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High Temperature Aging Structures of Ni-20Cr-20W Alloys

Taizo OHMURA, Kensho SAHIRA,

Akikiko SAKONOOKA, and Noboru YONEZAWA

Synopsis:

High temperature aging structures and age hardening of Ni-20Cr-20W alloys developed as the superalloys
for the nuclear energy steelmaking, and effects of C and Zr additions to the alloys and the effect of pre-
heat treatment on these properties were studied.

M,C, a=W and two kinds of M,,C, having different lattice parameters were found as precipitates in the
alloys. M,,C¢ whose lattice parameter was around 10.7A precipitated in the early stage of aging at 700
°C-1150°C, and the carbide changed to MC at higher temperature than 1000°C, but it remained as a
stable carbide at lower temperature than 900°C.

«—W precipitated at 800°C—1 100°C after precipitation of M,;Gg and it disappeared with increase of M;C.
M,;C, having the larger lattice parameter (10.9A) precipitated transitionally in aging stage of 26 X 10° in
Larson Miller parameter at 900°C and 1 000°C.

Age hardening corresponded to the precipitation of M;,C; and it was reduced by the dou
treatment.

Zr addition and amount of C influenced on the aging structure and age hardening. Zr seemed to be a
favorable element to stabilize the carbide.
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Table 1. Chemical compositions of Ni-20Cr-20W alloys.

Heat No. Cr w i c Al Zr Si Mn Ni
H4 . 2043 | 18.08 0.11 | 0.10 — ' .01 <0.001 | bal
H 7 21.34 19.66 0.21 0.09 — 0.0l # #
H12 21.31 18.43 0.17 0.13 0.01 0.02 0.002 7
H16 20.10 19.73 0.06 0.09 — 0.03 <0.001 7
H34 18.76 19.06 0.04 0.1 — 0.03 0.003 #
H4l 20% 20* 0.02 0.2% 0.01 <0.05 0.003 #
H42 19.97 19.42 0.05 0.19 0.01 0.07 <0.001 #
H43 19.55 19.90 0.16 0.20 0.01 0.05 0.003 #
* aimpoint
< ?%tb?ﬂ@i%fgéfibj’/J\g < Lf: 1mmx5mm 100 T T T T T T T T T T T T
x2.5mm OPEBRBREERA, b So Uik h S ot o
TF00°C| v &
FenBERR I BB XN Smm EXDANRT v 4 XOW S sl
O EiZ10mmg OREFEEZBUTHETEE, NAT o g L //A%qm Heeg—
XD L RBOFRBERKIITE R BDECHBIN / ST e
N
TR b O TIERE~ORERM L Lic. zoXxk ¢ Vs T
1X 0.3mmg DEATENS & RN IEEE UTEB LR, L7 Ne T
o) g
ERED £5°C DN TH o0 THEifk: LTHAWVWS P

ZE L. WEhoiE L 80~90sec T FHIEREIC
EE L

By h—2WEEE2MA, fE 10 kg T HlE
Liz.

SBHENIFA Y £ FR— 2 M X D8 RPHEH -
7%, 2g OE{LE =N, 100cc DIFERER XU 100cc O
KD IR BIKEWRPTEM L » 7 TR, JEFIR
MER X OEEBHC I VEIE L.

—EEUEHT = o i < UINR, 20% @I ER X /
— VBT 0V, TA/cm? DEHDOY = v MIETE
TEREZ&T 120kV ZBEHCTERE 2Tk o7,

B EE O Fo > OB B AR 7~9mm FT
F£X 15mm 03O MEKRE, RKEZVHEREL
wvie. 109 ¥aEs x # 2 —visie 100ce iz 1g o4
TlEABE ML Bz, TBIRHE 60mA/cm?
DEHTEMMEEITHO7% 0.2um x vy v 2D 7 4
NE—ERWTAHB LE SohicibEREL A2 TE
Fa4 797 b2—s—X b XEBERTFT 2T ROk,

3. ERERSIURH

31 BEOE{E
WxZEic5 235 CEOEE XTS5/ Zr iR
ImLixio7- H4, H7, HI6 X0 H34 &40 1325
°C, 1h BFikbalfoifEZ{be Fig. 1 R L.
TSI~V i35~ (Larson-Miller) /¢35 2 —4T
(20+1og t), (T :4axcHERE, ¢ : RSRERD) TEEL
T B OB L2 BRI LLEM OB OS5 L LTRL

1 It 1 1 ) 1] L Il [ I 1 )
19 20 21 22 23 24 25 26 27 28 19 30 31 32
T (20 +logt) X 10~ (*K.hr)

Fig. 1. Age hardening of Ni-20Cr-20W alloys of
Zr free. 4Hv :increase of hardness from
that of as solution heat treated material.
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Fig. 2. Age hardening of Ni-20Cr-20W alloys
added Zr.
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Fig. 3. Effect of the double pre-heat treatment on
the age hardening of H 42.

