Metallurgical Engineering 15411, 2015, 2(4), 169-176 Hans X
Published Online December 2015 in Hans. http://www.hanspub.org/journal/meng
http://dx.doi.org/10.12677/meng.2015.24024

Effect of Mg Treatment on Characteristics of
Inclusions and Microstructure in FH40
Ship-Building Steel

Ming Lv, Xiaobing Li, Yi Min, Chengjun Liu, Maofa Jiang

Key Laboratory for Ecological Metallurgy of Multimetallic Mineral (Ministry of Education), Shenyang Liaoning
Email: miny@smm.neu.edu.cn

Received: Sep. 20", 2015; accepted: Oct. 9™, 2015; published: Oct. 15", 2015

Copyright © 2015 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

The chemical composition and morphology of particles were investigated with SEM-EDS; and the
characteristics of casted and rolled microstructure were characterized with OM methods. The re-
sults show that, the typical inclusions are turned to be Al-Mg-O + MnS and Mg0-Al;03 + MnS from
Al;03 + MnS after adding magnesium content from 8 x 10-¢ to 26 x 10-%. The main microstructures
of FH40 ship-building casted steel are pearlite and polygon ferrite. However, after adding trace
magnesium, the casted microstructure evolved into pearlite, ferrite and acicular ferrite, and with
increasing the magnesium content, the number of acicular ferrite is obviously increased. Mean-
while, the main microstructures of FH40 ship-building rolled steel are polygon ferrite and a few
pearlite. Moreover, with increasing the magnesium content, the number of polygon ferrite de-
creases, and the ferrite grains are refined and the distribution of ferrite is even more uniform.
Further, there is large quantity of acicular ferrite and granular bainite with magnesium addition.
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K FISEM-EDSHI ST T MgAbHAM -F S RUSRARMIIFAE, R &M EMBE A T Mgh BRSNS EMA
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1. 518

F T 2H R ) R AE B (IR AR & S R 4 e IR e e e 7 T AR e 2 aln sk, B WA i
O 7 RE R TEHAYE &R0 A TAE[L]-[15]. A0S H AR R F A0 41/ Je ki LG8 A
TEEEVERE M D IS, LA S0 B i e AN W T B 1 B 5 5 N IR BR R A TAZ AT $L B G S 1
e F ks F SO B S Ak PR A . BRERIBGR M A LR, ME Y mIRIRE A G ik, BR Gk
REEELFE R . B ERTEAZZL O, A HAEEAYNG SRR IR B T A %
fk[16].

124, O FE BB SRR A S0 S B A X A 2 5 1 RE AR 3T T — S8/ 52 [17] [18],
{H T B AL H IR BEAT A ZL I D o 5T IR BEA L SV AE X P2 R e R B v, R T
— DR IF AR EEAE FHRUR, ARBEFC LA FHAO /& i By WP AR BT S0 X 4, it IRia it Mg Ab 35
. SEOE B EBGE A TMCP #L#I T2, KH SEM-EDS SH854E 40 B S o Wi 2y TSR SRRk
ITRG T, K 3% i BRI RS A O 85 S ELES SAH A SUARE AT IS vl R SAH BB 5T T FHA0
PN G SRS AL, FIR R TAE Bl — D5 e 2 T2 R SEIWT T, R B N BEAL 2k
HRWHER, NSRS U8 ¥ B 35 e B Al

