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Abstract

This study investigates the influence mechanism of preheating temperature on the microstructure
and mechanical properties of GH3536 alloy in the electron beam powder bed fusion process, select-
ing two preheating conditions: 850°C and 1000°C. Results indicate that lower preheating temperatures
tend to generate higher thermal gradients and faster cooling rates during the additive process, lead-
ing to the formation of finer honeycomb subgrains and higher dislocation density. Mechanical testing
revealed that the 850°C preheated specimens exhibited higher yield strength (293.4 MPa) and tensile
strength (564.8 MPa), along with increased microhardness (205.6 HV). This performance improve-
ment is primarily attributed to the refined grain structure, elevated dislocation density, and com-
posite strengthening effect of fine carbides. In contrast, the 1000°C preheated specimens exhibited
lower strength (yield strength 275.4 MPa, tensile strength 517.8 MPa) but superior ductility, with
fracture surfaces displaying numerous interconnected ductile dimples. This was primarily attributed
to high-temperature preheating promoting carbide coarsening and element redistribution, which
weakened strengthening effects but improved ductility; simultaneously, o-phase precipitation led
to matrix softening, stress concentration, and grain boundary embrittlement. This study elucidates
the intrinsic relationship between preheating temperature, microstructure, and mechanical prop-
erties, providing a theoretical basis for optimizing the EB-PBF process for GH3536 alloy compo-
nents.
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AR AR A A R LA 0 i e i . P SRS e, BN LR R AU = . ke S mh
v SR R A R DA RN 1] GH3536 <A —FhEVA s B B Bl & 4, B HAE 700°C~900°C
X TR 57 AL A PR R BT B A RE T, OB — A2 R SO B B 1 B AR i i AR 2]

fEgiiliG T 2 (WG BOE) LU Z A LT g5 R I T A = T ARG BPRER] A 28RS 3]
HAFH 11 (Additive Manufacturing, AM)EARAE N — 3t T2 EHERM B S ISR A, BB BITEH
FEwm s MRRIHZES . XFEREN SR EN RO & /M EE 4 S U JE R & 5 W3
R [4]. AT T HlE RS = mtERe, 0HEZ) 7 aeflis, /A e AL R B A, Sk
2 tey it ] 12 AR ) B R S5 ]

AR IR S Rt (Powder Bed Fusion, PBF), F A MIEAS & SRt . AORB&E PR ArilidE 2 2%
NIRRT, REMEEIT 7 Y 25 A N SC B 0% 2 & )8 R AT SEilig, 2 Ml &8 MM g iy
RRAE . M Z B0 T E[6]. & B ARIRIGREARG M, 75500 9806k R IR MRl (Laser
Powder Bed Fusion, L-PBF)F1H, F 3 # K IR )& Rl (Electron Beam Powder Bed Fusion, EB-PBF). GH3536 7E
S I R TR ) DR v AR P AR AR AL [ 7], JUHAE L-PBF L2 R IR (8] M EB-PBF i ARTEM
A0S AN B AR PR BEAT oy il P P 2 35 BRI TARR B, AT R T AR 2 ) FR PR AR SR SRR, B iE W24
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il GH3536 BUEH LM CHESRNE[0]. BUARF TR, AR R4 o] B4 b fokr . D LB, JF
W Y HINTHATA[10], BEMX GH3536 MARSMUEM RNIFERESH, 2R TERET T ER
E, BB — TR T SRS, R = %o TR IR B G ] i ] 9 42 L 2 s 4 SRV A (A R TS
MC BRI AT« P45 AT ) B R il 5 VR RE IR i B ORI T o

AW GH3536 &4k AR AR, BT T EB-PBF L& 850°C 5 1000°C P 4L Tl HE B X A
TWEHIR K Re (bl . RARIERE . WA T ) s R . Gl & AR T B, R TR A - 2121 - 1%
REM A LERERHLHI, i GH3536 MEFERK S ARIX A EE T 1) EB-PBF L 2R AL S A B A 45 15 8 S 4%,
e ) v M RN 4B G 1 A 1) 328 7 A 2 R A ) AR A B

2. REME R 7%

RIGARLA GH3536 BRIEM A, MARES S S ATHocRmE | fn. HhEE TIksEs
RAFFERE E ETF R EB-PBF B4 (UL 152 Bl SRA RSN 100 x 100 x 10 mm? [ 304 ANEFEPIHR A
HERR o TR 53 5l 1 8 D 850°C T 1000°C o FLF A FEIA 10 mA, IR N 60kV. #iKEIEE N
0.09 mm, BN 0.09 mm, FHHEHE N 750 mm/s. {3 Fluke RSE60H £L4MHMLHEAT 21 4hH4 a0
AbF AR P s = R IR RRAE 2 x 1072 Pa.

