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Process and Quality of M2 HSS 160 mm x 160 mm Casting
Billet by ESR Fast Withdrawing Process

Xie Zhibin'?,Shao Qingli'?,Zhang Guoping' , Wang Zilin', He Ning'** and Wang Rang'?
(1 Heye Science and Technology Co. , Lid, S}ujlazhuang 052165;
2 Hebei High Speed Tool Steel Engineering and Technology Research Center, Shl]lazhuang 052165)

Abstract In order to control structure non-uniformity and carbide segregation of high speed steel ingot, ingots of
small size are usually produced by ESR, but its production efficiency is low, the rate of finished product is low. Long elec-
troslag billets with small specifications for ESR fast Withdrawing can improve production efficiency and finished product
rate, we made 160 mm x 160 mm square billet of M2 high speed steel using T-type conductive crystallizer for ESR fast
Withdrawing with different melting speed and forged and rolled, through the detection and analysis of the composition, low
magnification, cast structure and carbide irregularity of the electroslag billet and the size of large particles of carbide, mean-
while, it is compared and analyzed with 220 mm ingot rolling for conventional ESR, analysis shows that electroslag billet
for ESR fast Withdrawing with 400 kg/h remelting speed has stable composition and good macrostructure, the carbide varia-
bility and carbide dimensions of large particles of rolled materials produced are similar to those $220 mm ingot rolling mate-
rials for conventional ESR, and the production efficiency and the rate of finished products have been 1mproved obviously.

Material Index ESR Fast Withdrawing, T - Type Conductive Crystallizer, High Speed Steel Carbide, Production Ef-

ficiency, Yield
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Fig.1 Schematic diagram of ESR fast withdrawing process

F1 M2 FERUERS/ %
Table 1 Chemical composition of high speed steel M2 /%

c Si Mn P S Cr Mo v w
0.87 0.37 0.35 0.025 0.008 4.10 4.87 1.92 6.10

HLAR A ©310 mm EFEEE, BBl 520 kg; 45 &
TR AR, I ERN 600 mm, TH
A 160 mm x 160 mm J73% ; B R BT O 160 mm x
160 mm 53R, EFE 7.1 m,

1.3 HAEER

EREBEERRENRAE KBRS R
e B 60% CaF,,20% Al,0,,20% CaO & &'
FRHSE AT INGE 525 M A X B A Ml AR ZHL
Jiggma g im Sio, & B RE CaF,-Al,0,-Ca0 B F
BREEREAD A% A% L 60% CaF,,20%
AL,0,,20% CaO & R R 25, & X 3% m Si0, & &,
HRRFE2,

#2 8 ESRERMAH /%
Table 2 Ingredient of test ESR slag /%

CaF, ALO, Ca0 Si0, MgO
55 19 19 5 2

L4 HETZS¥

PR BE BRI E AR RS =S
SR I AL KB %, LA 350,400,450, 500
kg/ WA FERIABERERIR, HPIEE 400 kg/h
WEREBRTZSBIAER 3, FRITEAE™ 0220
mm BLEGEIEH N 160 kg/h, TESHE I 3,

2 HEER

2.1 HESRFREEEXEGER
M2 44 160 mm x 160 mm Hi 5 $5 3 H LG,
A E R AR S BT R MEE . 160 mm HiyE

R3 BREERMERREENBBEISESGERET
T8¥
Table 3 Process parameters of electroslag ingot produced
by rapid remelting withdrawing billet test and conventional
electroslag process
HE WRE NElE BE/ BmE saks B
I¥ #/mm R4/mm(kg-h™') V kA  (kWh-t!)
HegEdhgE 310 160 x160 400 65 10.1 1390
WA 150 220 160 53 5.5 1 450

F4 BEERERCBILERS /%
Table 4 Chemical composition of electroslag billets at dif-
ferent positions / %

¥ C S Mn P S C Mo V W
i  0.87 0.37 0.33 0.025 0.008 4.10 4.87 1.92 6.10
Bk 0.87 0.30 0.31 0.026 0.005 4.08 4.88 1.90 6.12
BEERS 0.87 0.33 0.32 0.025 0.006 4.09 4.89 1.91 6.08
EEHRE 0.87 0.34 0.33 0.025 0.006 4.12 4.93 1.95 6.15

