Vol. 30. No. 2

453 7
SPECIAL STEEL April 2009

BAANEXRMELEFAR

FX4e OETF EHEF £ M
(FERERFREES ST RER, LA 100083)

B E sARNETETEAEREESRAYTE X80 R WM T HHT 4%, Bl 873 K o LI B4 9
EHE B E 0. 025% 5 , %40.000 8% < [ Mg] <0.005 9% , %+ 4 i Mg0 - AL O, Je 47, X4 Mg] >0.0059%,
WAk A MgO =R, [Ti]FH 0.015% i, [ Mg] =0. 001 4% 1] 4= g 2Mg0 - Ti0, H &3 2%, [Fat 0.025% < [Al] <
0. 047% B} A 1 AL, O, - TiO, H A FFY . 50 kg E2BENPE BRI E X W4 SEM #1 EDS 4r#r 2 M, S5 b BN h Yy
FW/PT2 wm 585% ,2 ~5 pum {4 14.5% ,5 ~ 10 pm B EYUH 0. 5% , AL ENELWOBE™Y
2} 2Mg0-Ti0, Mg0- AL O, % X &t & /= Yk S By B MERE & 2=,

XBE EARW BELE xE&y

A Study on High Grade Pipeline Steel Treated by Magnesium

Li Taiquan, Bao Yanping, Wu Huajie and An Hang
( Metallurgical and Ecological Engineering School, University of Science and Technology, Beijing 100083 )

Abstract Precipitation conditions of magnesium oxide and its compounded inelusions in liquid in X80 pipeline steel
was calculated by thermodynamics, that were calculating according to aim acid-soluble aluminium content 0. 025% in pipe-
line steel at 1 873 K, as 0.000 8% <[ Mg] <0.0059% , the compounded inclusion MgO- AL, O, formed in steel, and as
[Mg] >0.0059% , the MgO should formed in steel. With [ Ti]0.015% , as [ Mg] =0.001 4% , the compounded inclu-
sion 2Mg0+TiO formed, and as 0. 025% <[ Al] < 0.047% , the compounded inclusion Al,OQ;*TiQ, formed in steel. The
analysis on pipeline steel melted with 50 kg vacuum induction furnace by SEM and EDS showed that in steel treated by
magnesium the percentage of inclusion less than 2 um was 85% , 2 ~5 um was 14.5% and 5 ~ 10 um was only 0. 5%.
The decxidation products in pipeline steel treated by magnesium were 2MgO-TiO, , Mg0O-Al, O, etc, which could be com-
bined with sulfide and nitride to form compounded inclusions.
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Table 1 Main chemical composition of pipeline steel /%

C Si Mn P S Ti Mg Al

0.06 0.30 1.80 0.009 0.0018 0.018 0.0035 0.025
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Table 2 Activity coefficient of each element in pipeline
steel at 1873 K

fC fSi an fP fS fAI fMg fTi fN f()
1.01 _1.12 1.0l 1.0l 0.96 0.99 0.19 1.93 0.92 0.34
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AG? = -89 975 -80.021 T(J - mol ')
2[ Al] +3[0] = AL O, (3)
AG? = —1226 832 +390.66 T(J » mol™")

2[Ti] +3[ 0] =Ti, 04, (4)
AG® = -1 072 872 +346.0 T(J » mol ")

[Mn] +[0] =MnOy, (5)
AG? = -288 773 +126.82 T(J - mol ")

[Si] +2[ 0] =Si0,, (6)
AGY = -594 128 +230 T(J + mol ")

MgO s, + AL 055, = MgO « AL O, (7)
AGY = -35530-2.09 T(J - mol™")

[Mg] +2[ Al] +4[ 0] =MgO - AL, Oy, (8)

AGg = -1 330 595 +305.619 T(J « mol ")
2MgO s, +Ti0, 5, =2MgO + TiO, s (9)
AGS = -25522.4 +12.552 T(J - mol ")
2[Mg] +[Ti] +4[0] =2MgO - Ti0,5, (10)
AGy = —881024.4 +80.841 T(J * mol™")
3TiOys, + [ Ti] =2Ti, 044 (11)
AGS, = =118 585 +18.19 T(J + mol ")

[Ti] +2[0] =Ti0, s, (12)

AGY, = -675 552 +228.329 T(J + mol ')
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Fig.1 Relation between [ O] and formed free energy of differ-
ent deoxidation products in pipeline steel at 1 873 K
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Fig.2 Relation between magnesium-aluminium content (a) , magnesium-titanium content (b) , aluminium-titanium content (c¢) and

deoxidation products in pipeline steel
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Fig.3 Morphology and analysis of compounded inclusion containing magnesium (a) and oxide containing magnesium-sulfide com-

pounded inclusion (b)
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Table 3 Distribution of inclusion size in pipeline steel trea-
ted by magnesium and calcium /%
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