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Effect of Minor Elements on Hot Workability

of Ni-Cr-W Superalloys

Hirokazu TSUJT, Tetsuya SHIMIZU
Susumu ISOBE and Hajime NAKAJTMA

Departmeat of Fuels and Materials Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, lbaraki-ken

(Received July 1, 1991)

Research and development have been carried out on the new Ni-Cr-W
superalloys as a component material for HTGRs with coolant outlet
temperatures of around 1000°C. The basic composition, Ni - 18 to 19 mass
Y Cr - 20 to 22 massZ W, of the experimental alloys was specified in the
first step. Applying this new alloy to reactor ccmponents, the alloy
with stable gualities should be supplied in an industrial scale. From
such a viewpoint, the hot workability is ome of the most important
indices. Thus, in order to examine the effect of addition of Mn, Si, B,
Y, Ti, etc. on the hot workability, a series of high—strain-réte high-
temperature tension tests, so-called Gleeble tests, was carried out on
21 heats of Ni - 18 to 19 mass% Cr - 20 to 22 mass% W alloys at
temperatures ranging from 800 to 1300°C at every 50°C for most of the
heats, and also at 500, 60C and 700°C for the other heats. Based on the
results obtained the following conclugions are drawn

(1) The addition of Mn and Si was extremely harmful to the hot
workability.

"(2) The addition of B was effective to improve the hot workabllity.

* Daido Steel Co., Ltd.
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(4)

(5)

(6)

The addition of Y was extremely effective to improve the hot
workability. The saturation point of the effectiveness was higher
than 0.008 massZ.

The addition of Ti was extremely effective to improve the hot
workability. Around 0.08 mass% addition of Ti was enough to exhibit
the effectiveness.

The addition of Nb, Fe and/or the enrichment of C exhibited no
beneficial influence in the aspect of the hot workability
substantially.

A new Ni-Cr-W superalloy, which shows extremely superior hot
workability, has been developed. It will be possible that the new

alloy is manufactured in an industrial scale.

Keywords : Ni-Cr-W Superalloy, Minor Elements, Hot Workability, VHIR,

BTGR
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Fig. 2 Heating process for Gleeble tests
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CEER S EF o=, £OREETable A-1RUTable A-2I2 £ L EFRTT,

1. SAROEERETRTRPLERE LTRALESS
Table A-1DBHD 2L, BRROBHRETATRAER L LTRALEHED
FHRRUTOLICRD,
RA = 38.1167+486. 8489C-95. 2241Mn+237. 6006Si-11. 883211 +9. 3676Nb
+2902, 4702Y+2120. 7887B+1, 0927Fe W
0=(=0,059, 0=Mn=1,01, 0=5i=0.31, 0=Ti=0.25 0=Nb=0.96,
0=Y=0.008, 0<B=0.008, 0=SFe<5.10
HU., RA : %
¢, Mn, Si, Ti, Nb, ¥, B, Fe : mass¥
ERFROTENS D LIS, MR 2EDBHROB HAHKIE. C Si, Nb,
Y, BRUTFeTH Y, MICHWIRY 2ELT2ARE. METTITHE L 0O BRPED
Nz, 205, Ti, NDERUFel D0 TR, MBLERRE O MIER THEATME W
LR, BTLLHOHERXRIETHOTEARL, DI, ZTABO 3 ARICDVTH,
HRFHE oMLY SERFROBERENRKE VRS, BRFROFSICHNT
BRELED, &Y OC, M, i, YRUBCOWTIR, ZOEERAF TR, C, Si, &
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Yy OTHTFHEE(ORTRHD &, 84.25E 1 B, |

2. (Mn+S i) TIRRELWSISEYBLWELESS

Table A2 SN B &I, (MS)TIRXELVWIMYELELEBFOTHAE
UFoEdICa s,

RA = 48.7783+285, 3179C-12, 7873 (Mn+S5i)-33.7800Ti-2. 7336Nb

+2824, 8033Y+3194, 2058B8-0, 3341Fe @
0=C=<0.059, 0=Mn=1.01, 0<Si=0.31, 0=STi=0.25, 0=Nb=0.96,
0=Y=<0.008, 0=B=0.006, 0=Fe=5.10