BN ERA CTS-26 e HIEG NS R GB/
T4162-2008 #17T T HGKE , KGR R T
2.2 B4

AR S R A4 R M10 B GIRUER,
FERERLPREARMERR, s Erma
R4, BEEBERLBE - LM, PE.BHMN
B B s KRB IER o
2.3 HEEREAE

7£ 160 mm x 160 mm Hi¥s 3R b BURE AR, 3%
GB/T226-2015 # I ¥ £ B8 8 ph X 4%, 3 8 GB/
T1979-2001 ¥ %%, AFEIEEMEELE 2, BWEN
350,400 kg/he g k.03 5 B BRI, T—BENR .+
DB ORI ; 453 450,500 kg/hea i #R T6—
FCERR ECRARAT , OB N 0.5 Ho FrEB BT
BESH EA FBEEHH,
2.4 HERFEEHHA

%R GB/T13298-91 {RiE B, A IR A
EHP L& ERL/2.1/4 KA BURESIRE, R A H S
S3400N Hi, GE K 16 HL S SR A B S H 4, 4 400,
450,500 kg/hra i IREE A HLULE 3, BRILYITE SR
B4, HE3 ]I, HE e B B SR ga /N, {E.0E8 172D
AR TR T &, 53 500 ke/h it .03
12D BRACYIETRE B E, hE 4 T, A5 EE
BROER 172D AR THE A, FHik, A
BRI ERRIER T, 5% K 400,450 kg/h
FY LSRRG , #7500 kg/hBL IR 452
2.5 wmERHMER

HERSEM 0220 mm BESE — B R H
20MNREZ FF R . D600 mm 7% |, L4 %L %] 9 4 5L T
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B2 453/ (kg-h™'):350(a),400(b),450(c) 1 500(d)M2 4§ 160 mm x 160 mm By ZE IR HBR
Fig.2 Macrostructure of 160 mm x 160 mm M2 steel electroslag billets with melting speed (kg * h™') :350(a) ,400(b) ,450(c) and 500(d)

B3 ##/(kg-h™'):400(a)(d),450(b) (&) 500(c) (f)M2 44 160 mm x 160 mm @Eiﬁ%?&iﬂéﬂ,(a) (b)(c)1/4D,(d)
(e)(£)1/2D

Fig.3 As-cast structure of 160 mm x 160 mm M2 steel electroslag billets with melting speed /(kg < h™') :400(a) (d) ,450(b) (e)

and 500(c)(f) (a,bc-1/4 D d,e,f-1/2D)

B4 (kg -h'):400(a) ,450(b)F 500(c)M2 44 160 mm x 160 mm HB¥EHE 1/2D k&S a)m%f;gﬁ

Fig.4 As-cast carbide morphology in 160 mm X 160 mm M2 steel electroslag billets with melting speed /(kg - h™') :400(a),450
(b) and 500(c) at 172D

#4E R ©41 mm EL M A @5.5 mm &%, AR RESSEE BT 4lmm FLAHEASES LE S,
PREET GX-51 &40 BIMEEIE R GB/T14979-1994 B &41 mm HAHMEAE AR T — KGR PO BARR
REBREHRER TR AR KERERCIIR T,  ACRWT R R IR R E T,

& mIeS Ytk GB/T 105612005 A EEH R TR} K L VA O J2 B AL 9220 mmm i 5 4% P41 mm
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B 5 45/ (kg h'):350(a),400(b) ,450(c)F1500(d) M2 44 160 mm x 160 mm Hi @ B ELER $41 mm EAHEAEL LR
Fig.6 Macrostructure of M2 steel ®41 mm bar forged and rolled by 160 mm x 160 mm electroslag billet with melting speed / (kg °
h™') :350(a) ,400(b) ,450(c) and 500(d)

