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Effects of Alloying Elements and Heat Treatments on Hardness and
Magnetic Permeability of 18Mn-5Cr-2Ni-C Steels

Byung-Ha CHI and Koji SHIBATA

Synopsis :

In order to obtain the basic information for developing high hardness non-magnetic steel, the effects of
alloying elements and heat treatment on various hardening mechanisms and magnetic permiability were in-
vestigated in 18Mn-5Cr-2Ni-C steels. Large work hardening was not always found in steels which were
presumed to have low stacking fault energy. This fact could be qualitatively explained by the relationship
between the formation mechanism of deformation twin and pre-existing dislocation configuration, and by the
effect of SFE on a breaking down of Interstitial-Substitutional complexes. Vanadium increased hardness
effectively through precipitation of fine V4Cs carbide, whereas it reduced an amount of ¢ martensite pro-
duced by cold working. Silicon addition enhanced the precipitation of V,Cs and strain aging. The increase
in hardness could be kept even after the reversed transformation of ¢ martensite. In high C steels, per-
meability was increased when MsC carbide precipitated. Through suitable heat treatment, a steel with high
hardness around HV 650 and very low permeability could be obtained.

Key words : high Mn steel ; non-magnetic steel ; hardness ; permeability ; work-hardening ; epsilon martensite :
deformation twin; strain aging; precipitation hardening; carbide; stacking fault energy; vanadium addition ;
silicon addition.
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Table 1. Chemical composition of steels (wt% ).
20Mn-20Cr
C Si Mn Ni Cr \% Al N —~ 300 |
-
KA | 0.42 0.68 17.86 2.04 5.12 —  0.018 0.0237 v -
KB | 043 072 17.40 2.03 5.00 0.50  0.025 0.0454 2 = o
KC | 040 067 17.52 2.05 5.01 0.96  0.021 0.0255 = P
°
MA | 0.40 075 18.3 2.1 5.13 0.97  0.024 0.026 L o200 f 7"
MB*| 040 075 17.9 2.1 5.02 0.94  0.013 0.0016 3 s’ e
MC | 040 201 181 2.1 5.1l 0.9 0.028 0.014 = /
MD | 082 202 17.9 21  5.06 - 0.033 0.019 ° L R
ME |08 204 182 21 516 0.95 0.032 0.017 P ’
MF | 040 2,08 18.38 2.00 5.13 0.92  0.018 0.0129 2 100 ’/
= N
1y | 008 0.33 19.65 0.49 19.7 0.05 <0.005 0.544 U 4
7Y | 034 032 19.25 049 19.3 0.04 <0.005 0.284 ®1Y (0.08C-0.54N)
< - M7Y (0.34C-0.28N)
DQ | 0.3 0.007 17.47 — 505 — —  0.0013 5
L 1039 0009 1810 506 ~— - -~ 0.0007
0 D 3 i 3 1 1 1 ) ]
(* Boron : 24 ppm) 0 20 40 60 80

Cold rolling reduction (%)
B L N S5 A N = YO AF T ]
> i XM D13 0)1”‘"&%;%’ BHIHHANTC L8 Fig. 1. Effect of C and N on the increase in Vick-
L BlET =) v 7 ZHNOEE T L5 - OITHW ers hardness by cold-rolling for 20Mn-20Cr steels.
LbOTHAH. 1Y E 7Y $8i%, 20Mn-20Cr $ % X — X

