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Effect of Ni and Cu Addition on Carbide Precipitation in Hadfield Steel.

(Study on austenitic high-manganese steels—III)

Synopsis:

Yanoshin IMAL and Toshio SAITO

. Some Hadfield steels added with 32, Ni and 3% Cu were studied mainly by micrography on

isothermal carbide precipitation after

solution treatment.

By addition of 3% Ni, both car-

‘bide precipitation and pearlitic constituent precipitation in Hadfield steels were retarded and

these precipitation temperature ranges were limited

* standard steel.

in a narrow range than those of the

Growth rate of pearlitic constituents in steels was decreased remarkably by addmon of 3%
Ni. On the other hand, by addition of 3% Cu, pearlitic constituent precipitation in steels
was only slightly retarded, but grain boundary carbide precipitation was accelerated at above
about 650°C. Strength of steels after solution treatment was decreased slightly by addition

of these elements, but toughness, especially  elongation of steels was increased.

As "the

content of carbon in Hadfield steels was lowered, both grain-boundary carbide precipitation
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and pearlitic-constituent precipitation were gradually decreased.

High-Mn steel containing 0°65%C, cooled slowly after solution treatment, had nearly perfect
austenitic structure and the strength of these steels was slightly impaired but the toughness
was remarkably increased as compared with that of a standard Hadfield steel.

]

I. #

Hadfield §izs3f3 % Ni Ofim3Emaie X 550
2O TLHRBBDOLNTED, HEST g
B L T—HERRMEIN TV S, BER{CAEBIRGEC 35
A BERIIMETTIC 3 XIE T Ni OREEISERT bFh T
BT 588N T 50D, F Cu i3 Ni :[F
RIGEER LT P ITET LD 5 —Fk % 4 555
RTHLEMD, 5% Cu L7 5 LHENRAE & k2
ETHLEINTWED. RINTHIT D Ni OFHRITA+ —
A7 4 b ERRENL TEMERIC X B R{LY o8 & BE
T BB EFRINDL, Zh oM DV TR
PEE DS BRAC OFT H & 34 Uil 2 S,

T L IIATHOD T Hadfield $10RLMAF 7

SRV, Ti, Zr mMOBECOV THEL,
NBILHRD T b ARSI X CRRINET X B LA
HHZRETDSZ LE2ALP T L. RBTEA— 27
FA P RRELTBTBEE LT Ni OERL LUK Ni
& RRRDBWEMETT ~D 5h R %2 b= 53 Cu oizmz
BASPIC T B I EBR AT D, FIRSIC F — 27 9 4
FORELICOVTE DL LREVITET B C RO
FCOWTIHEHE T LR EHE T 5. -

11. RBEEBIURZE

HERPNIF I X 0 /NS A A RL L, BART,
JFEIC XD 1I0mm¢ XU émmeé DOftEL L7
BT Cu S RERSL v indro7z. Th
B OFAEN S 10mm ¢ X3mm DIRGIRF ¥ X 5mm
¢ X 70mm D FAFHEFBIE IR 2R L7, &30
DEHFERE Table 1| TR L. Thbbitatitizes
#t Hadfield §i C K H OFiHA B, C0°9% fHic
HT5xhLh 3% Ni, Cu Finc 5T C 046%43
T % 3% Ni im0 s 3@« FH L. C 0°9%m

Table 1. Chemical composition of steels:
tested (%) ‘

Spe- ! I

cipmen k C ¢ Si | Mn N | lAdded
No l ! ze ements
Hi |09 | 050 | 12:44] 0-013 —
H2 |09 | 059 13'91 | 07020 | Cu 3-02
H3 |092| o052 13*18 | 0°012 | Ni 3-16
Lt [065]| 048 14°87 | 0°040 —
L3 |059| 045 ; 13°74 | 0039 | Ni 279

H3BHREZMA SN Ty EREL Ni-Mn O K451
YT 5. “
ZRER VT 1050°C X 1/2h 7K DiAH{LALIER I L
720% 350~900°C DARELICHe TS 100h % T DAREH]
BIRERFFARE Ui, BRALIOITHDIATIHD L FkkEL L
THAEBRREE C X D PEL, T OMBEEEGT, WEhREIEt
RERFIAL 7. BEIVTEME 1T 2 WTfT o7,
Cu #&HT%5 H2 HEoBR SV L THIEOER
KM TRRBEFREFESE SN P D7 id, —REE
% S50V WWERT L CR—EIREETH 20s EHETHC
LIEDIFHEREZED LB TER.

