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Effects of several minor elements on superalloys and their mechanism

GUO Jian-ting

(Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The effects of several minor elements on the microstructure and mechanical properties of superalloys were
studied. The roles of minor elements in grain boundary cohesion, grain boundary precipitation and solidification
segregation were discussed. The results show that a proper quantity of B, C, Y, La, Ce, Zr or Mg can significantly
improve the stress-rupture property of superalloys, whereas Si and S degrade it remarkably; in addition, P is beneficial to

some wrought superalloys, while it is harmful to some cast superalloys.
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Fig.1 Effect of boron content on stress rupture properties of
GH2135 alloy™!!

R 1 B. SiflZr % FeAl &4 1E T4 el 450 S50k 5 )

Intergranular

dN/dE

. B
SiNi P s g Mo Moo o

Ni Transgranular

50 300
Electronic energy/eV

2 GH2135 &4t SR A 4570 3R 10 i ik
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Table 1 Effect of B, Si and Zr on characteristic parameters of positron lifetime spectra of FeAl alloys'”!

Sample Mole fraction/% Characteristic parameter
No. Al B Si Zr Fe n/ps B/ps 1/% 5L/%
1 40.0 - - - Bal. 186.9+2 380+46  93.1+2 6.91+2
2 40.0 1.0 - - Bal. 181.0£3 309+40  88.8+5 11.245
3 40.0 - - 0.2 Bal. 182.7+2 345+41 91.242 8.8+2
4 36.0 - 4.0 - Bal. 184.3+1 415449  94.4+1 5.6%1
F 2 BX NisAl A4 IEHL T A i i 24 52 )
Table 2 Effect boron on characteristic parameter of positron lifetime spectra of Ni3Al alloy!
Mole fraction/% Characteristic parameter
Sample No.
Al B Ni n/ps /s b/% 7ps 5/ps
1 22.89 - Bal. 106.0+£2 21049 23.0+3 129.9 119.6
2 22.33 1.37 Bal. 111.2+2 210£7 13.843 124.7 118.8
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Fig 3 Effect of carbon content on stress rupture properties of
GH2135 alloy™!!
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Fig.4 Morphology of TiC at grain boundary (a) and its
electron diffraction pattern (b) at standard heat treatment of
GH2135P)( (1 140 °C, 4 h, air cooling)+(830 °C, 8 h, air
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Table 3  Effects of rare carth elements on mechenicel properties of 801 and 310 alloys!!

Room temperature tensile property

Alloy 7h
o,/MPa oo.o/MPa % 0%
801 92.3 579 224 45.8 68.8
301+Y 150.1 575 207 41.2 73.0
801+La 185.9 574 219 46.3 71.4
801+Ce 133.8 570 225 43.2 70.7
310 87.3 534 219 52.2 81.0
310+Y 159.8 546 239 45.2 75.1
310+La 156.5 538 238 46.2 77.3
310+Ce 145.0 532 218 50.6 79.9




521 B3 s, A JURRCE TR SR A e i S HLEE 469

F 4 FTICEN 801 310 A4 A L0 e st
Table 4 Effect of rare earth element on oxidation activation

energy of 801 and 310 alloy!'"

Oxidation activation energy(kJ-mol ')

Alloy
Initial oxidation stage Last oxidation stage
801 50 94
801+RE 51 55
310 38 61
310+RE 39 42
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Table 5 Effect of Zr content on tensile properties of DZ417G
alloy at RT and 900 ‘C!"!!

Wzt Roon temperature 900 C
% O'b/ 0'0_2/ o/ O'b/ 0'0_2/ o/
MPa MPa % MPa MPa %

0 1155 825 17.0 818 675 17.0
0.07 1124 812 20.0 799 654 19.0

R 6 B EX DZ417G A& FEAERER !
Table 6 Effect of Zr content on rupture properties of DZ417G
alloy!"!

