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Effect of Rare Earth Yttrium on Corrosion Resistance and
Physicochemical Behavior of Pipeline Steel

Yang Jichun, Yang Quanhai, Ding Haifeng and Liu Xiangjun
( School of Materials and Metallurgy, Inner Mongolia University of Science and Technology, Baotou 014010)

Abstract Test pipeline steel (/% : 0.04 ~0.05C, 0.20 ~0.24S5i, 1.80 ~ 1. 88Mn, 0.010 ~0.012P, 0.004 ~
0.0058S, 0.27 ~0.30Cr, 0.42 ~0.46Ni, 0.24 ~0.28Mo, 0.20Cu, 0.005V, 0 ~0.017Y, 0.003 1 ~0.005 30) is melt
by a 10 kg induction furnace and rolled to test bar. The effect of rare earth yttrium on corrosion resistance of pipeline steel
in simulated seawater (3. 5% NaCl) is studied by using scanning electron microscope and energy spectrum analysis, elec-
trochemical techniques and thermodynamics calculated method. Results show that the rare earth has modification effect on
inclusions in steel to modify the large scale and spinel structure Al, 0O, inclusions to small spheroidal rare earth compound
inclusions; therefore it is favorable to form the continuous and compact inner rust layer, decrease the pitting corrosion
source and increase the corrosion resistance of steel.
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Table 1 Analysis of test steels

2L
%9 : W 1% P
C Si Mn P S 0 Cr Ni Mo Al Cu v Y
o* 0.05 0.24 1.80 0.011 0.005 0.005 3 0.28 0.46 0.24 0.034 0.20 0. 005 0 0.193
1* 0.04 0.20 1.88 0.012 0.005 0.004 7 0.27 0.43 0.25 0.031 0.20 0. 005 0.008 0.190
2 0.05 0.24 1.88 0.010 0.004 0.003 1 0.30 0.42 0.28 0.030 0.20 0.005 0.017 0.203

P, =C+5i/30 + (Mn + Cu + Cr) /20 + Mo/15 + Ni/60 + V/10 +5B



2

Wi B R L S RN P P A AL 2 AT - 63 -

EAE IR T AT, R s — KA, E AT
A==t

B Ak 25 500 SR F S11280B %Y e 4k 2% T 4R 3k , iR,
WA= R T AT, AR Ry BT H N EE
1%, 5 B AR A1 L AR 7 5 R PR FI A KCL
HARHR(SCE) , ATl e AL AHXT T SCE,

FELA 2 T 3 B S T B T 8% e 2 (OCP) 20
min, i HARE S5 AT B I AR AL R M &2 . 1]
PLHHER R, IR ST FVE R 0 £ 0.5 V (vs OCP) , 334
HEH 0.5 mV/s; 3BT K 00 B8 430 5 5 )
20000 ~0. 01 Hz, Bilfs 54 10 mV,

2 #R5WiE
2.1 Rfbmhgil B AR

AL 1 () 7T %0, 0F 0 1" 4088 Dt BB R 3 4R
1T 2 588 Tl Al DR, ) 2 1 4 S o e A
30 FLIRR AT LA RN - 8 Dl 0, i B0 4N A R A
B UG R JZ , BT AHGE R D0 o AR TR O
TR A2 50 v A Ak LR AR B 172"
RMA S R ERBIE M, A —ERE LS TR
b xof X 400 ol B 0 B v M IR G E J nh T 54
U ERE IR W B EcE . B 1(b, o) Al

1t 28 .53 KA ALIHZR I, M 1(b,c) FRT A1,
Wi 1 2" IR EE A AR - 1 O™ IR ok v A
AT RAR#ES B/ 5B TR 2 KRN 1R
B AE LA S IR, X — e RE R
IE T IR L S B AR A MR AR

MR 2 TR, B TS o b ] S, 1 2%
SRk P (i, ) BTN/, TG O BRI i, BT
TARMLE B3 K, Ul B BB T DR I 54T, & 1 R0
1 2" B ST (R TR g, TR £ 0
IR HPIE I 2 F R, LB LA B B FE
I 5 TR PR S T A B
2.2 WMo

B 2(a) J7E O 4R P BAHL UL 52 2 1Y Je 2 M 458
L A 2(a) FRATAL, R IR B AR AR K
KRS wm, N EDS EHa] LUE ), % ) F &
A ALFO JuR, BrLiR AL O, 2K 2% 2(b) 2h
e 1 2" i LAY e 2 M 4R 1, B 2 (b) Rl
LA G RAE IR, BRI 15 pm, WHE
EDS Pl IF I H EEITERN Y0 F1 S, HitkA
W LAY Jede; B 2 () A7E 17 2" N rh g 3
R — e 28, I A BAR K A2 pm A 2RIR

0 -
(a) (c) B(l') |
N /
-0.2 N/
) /
C2) /
/ e
-04 %, -~ .
= /"‘\\ "
-: . // f TA(0)
B 0.6 & 1
z -~ !
& -0.8 —qé:"j
o R
10} NN
~1.2
LB T A =5 B B LY = OB F < =5 < =F =2 =1 =8 P =6 =5 =4 <3 =5 =l O
lg[i /(A - cm )] lgfi /(A * cm )] lefi /(A * em )]

B1 fE3.5%NaCliiFmH (a)1,(b)28 Fl(e)53 KiGIRISHAMM Il 2% . Y/% . A- 0;B- 0. 008 ;C-0. 017
Fig.1 Polarization curves of test steels in 3.5% NaCl solution for 1 (a), 28 (b) and 53 (c) days:Y/% :A- 0;B-0.008;C- 0.017
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Table 2 Fitting parameters of polarization curves of test
steels corroded for 1, 28 and 53 days

g R A S {lu ik R]./ K
R s
Gk R 1 28 53
. Een/mV ~809. 68 -849.63 -845.67
fn/(Arem™®) 799 x107% 3.76 x10°° 7.1x10°°
y E . /mV -808.61 ~755.2 -754.52
i/ (A cem™) 7.26x107% 5.92x107% 3.98x10°°
o E../mV ~815.36 ~745.3 ~756. 66
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Fig.2 Morphology of inclusions in test steels and energy spectrum, Y/% : (a) 0*: 0; (b) 1*; 0.008; (c) 2*: 0.017
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Table 3 Standard formation free energy of rare earth in-
clusions in steel
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2[Y]+3[0] =Y,0,,
2[Y] +2[0] +[S] =Y,0,8,,,
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AGY/(] - mol ')
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Table 4 Activity interacting coefficient of elements in steel liquid at 1873K

el o Si Mn P S Cr Ni Mo Cu Al Y
0 -0.45 -0.131 -0.021 0.070 -0.133 -0.20 -0.004 0.006 0.0035 -0.0130 -3.9 -16.3
S 0.112 0.063 -0.026 0.029 -0,028 -0.27 -0.011 0 0.0027 -0.0084 0.035 -0.55
Y -0.22 - - - -1.55  -90.7 - - - - - ~0.006
Al 0.091 0.0056  0.035 0.033 0.03 -6.6 0.025 0.017 - - 0.045 -
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Fig. 3 Morphology of surface of test steels before (a) (b) (c) and after (d) (e) (f)
peeling inner rust layer: Y/% :
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6Fe( OH), + 0,=22Fe,0, +6H,0 (10)
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