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Investigation of Rust Layer Formed on Weathering Steel Coated with a
Surface Treatment Promoting Protective Rust Formation

by

Takayuki Kammvura ¥, Takashi Dor*, Kazuyuki Kasumva *, Norio Wacure ¥, Shuichi Hara ™™
Katsuya Nakanara ***, Ryuichi Anpo **** and Hideaki Mryukr *****

The rust layer formed on the weathering steels coated with a surface treatment promoting protective rust for-
mation exposed at a coastal region containing 0.4mg/dm?/day of air-borne salt particles for 9 years has been inves-
tigated by means of X-ray diffraction, Raman spectroscopy, Electron probe micro-analysis and Mssbauer spec-
troscopy. In the surface treatment, Crz(SO4)3 is contained to form the protective rust layer. Corrosion loss vs. time
curve of surface treated weathering steels follows ¥ = AX® type function, where X is the exposure duration, Yis the
corrosion loss, A and B are the constants. The surface of the treated weathering steels were covered with triple layers ;
outer rust layer, surface treatment film and inner rust layer. The outer rust layer consisted of mainly f—FeOOH, and
the inner one mainly a—FeOOH. Cr enrichment was observed in the inner rust layer. It can be said that the surface
treatment works well to promote the formation of Cr-containing «—FeOOH layer formed on weathering steel.

Key words : Weathering steel, Surface treatment, Air-borne salt, Rust layer, a—FeOOH, X-ray diffraction,

Raman spectroscopy, Mossbauer spectroscopy

1 # =

fitfEPEddi% Cr, Cu, P, NiZomiettm LTk 4s D>
BERMULZKAEEHMTH O, R OZEE OB L %1
I RFIEEERBE T T, ZORMITHE LREE S UEE
KT % Z ik RMOMEMICENS 2L hmbshT
W3 D Z O, SRS S TR 30 48
L TRy, BB LE54 74 2L 2 M
Hil &M 376, FTEMHISEBEZF TN L TETn
5. —f, it A2 B U223, RN < UhVE
K9 % F TORNHERE T3 @i & R R & O % K
L, MW XORBEA0ay 7)) — AEgL, SR
BERDGANDH BT L, F7-FORIE R TIIREN:
SUREPER L EWNGAR D D Z & i TE 25
73 NaCl & L 0.05mdd (mg/dm?/day) BL FIZHIR & h
3 9%  ZOMMNSEH I TE TS,

T2id, PRICRIIMREE L2zttt gi s R L7z s O
Ji&i 2 AT U 7= A R, b R O PREENE X U3, A
Cra&HT5 a-FeOOH HEM & (v v a&HT —

AL L) THEIEEMBHLLEIOZDrusghr—
B4 MEF A —&—H 4 2O TR 2 X O
WETH57-9, IMBEKRTFTHEREBmELBLIZS W
ZEITA, A & v EEE LIS WIS (hFoF
VIERVE) Bd 0, BREGERMEICER S &S Piash R
MMEOENDB Z L &ML 72D E 72 A A+ v OMfFIC &
D a-FeOOH 2VER LR <, fifh 194 X &ML 3
BT EMNHIHLZZYZh oIS & | it o R
BV THB o0 bEGH1Y — 24 a2 HICHii b
AR T AR AR L 7= 99 b bBEAMEERY) ©
=T FF = BHERICHRER 2 1 24 (Cra(SO4)3) %R
LMW TH D, =MD Cr 4 4> (Cr*) &hleA
F Y (S045) 12k 0 IRHENE X O A IR X B
HThs, LrLadis, RUEEEEIZEWTHMO
JEEIITRKIE S DA 5T, BEELAE, HhRHEICK
EL A SN, HOFEGRITHEA L 25A1213 2 ORG4:
ORERCIERAIFIZ & D, bie BBRBEICBE SN Z 2R
THINS., SHIEROMT & & I X O

ER &R MR ATIZET  T660-0891 etk Corporate R & D Labs. Sumitomo Metal Industries, Ltd., Fuso-cho, Amagasaki

EREET 7 79 Y -2 HES  T660-0891 JElidifhskl], Investigation & Res. Div., Sumitomo Metal Tech. Inc., Fuso-cho,
T104-6111 #Us#krhY:[X | Eng. Company, Sumitomo Metal Industries, Ltd., Chuoku, Tokyo,

T104-6111  H TR JL[X | Steel Sheet, Plate, Titanium & Structural Steel Company, Sumitomo

i JFEREZEE SR 19 42 H 23 H - Received Feb. 23,2007  ©2007 The Society of Materials Science, Japan
660-0891
k%
Amagasaki, 660-0891
* %k ok AREBTEWNT Y V=T ) YTV Isi=—
104-6111
* k% ok R EIE T - EEh 7 s=—
Metal Industries, Ltd., Chuo-ku, Tokyo, 104-6111
sk ok ok sk ok

Amagasaki, 660-0891

E 2 8 (KEE LEMBATIZET  T660-0891 JEI%Hik=ZM] Corporate R & D Labs. Sumitomo Metal Industries, Ltd., Fuso-cho,



1036 MR, RO, RIS, FERER, B B—, R, b —, s s

|2 - (R W) 7k Rt AR T 3 I S
TIIMBEGABRIC & 2 EHITIEE S TldAV, 20720 EH
Oiip ik - i B PE A AR - 2 OVERE AR 5 72
WIZ TR G RER 2 5 NS ERGRIE T L 7= A DRk
Wt R TH 5.