760 °C, 725 MPa 980 °C, 216 MPa

W(Zr)/%
t/h /% t/h /%
0 30.5 7.8 425 19.6
0.07 74.5 24.0 52.5 34.0
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Fig.13 Effect of P content on mechanical properties of K4169
alloy™”": (a) Room temperature tensile properties; (b) 650 C,
tensile properties; (¢) Stress rupture properties at 650 C and
620 MPa
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Table 7 Effect of P content on composition of Laves phase in K4169 alloy!'”

Mass fraction/%
w(P)/%
P Nb Fe Ti Cr Mo Ni
0.000 8 0.036 26.619 9.957 1.608 10.649 3.558 Bal.
0.008 0.243 29.904 9.455 1.927 10.059 3.792 Bal.
0.032 0.982 30.886 11.391 0.950 12.818 4.738 Bal.
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Table 8 Characteristic temperature of K4169 alloy
determined by DTA!”!
w(P)/% T/K Tuc/K To/K AT/IK
0.000 8 1329 1229 1157 172
0.008 1321 1225 1139 182
0.032 1321 1225 1129 192

AT is solidified temperature range; 7, is primary solidified
temperature; T, is eutectic temperature.

M, BEE P SENEMN, K4169 H<aihdHg
FAk, JCEMFTEE K, Laves AL . Laves A1
h—MAEEM, —JrH, ENFARNGE, G
FEIS R b, T H SERAEAH " (Ni Nb) [ 25 /D (XA
FEHT BT SR T AR BIESE), AT ARG G < PR B
Jy—7Jilfl, Laves AHZ—RparEAH, B8 7E m iR
JER, CUMERNHEETEEY PR, MIFE S
SR, SEM RS R . &4 Laves
B2, LU Laves AH %3 [ W 24 545 y /Laves AH St 1]
PRI T REME SRR, X5 fa Sk st o .

SR, P AES — 28 b SO —Fi 2 Ml oo
. U P EELE0.016%, 7F 650 C. 637 MPa 451+

T, GH2761 &< fi A dsan thBLE(E, & 660h, 4y P
RN 0.000 5% 4.7 45U, I TR K 45
&, [FFE—HAR P& &Y GH4169 #5E, B— P&
HEHEEN— MM TG, LR AT E GH4169 A2
JEA G, Mik— P o EEsEn n—ilsr, AR
T TR 5, TFE K4169 & &WFot. A4
S RAE FINOAH, P AR TH51E G4 K4169 IRF
AVERE, BEAE P Sredbn, AR AN AN AR .

SR, P XA A4 GHA169 H5 ANEBER 2
WA EEH . BiE S PSRN, 650 T 690
MPa FEAFEa AWIE I, 4 GH4169 &4 P ik
0.026%, FeATFan BIAEAT, 21700 h, A P & &
0.000 8% 54zl 7 4510, Xl AR 40 (R 5 i A7 FSALUAE
o FTLL, P XA SR IR, i
HERWHAFEH .

A SCAE 5 (PR 45 R mT UE 78 il o 4
P HAMEEM. MALERAE, R ek
G4, EER P T RESGES SR ARG R,
o —eER A, RIS RS e, P XN
PEReE &, NI R, P e SRS S A
MMV FEZA W NHAITH: 1) PR T,
B REEG T, s AR, TR AR Y
A 2) BB AT, B R, o R ImAT
A FANTH . B, DR G&d #n T
AR, A ] AT A AT BR B AR . DR AR —
DT E LR E AR, RS PRI A
ER . AR, Bt G ORFF B AR RF T 5518 I 1
I PR, A AR ) S A AT, PR, BR T
R SR, B P SR & 4 ek Re 4
HHEEH

AN SRR TG FO0) mi A I E F 7 TR
BB CH T kA=, FFUE T B4t
WA A2 AU G . 1985 AErp [ERF A B @it U S50k
WRHERS . RN AR B S 5 NIRRT ECS, K
& AR 3R T T A R G FR AR R A
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