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A 746. 1 kJ/ mol . SCHR[ 41] #E T AL 5 & A
N S EU 2 0 R0 AR 2 0 5 R . B Dorn J5 FRAR
ONIEAR 20 )5 FEUY 9 Sk o A oy 2k R AT A T
3, W0 0. 02% P( & 43 £0) AL & A0 BOsE
Aerr 276. 1 kJ/ mol /4 349. 8 kJ/ mol . HiILfEFE
T PREKAERFAFmIINLE .

SCHR[ 710 IR SE R B, S FRAR A 4 65 A2 Al E
AMERE . S, P RIBNTIMAA 40, S WIS P XA 41
B lEH, HAERNLEARFSE T WA T &R IE AR
MBS BERI SEMR . U P AT AL BT LUAR AL & 5
SAH, (H ALX P =G &R AFmNIEHRA #
w7 Pl SR 77, 78] KIMFS KRB, P 5 Mo A
FE 1] R f AT L

P A1 B #BAI LA IN718 & 4 dh L 5, Rtk
P A B Z M BAREIZLHAEN . f£—x & EiEH
W, P FI B &R LLE Z iR INT18 A & I FE AT
i . 2P A B EEMA R EASCR H & 3 S
HINRZ[ 18] « SCHER[ 711 WA P FI B Z [H A8 B AR
MR SR, Alfe s P, B MK G &

JUE M R Y e 7, o SR 18] WAk
5 P A B e tHAH 55 R A 1 ST i 2R 3G 00 B A
fAsE tE, EBHAS &R B G .
3.2.2.3 P 552 MR HAEH

e GH761 &4 h—FE ™, P X INTI8 &4
IR T i S8 Ak T 24 L AT b A o A0 BELAS 4 LT
X ARARE R o A R B, FF A 5 i U BAIC P
BRI AT, P S EN 0.013% (i
HOH) GEMHAT MMM P G AGFmN 4
UL b, (R AR LT A R, JF
RIFHL . SR, HULIEAREWTE P X AL A
BHASAEFH, BRh A ] B A d S A0 N VB R 2k
IF, WG RS FE, B AL AS & o ST 2L
PRI 1 e 45 2R

Wr AT RI, I P A SR AR NRY R
g A, JFmOy R . 4 P E&E KT 0.013% (i
W) CUJE, RGUFE T B AR O 358w A2 T 7] DY JE
TRE, TR S DX K2 e e e
Wi, JER— 08 Hoe B s 2 L sy
HH AR BB AT R % B L A 36 T2 5 T 2R 5% = I T LR
B, P X} IN718 & 4 fn A 484k T 240G FH S 4E H,
JYE HATIEAS BE W X AP AE & P s IN718 &
S FEA T R IR 5
3.2.2.4 XA TER 0

WETGEREA ST RRME, — s miT
(7 SO0 B e R . BT R AW R 2 L WY A
24, T CA— M B TG 30 B 4 1 5 i o X
SRR AT A T LUE X P R
MUER RIS tL 220 T P X & 4 A B2 . (HFR
T gt LAsh, P nl DU AT TAH S L 2T L 2R
AR A AL o SEBr b, SN RTEAR TR A & A
g —AEERE, i SR R U i A
R IHAE i FAHERR B — e R ol . A
3.2. 1. 3T ik P FHAS A7 B iz 3 i VR H S B bt o2
ST AR TS . R, R SGIE PO SR I
RIS, AR ZA P A RS2 o LAl R
5 IR B R AFRCA I & A4 A v RER B s 0 )
PERE .

BB R, P X INTI8 &4 2 B e
AR EE A P AT LLFE A 4 Bk G
AR, T FL AT DA BE R R 1 T LR 2R . o P
A LALE Fe HI( 110} & i fi 2050 . A S FA
R — AR AE 500~ 700 CHIFIRIEH, Xk
JEJCH N P 7L S NAEE R SE R W RE, Wik P 5l
PRI P4 1B B P T DB L e ATk T s 1S L P



B & 6

BPHEIBE, A5 B0 R BETEBARAE AT iR & b AR A * 955 ¢

B O TR %) 5 0 AR 2 o A8 it IR B AR s R, RS
B H T B AR B R L EE AN 2 .

