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Abstract

For obtaining high manganese steel plates, the study has been made on the optimum condi-

tions in melting, forging, rolling and water toughning treatment practices.
The optimum water toughning temperature and time was found to be 1030°C and 30 min.
respectively for the plates of 1 mm thickness, The argon atmosphere is very effective for the

prevention of decarburization which can be easily occured in open air,

There is a close relation between the degree of cold working and the hardess. The greater

the cold reduction ratio is,

the smaller the grain size is and it results in the increase of

hardness. The improvement of tensile and bending properties can be made by the addition of

small amount of nickel, chromium and vanadium,
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Table 1. Chemical composition of alloys.
Unit: wt. %.
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Fig. 1. As cast structure; (A) No, 1, (B)
No. 2, Xe0.
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Fig. 2. (A) Electron micrograph of the éarbide,
X8,600. (B) Electron diffraction pattern,

(C) Schematic illustration of the pattern,
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Fig. 3. The grain size vs, the cold reduction
ratio; (A) 30%, (B) 85%, X€0.
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Table 2. Tensile strength and elongation after

water toughning treatment.

Tensile Strength

Specimen (kg/mm?) Elongation(%)
No. Argon \ Air | Argon ‘ Air
6 7.4 | 65.7 | 38.7 | 32.5
7 88.2 | 78.7 | 47.7 | 57.2
8 91 79 56.7 | 55
9 91.5 | s1.2 | 57.2 | 57.6
10 9.5 | 96.6 | 66.4 | 67.7

C& B FT5 BIEREE A1 =3 EffRs
dr ¥EAA e ALATdE 2E & 5+ U, o
<, BWTET 469 BRG HE 3 B
& ug FAAN, Cr g Ve 2424 0.1%4 5
M B S, 9 W 109 SR U MEMEY 2t
o] ok FHEY A WS Rl dalz @
ol Jda, =3V, Cr, Ni ¥ = v =4 BEe-
nlA 3 ke AE ¢ 4 gk, o]AL Nie Mn
3 v £e] austenited A7l T4E stz Cr
2 Ve o} 3o] bty BRTERA #mEe K
1bigmel HHE ol &49) BRM HES 24 Bk
A717] d-golvh, FERY #HE uw argon o
b 2R A ur BIERES A BEA W 2
g AL & F vk

2) B K

B 3¢ 1030°Cell 4 Z7t 0, 10, 20, 30, 604+
M AKPRER S o, BuRE B 98 mEd
WS FEL W 205741 & EES AL Fei A
= 2 o]l Fele AY —zdA Hedok olRA-L 20
7hR e REE Ritel A9 ok HEihe] EER
AL =g, w2l 1 mm HBHE AREBET -,
Aol & 1030°Cell 4 204+ Ll E n#haled of e},

=F e HEE 900, 950, 1000, 1020 =
1030°Coll A #Z7- 304H0 APEEY S o B
W& FEEY #te Fig, 59 2=, F, 1020°C
Blksl A fobape) ks BEES e @R —%
A "ok, weld 1mm RiteE el x 1020°Cell
A 30418 mEhEle] ok jhet,

Fig, 6& 38 12 30, 45, 85% =2 AL
% 1030°Coll A 304 R0 #AEA S & EREH o



Choi et al,, —Mamufacture of High Manganese Steel Plate,

Fig. 5. Plot of variation of hardness against

water toughning temperature for the speci-

men No, 3.
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Fig. 6. Plot of variation of hardness against
the cold reduction ratio for the specimen

No, 1.
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Fig. 7. Bending test of bars; (upper) argon at-

mosphere, (lower) air atmosphere, X2,
Cr g V& 727 gt Bke =25 2 #5258
el Fiet

B EEL RFEY KERE Folsl Hdte
1500°C T2 sk 3b4, &HAEEE 1460°C
Si7b wEser. Skl A Euhe]  gHkiTHEYr
<2 orthorhombic (Fe, Mn);C= #8855 v}, %8
BiELE S5 #Edhe] #iitEa =8 BEE
st ek, EERRe] delvkd FEEE] mar-
tensiter} JBEEE o] BFEEL717F os =2 argon
BEAE 25 A F4ch F4 1 mme] K
73-$ KR WA 950°CRUF Y w) fR1Ldr strin-
ger7b vhebra, 1020°Cell 41 3047 R m#Egl & =)
Aol A9 Fipel B gk, CE&Rol &
= BiEIRE S wiRe] Ematgdeh Ni, Cr %
V& #E Ami< o EREE § EiEKe] Azl
on =3 FTEHEE F4H,

2 XK

BERUMAPZEE, 1969 : BIAEER, EI &G,

12-3.

gk, B, FRE 1959 ¢ gk 88, 45 351,

Norman, T. E., Doane, D. V. and Solomon,
A.,1960: Modern Casting, 49: 73.

gaok, WM, 4, H, 1969: #Rk 48, 55: 821
&3k, 1963: EASBEARR, BSCEFLM, 5:154