b= N (C+N)&E* L, 1Y #iZ N D&,

IY$EIYHMONO—# % CTEBLZLDTHS. h3m_1WWWQM%M4V
DQ% & LHH 0.4C-18Mn BIC B DB D 5%Cr, 5% . o« 2
o A B /

Ni ML bDOTH 5. = /A
BALER L 1200°C T 1h BAKILLRE (k%) %10 T 200 F ;/
7o GIIEIE ISR T 0~80% F TITV, &R LED 2 {?ﬁ
gk (LLAEREN# & 523) 12 300~800°C T 1hitiL p .
7. F0HK, WEMNE (Yy h— AMREE W E 20 Z 100 ® MA (0.851)
kg), JloRikER, AIRLEIL:, IRBBEHE (VSM) 12X =z i A MC (251)
et dr e S b Rk . = B MF (451)
% B OWEFEIT - 72 / L. . .
e DR X BMEITIC & SR OH & AT > THA O o 0 s s
7z, EiEH‘O)ﬁ:‘%%ti, %ﬁmi@ifﬁiﬁlﬂﬁﬁ% LT»b 10% Cold rolling reduction (%)
> Wi rs < EE TR | ST T AL e
L@’)iﬁ&{&FF“C@ﬁ&’ﬁ}f&?l,i%[ﬁid)bﬂ,lilg ﬂw"f‘” e Fig. 2. Effect of Si addition on the increase in
e WOLLBUE (200) Y& (10-1) e RiDHITAROKST Vickers hardness by cold-rolling for 18Mn-
MIEOILE LB A 2 L1 X - TiT» 72, 5Cr-2Ni-0.4C-1V steels.
Bt o Flse i Em R Hy, X B X
D47 7. MBS LSRG B & O S 2L 7 . s "
%R, EARIE T EMEE (TEM) 1T - 7. o 300 F ¢ //.’
4 i ’
3. BRBIUEE Z //.
< 200 /
3-1 MIBMLICRIEBTALRAOEE = /
AT HT 7 b O AALALER 3 O RIE O 3
LEHBMIIREOBEOE % I L c&iR e, Fig 1 Z 100
e L e e - ® DQ (18Mn-5Cr-0.4C)
?6Eg3k?¢'it’m%m%ﬁii®ﬁﬂf® z mLH (18Mn-5Ni-0.4C)
e e ER DA% Table 2 1278 3. Table 2 123 <
' ] y | N {

A A ULEIREE COMEOMHIEE, £ ZhOMO 0

FERILOREOE:, c DAWIZLDbDEEZION

. RARITEE I X B REALE, GER S HI S 1T s Bttt of Cr and Ni addit -
eV 2 - % 70 o . 1g8. o. ect o r an 1 addition on the in-

& R HCF IS K R TIEA IR CHERR) O3 crease in Vickers hardness by cold-rolling for

2 ARELT b BHRRET-0 [CA ) S A L B R AR 18Mn-0.4C steels. |

40 60 80
Cold rolling reduction (%)

— 119 —



808 s o & % 78 4 (1992) % 5 &
Table 2. Vickers hardness of steels in as-solution 1.0
treatment condition and the tendency of ¥ (fcc)— ¢ I 20Mn-20Cr L
(hep) transformation. S 0.8} /0
~ . ,,
No. | MA MC MF | 1Y 7Y | DQ IH - / et
HV 183 194 239 | 258 235 | 211 142 Q 06F L g
e O O O X X o X ~ ///“
X : Not transformed () : Induced by cold-working. s 0.4k u ,"
© : ¢ phase exists in as solution treated condition = ./’
h=} 4
k ESNE (\tA N 7 g i Z S ”
(RBFZECIE IS B GR &P 5) ORI & B I oabt ® 1Y (0.08C-0.54N)
MR LTwBEEZS5N5Y. Fe-(Cr, Mn)-(C, N) T L B 7Y (0.34C-0.28N)
ST O IS KA IR0 A BRI & A S 70 3 M O LA A 0 T R T
BEA SV EVEMI Cr-N> Cr-C = Mn-N > Mn-C ® 0 20 40 60 80
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Fig. 4. Change of half-width of (220)y X-ray dif-
fraction peak with cold-rolling for 20Mn-20Cr
steels.
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Fig. 5. Change of Vickers hardness of steels with

and without 80% cold-rolling with isochronal re-
heating.

KC i & b2 300°C UL ECoFmeic X 28 LA
FEALTEOONR ., T2, WHTORSHEICED
BEALROONRE L, VRMEE vV ERIH A~
WENKEVERTTAEREN VORMILYELER
BT T HDATHAS. LA L, 0.8C-2Si X— 2D
MD #i§ (0V), ME $8 (1V) x4 f9ic KA, KC X
NEWIEEYTRTEELICMESTI VIRMCX A5
ERWE FASIOLNE, Thbh, BHRLET $
MCEEma+ 5L KC, MESE bIiC VIRMMCES
W R L2220 b B A, 80% &M LM OGS, WL
1V &mo KC#e MESiTd, C & Sifmmangw
ME S0 )5 2 LA K & e, 550°C TORIEHT
X, MD SR BEEAETFTLIELO TWEH DI LT,
ME #8130 ¥ — 7 2733, ME SOERMAICL S
BB 550°C T, ¥ v & — AW 600 DL Lo @
EAHOND.

