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HORUEG 4 o — 2, JeH 200 kg ELARIEAY,
Paat— ka4, HA R (RS, %) H: C
0.05, Cr21.5, Mo9, Nb+Al+Ti4, Niff. R5F
H 25 kg BRI AR e ik 4 ZHHA AN St
R (No. 1~4) . No.1 ikFEARZIN Si, No.2~4 itk
Si HEDHHM 0.5% 1.0%A1 1.5%. ZEHSHT(DTA)
FFEM EAR 3 mm, JEE 1.5 mm, FE&INFE] 1400 C
LRI 1 min J5 LA 10 °C/min [P A EIIE DTA M2k,
AR EZ BV AL PE(1200 °C, 1 h, K¥))GE, I L ks
FERASFN d 5 mmX25 mm AR dER AR AL, 78
AG-100KNG i % HL 8F 17 = 3 f7 fh 52 56, 78
AG-250KNE 14 HLIEAT 700°CIE I Hr A 5125 .

S ARAE S IROLEE R FH AR o, FE Pl 10 mL
HNO;+30 mL HCI+50 mL C;HgOs, 7€ 10 V HL K R il
30~60 so S 1AFELE Olympus GX51 U4 A
5i(OM). Hitachi S—3400N 14 Hi4%(SEM) & JEOL
6340 737 J B AL BE(SEM) AL 0 20, A T fig i

e

1 A Si & X & e S BRI

(EDS)F1 Shimadzu 1610 &t F4EHEPMA) 73+ #7 %A1
(15 S ot FE AT DL . DUZH & 47005 BB (OM)
ISR ARV T R A LR, R 2D 20 TR E A
RITFEME . RSB R AR F1 4 FB 85 (SEM) R Bl
WA, 20 5k 8 H, H photoshop CS6 1 Image Plus6.0
AT EAT B )BT AR B AR S B e vt
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K1 BT AN Si 2 K325 A 4 ke [ 20 2305
fiEo MTLLE Y, 4 FPG 43 B0 B2 RS 4L UE
HE ELAFAE I Bk S bT o BE Si S in,
mn B AL . B AR SRR AE S HON b TR
B ) R 55 5 <5 PR e [ A T DAy R A S8 ek i S AR AR OG- )
AP AR R FH 5 T PR AR Ik e A B SR, i LA
mn (F)E S OB A IE HHSEWRIRIX Rm s . AT A4
FASE o X A S R BRI S G F R, No.1~4 &4:11)
TURA IR ERAR IR K 554 63 66 A 72 um, KA
(I EERE Si 7 kR b i 3 K.

Fig. 1 Effect of Si content on microstructures of as-cast alloys: (a) No.1 (virgin); (b) No.2 (0.5%Si); (c) No.3 (1.0%Si); (d) No.4

(1.5%Si)
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Fig. 2 Segregation ratio of major elements in K325 alloy with

different Si contents

B 3 Si &t K325 &4k R T H AR A 52

Fig. 3 Effect of Si content on interdendritic precipitation in as-cast alloys: (a) No.1 (virgin); (a) No.2 (0.5%Si); (c) No.3 (1.0%Si) ;