AETIE, 0.05mdd %8 A 2RRIE BB PIcE
W RN R U -0l X OV B LB 2 s U 7=
TRPESRERER R, X SITITFRER KD U - @i L,
REME X O RATEARICOWTRE L 7= TS+ 3.

2 X B F &
2.1 HERF - BARBEHR L S UICTHEMREQ
EEEBRHLSOIVH L TILOERR

FO =i EdA4 (SMA490AW) DAL22E 5 % Table 1
12, FZHO PR D T2 2 5) & Table 2 1R 3. A
B, SAAIES — R Sk o v o & Sl (P L)
BURBIIIHE 2 O A G RO (FAE) » 60
KENTHED, FAET P B DR 7 7 2 (Cra(SO4)3)
DEEHY - EECAFIHI L, RIU 725l 2 9 20530312
TR X ORIEIZT G X BB Z LA HE LTV 5,
FKREONELIZH 4 15um Tdh 7=, ikBRF 1%, 60 x 100 x
4.0mm®* DY g N 75 X b L ZHEMEER & vz,
REF X EB LA B L 22 D O MO BB
(Sheltered condition) (235N TRELORET-12 & D AT
[l U, SR EL, XoICRBREE L THWEZ
T UV AHIMICIZREE BT 22 DRk 51
WE L, W PACERB TR, RIS DRI K O%F
TOEMRESOMPERE B T2 20 TE 5. £
Mo & Ui o SR A T 30° ORI ANLEE Y 72 B B
5% (Open condition) &#F FACEERICZE L7z, 58
HARNE 9 4F, #RI I ESIA T 30° RFZIEIH 20 FETH 5.
T DA 2B Bkl (B AR & 0 B PEEERY 800m)
IZRFH L7 BB TEAMZEH AR 2R

Table 1 Chemical composition of steel tested. (mass%)

C Si Mn P S Cu Ni Cr

Weathering steel
JIS SMA 490AW

0.11 0.24 0.75 0.014 0.005 033 0.12 049

Table 2 Main composition of surface treatment promoting
the protective rust layer formation used in this study.

Components of P treatment™® mass %
Resin (polyviny] butyral, etc) 35~55
Pigments 10 ~ 30
(Fe,0s, carbon black, BaSO,, talc, etc)

Crz(SO4)3 10~ 40
H;PO, 2~10

Components of F treatment™® mass %
Resin (polyvinyl butyral, etc) 35~55
Pigments 30~ 50
(Fe,0s, carbon black, BaSO,, talc, etc)

H3PO, 2~10

* P treatment: Inner coating, F treatment: Outer Top coating
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Fig. 1 Corrosion loss curves of weathering steel
(a) and weathering steel coated with surface
treatment (b). The exposure tests were carried out
at Joetsu-city, Niigata Pref.. [Amount of air-borne
salt particles : 0.4mdd]
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Fig. 2 Xeray diffraction patterns of the rust formed on
weathering steel (a) and weathering steel coated
with a surface treatment (b) exposed at Joetsu city,
Niigata pref.. [amounts of air-borne salts : 0.4mdd]
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Fig. 3 Xray diffraction patterns of the inner rust layer
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(a) and outer rust layer (b) formed on weathering
steel coated with a surface treatment exposed at Joetsu
city, Niigata pref.. [amounts of air-borne salts : 0.4mdd]
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Fig. 4 Raman spectra of the cross-section of the rust formed on weathering steel coated with surface

treatment exposed at Joetsu city, Niigata pref.. [amounts of air-borne salts : 0.4mdd]

The spectra of 1-10 correspond to that at the positions of 1-10 in the left photo.
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Fig. 5 The distributions of Fe, O, P, Cr, Cl in the rust
formed on weathering steel coated with surface
treatment exposed at Joetsu city, Niigata pref..
[amounts of air-borne salts : 0.4mdd]
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Fig. 6 X-ray diffraction pattern of the rust formed on
weathering steel bridge (K-bridge) coated with a
surface treatment.
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Fig. 7 Maossbauer spectra of the rust formed on the
weathering steel bridge (K-bridge) coated with a
surface pretreatment promoting protective rust
formation exposed for 4 years. The velocity is
relative to o—Fe at room temperature. «—Fe203 is
not rust but pigment in the treatment.
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Fig. 8 The change in the mass fraction of «—FeOOH
in the rust formed on the weathering steels
exposed at Amagasaki, Hyogo as a function of the
exposure duration (Open circle). The solid circle
indicates the mass fraction of «—FeOOH in the
rust formed on the surface treated weathering steel
taken from the K-Bridge in Hokkaido.
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