A: 1325°C x4h—>WQ.
C: 1325°C x4h—»>WQ, 1200°C x1h->WQ.
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Photo. 1. Photomicrographs of aged H42 alloy.

DAk H o7 ke 5 X S 1200°C #3A 7. Fig. 3
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LAERD LN W EBEEIN.
3.2 :EMAGOTIE
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bRIFFICR Lc2d, [l— Lo M. /85 2 —2fBEid LT
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RLTW5.
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Photo. 2. Scanning electron-micrographs of the
aged H4 A.

a :1000°C x15min, L.M.P=2.47x104

b :800°C x200h, L.M.P=2.39x104

¢ :700°C x6640h, L. M.P=2.32x10¢
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Photo. 3. Nucleation and growth of M,; C; carbides
in H4 A aged at 900°C,
2a:0.0lh, b:1h, c:24¢h

HEEELTWS.

R NOWR M ORTEZ H42A 440 700°C hnsh
DBHT2O2WT EET 5 L, Photo. 5 TRLZL ST
MR A & LT HEBERD b, RIBVWIES
XG5 1000h jpghcrd$HROH i Hs i BRI ik
ELTWaOsED L. 800°C 3 X * 900°C of
BRI INEANIZ X S BN SRS bh, & xiE 900
°G T 1000h jzhL 7z BT EERE
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Photo. 4. Transmission electron micrographs of nucleation sites of M,; Gy carbide in H4 A aged at
800°C for 100 hours,
a : grain boundary b : twin boundary
¢ :around MyC carbide d : within grain

Photo. 5. Transmission electron micrographs of nucleation and growth of M,,C; carbides within
grain of H42A aged at 700°C .
a:6h b : 1000h

20% 1 HY, 0.05% LrCr&EinwgiEomitme X BXBERFOFHE, HHBE LT, MC (e=11.04
LTS+ E5. ~11.094), M,Cs (a=10.69~10.764) %5 k (8 a-W
mEZORE OBRIMHPBEEDF 1+ 750 bt — &2 — WCERDL L7z AR oYz LB 3 o & Sts Loy d=2.10A

— 120 —

N .



Ni-20 Cr=20W
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Fig. 4. Results of X-ray diffraction analyses of the
electrolytically extracted residue of the aged
H42A. Solid marks indicate the existence
of the precipitates shown at the top of the

figure. 'X' phase is presumed to be a-W.
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TR Lt BA MG 13 a=10.74, (MyCo)! ¥k a=
10.9A @ M,,C BER{LAD B0 FIEOH MY R
L, X 13 a-W LEROEITMOTFEDOH#EEZ R L,
Bl 25 Lo hsRIfENsED LR &
ERLTWVWS. Ry Fo4 Lk 350 ‘X o
R E 3. FIRRIE (MasCe)' 4, iR MC 1%k
X ORI MpyCe MO HEROER 2R L.
AN BT O SE X ORI LE Fig.5 WR L.
MC iz 2T (440) MO EHTHORE, MuCs B X

700°C H42A
oLA A ! i

i i0O 100 1000
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5. Aging time and iemperature dependence of
the diffracted X-ray intensity ratio of
electrolytically extracted residue of H42A.
(@ : M,; G (a=10.7A (511, 333)), O:
M, Cs (a=10.9A (511, 333)), A :M, C
(440), A : a-W(110)

O MpCg)' T2l (511), (333) HoEHDME
X, B X Mz oWTRELSYEFBFO (110)

DEFMOESEZH, 25O 5 bE—EHF ¥ — b
ThHRLECEROEESZ 1 & L THOEFROMES D

Table 2. Results of the X-ray diffraction analysis of the extracted residue of

aged Ni-20Cr-20W alloy (H42A).