WFR R B, INTIS & ik 22 A48 ALk
AR FENLE] . S 0.02% P(JRESE) &4 HH
BICHIGE TR E RN R KN FEA TG . 2588 F 3
AMMERARTETT ), H HAR Al B4R, AR/ o A
AT DUAR G Hh B8 ok 2 (R AR T, SiE 2% i AL
PR E K S SR AT G . P R T A
IKT 0. 02% (Lo 50 BA 4, RHILASJ7 1)
250, FEA TR RERRL . ERTE RS INTI8 &4
BALK) — PP EEHLHEISY MBI, K P A4Zs
e S IR ST R DA A D B S T A E DO e o
AT . AREAR, B A AR b 5 | RS IR SR T AR A X
BER, T L o i DA T o 4 0 R0 TR A% SR B 18 3K Fef oK
R T, B2 2 5 80 R 8 =8, XR
AR RK P & MR A Ffr AR — AN A .
3.2.3 P XS YR BRAL R AS T 4 5 £ 23 T L

Loy

WHETHTA, A MR CEERE P X E RS
S FE AR REI 2 Bl M HLEE L 33K 5 e AL 3 AR AT R
AR AR EA R B g, (A2 H ET
HIEIEA BRI E P 32 G 4 FF AT RE AR A R A
SEME—FP AL, B PR B ]IS VR 45 2R,
JRERELIE B B SE M BRI AR e R I . Rk, X
ARG RBATYIE DTS DR

3.2 1.2 F13.2.2. 4 I Hral 40, 1K P A4
(i N RAL A, FERN ) BIER T 5 T AT, i
FR ARG, XATRERE P &4 siaiis &
SAFMEN A EERE . F I, ER S R
P, P OGP AR R B S 0 A R B D
e
XFT P o i gk S v BUJG I 3 2 am Ak L s U
MLV . R YR Y SR A e 4L 4 S b
ZEARK, (HHE AT 1 P R LB, Wk
F AT L PELAS SR . DL PELAS A A T
L, NMASNERARIEER .. BRHTIE
AW P WX GHT61 & 41 b A3 B2 A FH
e, HiX(3) &1, XMEHRFER .

P T INTI8 A4, HHARSUHH AEA7 B 1 7 A
FURFAE R 52325 22 00 AT LAIKT 8, P XS 3R 1T il S84 T
2 BHAG 1 F R — AN EE R LA . w] AR 2
TR RIS, SCER[ 15] A1 70] BTk P X At
&NisNb FHTEZS BRI RE U 22 HIECK, AR & 4 ik A8 Fl
FEAVERE R RE I BN AR [R], BB P (3X — 52 AL
R ERE INTI8 A FF AR — N IR B,

{HICVE A& SCHR[ 15] 3B J&[ 70] #BFKHH P X & AH AT
HIEAH W . BT &NisNb AR & Ak ) 5 5
PE, JFH INT18 & <5 ) RF A W7 228 5 20 v a2,
BT ABLAE IE AN BETff 52 P AR IX — 52 M L sl A2 75 AT LA
2 .

S GH761 5% ¥ S AL A 4x, P XS M 23Co
FAMT H RIS R — A G AT B AL AR
3.2. 1. 4% A48 AR 1 fi A B A T REA 2 51K
P G4 A7 M BB R, (HEANRER 2 E 2
HEFFmErER  FL RO A SR RERIBY
IRHAIE T T B S8 I R BUR FOT R o
FRW, O Al LLAE S S b S8k B A i CO 8-
COy S, FRAR K S, ROK H B A A ) 1) 4
PELR P AR A B S — 7 T AT LB AR S A O Y
TR, 55— J7 THi B A] LLRRAG A 5 C 1 O 2R 9K
JE, SHUL C MY, Bl MysCe BITBRL . X BEK
K H BEAR T iy S B AL 0 58 AL 2E i CO B8] CO, R mT
RetE, MIfMEE e T A . Bk, P BIBLEm A O
FRNMIAE AN EZ LS .

