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Abstract: A prealloyed powder hot isostatic pressing (HIP) technique was utilized to fabricate a TiAl-4522XD alloy. The
effects of HIP processing parameters (temperature and powder particle size) on the microstructure and mechanical
properties of TiAl-4522XD alloys were investigated. Densification cannot be achieved at a HIP temperature of 1 200 C,
with prior particle boundaries (PPBS) in the microstructure, resulting in a low matrix strength. At a HIP temperature
of 1 260 ‘C, complete densification is achieved, the PPBS disappears, and the tensile strength of the alloy significantly
increases. When the hot pressing temperature is increased to 1 300 C, vy grains and borides rapidly grow, microcracks
appear at the y/a, phase boundaries under thermal stress, and the tensile strengths at both room temperature and
high temperatures decrease compared with those at 1 260 ‘C. HIP samples with different particle sizes were fabricated
at 1 260 C for 4 h. The results show that all the samples reached the theoretical density of the TiAl-4522XD alloy. For the
particle size ranges of 150~212 and 45~212 wm, the deformation amount of powder particles is uneven, with microcracks
present in the hot-pressed samples; for the particle size range of 45~150 wm, the hot-pressed samples have uniform and
fine microstructures without obvious defects. Additionally, the vacuum degree during powder loading and degassing must
reach 10° Pa; otherwise, it affects the density of the microstructure and the uniformity of powder deformation, leading to
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cracks at the PPBS. On the basis of these results, the optimal HIP process is achieved: the powder particle size range is

45~150 pm, and the HIP parameters are 1 260 ‘C /4 h/10® Pa. Under these conditions, a uniform and dense near-y

microstructure is obtained, with a room temperature tensile strength of (698.0+2.0) MPa and a high-temperature tensile

strength of (504.5+2.5) MPa.
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#1SS-PREPTEZ5#
Tab.1 Processing parameters of SS—-PREP

Rotate speed Feed speed
) Current/A Voltage/V .
/(r-min™) /(mm-min™)
28 000+50 1 350+200 55~67 15

TR TiAL-4522XD A48 FE . N T #F5E 4%
R AL BT 25 B 8O0 TiAL-4522XD & 4 41 4
FPERERSZ M, TEIMEHIE T2 5k T R
(PRSI B R RORL B BR AR LS B BAR S 4L
{H WL B 24k ARAS ASE R S Y TiAl-4522XD
HaEFE, RALUIRIAE LA FEIE R F 15 mmx
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Fig.1 XRD patterns of the TiAl-4522XD master alloy
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¥ 2 TiAl-4522XD kG 4 #e b 440 B8 7 (a) 100x; (b) 1 000x
Fig.2 OM images of the TiAl-4522XD master alloy: (a) 100x; (b) 1 000x

[ 3 TiAl-4522XD B} 6 4 # b B 41 4 . (a) 1 000x; (b) 5 000x
Fig.3 Microstructures of the TiAl-4522XD master alloy: (a) 1 000x; (b) 5 000x
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R2 TiAl-4522XDE & B EEBRIESMER
Tab.2 EDS analysis of the TiAl-4522XD master alloy
(mass fraction/%)

Element B C Al Ti Mn Nb Total
Spectrum 1 26.58 12.30 19.07 37.77 2.07 221 100.00
Spectrum 2 0 6.21 2933 5821 287 338 100.00

% F PREP 3£ 85, XF TiAl-4522XD & 44
G FUBY R (0 A2 o HEA TN, S5 SR 3R 3 iR,
A DU T L b 1 25 Bk R A R b S R 5
MRS JCA A8 Ak, 40 R B R B3k . PREP i il
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H1 A [RDRL AR PR 3 A A AN [a] 119 2 T/ JBE: G, 0 AN
[ A7 A2 Y0 B AR B9 5 S i 20 Bl I, 45 2R 181 4 i
TR A A ) T L TR, B 5 W AR T
S /IR AR A AR SR B AR X B

Kl 4 TiAl-4522XD A [FPRLIEE AR A 4 5 A2 4k
Fig.4 Variation in the oxygen content of TiAl-4522XD powders
with diameter

& 5 4 TiAl-4522XD A 4 M AR E 6 R A, NE
rPORT LR AR ORI G, B R ERA TE T R LR
TEHr o B 6 F T 435 A A AT ) 4 A S fl 2H 2L
SEM M F, W MRS B h R HER B &, L