HL., RA : % |

C, Mn, Si, Ti, Nb, Y, B, Fe : mass¥

BREROEENS A B LI, MERY 2EDIPDROH HAKE, ¢, YRUBT
Hi. PR 2 EL T 5ERE, B, Si, Ti, NMEUFeTHDI L VI KRNED
i, cO35, C Ti, NbRUFelc D Tk, HE¥ALE IR FRE O M HE R T HEA
WZ kAL, BTLLEOWHRERIFTIOTERY, EHIC, ZALDATRIED L
T, BRFEROHBMELYSERBRKOBERBRENAZ VI LS, BRKREOMNS
ERTAHEDEN. BY oMns), YRUVBIK2W T, ZOERBIFHTE, YRT
BABSU A * BH DB BROBBITETH Y, UneSHAMMEY 2E<TL2TETH D
PUWOBEREY., ZORERIE, AUFTHRAEEEL-BLTWHS,

(DR TRHEI00~1200CIC BT 2HER YV OFHTFHMEE V) —TVRBTHERM
MR O EHE 2 Pig. A-2ICm Y, CORDLENMD &I, Q)RIHBHRTR TR
EES5ATHS, 2B, 3.3 TRAERBELFEEREED1000~1200TIc & 2 WM
DOTFETFUEEZQRTRHD L, 80.55L LD,
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Table A-1 Result of multiple regression analysis with
using 8 elements

Regressionbcoefficient Standardized regression coefficient Standard dgzé§tion of b fb;gégi
Constant 38,1187 12,0720 3. 1575
C 486. 8489 ) 0. 2470 266. 7366 1.8252
Mn -95.2241 -1, 9270 28.6287 3.3262
5t 237, 6008 1,5233 85, 5338 2,T158
Ti -11, 8832 —-O. 0408 32,9273 0. 3609
Nb 9.36%76 0. 0813 13,6905 0.6842
Y 2902, 4702 0.3170 1250, 4652 2.3211
B 2120. 7887 0, 2409 1228, 5004 1, 7263
Fe 1. 0927 0, 0565 2. 4919 0. 4385
Table A-2 Result of multiple regression analysis with
regarding (Mn+S5i) as one element
Regressionbcoefficient Standardized regression coefficient Standard dzzé§tion of b |tb;32E§g
Constant 48,7733 14, 4864 3.3672
C 265, 3179 0.1348 321.8284 0.8242
Mn + 51 -12,7873 -0. 3387 6.7123 1.8051
Ti -33, 7800 -0.1417 40, 3580 0. 8370
;lb -2. 17338 -0, 0287 18, 4272 Q. 166477#
Y 2824, 8033 0. 3086 1573, 3685 1, 7954
B 3184, 2058 0. 3629 1475, 7641 2.1844
Te -0, 3341 -0. 0173 3.0757 0.1088

— 920 —
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Fig. A-1 Relation between experimental and predicted reduction
of area (RA)
Predicted RA = 38.1167+486.8489C-95.2241Mn+237.600651~11.8832T1
+9 .36 76Nb+2902 .4702Y4+2120.78878+1.0927F=
0<C=0.059, 0=<Mn<1.01, 0=8i=<0.31, 0xTi<0.25, 0=<Nb=0.,96,
05Y=0.008, 0=B=0,006, 0<Fex<5.10
where RA is in %, and C, Mn, S8i, Ti, Nb, Y, B and Fe are in massh
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Fig. A-2 Relation between experimental and predicted reduction
of area (RA)
Predicted RA = 48.77834+265,3179C-12.7873(Mn+S1)-33.7800Ti-2.7336Nb
+2824.8033Y+3194.2058B-0,3341Fe
0<C=<0.059, 0<Mn=1.01, 0<8i=0.31, 0=Ti=£0.25, 0=<Nb=0.96,
0=Y=0.008, 0=<B=<0.006, 0=Fe=5.10
where RA is in %, and C, Mn, Si, Ti, Nb, Y, B and Fe are in mass%



