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Strengthening of 18%Ni Maraging Steels by Cold Rolling

after Pre-aging and Re-aging

Synopsis:

Kié SoENO, Tetsuro KURODA,

Masatoshi TucHiva, and Kezue TAcGUCHI

Thermomechanical treatments for improving tensile strength of 189, Ni maraging steels have been
investigated. The thermomechanical treatments applied to the 210kg/mm? and 245 kg/mm? grades

maraging steels include a) cold rolling and aging,

without subsequent re-aging at about 500°C.

b) cold rolling in preaged conditions with and

Increases in strength produced by cold rolling and aging are given as a function of the reduction in
thickness. The tensile strength in the transvers direction reaches to a peak and then decreases because of

the drop in elongation,

The increase in strength produced by cold rolling in the pre-aged conditions is small. However, the tensile
strength is greatly increased by the subsequent re-aging. The tensile strength in the transverse direction is
remarkably improved by a thermomechanical treatment including preaging at 500°C, cold rolling, and

re-aging at about 500°C.
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Bl CE R0 ERECT 5 EBNEETR TV 5.
HEARERORLEC IS A= hnT (Marstrain-
ing) BPAVWLNRBEDTY, A= FINTICEF 5T
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Table 1. Chemical compositions of 189 Ni maraging steels investigated.
Strength Chemical composition (%)
Level No. - ; - 1 - - -
(kg/mm?) Ni Co | Mo ‘ Ti : Al { C | Si ' Mn P “ S f: Other
210 |210-Cc | 18.36| 9.28' s5.17 ! 0.85 ' 0.10 | 0.004 0.0l | 0.02 ‘Q 0.003 | 0.004 \ 0.004
245 245-A 17.15 12.70 | 3.71 1.73 | 0.12| 0.005| 0.06 | 0.05; 0.007 ; 0.004
245-B 18.22 12.12 3.88 1.59 7 0.12{ 0.003 |<0.01 {<0.01 0.002 ! 0.004
HPAE TR V.

Kura & X O° Hickey, Jr9tE, Marstraining 5103
LINTEE(Lx 853 % Hin 5, 900°F (482°C) 3 hr
Rezh L7z 175 kg/ mm? R <0 x -~ o Foéim T
BTCWB. TOFER, 25 v LicdHlimIcE s
FEAEMIHLLSVDTC, 3E{bike LTOEHEN
WZ EERIEH LT\ 5. JokhnIfkic 700°F (371°C)
T lhr {RRhT 2ERDITHRDOTVEH, BEENC X
DTLEOBENEI IS EINTWS.

AT, Kura, Hickey, Jr9 S92 & H5EE LT
F M%) (Pre-aging) ~ U7-3URb% WRHIELE & TEREEH
(Re-aging) Tiifbd 5K EE%, @Y D Marstraining T
LT A HEEHBE L TR LR TH 5.

2. R B A &

Hpof kg Table 1 wxwd. WwWThd ZEXH 10
mm®DEHELR (820°C ER{LAF) & LCTIA LT
BB ZOFEHREZ2.5mmt,3mmt X 4mmt
W TERE LT 950°C, lhr b U CifEIcBVv 2.
Tixbb I bOBEKEHME, &5k 2.5mm t —0.67
mm t (REKFER 73.2%), 3mmt—1mm (66.7%)
BEIK 4mmt -2mm t (50%) T&EELE L, 820°C
T lhr i b L CH — R 7 F 4 MCREGREZASTM
No. 10.5~No. 11.5 O AL L. RITHEE
fFC Pre-aging L T» SEHEFNCH0.5mm t ¥ TEH
FE4E L, Pre-aging #£OINTE% 259%(0.67 mm t —0.5
mmt), 50% (I mmt —-0.5mmt )&k LU 75% (2 mm
t—0.5mmt)ic L, Zhb% Re-aging LT3 |5RKE
ZfTieo7z. Re-aging O&441E, 210 kg mm? §F—=v
T — T 480°C, Shr, 245 kg/ mm? =it — 5
¢ 500°C, 5S5hr T&Hh 5.