(d) No.4 (1.5%Si)
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FEIEZ A, FERE TRT i FEOEAEAE B AR 4R 5L
BT i« fe il oAl ROLE DRV B O liH Y
= Nb. Mo Ml Ti ff] MC B4t 18 3(b)Fimh &
0.5%Si A AL E A ZUFAE, o7 LUG Y, BRAEKE i 7]
i FAHORFNZAR MC BT th 2 ok, B b i) I
EPT AL EAH . eI M oI AHE Moy Nb. Si
F1Ni, 4 y/Laves HE i TF i Si & 2 1.0%(L K 3(c)),
MC AL 5 3 Wb, p/Laves L AH TR H.
B MOLIE 4). 32T St FEER 1.5%(LE
3(d)), A EHL R MC BT y/Laves 3L 5L 2 41,
FHAHYUIR Laves AHEFENTH, [N MC 2Ltk )11
DR, M y/Laves SL N SFRE— DK HiE
=28, Ah, AN Si &imd 4 y/Laves AL
PR IES A W 25, 0.5% Si &4 y/Laves L
LN, EAPIES R RS5O E 3(b)). 1.0%Si
TP RAZI B, y M Laves FHHSIAER &
B, OISR TR RIE SO E 3(c)e). 4 Si i
N 1L5%I, SLRA R KR, TESR A TR ARk
ARG (LK 3(d)). Bl 5 By Si &l 1.0%
441 SEM {451 EPMA [FIHEZ5 R, nTLUEH, &
FeFFURHEE 1) y FEAKTT Nby Si il Mo JCE, J e [E 1)
B IE) & Nb. Si Al Mo, Ni F1 Cr 76 Z (T 6 5] A W
. Laves M1 =% E 42 Nb. Mo 1 Si J6#E, MC fitk
Y)EEELE Nb, Ti J0#E, Nb. Sio# W BImETH
BhlE] . SiJCEAEN Laves MEEIEHICE, HAK M
B 1) & S 2E Laves AHAT H, TR p/Laves JL i o [F] I,
Si JCHE W WK Nb Jo sk AT, Rk,

B Si &R0, kIR Nb Al Si ye 55 i & 4R FL
WK, T3 y/Laves JLEnAH R HK H B 238 % .

%2 A AT Si &G4 DTA LR 45 .

ATLAE Y AN Si e s 16 4 HAR ey g R MC
AR, T Si JTCERMEEHIT yLlaves
LTI . /Laves Y4 IELE I BAKT MC BLpib sy
WIFRE BB Sio & g WA, stsh, Bl Si
RSN, MC BUBRACII R E W B, G4

F1 SR E ST AR S

Table 1 EDS analysis of phases in experiment alloys

Alloy Mass fraction/%

Phase
No. Ni Cr Mo Nb Si Al Ti

MC 1-4 403 1.80 590 86.03 0.01 0.08 2.11

2 40.58 11.38 26.47 16.48 4.90 0.05 0.13
Laves 3 3957 895 2330 2132 6.59 0.11 0.15

4 4023 9.74 26.05 17.94 5.87 0.05 0.13

w
T

—=— [aves
—e— MC carbides

[\
T

J—
T

Area fraction of
interdendritic phase/%

w(Si)/%

4 Si O K325 & G R AT S A TR 7 A 52 0
Fig.4 Effect of Si content on area fraction of interdentritic

precipitation in K325 alloy

TAHAR R B2 A, IR DK e X b i AR SR AT
FAR 2, Si CRFCE S HE SR AL
TELPEE TR P DX 1), {2 3E p/Laves i ),

Wk ARSI T, ST RN, — I
fitif Nb. Mo+ Si %% Laves AHJE #7228 1K i ],
7 I 5 OK Bk [ X (A4 p/Laves FLdn2H
LU Z I TR, 13 y/Laves HLdHZHZR
AWK, TES A H Y3 8 ) 32 29 3508 7 P AR A A
5B Ja TE AR G5 M I PR Laves AH. BlUL, &4
QLN B SEATHY y EAIF LB T SR, B
HEME AT, IEMmMATICE Nby Siv Mo S5 u & AW
W) R ) s 4, R FRARE] MC k). y/Laves
gL EE Laves AHBT HIL RS, MC L) y/Laves 3t
il Laves AHIFIAMTHY, I B p+MCHy/Laves
LEHPUR Laves AHAZ . BRIk, ANE Si & 405
WA : L—L+y—L+p+MC—y+MC. 24 Si JFife 703
£ 0.5%~1.0%Z [, H1 -t KA Laves AP
e E Si A, FFEEHTH y/Laves Hhdh, BEINA 4
e E P N e L—L+y—L+y+MC—L+y+MC+
y/Laves—y+MC+y/Laves. it —H Tt Si &R
1.5%, JFEEHTHIBUIR Laves A, A4 0 [ A A5 2 -
L—L+y—L+y+MC—L+y+MC+y/Laves—L+y+MC+
y/LavestLaves—y+MC+y/Laves+Laves.