AR RS RIAKYBBEIE AR S, HR
5 AT, # I 350 kg/hi i SRBR ALY A I BE G AT,
RIORLBRALHI R i K5 #3500 ke/h Y HEL SR Bk

BiF. M2 B MLy A Ll M2C M6C  MC 2
E, AREEL B M2C M6C B AR, 28455
FRAR W RBORIRAL Y [/, 48 B8 E N R Y R 3

WAEE R BRBRAY R T ER B ZE . S 400
kg/hith B S SRBRAL Y AR 3 BE L K BUBLBR AL M R TR

BE B . IRIR R, I 400 ke/hBNIEH
HERSTIA, g R SR RBYHF &7 M

S5 JBRIE 350 ~500 kg/h M2 AR 160 kg/hE HEESE &41 mm L HBRALPAHE KFRBRLORTRESEE
M0

Table 5 Carbide unhomogeneity , dimensions of large carbide and nonmetallic inclusion in M2 steel ®41 mm bar rolled by

electroslag billets with melting speeds 350 ~ 500 kg/h and conventional electroslag ingots with 160 kg/h

BT BRI/ K/ B IE/ R BRBAYERR T/ pm EE&BREY/ %
(mm x mm) (kg-b° 1) 1/2D 1/4D 172D 174D 174D
350 4.0 4.0 16 15 B1.0,D0.5,D50.5
400 4.0 3.5 14 13 D0.5,DS1.5
e 160 x160 450 4.5 4.0 15 12 B0.5,D0.5,DS0.5
500 5.0 4.0 17 14 B1.0,D0.5,DS1.5
EH 220 160 4.0 4.0 16 15 B0.5,D0.5,DS1.0

ARER(HMEAB.C.LDE<1.5%,Ds HK=<20
%)

®5. 5 mm FFKRBRBRAY R (172D &) R
6, N EREBIE R 7, SEHE 400,450 kg/hFL

%6 M2 IEE 350 ~ 500 kg/hH B IE R, 160 kg/hi He
EEELAA B5.5 mm &K KFHEBLM R

Table 6 Dimensions of large carbide particles of M2 steel

®5. 5 mm wire rod rolled by electroslag billets with melting

speeds 350 ~ 500 kg/h and conventional electroslag ingots

with 160 kg/h
3 ®5.5 mm FHFRBBBRALY R84, 5EMN Ty TREREAR/ ig;g/l B BRL
@220 mm HL 5 EE DS. 5 mm 5 Y ; 4K 350,500 (mm X mm) <k53-51(;‘ ) Rﬁ:;um
kg/h B SR FORBR AL RT3 400 10
i 160 x 160 450

227 7T L, 5 3 400 kg/h B $5.5 mm - }g
ﬁ%ﬁ'fﬁaﬁgﬁﬁgfﬁq&ﬁ%&ﬁﬂ @220 mm ALY EE HH5 220 160 10
BE10% , B FFREEKH#—FH
TN . £7 160 mm x 160 mm {2 BE 5 %M ©220 mm B 05.5 mm M2 &K
2.6 HEEIREBRELEM R AR ERERY B

5 Table 7 Comparison of tensile properties of M2 steel ®5. 5 mm wire rod produced

*EE% 160 mm x 160 mm L by 160 mm x 160 mm electroslag withdrawing billet and conventional $220 mm elec-
5 EM 0220 mm HLELER ]  troslag ingot
TrEe LA P B B (38) #4 AR % (’%%W&/) (km;:f/l) B HBW REEE(E  UAGREE/MPa  WEWAEER %

- mm Xmm) (kg+h” #E EieAz] #HiE kA=) HE bikid]
*JKW“%S’ EE%S m‘ﬁl’ﬁ]%% & 160 x 160 400 228 221 ~234 794 791 ~796 44.3 43.3~45.4
IR R AT B8 1 D220 mm X 450 226 220~232 792 789 ~794 42.7 41.8~44.6

HH 220 160 229 220 ~235 793 789 ~797 39.2 37.3~40.8
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WENS P B E A M2 R 160 mm x 160 mm $5E TER AR - 51-