BT SRR R 2, LRI TCEE LR P ]
A VL L S e AL AR A . P
AT VR R PR LU A KR T L R IX
JITH AT 28 [ X 9 WL . McLean Al Strang! ' A
A, BRBIER/NX IR A R e T g g
A7, RIS BCE N L MR e BT A
[ 5 M) A& AT DL 2B 1) . {2 M cLean A1 Strang [ 8 54
SRSV I AR I — 1) LR A7 AE i . B IR R VT
P I S BOX — 5 LI SR AR RE IR 52
0 R PR SR A 6 A 08 D S I I 0 ) S

[ REFERENCES]

[1] Bromley A B, Parker R H. Sources of trace elements in
primary raw materials used in production of superalloys
[J]. Met Technol, 1984, 11: 419- 427.

[2] Durber G L R, Boneham M. Trace element control in
vacuum induction and consumable electrode melted Ni su-
peralloys [ J]. Met Technol, 1984, 11: 428- 437.

[3] Ford D A. Importance of trace element control on me-
chanical and foundry properties of cast superalloys [ J].
Met Technol, 1984, 11: 438- 445.

[4] ZhuH Q, Guo SR, Guan H R, et al. The effect of sili-
con on the microstructure and segregation of directionally
solidified IN738 superalloy [ J]. Materials at High Tem-
peratures, 1994, 12: 285- 291.

[5] Chen C, Thompson R G, Davis D W. A study of effects



956 -

A R R

2001 4£ 12 H

[ 10]

[ 11]

[ 12]

[ 13]

[ 14]

[ 17]

of phosphorus, sulfur, boron and carbon on Laves and
carbide formation in alloy 718 [A]. Loria E A. Superal-
loys 718, 625 and Various Derivatives [ C].
PA: TMSAIME, 1991. 81- 96.

Hu Z Q, Sun W R, Guo S R. Effect of P, S and Si on

W arrendale,

the solidification, microstructure and mechanical proper-
ties in Fe Ni base superalloys [ J]. Acta Metall Sinica
(English Letters), 1996, 9: 443- 452.

Wang A C, LiY Y, Fan C G, et al. Effect of P and Si
(Mn) on the solidification segregation in an iron-based
superalloy [ J]. Script Metall Mater, 1994, 31: 1695-
1770.

Gittos M F, Scott M H. Effects of minor elements on
weld cracking in superalloys [ J]. Met Technol, 1984,
11: 453.

Binkley N C, Goodwin G M, Harman D G. Effect of
electrode coverings on elevated temperature properties of
austenitic stainless steel weld metals [ J]. Weld J, 1973,
52(Suppl) : 306- 311.

King R T, Stiegler ] O, Goodwin G M. Relation be
tween mechanical properties and microstructure in CRE
type 308 weldments [J]. Weld J, 1974, 53: 307s-
313s.

Turner F. Effect of trace elements on forgeability of su-
peralloys [ J]. Met Technol, 1984, 11: 446- 452.
McLean M, Strang A. Effects of trace elements on me-
chanical properties of superalloys [ J]. Met Technol,
1984, 11: 454- 464.

Guo S, Sun W, Lu D, et al. Effect of minor elements
on microstructure and mechanical properties of IN718
alloy [ A]. Loria E A. Superalloys 718, 625, 706 and
[C]. PA: TMS
AIME, 1997. 521- 530.

Sun W R, Guo SR, LuD Z, et al. Effect of phospho-

various derivatives Warrendale,

rus on the microstructure and stress rupture properties in
an Fe N1 Cr base superalloy. Metall [J]. Mater Trans,
1997, 28A: 649- 654.

Sun W R, Guo SR, Hu Z Q. Effect of phosphorus on
the &Ni3Nb phase precipitation and stress rupture prop-
erties in alloy 718 [J]. Mater Sci Eng, 1998, A247:
173- 179.

GUO Shou-ren ( F8571~), SONG Hong wei ( R#:AH),
LU Dezhong (/1R , et al. BEEERESETHE
ZRVEH [1]. Acta Metall Sinica( 4 J&223)), 2000, 35
(10, ##): 18- 23.

Cao W D, Kennedy R L. The effect of phosphorus on
mechanical properties of alloy 718 [A]. Loria E A. Su-
peralloys 718, 625, 706 and Various Derivatives [ C].
Warrendale, PA: TMS-AIME, 1994. 463- 477.