Fig. 1 5Bk 27RT. SIERABAI O EFHRA
ZEESE (R.D) SITEALR (T. D) L—FKS
BLNENDOHRDS FRIGEE & H%E U e,

Pre-aging—#&HIE it —Re-aging 17 X 53&a{t%, Ma-
rstraining  (BFHLWHEE-RZ) X 53bett
BT %7, Table 1 OB ZREHY LR FEE (L

Smooth tensile test specimen
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Fig. 1. Tensile test specimen.
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Fig. 2. Effect of cold rolling on tensile properties
of the 210-C maraging steel.
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T HOHRFE, 820°C T lhr Hik{bEh, A -2 7
F A4 MESREEHS ASTM No. 10.5~No. 12 O#EdIC
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S.7- Cold rolling— Maraging at 500°C for Shr. , Pre—aging
‘,,A“’ 240} Pre-aging 240 e
a 280 2806 yus-a 230} 00"C 30min ,7500°C, 30min
270+ 245-A ocg 270} /Of?- @{'/ \@\@ 230-J
Fao0r |, 260} l/ 220¢ ' 220}
o S 5
5 240189 Laus-p ol 2578 3 200+ 200}
¥ 230} o
190 .
= i 220} E 190 ° .
220 o180} 180} 400°C,40min
2105 210k TD] x ,F‘?D
1_6‘_ 1ol .D. 2 170F  400°%,40min_g 170} ’350°c.40m.n a
' o9} 0.9} 160 = - 160}
o " 350°C, 40min_A
e 0.8+ 0.8} 150+ /_ 150}k /
¥ 0.7} 0.7¢ 140_A/A o
2 = 06 o 245-B 06 / 140
.6 F . — K3 ,
8 \&kg - 130} /ﬂth 130}
0.5 - 2L5-A 0-5 - 8 245"8 out
4 " A o 120} ?//l pre-aging 120} OWlthout jpre~aging
0" Q"_._zlts_.__* sl 2 1 3 1 3. 9 1 x4
03— 1 T J 0 S S A O S 0 20 406080 o 20 406080
0 20 40 60 80 100 0 20 40 60 80 100 R
Reduction in thickness (%) Red” C.t fon in thickness (%)
N Fig. 3. Effect of cold rolling on tensile proper- Fig. 5. .COId work .hardeqingi of the 245_/} marag-
ties of the 245-A and 245-B maraging ing steel with and without pre-aging.
teels. :
Heer STIREMES YD X 5 BT 5h BT LA Th
Pre-agi b 5. FEMIESBRICES &, BERICEAAROE
=Qagin _ -QQqi N
220r i 30 R B = IS 7 D, T CRINT 5 X 5k 7
210p  0CHmin 210f 7 300°C,30min w, ERHEOBEERAT 5. Liotio T EEROE
. 200[-° 200 AHRORBEE, WMEE-RNC X 2 3L TR
190+ R.D. 190+ T.D. L5 BIRFEEN S Hbh .
=~ 180f 180} . iz Pre-aging—¥ i EE—Re-aging (T X %3&iL%
E 170} 170k ;f;ﬁﬁg Bt B, WA E 300°~500°C PO RiSEIREE
31“) ?ﬂuwm )/ AR E N EBEE T Pre-aging LTUh HERIELE
= Vo wo}émnmwyﬂ NI : 25%, 50% % X O04975%) L, chiazoi
A 31501/ 350°C,40min,a 150[ A %, %t Re-aging (210-C : 480°C 5hr, 245-A %
140} e 140} /A YOS 245-B : 500°C S5hr) L7-feic 3| EIRE A B L
130f & /O 130} “ 7z Pre-aging—%‘F‘a‘iEE@ﬂ%’%T‘ SRR ERE T IeDk
120_ /O 120_ o ,ﬁg%% Flg. 4, Flg- 5 ¥, Ef: Pre—aging*?%laaﬂ)f}it
110} 0{0 110} Without pre-aging —Re-aging L7405 (E5%E % Pre-aging D753k
fTinout pre-aging EiR LT, Foo b LifR% Fig 6, Fig. 7, Fig
-, 100 100 ) I U N T NN S N N | ] - ]
0 20 40 60 80 0 20 40 60 80 B 1T

Fig. 2

Reduction in thickness (%)

Fig. 4. Cold work hardening of the 210-C marag-
ing steel with and without pre-aging.
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KRERBRBIUKRH

| BXU Fig. 3 BRI 2% MEERS IR
L THILT B HEa e LR T, EEMIEC X

Fig. 4 X X Fig. 5 » 588557 X 51T, Pre-aging
DIREZEL LTRELZRKE L LIz Y L@ELE
PERRT 5. &< 400° 3 %\ id 500°C T Pre-aging
L7kt ohn TR Lty h X vwWin LECfafn L, %
TMIEO#EMC & bl b hicikibT R (Flx

* Fig. 2 b Fig. 8 iR LM AR, 3ROHRBI Z3IRo 18

RELGUILAT, REONESAY S 3551, RABEIEEECDH
BUNT L 2R0RT 5.
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Pre-aging
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S.T.—>Pre-aging>Cold rolling— Aging at 48C°C for Shr.

