2005 % 3 A
BI1HBEIN

FEIERE

Engineering Science

Mar. 2005
Vol.7 No.3

—FE AR Bk G & ATk

3 e R

WHB, FXAE, R34

(TEMRERLBRFXAH, LM

(=]
B HEBEUEL. AR BRESABERATRRKEARESSE, BRR INVBSSNERRE, RRE
T0CKMBERFRAMBRHEBHRBES S,

[XBiIA] TEHBLSE: B W; MeLk
[FESES] TG142 [rk4RiAED] A
1 317

REEESRFEEME . MK, MENEFBE
MAIRIKXBMH . HESEEEENLFHR
RS HEHN, ERFEREEFRIVIKH
BB, 3 THREBESSMHEIANB, IHERAR
RERES AT RN RERSE, BUBTEERH
BESKHE, FRMRBIOBRUFEDELT,

MEBTREASTHSRBMBME, —MHy107°
WEE. HETEMNRSERBERRERE, B
Al AN & &M= B ENEWE, REMET
REEM, TURENNRBIRABNEER
i, EdREAFIRNYR, SEMAAA
BLTRMER, TUENFRBERTS SN
BB, BEFZHRT, BEEMEMBTESHN
FENERPMELRARGHEY, flm, WER
R GABRATTR, (BT R 138 2R 2 5E B W
B, B, BAASAMIHEY. RUBR
BYRFRATR, ERUEYANERSFHREFTRY
MBES, EHit, EXEAEBEHMRTENE
B, DABEAM., BMEMH T FEMETROER,
WMEBTRTUETR. WA, BB R IRR T

(mBN]
(¥&mA]
[(fEEMA]

2004 - 09 - 28

110016)

MARTH. MEMESBLER. 3. BRAESBATREREELSEHNRAFTH, BRBEE

[XERS] 1009-1742 (2005) 03-0017 - 10

SXMERTEXEER, BPRWALELR, BER
WEFAFYLEEER K, RE B AT AR
HEMERMBTERNER, ARHAREMEA
MIEZ, BENRFEFEHRTHREAEFRENS
B, EENNYK, ARXEBETREANHRANE
FEENEPLALHREN, AEERBAKES,
EHEEFEREBRGMAR T HETEN IR
A&PEE. WM. IMTURARM S FHEHY
W HPBRAN—-ITEREENSR, RRRIAE
ERTEERRAEERREENAMBEARE,
FHERIBE, WEIAABRINMZEIEM, TLUEM
BEMRBAENFAMTAEER. BMBEUR
B WEAMAXME WIS EHBYAR=EH
BRAEZEEWC, 3x—HUN, BEKESSE
FRBNEETR, MR EmEEEs R Y,
B EMEREZS, SNBEANEGSNRETBE
REBEANLERN, BIHA ML, BEEET INTIS,
GH761 1 GH4133 =M E &N EHR P LUK P, B
KEm, IN7TI8 RERTAHEE) WINi-FeEREAS
&, ERBAELEFEO%ULE, ZE2UY -
Ni;Nb#3&4k, 5 vy BAhREHBNABRLA, REE

PRERERMSEHERFNNR, BRIASHo#

EXARPEELSTEIMA (59801013, 59971060, 50271072, 50471083)
HHM (1929-), B, LEHA, PEIRKRL, PENSREMHFEFFRAR



18 FEIERE

B8

EHPLBIRB AR A IN718 4 &%, GH761 &
REBFTHHE—F L v HIRAK Fe— Ni 2R E
A%, RARENEREEMERNWSEHRE, &
FABERN 700~750C, EAERELEFERES RIH
FHRBTEEMNA, GH4133 B—F L v HRALK
BREBRAE, RARFHMIHBREGE I¥H
fE, WERBRINLEKBTEENH, =HE4£
AR TFARMER, REHREREAREY,

2 FBRMHRF®

PR R R AR R B TRk gk oAt
TREBTMWRNO A, L& FHRAREFEMH,
REZBIPHHTERINETEE. —BELT
BEERAEPRES. FREESEERRENY
10kg I FEEE, 2HIMARRS R K BB,
WM. BAREENTRER MY LLHTLBA
AeF, HERBEERAT. RERASEENENBRE
TZREREBEA KR 30~40 mm KT, FH
FtRER LG TZEBERN 16~20 mm KM
ZERSHBENEIE AENERMNRALHE, &
SRR T AR E I B AL B o R R AL AR A
TRARER . AL, FA . WEMBESTRAY
AR, LIIRANIRMERE, Sa e, WXE
SHAMERHOEWILE,