2. MEHIE R SKWT &

KH 50 kg FEAREMNAPE B FHAO At . EEIFRMOAE. Tobaigk, kA, B8k, &, k.
Bk HREk. EKEE. Ni-Mg &4 (Mg &84 18%). WA BN, b B B HIE-0.1 MPa LLF,
FYEHETE S 5 min J5, INFEEk, OREF 1 min 5, RIRIIAGR , T8k, SE)8, WG e e e m ek,
KL, fErA&&aimiEE, my N RS REEY M E J14£-0.03 MPa, I8 RHG: T I Ni-Mg
G4, BEE L min JGEEHFETRPAH . BHEES, SRINES B~ 0.024%7F 0.072%. FHHENHETE
&, B/ 210 mm, _LJEMHE 150 mm x 150 mm, FJEHE 120 mm x 120 mm.
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% H Spectro-Lab i i/ #r49H4 C. Siv Al Mn. Ti. Nb. Ni. P. SZE&&TESE, XM
TC-600 AZEHTAGNIE Oy N &, RABNALA S & 745 7 KRB 2 ik (1ICP-AES) Ml &40 1 4
Mg &8, Z5anE 1 s, Hid No.d JHEAESN, No.2~No.3 MRS ESLIn, % Blom i 1
SO o MNBEBE 1) Fh s A AT o0 2 RO S e AFARE 2 T W B 1 250 W, K/NSDR 12 mm x
12 mm x 10 mm.

RIGANIEIRoEEE, R 750 kg 25 AR R 36 A0 4568 B 100 mm x 100 mm x (250~300) mm, FFHGE &
9 1150°C~1180°C, FJH TMCP LN HBEMIHATHL MG R] 12 mm JEREe MRk, T Z#H S5 2
. TEANRRIEIA . A3 14 MYTEUR SR 12 mm x 12 mm x 10 mm SAHFE . ¥ FR B RIS
LS EARRFEFTBE I J5 . SR SSX-550™ 14t 4 o 44 v S 780 e 28 il o R S BEAT RGN, BRI
F SEM 7E 2000 £ DA b 528 N ST R 20 ANk, SKREUCAMIMFRI R0 . R F 3% 08 BRITAE 1
BRI A TS S A BEE, FIFH OLYMPUS BX51™ 14 kH 52 W% 7 SILE A [R45 22 F W 84 IR 56 4N 2 21
PR TES, B EIE T S — B AR R 25 4 AR B0 AN 2 £ AR A

3. KBER5Te
3.1. SRACTRRH RIS K SRR

¥l 1 /& No.1~No.3 #4452 i it e J ) SEM-EDS Xf LLIE, 3BTl %, No.1 #9rk 4Lh ALOs + MnS
HEMAE, ALO LT W%, RZEE MnS, TARAHM, RFZAE 2 um 45, 2480% Mg &8y 8 x
10°1f(No.2), Z:¥rh Mg T & H /050N 7.54%, #4 M MgO KB 0 8% 12.57%, /~NT4l
BEARAL I FTTH MQO I B 28.17%, i MBI S0 R I R e A A A, TT BL Al-Mg-O stk
M. AR Mg S RN E 26 x 10° 1 (No.3), Je¥h Mg P05 & 5 40 $Ch 21.35%, Hi 4 MgO
[R5 7r $0R 35.58%, FI AN ATEASEIL T AlLOs BIBEERIR S MgO-ALOs A, MR LA %
HERBHE, RFLTE 15 pm LIA.

3.2. HEMERRMALAES

 2(a)~ & 2(c) NARIEEAL L f5 FHA0 AN 86 A Bt E AR A IELE, mE 2(a) v, REBAb#E
IR S AL A O B ) “HURER AR + BROBiR” IRA AR, WPIAHS R IR 7 20s0s 90%, 2

Table 1. Chemical composition of test steel (wt.%)

= L RBRERIEINA S (FRE 5 8 %)

No. C Si Mn P S Ni Al Nb Ti T.N T.0 Mg
1 0.052 0.23 1.53 0.009  0.003 0.29 0.028 0.040 0.014 0.0076 0.0037

2 0.046 0.21 151 0.008  0.005 0.29 0.031 0.042 0.014 0.0066 0.0041 0.0008
3 0.051 0.20 1.55 0.008  0.005 0.31 0.030 0.038 0.013 0.0065 0.0040 0.0026