X0 R RS A BB R HND oD, RO
Dy ME S8 60% 3 X U° 80% % RN T4 % H v,
450°C, 500°C, 550°C THEiRMELIZ X HREE DL %
P KR E Fig 7R, 60% @RI & WY
NOBETHHEN ERAT L3 LT, 80% &ML
i3 450~500°C TIEREE A EF 3557 550°C Tid 1h
DIREMERAFH L KT T 5. 80% @ HMN ILH % 450°C
T 50 h FREESSARIF T B & ¥y o — AT 640 FEEED
REEIROND.

ST OB X LK OE b, EARER,
Wr B OREALIA T & 18, S, e QMR (e 27

L TWABGE) B EDHIERF DT ¥ 212X Dk
600 |-
’é 5
= 500 |
’ B
3 400 L © KA(0.4C-0.85i-0v) \
S 400 I O (c(0.4C0.8311v) W)
s O MD(0.8C~25i-0V)
£ - @ ME(0.8C-25i-1V)
I
§ 300
2
> [ e
200 |- f R
not cold rolled
[EYE | } ) i 1 ]

rolled 300 400 500 600 700 800
Reheating temperature (°C,x1h)
Fig. 6. Effect of V addition on Vickers hardness

after isochronal reheating of steels with and with-
out 80% cold-rolling.
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Fig. 7. Change of Vickers hardness of 60% and
80% cold-rolled ME steel with isothermal re-
heating.
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Fig. 8. Change in Vickers hardness and amount of
¢ phase by 300°C-1h reheating after rolling by 30%
at several temperatures.
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Photo. 2. Transmission electron micrographs of
extraction replicas for Steels MD(A) and ME(B)
reheated at 550°C for 1h after 80% cold-rolling.
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Fig. 9. Permeability of M series steels in the
conditions as-solution treated, 80% cold rolled and
reheated at 450°C for 144h or 550°C for 1h after
80% cold-rolling.
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Fig. 10. Change of permeability of 80% cold-
rolled M series steels with isochronal reheating.
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L, BHEHCHY LR THS. WiNEED LR
WEEWE Lo BB LK E ST S, (its
T 550°C FMNECERGENE — 7 2Rk 3 2 & LML
O EFHEBEOMB RV, RLEREOE Y 550°C,
1h #mEasr % X SET TR R, WA o
7237294 PERILTE L dh oz d HHVIET 2
FTAPDEPDTHIEE, X#HIZED bee OB
#ELWITRETE S & B O T, 550°C, 1h BN %% #
BEHBIE L2, 209, Photo. 4 IZ/RT X912,
CENTIH L0, MAEL o vz, FEFIC
B EEOROE SO LS Z EBigtsh, Ly
L, SO % BT HEPTTHEN L TH bee DB I
Bgshhwv, $abb, 25 LT %R BT
F—Z2FF A MITHB EHWE N D, 2 OFER O
EENEF IR, Cr, CHOGERSITHY
IR s, [BHE B X OB S o iR & 0 #Eric
HALKERIZ LD DEEZLND.

BB A U B AT IR O R % <% 72, Fig. 10
& Tl 70 VB % il L 72 3Rk © SR AR 43 B C A & it
L, X #EIF L. Z0kR% Table 3 10F Lo TR
T. FEAEDOEE, MpCs ERIETHY, B C
(0.8%C)HTix M;Cs bEIZEE NS, V,Cs T LI

CH#icd s MD, ME § ®» 550°C T ® & i % S 1,
M;C BURALY O IRBLE B O ER AL —F L Tw
5. FesC EERTHMBMMETHAL I ENUNOENT VDD
T2 FesC @ Fe »—#iA% Mn i EMR SN D &,
Mn EFBOBMNICENF 2 U — LI T % & O

Photo. 3. Transmission  electron
micrographs of extraction replicas
for Steel MD reheated at 450 ~
700°C for 1h after 80% cold-rolling.

Photo. 4. Transmission electron micrograph and
diffraction pattern of Steel MD reheated at 550°C
for 1h after 80% cold-rolling. The diffraction pat-
tern reveals that the bright area around coarse
precipitates is not ferrite but austenite.

