(SL)# slABio|E(S)Eo] &7}
wdolgol o @3ir7be] Frhsl ZulApA A
(hyperfine field)& zt7] w&o|c}, AAO|E(m+
S1, >10nm) 2] FAHIEL Fojre) FAu| g

H|3te] Zrisiglct 2Rl ALdME 244 A
AL 7= AAIE(S2, {10nm) 9] +Av¥l&LE 8%
2 FAASAUC wepr 22 HHE YA HA A
AOIE(m+S1+82)9] 74 76% 3 Eoln, 24%
9] AAle|Es} AF2o)M9 doublet 22 HE 7|AH
ReE HaFth o] o doubletd FAUIEL 27%
ZA, 19%9 dAEAZA|ES} 8%2 AAIE
(S2)7} A&l A vl goltt, TElx uiAIRlo|E(S) A
B2 AMIE(S]D) Y 2REY AR QoA Zas
A Zarg o, gt B o8 o 5% HAEE F
AHAL. B dole AN 49 74 HEEY
FAAUES BAFY Qo o7 ZF ¥ 74
&2 Raukeg AHEY Qo] Exjsts #H o]
E(a -Fe)9] 71 ALlg 4dld vl &olct
ARG A|HE A370] PAHE K4 B
B2ube-9] AHEYL I9Y 204 UER o] B
U9 AHEYLS AIFA G AlHE A459] A
H 24 AAHEe RAuleg 2HEHI tp=c
ks sl kEE AE A7 ¥AHE #
2 AAESG viAnle]E(m) 7t EAse W,
HgjolE(a -Fe) o] Aol EAIsHA] %71 wjEol
o, o] W viAlulolE(m)E AVIH AAE #Ee

vvvvvvvvvvvvv

[ (a) T=300K
| f T T T 1y+Fe,04m) ]
7T T T 7 aFeO0Hm)
1F0,05(8) M y-£FeO0H. aFeOON(s)

| (b) T=77K
T

T T T T
r T T T T

‘Fo,o,(ll-

1a-FeOOH(m)
YaFeOOH(s1)
M +FeOOH oFeOOH(s2)

Relative Intensity

12 8 4 0 4 8 12
Relative Velocity (mm/s)

Fig. 2. Mossbauer spectrum of comosion products of
specimen A37 exposed at coastal area.
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bulk Y=kA719] iAol EE ou] g},
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AAlE(m) e Ho ZulMA7]Z2 373k0e°l A
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A4S FR397] dEoleky Azt

2l

g go) A FZE AE AL A HE
A 48 74 YPEEY Eiukgo] ¥
EYL g fAEE olRAE F4 AAE Al
Alo|E, B EAZAIE, viAvlo]E(S) HJRER
ol M-S gk o T/ R T2 @70
e Z 74 APE AR FAMEE E 40 4
ik ® 401X B uish Zo] ol BAQLC)
BE RN EC] FAHE AE & F UeH, 53
E 3004 AAGel kEE A45, AS0 A¥H
o] XRDEHAME HEHA &2 AACIE, 7
EIZACIEY] HEL FET TN ojs Eiu
$ol 4] XRDEH wd 4% d 58
ALg B F Utk EiukgoliAe) J2 AdE
gollAl AAtelE(m) 7t fitting® ¥ 2E9 AW
ZulAA71gel AW A459 FAAE AXelE(m)
o Ad zoAAZER v fFASRS. RS
AAtOIE(m) ] Ha #2717t 20~30nmell 3T
3o, AAle|E(S13 S2)7F EAgHE RS A9
gt diFEAZAl|ES] Y2 9% ~21%,
AA AACIE(m+S1+82)9] AU &S 74%~
86% = Folzlth 1zl AlACIE(m+S1+852)9]

Table 4. Chemical ratio of the corrosion products formed on the specimen.(77K)

