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Abstract; In this paper, the progress and conclusions of this program will be introduced. P and Rare-Earth elements
are known to be low cost and be able to improve weathering properties of steel materials obviously. However, the cold
brittleness due to high P made P bearing steel difficult to be commercialized. It was found that the bottleneck of high P
steel could be broken through by grain refinement, especially ultra refinement. Meanwhile, the research results showed
that the grain refinement and ulira refinement is beneficial to weathering properties, which suggested that ultra-fine grained
steel with high P has a potential in developing low cost weathering steel. On the other hand, the mechanism of that RE
improves weathering properties has been revealed. It was found that RE enhances weathering properties by RE compound
hydrolyzing, and then deposition in high PH value cathode, as a result, retards corrosion going on. Based on these re-
search results, a new ultrafine grained and P-RE combining added weathering steel with high strength and toughness, es-
pecially excellent anti-corrosion properties similar to Cor-ten B steel has been developed in lab.
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Table 1 Chemical compositons of the RE-tested steels(w/% )
Sample number C Si Mn P S 0 RE
0* 0.15 0.20 0. 44 0. 009 0.014 / /
1* 0.18 0.12 0.38 0. 006 0. 008 0.002 3 0. 043
2% 0.15 0. 06 0.30 0.010 0.012 0.007 9 0. 091
3* 0.17 0. 08 0.40 0. 006 0.010 0.002 6 0. 120

®2 BIEWPHNEERXRESE(w/ %)

Table 2 Existed status and their content of RE in the steels(w/% )

Sample number RE-sulphide RE-oxide RE-sulphide and oxide RE-Fe compound or solid solution

1% 0. 021 <0.000 5 0.012 0.010

2% 0.017 <0.000 5 0.056 0.018

3* 0. 027 <0.000 5 0.031 0. 062
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Fig. 1

Cycle immersion corrosion rate in simulated industrical atmos-

phere environment (0. 01 mol/L NaHSO; )
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Fig. 2 Cycle immersion corrosion rate in simulated oceanic atmos-

phere environment (0. 3 mol/L NaCl)
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fli il SEM %K 0. 12% RE SC 30 W 45 )= 19 o3 A IR

SLEATRRY], BREEIMNEPEA LT LUK, L
FHETHERT, BAENFERTH IR &4

& 4

b o,

Al La
Ce

Si
Fe
Fe 3

Intensity / a.u.

5
0.70 1.40 2.10 2.80 3.50 4.20 4.90 5.60 6.30
Energy / keV

0. 12% RE S B0 Tl K5 R R 8 s #1685
JZH i SEM [ ) (a) #1 EDS % (b)

Fig. 4 SEM micrograph (a) and EDS spectrum (b) of RE particles

in rust layer after cycle immersion corrosion in simulated in-

dustrical atmosphere envirnment (0. 01 mol/L. NaHSO; )
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Fig. 5 SEM micrograph (a) and EDS spectrum (b) of RE particles

in rust layer after cycle immersion corrosion rate in simulated

oceanic atmosphere (0. 3 mol/L NaCl) for 0. 12% RE steel
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Fig. 6 Polarization curves of sample in 0. 01 mol/L NaHSO; solu-

tion containing different mass concentration of CeCl, - 7H,0
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Fig. 7 Polarization curves of sample in 0. 1 mol/L NaCl solution

containing different mass concentration of CeCl; - 7H,0
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Fig. 8 Cycle immersion corrosion rate in 0. 01 mol/L NaH-

SO, for tested steels with different P content
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Fig. 9 Effects of grain size on P concentration in grain boundary
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Fig. 12 Cyclic immersion corrosion rate of plain carbon

steels with different grain size
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Cross sectional SEM micrographs of rust layer after cycle immersion corroding for 3 d for plain carbon steels

with different grain size; (a)50 pm, (b)8 um, and (c¢)4 pm
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B L L R L e L B T L L S .

il 2 o -1 4 i 1) 5 T

B (5 BALETCRE SRIGAWIE L, AT UIFEEET ., AHE NGB RE, T2 aERE 5
AT SR A B AT B ) 5 A S R R D S S IR R . AR, B X 3% AT 45 BS BT (surface plasmon polaritons, SPP) TR A
oR, AMTRILFFXT SPP [ #45 T LUSE IO KOG F e AR B, A B K8 — UE B A AR B AL AL 75 AR
P AT RS . 4 8 2 T A RELRE B X SPP A A& S 4 FE L 4 a8 4R R S5 40 (R D62 BB A B DR R A S, S 300 3 TR °F-
[ 4 J 4R K 25 K ) ) 28 X R oR 25 K vh SPP A REME BT S AL SEIE T SPP ROt 2 88 A B BB E XL

B, A6 KRR R MG B Fl ik AR BT R NG VEIT9Y, BRIk i, RBTAIE R BT —fhifl & 87
R & B YORES W BRI EH T, ke ek PMMA JRixfiat. A&%HEAF I, A EBL & A
PRIt 454 i PMMA Bi; B —ZEERT PMMA EENE&RE, BaEEME N~ 1y )N PMMA [
5T & BB IR T PMMA G, S BT 0 A @ IR E . I T 77 1 i 28 i AR 0 K 45 4 11 2 THD HELRE 32 36
#0.55 ~0.88 nm, ETHEHEEE-MER L.

FI R 3 7 3 W L (0 o) 4 M BE B R IR WL bl L (VR /DT 10 YRR R 09 & J@ 90oKR 4540 . S 17 F B 5 vk
FIPEERYE , T & T — R9 & B4R SPP 4R AR, IS0Y RS BE i 0 4 m IR AL AL . TR EC A B 2 &R
SRR T RESER T = AYORE T SPP RBICAIE L, I3RS T My LR B BB . SR as R4
A IS ERIER , AR X R 7T DARASIR M L R R A & R O 2, AT LISRASAE# /NG SPP 4K s A {2 B
AR, TTERARLZOBERSEEN . ZERT 8 H 23 H R RAEYRBHE S A0 T P4 e 41 L) (Advanced
Materials 2010, Xinli Zhu et al. ) f 2% b - .

IR TAERE] TER AR E T . BHEH 973 THRILL R AR E A SR = | R E SRR 1 5880 .

(FAAFERM)
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