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Influence of Alloying Elements and Prediction of Hot
Deformation Resistance in Ni-base Alloys

Manabu TAMURA and Yoshiki KAMEMURA

Synopsis:

For the purpose of quick and precise estimation of hot deformation resistance in Ni-base alloy,
hot torsional tests were carried out on solid sectioned specimens of 42 kinds of alloys. The results
were analyzed by means of a multiple regression equation based on Ludwick’s semi-logarithmic
formula and Zener-Hollomon’s relation. Variables of the equation are not only strain rate and tem-
perature but also alloy contents of 11 elements, i. e. C, Si, Mn, Cr, Co, Fe, Mo, W, Al, Tiand Nb.

Examinations of fitness of the equation were made on all of the Ni-base alloys, some 18-8 stainless
steels and a low alloy steel. Consequently the fitness of the equation was fairly well except for an
alloy containing a large amount of 7’/ particles and the confidential limit for the estimation at 95%
level was 3.6 kg/mm?. The equation also applied to prediction of deformation resistance under
hot extrusion conditions and good correlation was found between the observed and calculated values.

Among the elements, W, Mo, Cr and Co strengthened, in the order of magnitude, the Ni matrix,
while Fe softened slightly. C and Nb also showed considerable strengthening effect, though its
reliability was a little bit low. It was found that hot deformation resistance was strongly influenced
by lattice constant, diffusion constant, Young’s modulus and melting point but not by stacking fault
energy. This leads to predict that Ta sholud show considerable strengthening effect.

1. # E
FEENRT: NI EHBFREES R Sho2ob%
2, —iic 2 h b oS OBHEMEIILE < B
MTE R FHARY BE LOREE /5. TOX
5 fe N TS W TH B OB BRI 2B E X < TR
TENFIE D ERHIETE, MTAY Yo — LORHEIL
EDBZENTES. &% CRAMERENRES X
OB OBFR Y RTERRIVREIh, TOBFMMED
£ OMBICHBEE IRTERAD, ZhboXREx [#Fo
CTEEEMEN 2 T35 &/ B E T X L bERE
H7— 2 &RD, FhrxWINE 5 Ll bk
WOREINDS. LY BR—20RAKE LTHEEHO
BT EN % (Cr+Ni+Co) ETEELTV5X)
2w, &b EEREARTL O TR O I iR ER TR O
iz ED X 3 It AL OR T % & D AR DD &

85,

£ Z TAPIE TR Ni S oMM TOHIED
DI FEF B FER I N TE 1 rhER ) AR % BT
L, EEFRSHTC X DEEOMHERD Ni BAEEOERED
T 43 % B ARG O TR % R DR O
R AR & DR IR 24T 727z,

2. R B A &

2.25 Cr-1 Mo 4§, 18-8 x5 v v x§ff, HK 40,
Incoloy Alloy 800, Alloy 802, Inconel Alloy 600,
Alloy 617, Hastelloy X o 14 fEoERESE, R+
O 3D Ni Kig4&49 (SSS 410, SSS 113M, R 4286)
$ X0 Cr % 18~30%, Mo % 0~20%, W % O~
15%, Co %0~9%, Fe % 0~40% wZ(k I¥7z 25
o Ni A&oRBERH, & 42 BOBEM ¥ 2 E
WA AR & L7c. Table 1 i i 0 7o kbt o

* @Efn 52 £ 4 H, WA 52 £4 AALEEARICCREE WM 53 £8737A%M (Received Aug. 7,

1978)

wk AR () E % A7 T8 (Technical Research Center, Nippon Kokan K. K. 1-1, Minamiwatarida-

cho Kawasaki-ku, Kawasaki)

sk g ASRE () % AT (Technical Research Center, Nippon Kokan K.K))

— 382 —

-



L e i

Ni ZE¢OBMEARERO TR L AE TR OB S 1105

Table 1. Maximum values of chemical composition of alloys tested (wtog).

C Si Mn Cr Ni Co

Fe Mo 1 w Al Ti Nb

0.40 0.67 1.77 29.6 76.0 31.0

95.8 20.0 [ 20.2 | 2.04 | 2.47 0.78
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Table 2. Test conditions.