Fig. 6. Tensile strength of the 210-C maraging steel, solution-treated, pre-aged,
cold rolled, then aged at 480°C for 5hr.

¥ Fig. 5 o 500°C, 30 min Pre-aging ) T 6%
bh b, Kura, Hickey, Jr. 594 900°F 3hr f%h L
7 175 kg/ mm? < v >~ 2 fHOEHimIC, MmIic
X OTHALT BEHANH S Z & &2IFHLTWT, MIK
XONEABOBEG & T 7 o IRBYIEHORE L &
Fx b B REE LCERIICRTW 558, FRO%K
B3 4 EHOMBETHS. LML, MHMxOBEL
~NOVICHEERH L7 18% Ni = vz — o SN (0)-F
(e) BBt LT, 58E LNUBE L 513 Kig— 1
CRBLT L L HHELPIT LTSS, Zhit o=
Ker iR \WT, 9BEVRUNRELABIFEEnd/phaElik
BT LEEWNTHOTC, Fig. 4 3L Fig. 5 Of5HE
BAE LY OFERIC—FH LEREEL 005,
Pre-aging U7zfl& sl Tosc+4iEtT s ¢
LW TET (Fig. 4 3L Fig. 5), Pre-aging >¥%fE
JE—>Re-aging W X0 CEskEIC D (Fig. 6~Fig.
8). T T Re-aging ORE% 480° H 5 3 500°C
LB, Co, Mo »XEAifHi{ticELTS
18%Ni v x — iz BT, §460°C DIT DR

FITHRI N BT AW 195, gk 3R
FHE BT HE SNTWBELRDTH B 9%, jrks
245-A B X 245-B % Pre-aging Ty 150~160 kg
[/ mm? Bl B ssib Uzedtkhiy, BluvicFREECRIESRT5
Yo— BRI T 5 DBEEE T o7izd, 60~75%DHE
BT ELE L T Re-aging Lastllo3EBE% Fo v b
L7z (Fig. 7 % XU Fig. 8).

Fig. 2 XU Fig. 3 » LMK ST, Bt
BRI RS L Okt 5 5T, FEHDE
AHROBERRHE, 210-C O &4985% OhnT.
B, 245-A k1 245-B CRLAREh 659% 15X X 75%
HEDIMIEC H b5 . Pre-aging— i E iE—Re-
aging f£ic k13 % 210-C O3PEEE (Fig. 6) oilE
Th, EEAR, EAHME DCEEOLLIC X BEE

* Y 460°C LIFCERI N 38K TR, Co, Mo,Ni & DaH
O HENR L, BEEOBRENK EVBSIHT 51020
Uz H3DTHY 460°C Bl LT Pre-aging UTBEHESERT S
&, Re-aging ORE2# 460°C LTz LT 4, EEOSBELTEH
RIERINLNID | Jrs#) 460°C CIF T Pre-aging ULTHETE
EBYERIN TV AHERE, ABZO L 5% Re-aging @EI B
T, BEEERBRETLTHET 31210,
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Pre-agnng
300°C. 40m|n
350°C, 40min.
400°C, z.Omm
425 C,40min.
& — 45 CArmn
£ —— 500°C, 20min.
E 500°C.30min.
o 500°C, 2hr.
£ 330 3301
£
© 320 3201 'ZSF’*'
[®]
o 310f wL 310F 6| e
?83 300} Qe |° e, 300} 7% 0% L 67%
| o%O °65/o |
'g 290 0% 290 75%\/ |/L%
€ 28011 7 L 7 : 280f L= 0% |
20 T e | g
e 270F © | g C 270F 5%
B 260} ‘/' I/’zéflo/ 260} y
£
D 250} 250}
T.D.
é 230+ -Without pre-aging 230F -Without pre-aging
[YEEE UE VR U NN TS VNS W WS T N SN B S | L. i 1 1 ¢t $ 2 ¢ t .t 1 1.t
T 120 160 200 240 120 160 200 240
Tensile strength after pre-aging(Kg/mm?)
S.T.—> Pre-aging->Cold rolling—Aging at 500°C for 5hr.
Fig. 7. Tensile strength of the 245-A maraging steel, solution-treated, pre-aged,
cold rolled, then aged at 500°C for 5hr.
NREETASFED LT, L7ch->CEAFINOBER|IET Re-aging LCi{bd 2555 FIEHH, BEABMED