% 3 TiAl-4522XD & & S MR MWK &R
Tab.3 Composition analysis of the TiAl-4522XD master alloy and PREP powders

(mass fraction/%)

Element Al Mn Nb B Fe C O N Si H Y
Master alloy 30.6 3.28 4.30 0.24 0.015 0.008 0.063 0.007 4 <0.03 <0.001 0 <0.005
PREP powder 30.9 2.96 4.10 0.24 0.014 0.010 0.050 0.003 8 <0.03 0.001 1 <0.005
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Pl 5 TiAl-4522XD #3 &K E 3 - (a) 500x; (b) 1 000x
Fig.5 Surface morphology of the TiAl-4522XD powders: (a) 500x; (b) 1 000x

& 6 TiAl-4522XD F3 A P93 5 i 41 28« (a) 500x; (b) 1 000x
Fig.6 Inner microstructure of the TiAl-4522XD powders: (a) 500x; (b) 1 000x

¥l 7 TiAl-4522XD ¥ KA « (a, b) B A KLE 45~106 wm;(c, d) ¥y KK 106~150 wm
Fig.7 Cross-sectional microstructure of the TiAl-4522XD powders: (a, b) particle size of 45~106 pwm; (c, d) particle size of
106~150 pwm
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REIM  https://www.cnki.net



o [ %71 B

(EEEFARN02/2025

HilgiE, % . AL HETE 545 TiIAlI-4522XD & € AR M E M 800 «191-

Pl 8 TiAl-4522XD 4 4 #3 K EDS i i %55 : (a) SEM B ;(b) Al JTCH 5(c) Ti H () Nb TTH; (e) Mn TTH; (H B TR
Fig.8 EDS mapping of TiAl-4522XD powders: (a) SEM image; (b) Al; (c) Ti; (d) Nb; (e) Mn; (f) B

51 9 TiAl-4522XD £ 4 ¥y A H b7 1 AH BB 1% 5387« (a, b) KL BE 45~106 pum;(c, d) AL 106~150 pm
Fig.9 EDS analysis of the precipitated phase in the TiAl-4522XD powders: (a, b) particle size of 45~106 wm; (c, d) particle size of
106~150 pm
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P 10 A [l kL J3E b 2R W A 3 445 21
Fig.10 XRD patterns of TiAl-4522XD powders with different
diameters
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oty —ou Y 728 I R e — A A 4 R S, AT
A OGRS

B 11 ARFRLE TiAl-4522XD A 48 Ak i DSC 148 : (a) 25~1 400 °C ;(b) (a)HAHE B X 3 i K &
Fig.11 DSC curves of TiAl-4522XD powders with different diameters: (a) 25~1 400 ‘C; (b) enlarged image of the squared area in (a)
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Tab.4 HIP processing parameters

Specimen  Particle size HIP temperature  Holding Pressure

number /pm /C time/h /MPa
45XD-1-1 1200
45XD-1-2 1260

45~150 4 150
45XD-1-3 1300
45XD-1-4 1200+1 320
https://www.cnki.net

EARHE ST R ki (R], ARAESE 7 45XD-1-5
IR R TR A RS, BISEAE 1200 C it
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Kl 12 AfE) HIP T TiAl & & %
Fig.12 Density of TiAl alloys with different HIP temperatures
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TN 1200 CHE |, TiAl-4522XD & 4 B 52 % 8 fefik
H3.96 g/em®, MR E R T 1260 CHY, & 4 5%
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A, BAIATEE R T 1260 C Rl SZFITiAL-4522XD &
& RBUEAL,
2.2.1.2 PR EIR T TiAl-4522XD G4 41411
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W7 A8 7R, A o AR B4 7 B2 R I B A S R R
TRy M o MHFEAE B T

13 A[F) HIP ifi B2 R 9 4R 43 B
Fig.13 XRD patterns of samples subjected to different HIP
temperatures
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1200 C S 41 2000 2 38 K,y AP RSEHER
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TET G I S G, A AH B v R D s AR S 4
H R R, 2 BIRSE 44 wm, |2 B R Y
F 2B 4ME 2 3 wm, 76 R )2 SR, A7 /D
WHIZH o mn Bz, wmE 15¢ i, K
15d~f 4 1 200 ‘C+1 320 °C XUk H 55 5 1 12 i) 45
FER A ARIE A, Ui 2 1 Hh 3 B i T SR L,
MR 1200 CHEEF G 7= A L8 E L 320 C
TR EF R B RS, RMEAR )
PIFERF R4 TSy e, Ibhh, ZH R 2 H LU
B G545 5 R 1200 ‘C+1 320 C W 4 2 7 R
J& , TiAl-4522XD & 4 7 2 4 2158 1300 °C Y
b, 7R EEFHE 28 8 wm,