ITl. RBERERSLOEE

(1) 0°9%C DIEIRNTHIC 3 X1 Ni,Cu DigH

AEBROEEML Lz H1 StEols 8 5 B SRR
Fig. 1| (A)IKRL 7. BEHRD C1°2%, Mn 13°71%D4E
4 Hadfield #0100 C g & bR 5 & SARHIIHT H O A8
RERCTdH A%, T HIREERIE A3k < 75 D A 0hT R
DARELIEDTW B EBHARCRD LN B, RRRLY
AERGHRIIRY700°C TS &5 CHlifg s a4, Llosk
YT 1T BT R D 35 < EHESRIT e X T T
TER. F BRI 380~830°C & 20k
WHIRZELL TWvW 5. —F 29— T 4 bkER (AT
PC L X.5) OHARMIILEDEMRMS VLU SB L KR
LT3 &FRFC, T DiREXMDIZEUEFDFIZ70~660
°C T ~T 430~650°C L s O FTRIBERAIC LR
LT HiIC i/ b E T\ 5.

Cu I H 2 o Caffiz Fig. 1 (B) ZiRL 7.
Fig. 1 (A) LT 5 MR RILHERE © BoOALE
WIZIERIERTH D, £ CHBOTEIOKEL 2 {bikwv
D LRI BIBRICIAR D TE D 2B b ok 2L ik ps
BBIH TR D2TWHT 5. it LTPC
AREE CuiRmic X D FDREES LTI < Nb I
#WEL. PCOREEE SR T 2HEEE S X UHA
BlEOERIZ IE Ha THLTOTPIBN T &5
BOoNS. H2RABOCRHIT H ITHRTR2R2EH Y
2 Mn 5D EE Th 5D 5 R HEEEE & K& FH
BELAMENS. LB O2TPCoOgE H1 XD
BNZEE CuiimDBICX5LDEELTIY. %
7R R RALAT A BIRC BT L Vw50 CED
EUEOHRETHY CuUlMOBETHD & LITWB
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‘~n&caL1ibbf#Kﬁ<ﬁé.P

WO T Seesd | e
m Li f o | Cﬁmmﬁ®&@#§w%’aﬁﬁ§wK
1T L] s : BB 5 & RRHICEERIRIC L8 < 7 9 50
s -H S sAliin 5 RBERIERIEEY 480~600°C D & dosd THUS
u L e e e | EMBEShTT 5.
f 3. 7 Mn OEIERICHHT HIC 3 XE
il B H2sreel| | ILL - L-F441 ERY2) 2 :
G 1f/r”” : e ' oI L BH 1 5 E0L 1 3H
:m < T3 AP pllle 3 C Hafs % BTHRIC #0145 L 74t Hadfield 48
: R ) o RN R O C i & WL T, EIRBACAHT HIC 25
§4 Co—T= JETCEOEMEIEDS & Fig.3 0T
L. LB, FTivbbYRRILMITHLE, P
W«nw%ﬁ ' CHIEMOTE & 31c C EOETIC Lizss
_J<71 E T - e : DTHROME LT T EERACT S &
2L | s | L) slll  FRHCERMENCAS <BEBL, CHligi:
| i e reria || |18 2L LTHTHCEVTL 5. I
“ ; | T T HIEEEMS CEOBMA T LA DT LE
2 | I lllly acermilils waw | lelll v icpemEiCEIENT D BRI
Time o) O RIS EREEIC SV T Acm

O: r, @: y+carbide, O: r+carbide+ pearlitic constituent
Isothermal precipitation diagram for H1, H2
and H3 steel after solution treatment.

Fig. 1.

ThbH.

Ni et H3 o Chfix Fig. 1 (C) 0 &L
Ths. FRECOTEROROANEX H1, H2 &
FEFRERTH 523, C ik TR I ERRIE T 40
CHEIBAICBIIL TS, Ll D b Thrurs
ARBEC BT OMEmSS S 3 B & L EE R Ni
FHEWPCHERMOMHENTH DT, PCH UMD
550°C X2h T THERMRD LI, P CHH
i H1 o 430~650°C 15t LT 450~630°C &k

MITkR L 2 Tw5. Ni e X v P C ORAER?E .