LK ITHIFIC ® LN BIRFIMTE A, Pre-aging LT
Wb EThink 75% X VB CILERCSH S LH#EE
25, Pre-aging > F iE—>Re-aging L7 245-A
(Fig. 7) X 245-B (Fig. 8) itk Tlhx, % 400
°C LN T Pre-aging LU, Pre-aging #£D3&aEEAS 150
~160 kg/ mm? PUTFOEE: 75% WRIELEL TG
Re-aging L7558, BEAFMOEELLLL TERWG
NTHE LT VML S, ZODEAFNOEE
BhE <, WEHoEhREV. LaL, 9 425°C DLk
T Pre-aging LT 150~160 kg/ mm? Ll _biz3&{k L7
245-A B XTF 245-B % 60~75% DEFEC FAHEL T
Re-aging L7d5 &y, EHEOLHILIC X HEAH D
BIC N R 2 Vi S WEAPBBD L. S Hich
E-HUHBORI P 5, 425° H 53 450°C T Pre-
aging L7-3¥l X b, 500°C ¢ Pre-aging L Ti5 200
kg/ mm? B ke 38t U Bt B TR IE (60~759%) —

W, SRR E VIS b T HEME D KA B VA
By,

Fig. 9 i HE AR AR OFI% 7R 5%, 500°C T Rre-
aging L T» L@ EE—Re-aging L 7-3lix (Fig.
99 R.D.(C) X0t T.D.(C)),450° 3 5\ X 425
°C C Pre-aging L TWHIEME—>Re-aging L7258 (H
z ¥ Fig. 9 R.D.(B) 3 X0 T.D.(B)) X Y 3REH
BV bbb TS HEMBRFCHS. AR
TefEms 210-C RV T LD L.

Pre-aging—># /L fE—~Re-aging 1T X % j& LD
D 1 5%, 500°C T Pre-aging L T & L3t 2
WHEZELTH» S Re-aging §2 2 LT XY, EERD
BEAFROBESY, BRI &S EE-RZTEtd
HHETRILE CELVWEES TN CTE52 LTH
L. ThbbEHL R HEET 52X Y, EiaEME
GRS 25 HPEAFNOEES (LA C Dic { WH

— 105 —



1254 &% & ] % 62 &£

(1976) %9 =

Pre-aging
3 EAOmmn—
40min.

b 4L00C, :n.
£ —————— 425°C, 40min.
: =

— in

. 2hr.

¥ 3301 r— 3301
(=]
O 320F 320F
B 310} 310}
n o
% 300} 200} o B
2 290F 7o-/ g 250} 7% 3;?&??‘
8. 280 5 oa,° 280 "75.1. 7_06{0 | -
§ 270 i 70%%, 0%, lo759%, 270 s g(r* Lﬁ
046 75% / *%
e 260' d(ljl?/ol I 50% 260"/ | -T» -
B N~ — 0 25%
§ 250t 24 25% 250} o
L 4 L. Q o
: 240 T_ 240 T.D.
'g 2301 Lwithout pre-aging 230F Lyithout pre-aging
’_ l L1 - l 1 L l I 1 L L L 1 l [ 1 1 1 L 1 Fl I i 1L 1 1 ] ' 2

120 160 200 240

120 160 200 240

Tensile strength after pre-aging(Kg/mm?2)
S.T.->Pre-aging->Cold rolling—Aging at 500°C for Shr.

Fig. 8. Tensile strength of the 245-B maraging steel, solution-treated, pre-aged,
cold rolled, then aged at ,500°C for 5hr,

400

3501

300

250F

200

Loid{Kg)

Detormation

(A) S.T.—Aging (500°C, 5hr)
(B) S.T.—Pre-aging (430°C, 40min)—Cold rolling (70%5)
Aging (500°C, 5hr)
(C) S.T.—Pre-aging (500°C, 20min) —Cold rolling (709%)
Aging (500°C, 5hr)
Fig. 9. Load-deformation curves of the 245-A

maraging steel.
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7R L7z Fig. 2 X Of Fig. 3 C, IiTE0%D
#floo R.D. & T.D. BT 5MmEDHIZH,» S
Btk di, AWV BB, EH&{LIkiECBE
EREETTC RS D 5. CORAEOERFRE
RGN EET 57 LT 5DREBL X STEZS
N5, Tibt 18%Ni v oz — o8, B bEED

Vake 7 17 v 20 -LJ—J’J?II/J:M‘ZTDEF.A"@‘P%ZJ@M\ =z e,
VORTIUT— g Yy AP BRI S Y or TR LK.