. . Corrosion
Chemical ratio(%) N
rate*
Area | Specimen Subtotal Total
a - a - a - a_FeOOHa-FeOOH 7 - 7-Fe203(”m/r)
FeOOH(m) | FeOOH(s1) | FeOOH(s2) | """ ™| (m+s1 +52| FeOOH | +Fe:O4 vE
)
A35 25 49 8 57 82 13 5 7.00
A37 29 24 5 29 58 3 *39 >50
A38 41 30 8 38 79 16 5 19.17
Coastal
A45 25 47 8 55 80 15 5 10.11
A50 21 51 8 59 80 15 5 6.33
ASB2 20 53 8 61 81 14 5 5,57
A35 32 35 8 43 75 20 5 1.52
A38 47 23 8 31 78 17 5 6.48
rural
Ad5 37 31 8 39 76 19 5 2.62
A50 31 36 7 43 74 21 5 1.85

* 139 = 34 (vtAIvle] E(m)) + 5 (w2UlAIO] E(s))

**oAEe] 1197 250l F, A UAFAA Townsendol o3 &€ FA&x
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Table 5. Chemical analysis data of different comosion
products using Raman spectroscopy.

Raman analysis
Area |Specimen| a - Y - Y -
Fes0q
FeOOH [FeOOH| Fe;03
A35 yes yes yes no
A37 ves yes yes no
A38 ves yes yes no
Coastal
Ad5 yes yes yes yes
AS50 no no no no
A52 no no no no
A35 yes yes yes yes
A38 yes yes yes no
Rural
A45 yes yes yes yes
A50 ves yes yes yes

7 e, N Steel qustrate oo
Fig. 3. Layers of oonosion products of specimen A38

exposed at rural area.(a: Inner layer, b : Outer
layer and, ¢ : Maghemite formed at inner layer)

1(a)e ¥4 AAE FoAA =5 AAIEH,
AL RAFE AL AR 74D AAIE
(S1+S2)°] Xgslo] 31g 7t5AL &A3] HjAl
¢ F v 2 olfE AL AR A" ALl
E(S1+S2)9) =t w3 YA Eo] AArelE(m) 9]
U3 YAEH w$ vz dolth, 19 3(c)
% 18 4(c)ES ¥ HAE FOA DMIDME
(S) 22 o9 AAIEFL EfEHOl Ae Fol
ot I8 4o et JAE FAT, 71]*}0159} &
854 & &5 vHlvtolE(S) o] #Ae) M
A=t olgjd wHAR|E(S)ELS  uiE Sl
YA g3, AFBFo] 22 G (island cluster
shape) 9] 2 FAHASES & F YAy, +#
AUl & AA B4 ANEY 4 5%AEE FAH
Atk 19 4(b)= 4 AHLE FolA uigZatt
FANE £49% grsa2AlolEd sgHng ¥S
ad 49 22 AAolESH YA FZAlo|E}
EHd 2¥EYo] XPHAE @Y, 150 &£
g8 ¥ AAdEo| wpgSed EAs %
ARG Z2HolW AHAIY AP 54
BHEE diFio] AACIES nlAnlelE(S) &gt
o] Fol AZF ot oA FAL folg] B
2 YA vHARlE(S)Y FAuES % 5%E
FAHAct W3 37§ 712 ARl E(m) 9 @l
HEAZAO|EEL Al¥e] HWel EAs= ¥4
HAES&AAN EAsA Gt Ty AJEoER
B doja g B QMBS ol Hiupgol
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ZololEx F19 A F2 YN B uppE
& olF1L Uthit FZoREY RHY glolf
o @ 4 Aok AsE 1 B4 ANEY HF
FAE 20 mEA GE ABEA YAE 2 A4
B9 HF FAB0m)BTt vl FH A|HSZRE
oA 2 4 AHEL AR Rlulgo] B
Aol 9§ wlAvlolE(m) e} HIEARA]EES]
EA7 ALY o)},

-
T r Y T T 7 a-FeOOM |
I-(a)
zr 1
H [ T T T T 1 y-FeOOM |
s r
£
s ™
= |
.
«
T T T T Y 1 a-FeOON 4
— T T 1y-Fe,0,
s

200 100 400 500 00 100 400
Wevenumber (em'')

Fig. 4. Raman spectrum of comosion products of
specimen A38 exposed at rural area.
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3 AAE vlREE, L2290 BAIgle]l A e
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TAYE] & AFY 5 84 57 3 AL
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