3 BEANH A2 RALE A

3.1 BHEAERRBUNEABUERA—IK
HFWAE
BRERERBRYMETE GHIOL &R R A

ggle- 101 nE 1 iR, YBSBAERT 0.016%

(EXFESEREHVIREE ) WREHREM

B, GH76l A& HRAFMB EH M. SHEN

0.016% &4 ) 650T /637 MPa ## A H K ik 650

hdE, HEBEEN0.0005% 44 8&HEAM (136 h)

K¥E 415, Y5 BAZE0.051%E, HAFM

HMAETHE, BLEBEN 0.0005% 8 &.

mE 2 ME 3 Fn, YBEEETF 0.016%6, Xt

BEMERM SOCH MUY THEL W, HT

BEEXF 0.051% 8, AL ZRM 650C HLfHiR

BRAZA, MAHEENERER,

BifE X ZEBETE INTI8 A& F R AR AHEM

BB R M, nE 4 BTR, YAHEBEMRKT

0.013% EENHME, FENFAFWEEEK,

EBERN 0.013% 441 650T /690 MPa ¥ A H
ik 420 h, HLLEBER AN 0.0008% B i F A (90
h) K3FULE, EHEARTE 0.049% 0, &%
WRFAFMHEMABAETRE, BENRALEHERN
0.0008% BfkK ., N S FE 6 fin, ELXREFEE

700
—0—life 50
—0— elongation

o o . e
o 1 A 1 e A o
0.00 0.01 0.02 0.03 0.04 0.05 0.06
phosphorus content/%

1 Bxt GH761 A& 650C /637 MPa
A EER X
Fig.1 Effect of phosphorus on the 6507C /
637 MPa stress rupture properties of GH761 alloy
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Fig.4 Effect of phosphorus on the 650C /
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Fig.7 Effect of phosphorus on the 650C /
690 MPa creep properties of IN718 alloy
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Table 1 Effect of phosphorus, boron
and sulfur on the 650C /690 MPa stress rupture
properties of the IN718 alloy

content of P, B and S/% life/h elongation/% area reduction/%

0.003P, 0.004B, 0.002S 176.0 11.2 11.4
164.0 8.0 11.9
0.020P, 0.004B, 0.002S 456.0 13.6 24.3
396.5 9.2 25.3
0.003P, 0.010B, 0.020S 62.0 8.8 14.1
88.1 10.0 18.1
0.020P, 0.010B, 0.020S 485.0 12.4 21.9
S563.2 7.6 23.1
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Fig.8 Effect of phosphorus on the 650C /
690 MPa stress rupture properties of IN718
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Fig.10 Effect of phosphorus on the fatigue crack
growth at room temperature of the IN718 alloy
with 0.010% boron addition
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Table 2 Effect of phosphorus and boron on the
tensile properties of directed aged IN718 alloy

at room temperature and 680C

Temperature Content of YS/ UTS/ elongation area
/T P and B/% MPa MPa /%  reduction/%

25 0.005P, 0.005B 1263 1420 20.0 52.0

0.023P, 0.011B 1330 1484 17.5 49.5

680 0.005P, 0.005B 1057 1216 26.5 58.5

0.023P, 0.011B 1087 1243 22.0 50.0

R3 BN ERRY INTIS §& 650C
/700 MPa ¥ At BEHI R MR
Table 3 Effect of phosphorus and boron on the
650C /700 MPa stress rupture properties of
the direct aged IN718 alloy

content of P and B/% life/h elongation/% area reduction/%
0.005P, 0.005B 389 10.7 37.9
0.0238P, 0.011B 1097* 6.0 21.2

* 800 h /5 RL 1384 750 MPa

R4 BMEXERNY INTI8 5% 680T
/690 MPa #§ A & BE K K MR
Table 4 Effect of phosphorus and boron on the
"~ 680C /690 MPa stress rupture properties
of the direct aged IN718 alloy

content of life elongation area

P and B/% ' /h /% reduction 8/ %
0.005P, 0.005B 87 17.2 46.3
0.0238P, 0.011B 189 14.9 30.7

0.0238P, 0.011B (notch) 200 (kM) 1.1 -

mE 14 i, BERAEKE M GH4133
AERAFHHAER, HEESEE 0.010% K
o WA 15 fi/R, HENS GH4133 S &R E
BE, BRBEEAN 1100 MPa, KiNBEAN
1 400 MPa, Bt GHA4133 & 4 K% 1B 1L {4 B T 99
B¥W, GH4133 BLL v HEBAWE L, HX T
YHERAKW INTIS &4, ERAFERNBEHE,
A AZE 700C A LR, '