Table 2. Rolling process parameters
2. TMCP T 258#%

SR NGRS PSS EALIREC 3 MIRARTEE Y A BRALIREC 4 ERAETEEY KAEEZXAC 800~500°C#4 & C/s

1 1200 1180 50 886 70 812~490 10.06
2 1200 1155 50 898 70 819~505 9.240
3 1200 1138 50 886 70 812~453 10.88
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ALO, Ele. W/% A%
ALO,
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Al 2695 25.95
MnS 4
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(@
Ele. W, A%

ALMg-O MnS (i
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MnS
MnuS
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Figure 1. SEM-EDS micrographs of inclusions in magnesium treatment and FH40 ship-building casted steel: (a) Original
process steel (No.1); (b) 0.0008% magnesium treatment (No.2); (c) 0.0026% magnesium treatment (No.3)
1. AT Z5 FHA0 RARR N 855 22444 SEM-EDS XFEEE : (a) EAESR(No.1); (b) 0.0008% Mg b3 (No.2); (c)
0.0026% Mg 5b32(No.3)

Figure 2. Effect of magnesium treatment on the casted microstructure of FH40 ship-building steel (200x): (a)
original process steel (No.1); (b) 0.0008% magnesium treatment (No.2); (c) 0.0026% magnesium treatment
(No.3)

[# 2. B—EEAMIEXT FHAO LRARHR MRS EMALR RN (200%): (a) EIEN(No.1); (b) 0.0008%Mg 4bFE
(No.2); (c) 0.0026% Mg 432 (No.3)

ANHRIU R HOIR o %2R A 2 U ARG AN EL 5 VA H I FE b AT BP9, R TR R AR RS BRI A WL &
MEEGHL. FERANAL N, BOUARE N S AR TE S A AT AL .

B 2(b)~E 2(c)mT A1, FHAO RN A BRI fG, BT &F “BaiEd + Bouik” IREHZSN, H
DT ERIRAZ, HBEEBALBEE RN, oL miR o8os/b, $HRELREIG I, 270k 2(b) %
2(c) AR E b BB TR ZH A0 2 1000 435 )5 (W14 3) IR, — AR U4 & i A IR AR S AN B B A 2 A%,
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Figure 3. Morphology of acicular microstructure in No.2 and No.3 casted steel: (a)
morphology of acicular microstructure in No.2; (b) morphology of acicular microstruc-

ture in No.3
[E 3. LIRS ENIR LA LR 3T EE E(1000x): (a) No.2 §HKZEZEF5R; (b) No.3
FIRBLARIR

HAE No.3 B PR BBk /b, EHIRERR KR il HFEEEE R4
ERE ST, HAEEAE TP BV REAR /N, SCHR[19]3H 50t 7E 1873 KR, R 70 M MR  rh FR VAARLFE 13 0.0532wit%,
P IINEE G 2 LA BRI IFAE . IR, REZEH[17] [20[@ 15 CAE s S8k 495 o-Fe 1 y-Fe
) ) AR R B T A, AR R AT, BB a-Fe I y-Fe B BURAZIZ L, TR AREE b 404k B8 FoAAk
ki. 534k, No.1~No.3 #EE2E AN (5 M) R HI 2 E LT 52 & | Rk, B0, A7 Rk
PG EE LI K EEDIRER R AR AN 2 944 5 Bk b, KM S BRI M R T e ek [ 1 A2 o
BREMALAZOAE

2 b, FHAO MM 8 x 107° 1 26 x 10 ° BN )5, #5SBERMIALUL A T B2, HIEEMK
CERICRHHRRER AR ” AR RO “ BRI+ HORER AR+ TIRER R AR A4, 7 e R o B4 A e 4
SGMAE, A WIEL T 345 2 S Ak I AL 488 5 R AT BE R