XPECI 2 A0l 4 AP0, A< Nb. Si TG Sk
AR AEFARIL AR Laves AHTIAR 7> BB Ak #— 3,
i Laves AH 73 801 AR A2 B TR 1 7P Nb. Si 7EL
i (P PRI P BT AR A3 R o A i AN STy, &bl
BN, Bofhin) Laves AJEROTER Nb & AR Hk=
Laves fHJERITE Si, Ik, G Laves #iffTHH. &
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Fig. 5 Elemental maps from EPMA analysis of cast No.3 alloy: (a) SEM image; (b) Ni; (c) Cr; (d) Mo; (e) Nb; (f) Si; (g) Ti; (h) Al

(i) Color bar

F2 No.l~3 G THEAM FAHAZ L

Table 2 Phase transformation temperatures for No.1-3 alloys
at heating process (7.—Liquidus temperature, 7s—Solidus
temperature, Ty —MC carbides precipitation temperature,

Te—Eutectic melting temperature)

Alloy Phase transformation temperature/C

Noo Ty Twe T Ty T~ Ts
1 - 1283 1319 1365 46
2 1252 1266 1301 1353 52
3 1221 1258 1286 1343 57

G ST 0.5%Si N, G4 Nb TR TR, H Si
JUEEE TR, Laves MBS, 1K, kb
[BIFFEENT D& y/Laves Hhfh. P& Si & &I
1.5%, Nb H1 Si 02 AE A A (A1 S8 SRS K, 55 Laves
AR KIKS) JjiE—0 18K, Bk y/Laves HLdi4t,
YUk Laves AL TFAEHTHH . DRk, BEA Si &8,
y/Laves L EaAH AR 73 EOAN W 2 . MC ik 1 5 Laves
AHTAR 3 BOL A S AR G, X0 TP AR A &
Nb A, PIAHRT Nb JCE IO T4 0 &R, HOL AR
Sy H00E Si B RGN R AH S AR
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24 Si B EXPUCIBARELLFERR RIS

Kl 6 s AANA Si Fr i # K325 Aéﬁ’ﬁhﬁi*

EUFIE . ATLAE 1, A5 Si (04 &P b A 4%
H yMC, MC ALY PRRFRDIR . & St s &4
) y/Laves FLEAHTE 2, y/Laves JE S H ZUL AR Jybh
R XKML EE AT DA RGE R y/Laves M. 4R
M, &4 y+MC+Laves, Laves {5 MC #ififk
W HeR, MC Bl 2 N # , Laves AHil %k
WA LB, [ Rb AN B Laves AH. [,
AL AT FARMEE RIS, IX LB PUIR Laves
AP ISR B T 1200 Co BbAh, B Si& &8,
YUk Laves MR 2, Rl Si S EIAH] 1.5%,
PRk Laves AR S H L, JEHK Laves A& .

Kl 7 B Si & B A4 % il % 700 °Chr R
B HE 7(@) T LR, A4 700 °C i ko A
AARFER 7K, 5 Si JCEAN, W EREA ST
700 CHrhr LR WAL GRE 2 ST A AT 1.0%
W, B St SRS, bR RS RAC. 2 St
IR B 1.5%I, A <5 10 JE IR B A BT by it e 34 2 3 1
Ko [ 7(0)FTR, Si &Rt K325 &4 =i
700 CAHKZFEM AR 1 ST F AT 1.0%
KRR Bk EE A T 24 St A sis#) 1. 5%
W, KEFEE RN Ak, Sif
A E W mAE R 2, 1.5%Si

EEN 1.5%0,
& 4% No.l é‘é%/m

T4 3R A 17%. (I I E No.1~4 & &4
AR & T 37 %, UL K325 & &K IH R R
TP 2 .