BR, FIABE. MOARIERRRU v MR
HEEGEREARREABERREMBHERY
%o
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Table 5 Effect of phosphorus and boron on the
650C tensile properties of the IN718

alloy after thermal exposure

content of YS UTS elongation area

P and B/% /MPa  /MPa /% reduction/ %
0.005P, 0.005B 895 1053 16 —
0.022P, 0.005B 983, 1117 23 29
0.023pP, 0.011B 996 1134 16 17.3

16 B ZARBAIEN IN718 A€ 650°C HI BT O R A%
Fig.16 Effect of P and B on the 650C tensile properties of IN718 alloy after thermal exposure ( I —
indicated intergranular fracture area; [[ —indicated transgranular fracture area) . (a) 0.005%P, 0.005% B;
(b) 0.022%P, 0.005%B; (c) 0.023%P, 0.005%B; (d) magnification of the area ‘I’ in Fig. (a)
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Fig.17 Effect of phosphorus on the microstructure of IN718 alloy crept at 650C and 690 MPa (a) 0.0008 % P; (b)
0.016%P; (c) 0.040%P; (d) selected area diffraction pattern of the twins shown in Fig. (c)

[ Y HRILE INTI8 A& AR, KEHLL Y
IR T &4, I GH761 1 GH4133 %, #F
Rl AR B ATIR A . [FI7E & R R R M HL A
M, BEd Al IEAI AL MR, MERARSGRER . Xt
GH4133 A& HME LRI, KBS ESMFF A S

FHRBRES T MBLNEBH, UWBAHERAS b &
R —mEBE S . RITRARE, LEER
AL R BR A, WS ZE TG, & T8
FEARfL4RE 3, B AT R AR R, R RN
SRE A, ERFATFW. SR H KBS B



#3M

PHBE: —MFNEERBEERUTE—REBMEEESRL 25

RRFEE, BRTRESNHBEER, BH&
XA F W EARME W,

B WNERSEERZMBRA T AHENH
Ko ERAMMELBREZMT, BTN
BN, (EESREERE, B, WEMLELER
HRFSE M ERSES), 3682 3h™
EES, NTTRERRERR, ERFAFM, HE
WM ERNMRAGT, AEEZEER
R, ATLARESBIRFAMRSE, DB, Wt
RAREATEABER, B TRENRELGT,
REFERGEHMRANT RH, PFTUBE. WX
ARA R W LAZRE . BTLABE. X wh s F i 4
BREEEA AW B AR WIS, XEB. WA
SR —TER BEHLS

5 %1

KEMHBEERNZRINELTEHENE
ERE, ANAEHTEKRBRAYN, REEZER
BN, EERFRAKMMBMNESRT, RENEL
B FER N BRAFRE, X TFRERSN, K
FXFHMERIIREMEXREENHERBIER,
FEREZFWAERE, HEEEHNEEREM
H, TURKRIBTRAES. FR. REAFR
R, REBEBERNARTER, THRKRBK.
BMRENRSEVNETENEIIN#HOD, RELRK
BHIMNC, ANERAIBRERX RO LM
fito BB EP= MRS LA LA LRI AT WA 5 0
B, ETUMERERE T A E4%, HEL
7o MFIURKEH, — BAEVKEXTHEE X 5K
IRIVAE=MEREE=ERAEm, B, K
REBHWRBARGERAPLEEENE YL,
RBEEMELSRIIX—BHMXE,

IN7IS S RAMBWMEAMM TR, B
BHRERES, BNASEERDIMNRRAN
RAZza&HE. BEXEENRBEEEM, —BRHME
FBEAREL 650C., BEHERSIKRMEFENA
WiiRE, RREHRIVBLEN TERERET
650C, INTI8 &AW EIE ™R BKR. 0
B INTBAEMERABERRZE 650C L L, f#
ZRBSENATFRREXHBSHRINF, B4
BENEFMELSEE. RIRREEHMWHARER
MIRAEEUKFEALHBKAEMETREANE
71, REINTBAEWERARERFEEENE

2

MNEHNEKEZHERBBEE, REWTE
T0CKBIFERAMRKBERRRAELT. FIABH.
WA RERARR Y BAUBASHEERE—FA
A RIFATRBA T .