[ 18]

[ 19]

[ 20]

[21]

[22]

[ 23]

[ 24]

[ 25]

[ 26]

[27]

Cao W D, Kennedy R L. Phosphorus Boron interaction
in nickel base superalloys [ A]. Kissinger R D, Deye D
J, Anton D L, et al. Superalloys 1996 [ C].
dale, PA: TMSAIME, 1996. 589- 598.

W arren-

Zhu Y X, et al. A new way to improve superalloys
[A]. Antolovich S D. Superalloys 1992 [ C].
dale, PA: TMSAIME, 1992. 145- 154.

XIE Xtrshan, LIU Xing-bo, DONG Jian-xin, et al.

Warren-

Segregation behavior of phosphorus and its effect on mi
crostructure and mechanical properties in alloy system
NrCrFeMo Nb-AFTi [ A].
718, 625, 706 and Various Derivatives [ C].
dale, PA: TMSAIME, 1997. 531- 542.

Loria E A. Superalloys

Warren-

Saunders S R J. Effects of trace elements and environ-
mental impurities on oxidation and hot-corrosion charac-
teristics of superalloys [ J]. Met Technol, 1984, 11:
465- 473.

Costas L P. Effect of phosphorus on the embrittlement
of coppernickel alloys by mercury [ J]. Corrosion,
1975, 31: 91- 96.

Funkenbusch A W, Heldt L A, Stein D F. The influ-
ence of grain boundary phosphorus concentration on liq-
uid metal and hydrogen embrittlement of Monel 400
[J]. Metall Trans, 1982, 13A: 611- 618.

White C L, Padgett R A. Effects of Sb, Sn, As, and P
additions on the high temperature ductility of Ni [ J].
Scripta Metall, 1982, 16: 461- 466.

Cornet M, Bertrand C, Da Cunha Belo M. Hydrogen
embrittlement of ultra pure alloys of the Inconel 600
type: Influence of the addition of elements (C, P, Sn,
Sb) [J]. Metall Trans A, 1982, 13A: 141- 144.
Was G S, Sung J K, Angeliu T M. Effect of grain
boundary chemistry on the cracking behavior of Nr
16Cr9Fe in high temperature water [ J]. Metall Trans
A, 1992, 23A: 3343- 3359.

Sung J K, Was G S. Intergranular cracking of Nr16Cr
9Fe alloys in high temperature water [ J]. Corrosion,
1991, 47: 824- 834.

Sung J K, Koch J, Angeliu T M, et al. Effect of grain
boundary chemistry on intergranular stress corrosion
cracking of NrCrFe alloys in 50% NaOH at 140 C
[J]. Metall Trans A, 1992, 23A: 2887- 2904.
Bieber C G, Decker R F. The melting of malleable
nickel and nickel alloys [ J]. Trans Metall Soc AIME,
1961, 221: 629- 636.

Meetham G W. Trace elements in superalloys —an
overview [ J]. Met Technol, 1984, 11: 414- 418.
Holt R T, Wallace W. Impurities and trace elements in

nickelbase superalloys [ J]. Inter Met Rev, 1976, 21:



B & 6

BPHEIBE, A5 B0 R BETEBARAE AT iR & b AR A * 957 -«

[ 32]

[ 36]

[ 40]

[41]

[42]

[45]

1- 24.
FU Hengzhi( fH1E75) . AR AT K LA R I I
PEik 5 K RE#m [1]. ] Aeronautical M aterials( it 25 #4
BEFEIR), 1998, 18(4): 52- 61.

Seth B B. Superalloys —the utility gas turbine perspec
tive [A]. Pollock T M, Kissinger R D, Bowman R R,
et al. Superalloys 2000 [ C]. Warrendale PA: TMS
AIME, 2000. 3- 6.

Weast R C, Astle M J. CRC Hand Book of Chemistry
and Physics, 70th edition [ M].
da: CRC Press, 1989— 1990.
SUN Werru( #NXFE). P, S, Sixt—Fh il & &kt
[l i A7 1 411 23 08 e 1) B2 0 [ R
of Metal Research,
1993.