3.3. AEMRBRALFR

] 4(a)~ ] 4(c) 2 FHAO JEMEMFIA R B A0 5 LS AR . Ao LT e H ), s, 4l
fl L2 W eMENATE T, SR S5E, WIS RMARHEAE. HE 4@)n 5, FEAENFLSE
AR R, “BhFEME + DEHOGER” IREGHINFM, FHh B s M 2 AN B AR PO,
A PUR RSFROK, EEARKEZUHSREREPF). ABENMLAT, BouEomEm, HERD, H
g/, ZEEBAEPCRER R 0. HTAN, B SRR IN KHOR & 8k R AR R E y-a $5748
WA IETE R, 5 R R B A S L R FHEA L. R m, REMEZRIK, FITSRRENE L
MEAZ . B AR RENTH, BA M RIAAEROR IS W B, DRI ES 73 BUIR 5 Ak R A%
75 T DL T AR iy AT 28 i ST AR 28 1) i N ARG, TR R T G0 ] 3 o 1) 2 58 43 A (I HRIR Bk 3 AR 4L 24

X No.1~No.3 SR A 2R AT A1, FHA0 RN A B B G, WA R SRS R A T W B 1A
A, ANHR U 2 R A5 IR O HOPR Bk 3R A8 B S 9 /D (FE 0.0026% Mg AL ERAR 1 JLFAAFAE), TR T K E
B8 3 A B SR AR R 3R AR A H A IR F A, HERZ AR RS RO S . SRR — M2 7E L
AR AR IR BEVE R R, AT A2 FE R, Hh IR E AL T8 N, W AR B T i A L0 8 /)N ) S 2 Jot
MIEEKKR, 228N, e BB IRMASR, B RIS, A BT 18 s e i e )
PE SRR BE[2] o

HtFER, MESES RGN, B RA R B Rk, BRI T K ERCR IR R kL
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Figure 4. Effect of magnesium treatment on the rolled microstructure of FH40 ship-building steel (1000x): (a)
Original process steel (No.1); (b) 0.0008% magnesium treatment (No.2); (c) 0.0026% magnesium treatment
(No.3). PF, P, AF, and B are polygonal ferrite, pearlite, acicular ferrite, and bainite, respectively

[ 4. B—EA B FHA0 KARRENELZS ERIZAZR 2201 (1000%): (a) EAEN(No.1);(b) 0.0008% Mg &LFE(No.2);
(c) 0.0026% Mg AL¥E(No.3), Ee PF, P, AF, B SAIAZIAREKEAE, oL, $HIREKEME, KRG

R UTRAR & T v B AR R A A ), — AR b DL AT JlGlR P DL 1 0 B ERAA e 2 D DL IR AR i i i
FEVA N FEVE I A T A, HRFE AR AR KPR BB IR BRZR A A 045 (1 — SeORLIR AN &, XS/ B A i T
R BB IRAR X o RN IR AR B B T IRAA,  IE R B PR (8 70 8 7 W vl 8 55 — A s AL
HM[21] ik, AR IIESRIRE , 5K “BROeR + BaRik” HGURRVELE & JVEHE P 3
FERT MG RIS v, WIVEAR R0, EARm MBS A PREEMI[22]. 9 7 2 MmO AR PE REEE SR, H5 2
PR AR AR B DL RANDRCIR DL A S B3, 2 AU H Ry A A 2URRAE . AR
e R AR TN R A ARV BE[23]. R, ASCrPBRALERS AR IR CEPIRBRERE + RDIR I
RAA” 40 FHA0 AR R AR AT, IR AL LR AR BER SR G X )22 R R T TR A R
LR

g5 b BEEBE A R 8 x 10 P HIINE 26 x 10°°, PUIREK R IRHURAT 3 1 BEAK, B3 1 5 R b,
HoaAsE s, WL T REFHIREE R AATRR DR BRI RELE — € RE . _EAHIMHRAN y—a
A, i BRI, R HEEHIR R R ARMOROR I IRAAH L