RO 5 0 AW L SN L5555, MgC OHliA MD,
ME $ O E#HEDO LAOERFNEELLND, —T,
P At 525 28 413 15Mn-2Cr-0.72C-2.6Si i < i,
600°C T OIFMNIEILZ & )M H O BB LI B
BAEERTHERELTWS. S5 E, 100 min
LR DR D S RFAT & & b3 — T 4 MR
Yot Bl$ %, 1000 min fREFA O flHERE % X MRl
THANSTAER, MyCe, MgC & & 12 MC Blo ALy
LEE SN2, HMLEEE A AN 7 — A7 P UT
MR COLHE LA TR ERE VI E0s, ok
600°C M TOEHHE LRAOB & LN, /=54 b
WEBE EHICERT L eIk bDE L Tw
%, YA S O fv 72 15Mn-2Cr-0.7C-2.6Si ST, &
HIECTHWAHX Y Mn 00 %W affidsdk L %
FTWhorEZ LA, FWL CEOBEE V ENED
FHs VBRI ~EfERE O B/ hs <, VR
2 & B EHE EH ORI AED Sl SRR
#THND R OT T V,Ca id &8 1 FEF47-0 D
WA CHEITOEAENRLREV®, LB V,C3 D
AKX - THENS =D C H Rt o F i I s
n, EELAORINE %2 MsC DERL B 5 FEERD
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Table 3. Extracted precipitates identified by
X-ray diffraction analysis for M series steels

reheated at 450°C ~ 700°C for 1h after 80%
cold-rolling.

Aging temp. MA MB MC MD ME
450°C — — — — ViCs
500°C — — — — V4Cs

M3C
o _ M;C 3
550°C M23Cq M23Cq Ma3Ce D{[]ig(%ﬁ
MsC
550°C | MasCs | MaCo — Vol s
My3C,
° Mj3C _ Mo;C M23Cg 236
600°C (ViCs (ViCs M7Cs 1\"}3&
M33Cq
° M23Cq _ My3Cq My3Ce
700°C ViCs V,Cs M7Cy “\}‘Z&*
() :Very weak — : Not analyzed
flEhbi-b:EIONS,
4. & ]

SRS Mn JEREMER A AR T 5 -0 ORBEFIE L L
C 18Mn-5Cr-2Ni &8 % F v, W HInIIC X 5Lt
ZE), MIMOBMRIC L 2EEOLEL, MIBLU%E
DERDHMEI L2 BHFEOELL 2R, LWTFok
I BREREB.

(1)ARMOGEIMNILIC X AME RSOl L D s
Eh% SFE ORKL LT LG LRV, ZOHH
250D EZBHBHLPTIE VA, SFE OEVIEAITZ Y
ISHEAPMITICIDHEE AR T VW &, BENR
DEBMEMAS, HO,PLOTR ENHEMHBICL - T
FE% 5, SFE PMRCHECERREFEL LTV
ERETLLBT AW EHWREME LTEIALNA.

(2)ViRht e oK 2IG3 5.

(3)FMBIZEK Y e WEEL COHEERL LR TS,

(4)0.8C % #wHNTH, 500~550°C THMET %
EBHENLERTAH. OB, X KE, EFHEHT,
BBEFEBBEBET bec RO LNV, ZDE
R0 FAE, MaC BURAEMOER EMIELTWSEZ
Edb, EA IS4 POERIZERTLEEZONRS.

(5)V @, V,Ca BURALY O R ARHIAT H 12 X
LB L ONEOBEMELRYT. £/, Vid
M;C BRALY DAL & B % 720, BENEkiC X 28
RO EADETEHES.

(6)V @M XA HWMLIEE C, & Si, & Vidy
BETHAH. & Si THINEIGBEE LD, SidC
DiEEREY L V,C DT 2R ET A0 EELZLR

5.
(7 )18Mn-5Cr-2Ni-1V-2Si-0.8C 4 % 450°C < 144
h LT 52 L2k, 1.003 & v EBEHET HV
650 128 % SRS S 7. .
HbDilhizh, FEEEML CF S o 28 H AR
(BR) 85 Z BT BT R O AR Fo e, iR, W B,
KR OFRICECES 2 LTS, 77, FEt
ELTHIRICEB V20 ARER (B HEks
Kegbe), ZRILEHE, BEHEICR#FVLLIT.
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