900°C % 1000h 800°C % 100 h a-W* (2=3.16484)
NO.

d (A) I/1,% 100 i 1/T4x 100 d (A) /1, hkl d (A) 1/1, hkl
1 3.781 0.2 4 3.782 21 220
2 2.402 2.4 53 2.401 49 420
3 2.220 100. 2.238 100 110
4 2.189 3.5 78 2.189 58 422
5 2.100 1.4
6 2.064 4.5 100 2.064 100 511 333
7 1.897 0.7 16 1.898 18 440
8 1.813 0.6 13 1.814 13 531
9 1.619 0.2 4 1.620 13 622
10 1.575 5.3 1.582 15 200
11 1.303 1.0 22 1.302 10 644 820
12 1.286 44.0 1.292 23 211
13 1.267 0.6 13 1.267 16 660 822
14 1.106 12.8 1.1188 8 310

* ASTMZcard No. 4-0810
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700°C D ErRETIERENE RIS MC RAOEZED 5
NDH, 1TEAED MpCe B TERMIC L 513 Sl A
WET AR B, 800°C T 1000 225 & X
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R (MyGe)' D AEWHET 5. 1000°C ToHTHIE
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7273, 10h, 100h Tl 4 BEOITHIHEIED LN,
2T ‘X oS E Dy, X5 1000k i
5L, MuCs MBI L, ‘X AR LT MC o
WAL o7, 1100°C ¢z 10h TEbhi X
FEVE 100h DA#EIE 2, MG fBE 100h T A TH
X MG MoZtiok. ‘X MHogdmTHLT
W3 900°C, 1000h hnZhts o BIHTFROALE & X UGRE
%, My, Cs DAER Hivg- 800°C, 100h fpEiks s X O
ASTM Card No. 4-0180 X it LT Table 2 jziRL
7o. I/I3x 100 7R U= EHTRSRE Hix d=2.22°A {34
Bt 5T XCoRREOEEE, 1/1x100 TR
U7 Bl 6B ik d=2.064A R8It 5 MG
LHRETHBHITOPNWTDOLDBELE TR L. ZOED
55 FHOEITELAMAT a-W X MyCs & X <&
JELTWS T Edbpote. Ld2T, ‘X M a-W

Photo. 6.
aged at 900°C for 1000h, indicating
that white precipitates are a-W and dark
ones are M,;Cg.

DRFEMES RN Z R E . SEFEHOEFHED d=
2.10A p3ARE O EREHE I L5 BFEI 4~ T
FERENIz a=10.94 @ MyCs BR{binm (333),
(511) YT 5.

H42A @ 900°C, 1000h fp#Edto X fBiz oW
XMA ZHAWTEHIEELLFH~7. Photo. 6 ITRL
EHETFRR I CFEXBRC L 2FTOER, 28
HOWHHOEENED b, —ORESGHRAR IV
BWNIZTFE T 58k W 234 < Cr, Ni o475 AT,
iR R RICHFET KD Cr X C 2%,
Ni oSl wiBThH 5.

INOHEMEIS IO A —2 5754 hho XMA X
LRSI D FER%E Table 3 T R L7z, T 51
PaiiserT ¥ X U8 HEnricH @ IRIREIEEED®, PooLe
B XU TroMAs DEFHESHIELY XL Reep 0f
JEEFEROZHEEE TREI X bk G, Ni, W
DERED SRR L. SFEORMLS 100% ix s
Bvorx, Cr, Ni, W LSOTEEZEE Linsr27c
&, WEORERS XUHERBEOELRELECLEDD
EEZENED, BRI X OMBEE MBI+ THS.
Ao X MEFETFERE &b T, Cr DS WRIEN
Wit ksE Lt CrsNis WeaCs 7 2R %E 27 My,
Co BR{LWT, WOZWIFIHHEIRAED Cr & Ni %
EiE L a-W 2ExBh5.

L EO&RHIBOBERHREEETH LRD X STk
5 AR CAEE U 7o ph Rl R BN Beib s MeC B b4
T, 700°C 5 1150°C iz s\ CmBldidlic FE 1 %
RALVE MpaCs BALMT, ETRGHTCT 57—
AR, DT ERIE S, SR ENE A 4 o0 B B FEAR IR T 47
L, SHEEERNANOIESZZE UCEHRICITH L,
RO & & ik EHALT 5.