WENBEELLEBIEFDEDODPCOREEELVLLSL
B, 500°C X100h FEEBICEWTLHEIBTe
FBOERZRBD BT WD,

2. 0'6%C FOERITHICK X1E3 Ni O

L 1 ko Cliffid Fig.2 (A)IRLA. C% DO
TV RIEWEBIOCPCoOFHREDIZVWHBTUSBLL
BELIL DT LB B RICIITH#E 600°C X 1h
wEh & LT 400~730°C DEEHFECH D, TP CH
Hi#ix 575°C X#) 4h % B L LT 450~650°C D
HHFR & 75 5. _ '

Ni Z#fnL7:-L 3 sElcRE{ithofrtii s swcd
7. {7 %. Fig.2 (B)IeiR L7z & < BR RALDT HIZ
600°C X 1'5h I B OB HE LT HIKEE 430

IR —F T 525, CRICLS Acm {BE
DZEALIT E D TREV. —FPCIHH®D
o EUsRIREIERI Ae BEW H B P, Ae
REDOCRILIPZEIEDLDTHLFHITBE L. &
NS OFRERIE Fe-Mn~C F# D 13%Mn 23513 5 Wi F
FOD L EbHTI L —FHLEEPEDLNS.
Hadfield $fiz sV T Clix— 27+ 14 hOEELE
FIRFICEE RIS LD 5 TEE LTEEREEHEZ D2
TR THDH, HERICLERE DA S 5 VI EiE 5
DO EEIC 1) % RALMHTH I U Crd C o hnidar H
BNbUDL{EET S, Liest> TRBBELORE A

) L7 Steel } i
=] H
7] ofF— -
700 L E—"".—T—'—'
. >
. ST @ .<:>\o
¢ 2 !
§5 T
~ s -"'"1*_
Sm l P
S| (B L3 Steet L ;
g 7 ° ,
1 700) ‘ or— -
| ] * 4
OB L]
w B \ [ : Ul o]
M T
20 ! 2 314 5617891 20 36,4050 ,M__d
[ 10* 4 70

Time (mn)
O:7, @: y+carbide, O: y-+carbide+pearlitic constituent
Fig. 2. Isothermal precipitation diagram for
L1 and L 3 steel after solution treatment.
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g, §‘ﬁ\ﬁ:*~:fmm%::~«hn_ RO RITIEE v, K&, Bk, BE
E LTI LRURBERE D bFErICRRESL
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= I o m——— — = A AL D s Tk, EE BN
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Time (mn)

PEWICDIT DMLz itk b
HDLBbhb.

Photo. 1 /¥ 450°C X 100h {Riatio
Mg R L. H1WRARIETES JOCP Coffid
DD %L, HidD 7 HP CH RO TEEIIT & 1T
ZELTYWHOXRRDENS. Cu IRIMOH21FH 1

P g L~ TPCHEbTIITALY. X
72 Ni #Rino H 3 13 03P He A~
CTPCHIIE DD TA7 < 100h {£
FCTEPCBARDERMECS 5.

Photo. 213 600°C X100h {4
B oM, H1 OHoD 7 itk
S e WERRLTW5S. T4H
212X massive 7k P CAE i
FOHI LD TIXPCRIzHE->
TELIEDTW 5. T OFRITHS
HlEORREL—FHLTEY, 600
°C LLEDIRETIE Cu Hminibh+
PIZPCHi% RAET 5 & &p3y)
5. Ni{imoH3 P CHiHER
EbDHThEFriE V.

0°6%C FBOMED L E & 12T
FER CHHEMDOERE S DLV DH

U5 LWiRECRERMREL LSS
BPCHEEIEZSZHITIZLAE ¢
Ll DTw5B. ZOEAED Ni R
DL 3EPCEIIEDLDTLELH
s Ni OPIREHLND.

Fig. 3. Effect of C content on carbide and PC precipitation

range of solution treated 13% Mn steel.
E WL TRILHT R 5 413 CEDETHAEF]
THH, Ni ZifiMTNEIHIERRVWRe {5l L
DB, TOEEBRAEOT & KM E K EERE TR

X325 (3/5)
Microstucture of steel
heated isothermally for 100h at
450°C and quenched in water.
Electropolished surface.

Photo. 1.

X325 (3/5)
Photo. 2. Microstructure of
steels heated isothermally for
100h at 600°C and quenched
in water.
Electropolished surface.
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X 1600 (3/5) .

Photo. 3. Microstructure of 3% Cu added steels .
heated isothermally for 4mmn at 850°C and
quenched in water. Grain boundary car-
bides and intergranular precipitates.
Electropolished surface.