Item Torsion Extrusion
Temperature (°C) 800~-1 300 1 140~1 240
Strain rate (I/sec) 0.44, 5.56 6~.20
Strain 0.05~.0.20 1.87~3.09
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Table 3. Material constants of Eq (3) or (4).

InA4 a Q In 4' 1/nea Q/na
Alloy (4 : 1/sec) " (kg/mm?) -1| kcal/mol | (4': 1/sec) | kg/mm? kcal kg/mm? mol
2.25Cr1Mo 30.98 3.24 0.188 93.0 — 1.56 152
SUS304 36.39 5.53 0.088 103.1 — 2.04 211
SUS321 43.35 5.85 0.104 126.8 — 1.56 209
SUS347 37.11 3.73 0.135 111.7 — 2.00 222
SUS316 38.43 5.45 0.094 113.1 — 1.96 220
17-14-4Mo 37.85 4.92 0.106 115.7 — 1.92 221
SUS317L 35.90 5.24 0.079 104.2 — 2.38 249
SUS310 42.01 4.55 0.129 128.9 — 1.69 220
HK40 — — — 130.2 38.72 1.92 249
Alloy 802 — — — 97.4 29.79 2.63 260
Alloy 800 26.37 2.95 0.108 78.9 — 3.13 247
Alloy 600 30.87 4.03 0.061 85.9 — 4.17 358
Hastelloy X — — — 119.0 35.20 2.94 350
R 4286 — — — 139.0 42.20 2.94 408
Alloy 617 — — — 167.8 50.87 2.94 494
SSS410 — — — 170.2 50.08 3.03 513
SSS113M — — — 118.2 36.05 5.00 513
Average — } 4.55 0.109 117.9 — 2.58 299.8
40 . . .
1 o As cast (283 mm)
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Fig. 2. Insinh ag—1/T plot.
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Fig. 3. The effect of forging ratio and soaking
on deformation resistance of Alloy 800
(22Cr-32Ni-Al.Ti-Fe). (FR  denotes
forging ratio and numbers in parenthesis
indicate average grain diameter.)
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Table 4. Regression coefficients of Egs. (5) and
(6). Parentheses denote insignificant at
959, level.

“~._Coefficient B;
\\ Ai kg oIé/ Ci
Element ™__ kg/mm? wt% <mm2 wt%) kg/mm? wt9;,
C (1.88) (56.10) 14.29
Si (0.80) — (0.59)
Mn (—0.54) (3.75) 2.90
Cr 0.004 1.65 0.36
Co —0.05 0.91 (0.19)
Fe —0.02 —1.46 —0.48
Mo 0.09 7.66 1.98
w 0.07 9.62 2.78
Al (—0.58) — 0.94
Ti 0.21 (29.60) 10.40
Nb (0.24) 18.90 (4.90)
Constant 3.27 245.40 76.10
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Fig. 4. Comparison of calculated values and ob-

served values of hot deformation resistance
(See Table 4 and Egs. (4), (6)).
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Fig. 5. Evaluation of the regression equation !
(Eq. (5) and Table 4) of hot deforma-
tion resistance by using data by other
workers.10~14)
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Table 5. Maximum values of chemical composition of torsion data by other workers10~19) (Wt%).
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Fig. 6. Typical extrusion force-time curves a)
Normal extrusion : 1200°C, ram speed
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ram speed 159 mm /sec, ¢) Canning extr-
usion : 1 150°C, ram speed 234 mm/sec.
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Fig. 7. Relation between deformation resistance
of several alloys observed under hot
extrusion conditions and the calculated
values (See Egs. (5)~(8) and Table 4).
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Table 6. Strengthening factors for deformation
resistance of pure Ni under the con-

dition, 1150°C, &=>5sec~1, (kg/mm?2/
at9%) Parentheses denote insufficient
confidence,

Element Range Average
Cc 1.65~ 23.97 9.13)
Si —1.,09~ 0.33 (—0.52)
Mn —2.30~ 0.21 (—0.97)
Cr 0.19~ 0.55 0.31
Co 0.05~ 0.11 0.09
Fe —0.10~—-0.07 —0.09
Mo 0.93~ 1.42 1.20
w 1.79~ 2.25 1.98
Al —0.86~ 0.10 (—0.26)
Ti —1.17~ 0.34 (—0.62)
Nb 2.82~ 3.46 (3.23)
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and change in lattice constant at room
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and increase in stacking fault density?®),
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