Figure 1. EB-PBF equipment
1. EB-PBF & #&

Table 1. Chemical composition of GH3536 alloy (wt%)
7 1. GH3536 &&UFEM T (Wi%)

Ni Cr Fe Mo Co w Si Al Ti C
49.99 21.92 18.6 8.49 1.53 0.64 0.15 0.08 0.04 0.03

3. ZR511R
3.1. FEIFFATHIRMELR

B 2 BIoR TIEA R AR T &1 GH3536 & 4143 H F 4 (Scanning Electron Microscope, SEM)
MOEEH . WEl 2(a)s B 2(b) A7, SRS & E N 850°CHF, A &4 14 LAy EB-PBF & 7 M #%
PRE ] AR AR 3, TR0 X 3 mT R 5% B A ) BRI S R 4 4 . IXFAR R SR R, EER T
EB-PBF 1 L 3et % r I 25 11 [ V0 5% 1 il P88 s 32 5 L AR B g v 2T e i) Wb [RIVE FH o AR F st [ R0, v IR
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o6 P /5 R A 5 5 S AR SR B AR, T R A 200 1 okl AR Tl K L B RIR SE it i A 25 9
AKIAE, X2l TG/ T GH3536 A& MM M2 1350°C) 338, #t—0uisE, v y 2k
mn A AL A E G AT BAL ), IX LT HH A BRAL IR 1 7€ O MeC AT MasCo [ 1] =i % SEM IR RIR, ik
PR A A B R B, (B IGER  BRAC DI A AR E S A, X IE SRR FIRT R KA S
TR HOR R BARBEVIARDE, Bt W DL ISR i F it NI RS, R 7E 4 S Ab SR T B AR 4544«
TR ERE N E] 1000°CHE, BRAGINT AR SR A2 B A8 . BT AR TE S AAE 850°C L&
B A0 P BEIR 45 W B A N AN B H ISR I 45, ] 2(c)~ B 2(d) i o A S8 40 o 5 0 AT IR RIR AR A AT
TR RMEEIRTERS, (5 y B R RRAGA) (BOE B L 850°C 461 T i BEMK. X —BLRIMATZ, Bam
TR REIRF T Cry Mo S&E& R ME T RS, Mk 7 & Sy is REK R FH
B, TEmRTIAE I EB-PBF BSUBMTEL, [ ST AL ) il PR B2 4 /N 23 P B A P ) SR B it 1
LA, BB RATR/IN & AT HE A DR ST RE S A T A AR e Ny R4, SEUR IR BB LN
F. IN718 7£ EB-PBF H [AAER I H SR XU AR S i i), (HH 32 S0 A0 AH A p” (NBND)H ' (Nis(ALTi)),
IR TIH1000C) & kAR, SRR FR[12]. GH3536 BT y'/y" sk, (HERALI(Mx3Csn MoC)
FE IR N A S VA AT N 5 2 2880, 3895 EB-PBF H AR B X0 58 — M e etk LA M 5E M R

L'(

FEGHEUY P

N T W GH3536 & T HYKI RO S5 H R, X 1000°C FUR R EAT 1B 5 s Bt
(Transmission Electron Microscope, TEM)Z 4T, 4114 3 Frzr. [ 3(a) 8337 BUE SR p-Ni 4R A7 7R R
12974 80~100 nm IHUIR S AT I, FSR Sk RIR . FEIXEehiAb ) ) BB S 3] a2 FE 1 o i 4 225 0
HERR,  RWIHEDTIE L R oA Sh (R B A W) J BEAEAE R B R 137 o [RIINE, T i A BIR AL 78 24 A 80K T LA
Mo FHESALEIZE), ATIABIT& &R, S0P 2d i i+ BB FIE X AT /i, 7] 3(b)
A LA TEARC I X BT o ST RIIESE T AT A8 MasCeo EDS /M8 T UTE RIS
i, R Cr. Mo M CHEFH 4, EUENXANWER EEHIAITER Niv Fe M Co IFEL[13].
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Figure 3. TEM characterization of an intragranular carbide precipitate in the GH3536 alloy
3. GH3536 & & FRABRITIER TEM FRAE