B, FAH. BHASUTERNTULRE
kEMEE, BE INTISALWEABRE, WA
BETREEBETE 700C KA ANEHEERR
BEE€. BRrXsE., MOEANEEEHTT HE
HBAMBR, NEBERMZRH T EHRIET . W
MBERLER, IRROMAHREE T EAR,
SRMANERBEXMBLAELSESHFTEAR, H&E
ez A0k 9 1A

5% X #

[1] Meetham G W. Trace elements in superalloys
overview [J], Met Technol, 1984, (11): 414~418

an

[2] HoltRT, Decker R F. Impurities and trace elements
in nickel-base superalloys[J]. Int Met Rev, 1976, 21:
1~24 )

[3] George E P, Kennedy R L, Pope D P. Review of
trace element effects on high temperature fracture of
Fe- and Ni-base alloys[J]. Phys Stat Sol (A), 1998,
167: 313~333

[4] Zhu Yaoxiao, Zhang Shunnan, Zhang Tianxiang, et
al. A new way to improve the superalloys, Superalloys
1992 [C] (eds. Antolovich S. D). Pennsylvania:
TMS, 1992. 145~154

[5] Banik T,Keefe T W, Maurer G E. Ultra fine grain/
ultra low carbon 718, superalloys 718, 625, 706 and
various derivatives [ C] (eds. E. A. Loria),
Pennsylvania: TMS, 1990.913 ~924

(6] #HXM® P,S,Si—FHBAEEERITMAR
HRAEE(A]l. PERERERTFRTBL %M
#3X[D]. 1993

[7] #HX#®. #ETKP, SH Sixt IN718 fl GH761 &
ERELE, TRMIT. AALHRA S ZHERIEY
wlAl. PEMERERFRFELEMEX(D].
1996

(8] R¥tf. BEXT INTIS S &AL WA N %EHBHE

WAl PEMEREBHRTELEME (D]

1999 '

(9] ZF & METKH.W.IKEDATISEE&FTHIER
EHBEHEA]l. PER¥RERTARIELEQ
w3X[D]. 2004



26

FE TER ¥

B8

[10]

Sun Wenru, Guo Shouren, Hu Zhuangqi. Effect of
phosphorus on the microstructure and stress rupture
properties in an Fe-Ni-Cr base superalloy [J], Metall
Mater Trans, 1997, 28A: 649~654

Sun Wenru, Guo Shouren, Hu Zhuangqi. Effect of
phosphorus on the 8-Ni;Nb phase precipitation and the
stress rupture prop;erties in alloy 718 [J], Mater Sci
Eng, 1998, A247: 173~179

Sun Wenru, Guo Shouren, Hu Zhuanggi. A
mechanism of phosphorus on the creep properties of
alloy 718 [C], The Forth Pacific Rim International
Conference on Advanced Materials and Processing
(PRICM4) (eds. Harada S, Zhong Z, Nam S W,
Wright R N), Honolulu, Hawaii, USA: The Japan
Institute of Metals, December 11~15, 2001, 2719~
2722

Rytf, BT, PHLE. INTISE&FRHSHM
ZEAEM [J], £R¥HR, 1999, 35: 573~576

Rt fh, BT, FEE, % K408 X

(16]

(17]

(19]

IN718 & &M [J], AR T’, 1999, (8): 3~
29

O, WFL, AER, H MBIUEBRW
IN7TI8 & AEREME W ([]], &E¥H, 2003,
39: 1255~1258

WXMR, BFL, BT, & BRIBEMNHR
GH4133 & ¥ W mI], R*¥M|, 2004,
40: 477~482

Cao W D, Kennedy R L. The effect of phosphorus on
mechanical properties of alloy 718 [C], Superalloys
718, 625, 706 and various derivatives (ed. Loria E
A.), Pennsylvania: TMS, 1994, 463~477

Sun Wenru, Guo Shouren, Guo J T, et al. The
common strengthening effect of phosphorus, sulfur,
and silicon in lower contents and a problem of a net
superalloy [C], Superalloys 2000 (eds. Pollock T M,
et al.), Pennsylvania: TMS, 2000, 467 ~476
Ry, BT, FHBL. BETE INTIS &4
HERI], & R¥M, 1999, 35: 387~391

A New Method for Strengthening Wrought Superalloys:

micro-alloying with Phosphorus and Boron

Hu Zhuanggqi, Sun Wenru,Song Hongwei

(Institute of Metal Research , Chinese Academy of Sciences, Shenyang

110016, China )

[Abstract] The strengthening effect of phosphorus and boron on wrought superalloys is reviewed and

discussed. The addition of phosphorus and boron can prolong the rupture life of some wrought superalloys over 3

times, and lowers the constant creep rate by an order of magnitude. By micro-alloying with phosphorus and

boron, alloys with extended rupture life are developed, the service temperature of IN718 alloy is enhanced, and

the alloys which can be used for a long time at 700C with higher combined properties can be developed.
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