3.4. T 5e

AR A SRR &, N T 3R1S R I AR A SV Re, X oW 20 23 b 2k 3 Ak di R RH &%
TEHHAT AR R K EE . MR R R R AT EE 2N R IR YIRIE . B4
SRR JEIIELE] T2 Gl + 1E K/ KA T 2545 R 2 1 S

AW FE B R S BN TV VR IR T A, BEE A ER A E K73, BT A HE R, b
FEUMEGN) “BRoatk + BRER” NE, BREREERBLZNARBOR, ReFER. R, RASEL
S ST LR L T KEAVNPIRER R AR AL, AR T — SR, I 5 oh e gk
VITESRE IR FOR I, 5 RN R I ZE R AE T, BEACERAN T 1 K& 0.4~1.5 um RifR () &8k gt
Y, GBI EEL, ASRE, W TRE, 5 o-Fe Z M EABARM SIS HECES], REFR D KIE
SRR A BUCAZAE TR RRA/NMOERRER R R, A O 421

NT DGRBS SURIE, W B B R IGE B T2 T BOE AL . ISR A TMCP T
AT ELH  FLHI A A B, R4 SRR DA LR A SRR DR IR FL . WL 3 18K, AR T & 50%,
KEEL 4B IR, BIEE 70%, ZELIRE >880°C, N1 SRAFREIVATRD (EL 2 A (U 2= 1k S TGk DL IR A4
4§), 1E 820°C~450°C HEATI& M /K I A A1, ¥ HEFE R 9°C~11°Cls, {2 id ¥ B IRk il 4% 48 . 7E 450°C
PUREAT R, WHIEEAE 2°C~3Clso —RIMF[24], X+ Nb SWELAI, 78 B RAACR R &5 i X (A< ik



SRR

FHTE 840°C~990°C) A ik sy s ifiE kA &, RBELBEE LT, —RERSTHEEKT 50%.
AHIF A BB R R P45 A DR 70% (1 KA &, (R 3HRIGANTE IR SR T | A m AR TR N R
ST, AR Sh ST E5 SANb B IR SokE, SRS AR G 400 F) B8 AR P 435 ot ok, B B 7E 28
56 HE 3] 820°C HURME /K AN VA ) AT B ICAA bt T B AR K KT AR Sl TRER .

RIGIESE, 253 Eik TMCP 4L T E A G, X RIS HLSIEI, WRIANAHLLER] T 52490
1, R4 “BROGIE + BREAR” IRAHSURWNE R, REAR SRR ST B BIR/N . BRAC BRI B T T
R R FIERER R AR LY, RN HORER SRR TR B 3 PR, HEAH k.

it BRI, BEALEEXT FHAO ZARMRENEE A FIELA B S & 1E R 5, Be i g it
BARMFLSHLE TR BRI R ARAL, ] WA A I B Re G 0t AR i v B AR R 23 =420
N RE— BRI R BEE AN P E I RCR, B TR B A BN I 74 B8 A v B0 A df 2 i b B2

4, gig

1) BEACHE S, FHA0 89 sl e 24 th AN ALOs + MnS iZ#T 48 i i AI-Mg-O + MnS, 24
H Mg I 550 20 7.54% 38 N %8 21.35%, AR LU R EERIE N E, RSF2AE 1.5 um LAY .

2) REPLIE FHA0 FATBING S AL “HURE R + Bouih” IREGHLUN T, bl )E, %85
HLUZBHAL R PR R + BOURHERRE RIE” A, HBEREREN I, HREREHEHE
Frim, BHAMHLGR T —ERE LA,

3) ARSI Ei I TMCP T2, SLSHSMESALG ] T 8541k, REBEMHE FHA0 2
RN LS L) “BER + DRI IREHLNE, BBERER N, Yol R A ERIT, &
RS R TIR k>, By A5, ML T KEEPIRER Z AR FURLIR DL R 2,

EE&WE

[ K [ SR F 73 4 % B 151 H (51374059, 51374060).
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