F—~RA7FA4 bE MpGC HORERTFEIE tERTHS
&, {11} @CRAESLENI S ZENE D55
ZEiXpw {11} mE THAEE LT bb55C
L, 728 Ni 4 — X754 bORGERD 5D MG,

Table 3. Phase analysis with XMA of H42 alloy aged at 900°C for 1000 hours.

Cr-rich phase W-rich phase [ Matrix

Cr 4.57 0.49 2.13

X-ray intensity Ni 2.80 2.10 8.85
(kcps) w 0.98 4.77 0.74

G 0.11 0.036 0.02~0.04

Culculated Cr 46.0 4.3 20.3
composition Ni 20.6 11.9 63.0
(wt %) w 23.1 89.5 17.4
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Fig. 6. Critical line of the existence of lamellar
M,3C6 at grain boundary (Lamellar My,Cg
changes to be granular M,; Cg at longer
time than the line)

H42, H43 :0.019, Zr, H4, H34 : Zr free
pre-heat treatment.

A : solution heat treatment, G : solution
heat treatment and 1200°C, 1h heating.
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H43A (0.16%C) ow§ihd, Zr ZiEhmlLigdofk
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h SEEEC hhpozowesst L, Zr 2FEmLic 54
(H12) 55 1000h ##BxCHEEHERERESNRT
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Ni-20Cr-20W F4& 4@ 700°C 225 1100°C iz 3543
5 RIS X 5 X s X O4&BEMOZ bicE X %
CEoESE, Zr FiMOEER I BHRILAEEEOR
B OWTHFRER RO R EE .

(1) {REEEERIL. M. 25 2 — 4T 20x10% L)
TF) Tid MaCs B (a=10.7A) Ribpopic X v
T 5. Zh b MyuCs BR{LM O INALE R
R, SR, REBRILO £ 0 B X ORNIEEAE
ThH5.

(2) AT 0.02%C O&4&% RV THAR
oI RIS (M2sCo) 2ATHIT B 230 CHfifRET 5

(3) mibiE LT 1000°C DL ETrx MC aSErR
i EMBT, 900°C LUTF ORRHHEI{HIZ EHMIT M2Cs
i b.

(4) ZhoR{LMOREERERET Zr ORI X
DELRD, 2ZERFAEICXYELIRS.

(5) 1000°C, 1100°C =3B, 800°C, 900
°C ik ERRIMIEEME LT a-W (a=3.1504) 2
T %.

(6) a-W OF HEENE MG 35 & U8 MeC DI H
CEBF—ATF4 MUBOHKOE{LICEEXLTY

I
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2HDEEZLND.

(7) 900°C, 1000°C CH{RBEERMECE DN S
MyiCo(2=10.7A) L Rig v, X O HFERDOKE L My
Cs (a=10.918) HSEBIICHHT 5.

BhYEEMREEDBTHI2T, HHEMEOSHKE
BRI DWW T THRE N 7o 22 o (BR) 2L JE vh LB FR,
NHEEE, 3XO0EBFRBEBECOVWTIHHIV
eiclF, B RECESoRERLET

X R

1) AFH=, EFR¥E, B/ ERE, KR B &
L 4§, 62 (1976), p. 1363

2) ANH=, EFRY, A/ EARE, XR B: ¥
& 123 5 4£%E, 16 (1975), p. 351

3) E. SmitH and J. Nurting: JISI, 187 (1957),
p- 314

4) M. F. Asusy: Physics of Strength and Plasti-
city,ed. by A. Argon, (1969), p.113, (M.L. T.
Press])

5) M. Voumer and A. Weser: Z. Phys. Chem.,
119 (1925), p. 121

6) FHE—: A40RPERLZOMKE, AEXLRE
¥4 (1968), p. 17

7) J. PmeerT: X-Ray Optics and X-Ray
Microanalysis, ed. by H. H. Pattee (1966), 284
CAcademic Press])

8) K. HewricH: Advance in X-Ray Anal.,, 11
(1968), p. 40

9) D. M. PooLE and P. M. Tuomas: The Electron-
probe, ed. by T. D. McKinley et al., (1966),
p.- 269 (John Wiley and Sons]

10) §. J. B. Reep: Brit. J. Appl. Phys., 16(1965),
p. 913

11y M. H. Lewis and B. HATTERSLEY: Acta Met.,
13 (1965), p. 1159

12) W. E. WoLrr: Trans. Met. Soc. of AIME, 236
(1966), p. 19

13) KEZEHE, FHE—, THET, RERK: &
M, 62 (1976), S802

— 124 —