HA4 MEEOREXBIICELVWEYXD bbb D Z &%l
Y TR L:. BREEBPESENTEDL K OREE
POTHL, alrEREIFVTHHENKORE—REA
ENPT VW EEEETHE, BRSO BRIETEA
SN HROERMN S ERAEEOR AEDORERA E L
TEHEBT50LERH D EEZ 5N 5. LU E% Mechanical
fibering IC X R AL XL LT T B E, BERLEE
CERET AEFEMEHOR 5§, Mechanical fibering
RELBERRSZ LT 2ORBRYELEELLNS. BEE
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FHEEDEOSMEL L BT X 5 18%Ni v = — V0O 1255

HE L RN TIB b N B AiciE, BRI T Mechani-
cal fibering BE GILFET 5 & & bic, BIRFRFK
(Crystallographic fibering) OE2ENEF XN 5 (FEhiR
ETREESLLAEVOTY, FEEAHESERET ).
1535 Pre-aging = 7-3UR & RIELE T3, ¥EHEFENIC
LB SHHMOBMDERET 2L EA DD, L
V. WL LR & TRRb S A EHT B VT, B
PMEORA D D WILBRIGRHIEEL2T4 S LBEA
FHDEMENET B 2 L EOREE LT, Mecha-
nical fibering & Crystallographic fibering D s
BEERFTH D2, Ko <7 EBROHEHE A ST
B¢ & 70\

Pre-aging—¥ B - iE—Re-aging T &\ T, 500°C o
Pre-aging T A5 B ORZEIRFE TIEATHIZET LTw
72>, Pre-aging FKl O IR X 2 CHRGrE A5
L, Re-aging OIRE CIHEAIOBERII% I LT M
HiZe e VvEEESTEREND & 2 hiciiild S SimEfT L
TERREICED EELLNRD.

%5, Fig.6~Fig. 8 0> Pre-aging #0E 7 585
sk 9, BIER(ERM s LO° Pre-aging Ok R &
T, 210-C iz 110~220 kg/ mm?2, 245-A B IV
245-B 13 120~245 kg/ mm? O&E & O 2 %
FEXE (25%, 50% 3 X U9 75%) L= &iciebns,
Pre-aging ‘C 200 kg/ mm? [l Lic5&{b L7 245-A %
XU 245-B OBHFEEC SO THVWEbAREET S
FREECd o7z, Pre-aging THEIAE I L3k &2 4§ 350
CTMMIY 2 & & LA, MRS HLL, ¥
Luybh S RETHI 505, ChREERFC Lo
TIRMOBESHFOND X S5k bideEFELT 5
23 R OWTHENCHE T A FETH S,

4. f& 5

(1) EHIeHM 2@ REE-RZhTiabT 2 5 ke k
WTH,  JEEER W L L CEAS MO si{bES K E
VLA LEREN LR IC & &7 O B OB E A7 )
TREVAYD, BEMTESORICKD LEAH WOLE
LI L TRV N TR T 5 X 5 5.

(2) Pre-aging T#9 220 kg/ mm?(210 kg/ mm? 3}
v — ) B XOFT 245 kg/ mm? (245 kg/ mm24f
v — ) TTMIL LR ORHEIELE S H{ % 7o
FREASKES VBN EITEE 2/hx . Zhit o =
Ken 0B WT, BBEOREVIRENTE = /3 vz &

WHYT 5. LasoT, BHR{bH%E Pre-aging—®
HEEDCHEDH T, +HiEtd sz 13 TE L.

(3) Pre—agirig—>?%ﬁ§]EEE%Re—aging (480°~500°
C) DHFEC X O>THELEMTHLB8TES. &<
W#9 500° ¢ Pre-aging U TES&EIC Ltk 2% R
FEHELTH» S Re-aging 572 L kb, FEHOER
B M DIREE %, LM & S TR IE— s Cigibd 5707
BETREETERVEETTHENTE S, ZhiEkt
MEGHELET 2 X0, BSEMERRELET 55 25E
BB EOEMELLI B Z DI Wb TH D

AR AELTIL DT iz, WHEAE VW72 v BILh
7EFh, BEEHRES XU 2 KRB iERs o8
BE2RT5.
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