3.2. ffitdREMIR

K 4 BoR T AEM RS [F TAGEE FHIE R GH3536 &a i sinhiirtae. wmEpR, 78 850°C T
) GH3536 JiE iR5ESE Ny 293.4 MPa, PLHisafE N 564.8 MPa. TMi{E 1000°C ' FHIN T (R i IR
275.4 MPa, PihismfEN 517.8 MPa. 850°C IIAEA R H B iy (R UEEAEL I /), (HIKTJS B 2 BE K. 850°C
5ER PEE )48 SR T T DR T 4 9 R 8 R R I R A B, AN R T R SRS A B AL . TR AR
BRSSO S HERR AT 0 B ) 4R b 2 LB 0T ok R R B, VAR
AReHHAT . DTSRI TTRRIENS Hall-Petch JC R o 5L SR A0 IR T 98 1 AR T30 18] 7= A R0 B A7 2 1) () A ELAE
H, X—{EH#E§ Bailey-Hirsch X &R MR, M M TRAGEE(1000°C) A R T F0RLKL A0 AN 7 #7470 =587 7
A, M PRARSRAL BOR, R &2, X5 EB-PBF 94+ Haynes 282 17y % — 5[ 14]. XAy - ¥
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Figure 4. Mechanical properties of GH3536 at different preheating temperatures
E 4. ERETHBET GH3536 BSIF1HRE
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{58 FH 44 FRLE T RS T I T RO S 2047 0 A, 45 RWE 5(a)~(c) . AT 850°C & 4 e
T2 T HE VR A W S S R A o R 50 DX 3 5 T VR R 90 58 DA R R SR 5 T . i BT s, E R )
JUORAEECT, TEWTZLSRTE FALS B BURLIR B AL o A A 1 TR AR FE R i3k T /N B35 45 90 A O B AE 4
(TR, XIS B IR AT, MR AE T 9 R e sk o SRT, X Se 4t B A A 0 1] T35 55 kit
FURDIR Y. 5 T B TR S IR 2% o FER A far BAIR], X 12 D0 2 78 M G0 AR AR e B, IR e
WE N APOEY e, R&FET R

FHELZ R, E 1000°C R Tl #FRIREAS (R B 2R T Y2 HY 2 B BB PR AR, R R BAS [/ RS e
W S(d)~(DFfR. XL 53 R A FE, X R & M RFE. EB-PBF i[RI I R B 55 £
FIR TR HRE T RRAL R R A L . BT S, 1000°CHRE BRI R B B A RRAL DT iR T R
WP, DL NI & . KR, K0 iR A 98 T 7o & 9 5O B oA, A mib it HE H Ni
JLE I 1) 56 IR IR0 AE o A, BRI (0 AN T 48 43 A 3 o A S B0 TR 45 2 i il i 04 o A 1y ik
WA R, WA RO R R, fRmibiRrae.

Figure 5. SEM images of the fracture morphology of the tensile samples prepared at different preheating temperatures: (a)~(c)
Samples preheated at 850°C; (d)~(f) Samples preheated at 1000°C

5. FEFRFGRE T 6 &R h MR BT R ZSHY SEM BlfR: (a)~(c) 7E 850 C T MAMIMES; (d)~(f) 7 1000CT
TR G

3.3. RREE R

SR FH S ARORE B xF A [) TR 5 1Y) GH3536 3R AT S A AR, A AN 2 [ 1 R B8 0.25 mm,
TR I, F— B RREE A 6 Brox. IWEIHTTHL, 850 CTHA 4 1-F 2 fiF &
N 205.6 HV, WL ET 1000°CHAR PR 178.3 HV, XA K 850°C T # & 1 & & LA B A1
B B S A0/ N, $RAE T E SR VE R . T 1000°C TG A SR T o M, SRRk
Ak I R S A X = A GG RLSE, AT A E A . %I RAE Hastelloy X & IN939 & 4
WERIE: JHHRIEEN T 700°C~950°CAALE, o #15 MasCe 54 M, 5l ECAEEE N 45 o i ) 1 %
5] [16].
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Figure 6. Hardness of GH3536 at different preheating temperatures
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