%8 HhfE 160 mm x160 mm HEIE 5 HE M 9220 mm &
REBIERGE(IR) Z5E AT E %

Table 8 Yield of ESR billet ( ingot)- forged billet, and

ESR billet-rolled product by 160 mm x 160 mm electroslag

ingot withdrawing process and conventional 220 mm elec-

troslag ingot process /%

Y mER  BE E(E)-
mm BETL  (a)mE S v
41 méEa T 91.9 93.8 86.2

HHBELE 89.5 93.9 84.0

Hher R 91.9 93.2 85.6

5.5 TR 89.5 93.4 83.6

BB TRFRE 2.4%, 5L & 8 AH 7 BK
0.1% ~0.2% , % (HR) B R EMBRHMERE
2.0% ~2.2%

3 o

M2 B B 310 mm A% SR A s fhgE i
WS 160 mm x 160 mm HLEIR , F5 3 K 350 ~ 450
kg/hif,160 mm x 160 mm H ¥ 3F 4 7= f) &41 mm
. 411/4D bBRACYI R B ER 3.5 ~4. 0 K KFOAL
BALHIR TR 12 ~ 15 pm, 5EH $220 mm GERELF
A AR 0 5.5 mm £ 400 B TE 48 Rk
42.7% ~44.3% ,BHH 0220 mm FFAE TR/ ER
B 9% ~13% ; oo A 400 kg/h¥ 160 mm x 160
mm FELH B RIEIREAE, BHEILT 500 kg/hiT,
B atriEa .

SRS FDAA R BRI AR E KB
BRI RAT L BB S R T S8, M2 R SRR
HMSE R B E M 160 mm x 160 mm H 5115 3 K
400 kg/hBINEH

M2 B AR AR M BB ES 160 mm x
160 mm B, 35 BRI 75K 400 kg/h, 3% 3 $220 mm
R SE A T 160 kg/hiR ) 150% , 43 (kg/h) 55
EEAR(mm) ik 2.21 , AR E B ERT; HFEH
1450 kWh - t '[£Z1390 kWh - t ', REEHEKE
K71 m, B T GRSk BRI SL B, 8
B D220 mm HLIEGE AT HBIRE 2. 7% 48 (1) #
AT RER 2.0% ~2.2% , £ BHEM R
£ T =t 1]y B A S DEZY 8 €

A0 7 PR o e Y L R AR
SURY R E RS e, A BBk, R
P T BU4H 88 | XURR SR B o R 2L 4 TR,
B e ) | IRRE T ST P T K R
SRBY B Y, TR A B PERE B o
4 &R

(1) ©310 mm B AR EMEHEE
J& M2 B4 160 mm x 160 mm HL I, B B 3R A
SRE, R JAERERIT

(2) PR SE B E T M2 FHENIEE Sy 400
kg/hft,160 mm x 160 mm H i 3F 4 7= f) ©41 mm
HA11/4D REBRACI AR E R 3. 5 % KIRIER AL
RoFH 13 pm, BH H $220 mm £¢ 4.0 4%.15 um
BESF; 7= 1) 5.5 mm £ 4% i W I i 45 3k
44.3% %3 D220 mm GERLIRE 13%

G)RFthEmE B EES M2 HHEN 160
mm x 160 mm 3 & EREE R K 400 keg/h, 8083 $220
mm B EEME R 160 kg/hiRE 150% , £ =R BF
R, DA TR, FREREK, RETE
R 2.7% , 5 (B) M RMERE2.0% ~
2.2%,

B 3Tk
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Table 6 Non-metallic inclusion rating of acid slag remelted
sulfur-bearing M35 high speed steel rolled bar

K/ A B C D
mm 4 i Ei| i i H @ il
0
0

61 ~72 1.5 0 1.0 0 0 0 0.5
P40 ~56 1.0 0 1.0 0 0 0 0.5

x£7 BUEBFERSH M5 SERILABRUUARHE . XH
BB R

Table 7 Carbide Nonuniformity and large particle carbide

size of acid slag remelted sulfur-bearing M35 high speed

steel rolled bar

ks BRI B RBORLRRALYI R 5/ pm

/mm HwE &K RS OHE BK BD
®61~72 452 50 40 162 20 14
»40~56 3.92 45 3.5 148 18 12

WZBST ALY FE SRR B ERRIERE
BEEXE T P& RER, AP eEIBRER
BiFo

5 MEERER M35 HEM O72 nm AMBRAYIAY
B (a) BRI (b)

Fig.5 Nonuniformity (a) and morphology (b) of carbide in

acid slag remelted M35 high speed steel ®72 mm rolled bar
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