YU Xrhong (T EE%A). Rene N4 PG AL IL = iE & &
A -1 ek [ 1 B8R 0] U T [ D] . Shenyang: Insti
tute of Metal Research, Chinese Academy of Sciences,
1994.

SUN Lrling( #h J1 ) . il & 4 € ) Bt [ B &
[RF 5 53 7 B (¥ B AT [ D]
of Metal Research,
1994.

ZHU Hong qun.

Inc Boca Baton, Florr

Shenyang: Institute

Chinese Academy of Sciences,

Shenyang: Institute
Chinese Academy of Sciences,
Effect of phosphorus, zirconium,
boron and silicon on microstructure and segregation of
directionally solidified IN738 nickel superalloy [ D].
Shenyang: Institute of Metal Research, Chinese Acade
my of Sciences, 1993.
SUN Wenrun( 0 3Cf%). &I E P, S M Si Xt
IN718 Fil GH761 & = el i Fe, Jus fw#fr, L4
MR Dy PERE I B2 [ D], S
Metal Research, Chinese Academy of Sciences, 1996.
DONG Lrmin( # A (&) . & ICHE R K176 & 4 &t [
T, ALRPERERIFEM [D]. Shenyang: Institute of
Metal Research, Chinese Academy of Sciences, 1997.
SONG Hong-wei( RyLfh) . BEXT IN718 & &4 20k
F1 I3 M RERISZ M [ D] . Shenyang: Institute of M etal

henyang: Institute of

Research, Chinese Academy of Sciences, 1999.
XU Yan(fk ). RGO B A5 3G il & e 41
ZIMPERERI FEuy [ D).
Research, Chinese Academy of Sciences, 2000.
Song H W, Guo S R, Hu Z Q. Beneficial effect of

Shenyang: Institute of Metal

phosphorus on the creep behavior of Inconel 718 [ ]J].
Scripta M ater, 1999, 41: 215- 220.

Siddall R J. Comparison of the attributes of VIM + ESR
and VIM+ VAR alloy 718 [ A]. Loria E A. Superalloys
718, 625 and Various Derivatives [ C].
PA: TMS AIME. 1994. 29- 42.

YU Jueqi( % 4F), YI Wenrzhi( % 3 %), CHEN

W arrendale,

[47]

[ 49]

[ 50]

[53]

[ 54]

Bang-di( FRFBIh), et al. —JeHEMELE [M]. L
BEEA R H AR L, 1987.

SUN Wenru( #h 3 %), GUO Showrren ( 5§ 57 12),
GUO Jiarrting( FFEE ), et al. B EX GHT61 &4
HEM AT B DAHBTH IS MT [J]. Acta Metall Sinica
(& JEAR) . 1995, 31: 346- 350.

WANG Jingtang ( £ 5 ), CHEN Qu(F #),
YU Yong-tian ( T7K FH), et al. 7% NrP, NrZrP &
T 7K )1 R X ALOs IEEEYE [J]. Acta Metall
Sinica( 438 ), 1985, 21: 477- 484.

SUN Wenru( #h 1), GUO Showren( F57F17), LU
Dezhong( S8, et al. Si%F IN718 & 4t [ 1w A7
HI W [ J]. J Aeronautical Materials ( T %5 #4 K} 2
), 1996, 16(2): 7- 11.

Sun W R, Guo SR, Lu D Z, et al. Effect of sulfur on
the solidification and segregation in Inconel 718 alloy
[J]. Mater Lett, 1997, 31: 195- 200.

Guo J T, Zhou L Z. The effect of phosphorus, sulfur
and silicon on segregation, solidification and mechanical
properties in cast alloy 718 [ A]. Kissinger R D, Deye D
J, Anton D L, et al. Superalloys 1996 [ C].
dale, PA: TMSAIME, 1996. 451- 456.
Sun Werrru( ) %), GUO Sowren( F5F12), LU
Dezhong( /5 £ 58) , et al. T xF JL AP it A iy i & 4 ik
Wl A1 A7 D B 5% W []
Engineering( ¥4 ¥} T.72) .
Was G S, Martin G R. The influence of grain boundary

Warren-

Submitted to J of M aterials

precipitation on the measurement of chromium redistri-
bution and phosphorus segregation in Nr16Cr-9Fe []].
Metall Trans, 1985, 16A: 349- 359.