H, ZOHOFEXE IR/, Photo. 3 13 H 25
Bl 850°C x4mn {RFEOMEGTH 5. Fig. 1~3 i -
X1 850°C TixH20&BRibwEyHL, Hl, H
SEBHIE O/ RILIIT BN T H 5 Z L 3 TH
%. Photo. 31z i H 2 stENIgESR R ORIKILL
7o RALS DSV E SRR PN s WITE I OFET B T
ERRDLND. TNLORMNTEMBATH DI
LI EET 52, Cu O 600°C  LL L8R
BT 51T DR RBALIIT A RET B2 213, Thb
ORI O HESRER TR ZVWALELD

TE DO TRVCESBAE T Tl &y . BEERERE
FRERBEAICRIBSRIERS R E & <HELT 400°C

LEABAERLT 500°C TREHELT LEAaRk

BT B8, BRERCIREARIERSR L ENEET 750

°C THRBLTPANRSEBEDENZLNS. Cu i’
InEERE 500°C. Wk HHREEERX H1 X VETFIK
W% R A%, 550°C #HE: LT 600°C BALETIXH |
L OEYBEVEEEERL VS E Niimalehix
450°C TR EZE(Lid A7 < 500~550°C T DEEHT
AT &b TRVCEREEEMBE R LAZET LI LD
5. ' ‘

C 0°6% FR D BRTchF UIHERCEE, i
L iz 500°C TEEEFRL, NiHmL 33mEs
HiCE LD TELS AL TV 5.

Hadfield $RicH b5 k{bii: (Fe.Mn)sC D& &
ENTH VDD, ZOREWD* -~ Y —Hld Mn BiF
BOBINT U2 A3 2T LEWICRIBRANCI28) 3 % 1010,
Lo L TEES OBREE TOMIR TIX 400°C BLEDE
ERTHHT5RIEMIMn ORIBEN S VicdF o —
)~ SREEUTFTCEETS L RMINS. LianoT
400~650°C DI 35 1F A OHEMEIEL LT PC

CELCHETH alc X530 THb, it (PC

2L

ZRERT 5 (Fe.Mn)sC &%) O BRBAAIEHEE
WHBELNLTW W EET IV, —HFEEOHINIE &
LTHHERILOE, BERESCASIOTHD, 500

40

. Fe-Cu & a BT Y l 7 ] ]
. Fe-Cu &b 5V IZHTHELER 7 i 0 0950 b @ asc .
AT BN TH Cu BHTHELE (R £3 5k Steels [ \\ : Steels

/ . 7] -
ELTHLNTWVWED, & Mn SV THI A 3 L] SIS
oA ERT Cu ORBPBELRCHDER f N / 1 2
LY 2.5
N, ‘ / #3 \ N ) / : \ 1 3
- Ny Y s 5 —a; n o
5. faftRiAds X BRI 313 B T OB K S AN N
ERILAAEES DA R 350~750°C DAIRE od 4 N 3o =
- o
T 100h fRiFkS Lc DD, WERNEHC X DY | = AT 1
. s #o 160
13002V 27 » F OSSP TRMMSEEZEIE 5 | Hl
L7z. Fig. 4 (A)R XU (B) RxofllEikRs U H2
— g }+ l
BEHEISEDFER & &b IR LK. < ; ™S
C 0'9% BFITIX 4100°C T THRADMINE  § / / |
, |
75y ps 400°C HHBX B LHRAICHER, 450~500 O &Jiﬁﬁ\\ s N

2tz ; g R T L =T L EFS oot o7 B8 |
°C TRESENE AT, S00°C TREMSET 6:?00 00 500 600 700 w30 40 500 6‘0|0 0 s
LidDH 550°C b AR LT 650°C LU kTR ’ Temperatore ()

KON <%, Cu ¥HNH 213 H 1 £IZiE Fig. 4. Relations between hardness, magnetic intensity

FEZEOBEE X %R T 600°C Tl T it H
I EERTZLCWAS. Ni FhnH 31 550°C

and temperature with 0°994,C and 0°62,C steel
isothermally heated for 100h after solution
treatment. -
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°C THK, BMEOWME E D ITEGHEZ FL TWwWbH0lE
@ EHGT LRI DS PHLTHS. LrL 650
OC LRI EWTIY Ae BEBLLH7-DHDPCLLTDa

AEE LS. b bR B LMo HIREE R

3 Bz, BEMEIO T IO BTG UL R b

T, IBEED LR T A A7 I B ol

RLUEWIET T -

St oflEsS RIXERT R o 100h REFEE TR
WTBHLDT, &< 600°C BAEDTEHIRIRITI VT Cu
DTSR RO EZ LU D LI RETEZ &
75 50N Ni QAL RACHAT I 2L T 55T
 BEDDTVELS LI EHBIRIC > PR B

6. BERHIMETTICH XETH

B IR AR 1) B 53R BAER D FER VX Table 2
iR L. (B Hadfield § & i L < C ROE T35
B, @tEEd KK <+ %52 &1: Kramwer? H 50T
ScHOTTKY!D @#E{ﬁ]b?‘:tm UERIPBELNLTWS. &
7= Cu, Ni OFEMEIHRS, BIOREET tE T 53R
B L hbTriE TELD5E, —F# e <K MU
B LU D BB OIRN’H LS. Cu DI
Hadfield $FOMTHE{LAEZETELD 52 & XTI
EIN T DW, Ni DWW TSRV RIL
2 FRAEE O TTE OIRAnAS I LEE {LAE & 8 e L

LY b, Cu ERUSHRPWFENS. Cu,

Ni HRmIme X 5iEER(CAIBIREEIC ks \J HEHEH E OFR
B oI LAEORIE & b EE LB ESH B &
HEEINS.