2E FPTIK, Si JUENS K325 &4 M g A 1
B, AR, 4 Si FEAE 1.0%0, SR
B 24 Si Sl 1.5%IM, A 4amfe SRk, Si
X G AR Ik RE IR RE I%L:L.XTAé VG
PR mSRSEI. T SiJocERm, A6 48 U0
TSy NS G e oA Y2 R 2 (A |
A 1.5%Si & 4 LRl & 4 (No. 1A 4) 0B b I K
17 um, 43 1.5%Si A 4 ZEA 700 °C bz o
FESR e e T AR L, W& a2 b
Rer A tHIE 2 R T LUE H, Nol 4L
Laves 4143, {H MC b ¥ & 5dm 5l 0.8%, DAk,
G4 B B b s S REE . B Si JnE RN
N BETTHENTH Laves A H IS &R Si & B INA
Wik 2, 1fi MC B P& s A WRD . 4 Si F BRI
I}, MC FRALYIBRARAT Laves MR TF Al & 4050
WRORA TP RS, Pk, Sa8rmmEReAa R, &
M, Si &M 1.5%I, Laves Ml& A=k 3.0%, M
MC WAL & AR 0.2%. Laves #l& Nb. Mo
JGE, M, Laves AHMKEATH WAL T RS 7
HAITE Nby Mo, A& 8 1 h s FEA W AR, 15
i, T RERBE AN Laves M5 T 8 G0,

Bl 6 Si&Ent K325 G4 PAbFE 4415

Fig. 6 Microstructures of No.1(a), No.2(b), No.3(c) and No.4(d) alloys after solution treatment
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Fig. 7 Tensile properties of K325 alloy tested at room-temperature and 700 ‘C with different Si contents: (a) Tensile strength; (b)

Tensile plastricity (RT—Room temperature, HT—700 C)

DR ANA] T & G fr s SEAEYE, 380G e 14
e i AN P SR A

1) B Si Spgshn, ik
Si O ATHE O, AR IR A )
Frit, BRI MC B & i,

2) RN Si A4, HEEAZUNTH MC R
Si N 0.5%I, K325 A& FFUAMT -2 8207 Motk
y/Laves JLRZHZY; Si SrEF A 1.0%0, LA
W0 KK, BN IELLBOE TR HE—D 5t
B ST TEE 1L5%N, i SV AR N fE IR 45 4,
FEIFUEHT UK Laves 4H.

3) GaE )G, HAAL TR R
MYOIRI) Laves A, HPUIR Laves AHFI S & T
1200 C.

4) 4 Si JTHE I B FCE S == 700 CHiAH
PERE, FEDE Si AR 15%I, Aarfih g s
JRIREAG, P BRI 2 . N K325 A EAN
AP tERES LS, Si RN AT 1.0%.
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Influence of Si on solidification behaviors and
tensile properties of K325 alloy

XIAO Xuan', LIU Qing-feng" >, WANG Chang-shuai’, ZHOU Lan-zhang®

(1. School of Materials Science and Engineering, Shenyang Ligong University, Shenyang 110159, China;
2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The solidification behaviors, microstructure and tensile properties of K325 superalloy were investigated by
means of SEM, EPMA, DTA, and so on. The results show that the addition of Si promotes the dendrite coarsening and
aggravates the elements segregation of Nb, besides elements segregation increased along with increasing the Si content.
The solidification sequence of K325 alloy without Si addition is as follows: L—L+y—L+y+MC—y+MC, and the as-cast
microstructure is y+MC. The solidification sequence of alloys containing silicon is as follows: L—L+y—L+y+MC—
L+y+MC+y/Laves—y+MC+y/Laves, and the as-cast microstructure is y+MC+y/Laves. Furthermore, the size and amount
of y/Laves eutectic phase significantly increases with increasing Si content, and the eutectic morphology changes from
semi-continuous to continuous dense sieve pattern and petal-like. The y/Laves eutectic phase disappears after the solution
treatment of silicon-containing alloy. The phase composition is y+MC+Laves phase, and Laves phase is blocky with
sharp edges. The amount of Laves phase increases with increasing Si content, and Laves phase comes together into being
clusters when Si content is 1.5% (mass fraction). The influence of Si element on tensile strength is closely related to Si
content. When Si content is less than 1.0%, Si has no obvious effect on the tensile strength of the alloy, while tensile
strength decreases obviously when Si content is 1.5%.
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