Hall E L, Briant C L. The microstructural response of
milk annealed and solution-annealed Inconel 600 to heat
treatment [ J]. Metall Trans, 1985, 16A: 1225 -
1236.

Caceres P G, Ralph B, Allen G C, et al. Sensitization
of Inconel 600, ( I ) —scanning auger and optical mr
croscopy [ J]. Philos Mag, 1989, 59A: 1119- 1136.
Caceres P G, Ralph B, Allen G C, et al. Sensitization
of inconel 600, ( II) —Analytical electron microscopy
[J]. Philos Mag, 1989, 59A: 1137- 1162.
Nettleship D J, Wild R K. Segregation to grain bound-
aries in Nimonic PE16 superalloy [ J]. Surf Interface
Anal, 1990, 16: 552- 558.

Braint C L. Grain boundary segregation in the Nrbase
alloy 182 [J]. Metall Trans, 1988, 19A: 137- 143.
Thompson R G, Koopman M C, King B H. Grain
boundary chemistry of alloy 718 type alloys [ A]. Loria
E A. Superalloys 718, 625 and Various Derivatives

[C]. Warrendale, PA: TMS-AIME, 1991. 53- 70.



* 958 -

A R R

2001 4£ 12 H

[59]

[ 60]

[61]

[ 62]

[ 65]

[ 69]

Dong J X, Thompson R G, Xie X S. Multr component
intergranular and interfacial segregation in alloy 718
with correlations to stress rupture behavior [ A]. Loria E
A. Superalloys 718, 625, 706 and Various Derivatives
[C]. Warrendale, PA: TMS, 1997. 553- 566.
Horton J A, McKamey C G, Miller M K, et al. Mt
crostructural and characterization of superalloy 718 with
boron and phosphorus addition [ A].. Loria E A. Su-
peralloys 718, 625, 706 and Various Derivatives [ C].
Warrendale, PA: TMS-AIME, 1997. 401- 408.
Seah M P. Adsorptiorrinduced interface decohesion
[J]. Acta Metall, 1980, 28: 955- 962.
Hondros E D, Seah M P. Physical Metallurgy [ M].
3rd edition, Amsterdam, Holland, 1984.
SUN Werrru( #031%), GUO Shouren( F5F17),
Dezhong( S8R, et al. 3 « BAEEXT GH761 & 4
FEAMERE R — R 3L A O HRF R B2 W0 [J]. Acta Metall
Sinica( 4= J& %), 2000, 35(10): S37- S39.
Sun W R, Guo S R, Guo J T, et al. The common
strengthening effect of phosphorus, sulfur, and silicon in
lower contents and a problem of a net superalloy [ A].
Pollock T M, Kissinger R D, Bowman R R, eds. Su-
peralloys 2000 [C]. TMS, 2000. 467- 476.
GUO Showren (5F5717), LU De zhong( /5714y .
Ti & & DAHBTSL (]
JE2#4%) . 1991, 27A: A421- 426.
Radavich J F. Superalloy 718 a look at the first 30 years
[J]. J Metals, 1988(7): 35— 41.
KupperFeser J, Grabke H J. Effect of grain boundary

Acta Metall Sinica( 4

composition on tensile strength and hydrogen induced
stress corrosion cracking of Nr70Cr [J]. Mater Sci
Technol, 1991, 7(2): 111- 118.
Sun W R, Guo S R, Hu Z Q, et al. Effect of Si on
grain boundary precipitation in the Inconel 718 alloy
[J]. High Temperature and M aterials Science, 1997,
38: 13- 21.

Sjoberg G, Ingesten N G, Carlson R G. Grain boundary
& phase morphologies, carbides and notch rupture sensi
tivity of cast alloy 718 [ A].
718, 625 and Various Derivatives [ C].
PA: TMSAIME, 1991. 603- 620.
SONG Hong wei( R#:ff), GUO Shourren( L 5F12),
LU De zhong( /54 ), et al. WX IN718 &4 & 4
FIRZM [J]. Acta Metall Sinica( 4 & %% ), 1999,
35: 1024- 1026.