Table 2. Tensile properties of solution-
treated steels.

Specimen Yield Tensile | Elongation| Reduction
No. strength strength | (9%) of area(%s)
(kg/mm?) | (kg/mm?) |
H1 340 107°5 | 664 . 45%9
H?2 33°6 i 97°1 l 816 479
H3 33°4 ‘ 1026 752 470
L1 311 : 896 46°8 : 35°5
L3 31°5 90°*3 712 i 49°0
Table 3. Tensile properties of slow-cooled
specimens (3°C/mn F.C.)
Specimen| Yield Tensile Etlongation , Reduction
No. strength strength (%) . of area (35)
, (kg/mm?) | (kg/mm?) :
H1t 34°6 90°3 268 208
H?2 342 85°7 296 23*5
H3 32°8 | 974 i 63°2 404
L1 310 | 982 ;7274 52°0
L3 30°5 ' 894 f 752 510

Table 3 13 1050°C X 1/2h {#i%4 3°C /mn OEH]
HEE T LIciREtos BB R TH 5. H1, H2
W EDITHERS XUHERELDTRAI LTV, H
3RIALDBATLTMBERY. REOERTIX
Al 2 HHBHRIREDE X TP COF BB TVHD
TR LT, BHETbT AR RILOEREDLN
BT THD. Tibb Fig. 1~3 KRLALX51ZCu
ORI P CHHISRITIZ & A EZE(LT v Ni oifhn
P CHTHISRA AT HCEEELDP COB LT
DIHRABKE . L7AS2T 3°C /mn OFEFEETIEHL
7oA H 1, H23E P CIFIRAZ YIS, H3 i

CRLR BRACTIT R A ) 5 R E v S T o

WHLEDLLWHLBEITONEDTH 5.
L1, L3FebTFhmiic 28Enoshit
e, PXAD2THEBSICEIXENLTW5. (7
DERITE & SHBRLMOW S TEAELLNT
FIEELLA— AT 4 PEBERL TV, Fig.2o0
I HARBNIT 3o 1) B RS R LT vy Fig. 1 (C) &k
LU THEYRRAEANCEZE L Tk v, 3°C /mnfEED
P TS AR P CHT I S B 5 AR R R ibr
BB EO/K I LI EMBTEDLALDTHD, DX
SIPEHTH A — AT F 4 bBLETRICITH 2k
T 5 Z EBHREIATE, IBHLAEIRGEIC 35 1T B R
T & D DR ENEE OBV 5o Thu Ao Bl tE 1 25
BONDZLRERLBRGOFEREFE LS.

IV. &

C 0'9% B XU 0°6% OFF Mn HD R{bimrHiic ks
ZiE$ Cu B XU Ni £hxi 3% HRInOEHEIZ W
T, £ LT C HEORIEIC X ViED LA ToEH#1E
7.

1. Ni OUFRIERR G Linir B o EB AR % &8
e LRELD5 LFEBICP CoMARYEDLE, 7
PCHf BB A THPRAZbOTRE Y, #4
HLMEDOP COREDS Ni OFMICL D EhHTEL K
5. .
2. Cu OFEP CHHECH T 2 HEIb T
THEZELEZITEE W23, 600°C BLEDTEIBHIZ R
FOERMRRICOBAERE R OTOBEOKEL{RET S
MBESNLLE LY. 2@ Cu OFHREIHPNIT I 5 E4Er
HHDPBER TR LW, EEZS.

3. @ Mn Stk 5CEOETIRERILMS X
CPComiTHE L THHENEETHS, C065
%E3 3°C /mn BEOFS THELEA —AF 74 bR
EMXELN, R Hadfleld §iCtE N THEREA T 5

il
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BEb T 2RSS 55k L KT o b T
5LV

S-NiﬁmVlDPCﬁ&zﬁ6ﬁ6F%&bf
#H T P CHF IR Z Y5 W AT BRI E o5

T TFPICGRER VAL, KB EORE FERM

AR RMENS. _
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