SONG Hong wei(

Loria E A. Superalloys

W arrendale,

Kt fh), GUO Shouwren( ¥F5F12),

[ 74]

[75]

[ 76]

[77]

[ 80]

LU Dezhong( 5 8, et al. &A% IN#E A X In-
conel718 G4 MW [1].
BELHE), 1999(8): 3-
SONG Hongwei( & 1fF),
HU Zhuang qi( #14E B . BEELIE INT18 &
H [1]. Acta Metall Sinica( 4 J& %),
- 391.

SONG Hongwei( K#tfi), GUO Shouwren( F857 1),
LU De zhong( /5 1 i W 4) INT718 A & A%
PERERIEZ WA [J]. Chinese Journal of Materials Research
(MRS 24R) , 1999, 13: 523- 526.

SONG Hongwei( K1), GUO Showrren( Z85712),
HU Zhuang qi( H1HEE) . IN718 &4t B 5H R H
YEFH [J]. Acta Metall Sinica( 4 J& 22 4R), 1999, 35:
573- 576.

SONG Hong-wei( K#:45), GUO Showrren( F85712),
LU Dezhong( S /8, et al. B & EX IN718 & 4
FEAFGE A GERI 52 [J]. The Chinese Journal of
Nonferrous Metals (4[5 5 (4 4 J& 2% #it), 2000, 10:
301- 30s.

Dong J X, Liu X B, Xie X S, et al. The segregation of
sulfur and phosphorus in nickelbase alloy 718 [ J]. Acta
Metall Sinica( 1997, 10: 510- 514.
LIU X, DONG J, TANG B, et al. Investigation of the

J Materials Engineering( #

GUO Showren( ¥ 717),
B4 e
1999, 35: 387

), et al

English Letters),

abnormal effects of phosphorus on mechanical properties
of Inconel 718 superalloy [ J]. Mater Sci Eng, 1999,
A270: 190- 196.

Molodov D A, Gottstein G, Heringhaus F, et al. True
absolute grain boundary motion of specific planar bound-
aries in Brbicrystals under magnetic driving forces [ J].
Acta Mater, 1998, 46: 5627- 5646.

Sun W R, Guo SR, Lu D Z, et al. A mechanism of
phosphorus on the creep properties of alloy 718 [ A].
(Accepted by Fourth Pacific Rim International Confer-
ence on Advanced Materials and Processing [ C]) .
ZHANG Lixin (5K 52 1), NING Hua( T 1),
ZHOU Jing(J& ), et al ‘/M‘L FeP &4& T #EmdE
ST A7 i 2R 55 BTk ) AR A R DG &R [J]. Acta Metall Sinr
ca( & J8 2FR), 1992, 28(5): 218- 225.

Hondros E D, Seah M P. Int Met Rev, 1977, 22: 262
- 272.

Garcia C I, Camus D E, Loria E A, et al. Microstruc
tural refinement of ascast alloy 718 via thermomechant
cal processing [ A]. Loria E A. Superalloys 718, 625,
706 and Various Derivatives [ C]. Warrendale, PA:

TMSAIME, 1991. 925- 939.



55 11 5 6 Y] BPHEIBE, A5 B0 R BETEBARAE AT iR & b AR A * 959 ¢

Effect of trace P on Fe-Ni based wrought superalloy

HU Zhuang-qi, SUN Wen-ru, GUO Shou-ren, LU De zhong
(The Institute of Metal Research, Chinese Academy of Science, Shenyang 110015, P.R. China)

[ Abstract] The effects and mechanisms of phosphorus on FeNi based wrought superalloys are reviewed. The property and source
of phosphorus, and its control during the melting of alloys are briefly depicted. The segregation of phosphorus and its effects on the
solidification of alloys are considered. Three types of changes due to the addition of trace elements are described: energetic (lowering
of surface energy), kinetic (changing diffusivities), mechanical (weakening the interface) . Accordingly, the various mechanisms by

which phosphorus influencing the microstructure and mechanical properties of alloys are outlined and discussed by comparison.

[Key words] trace element; P; FeNi based alloy
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