B 14 AR TR B #AE § R TIAL A 4 PR 414 (a~c) 1 200 °C; (d~f) 1260 C
Fig.14 Microstructures of TiAl-4522XD with different HIP temperatures: (a~c) 1 200 ‘C; (d~f) 1 260 C
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15 AR B # E TIAL B 4R 44 B < (a~c) 1 300 °C; (d~f) 1200 "C+1320 C
Fig.15 Microstructures of TiAl-4522XD with different HIP temperatures: (a~c) 1 300 C; (d~f) 1 200 ‘C+1 320 ‘C
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FRRY e
TE A [R] #0 J5L BE # TiAL-4522XD & 4 W g
WEEE SN P ANAT A - — i S JUREIR B R AR RS
R LB UROK ; o5 — b R d S5 stk RGF L
ok IR AN A 16 Fros . R B3RS X Br A 543
HEATRE VRS BT (3R 5), 45 5 B R AT A 32 A e &R
A Ti-Al-B Al Ti-Al-B-C, iX 5 SCHlik H 09 #F 53 25 5 —
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5%, TiAl & & il A8 o] LA 44 TiB 1 TiB, #
it TiB Jhy FE AR A A AHEE [ AT AT 0, — M1 o~ 3
JEREERTF 10 wm, K EEFE 100 wm LA L 1 TiB, — %
R RIR B AN R — A 1 pm DL A
TR, WAL R /N T4 T LT 48 K 19 b f
SV LA B 11 S 3 VB PR P 2 RS B R B L
KEF, i T A IS BOE A SR AE35 Br | DR %t 3
FIRIAE B E AL, K17 MRS RRE T,
5 AT HIAREE S AT R

Tab.5 EDS analysis of the precipitated phase
(atomic fraction/%)

Rod-like precipitate Acicular precipitate

Element
(SPCO001) (SPC004)
B 64.53+0.18 39.10
Al 9.20+0.05 11.15
Ti 24.29+0.07 37.05
Mn 0.29+0.01 1.29
Fe 0.25+0.01
Nb 1.45+0.02 3.78
Total 100.00 100.00
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s, L. AL HETE 545 TiIAI-4522XD & € AR MM 800 +195-

&l 16 A7) il i S 0 s TIAL & 4 BT LA 30 < () BEEDIRAT AR, 1200 °C 5 (b) SR BT L AR, 1 260 C
Fig.16 Morphology of the precipitated phase in TiAl-4522XD with different HIP temperatures: (a) rod-like precipitate at 1 200 C;
(b) acicular precipitate at 1 260 C

10

——Length(big boride)
gl —*— Wide(big boride)

—4—Length(small boride)
61 ¥ Wide(small boride)

Size/pm

1200 1260 1300 1320
HIP temperature/C

P17 AN [a) HIP 35 T A7 AR (AL #) 1 58 Le
Fig.17 Length width ratios of the precipitated phase at different
HIP temperatures
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F 6 MEFIE TiAI-4522XD & & ERh M EEE
Tab.6 Tensile properties of HIP TiAl-4522XD alloy

HIP temperature/C R./MPa Ry,/MPa Elongation/%

697 697 0.9
1260 700 699 0.8
696 - 0.5
530 431 1.4
1300 562 435 1.8
565 435 1.2
541 431 1.1
1200+1 320 546 428 1.2
533 431 0.7

1260 'C T YL H i/ A T 5 i & iR b Fl

Jee M5 JE

K18 1260 C#A % i Ik TiAl-4522XD A 4
IR IR PLHT A AT A5 5, BT 1 rp e 235 A
TR T A (M7 A s 000 T T 3 (1] 18a)
KA, AR 2 1T T8 I R ALAR N Tk B U B
it i v ZE S0 A TR 2R T 0 A S O B |
AR IR 2L I BB o1 260 CHASE R I RE
PRI 11 2780 Sy L RY OB 38T 1, ELZE SR B
I AT ER B BEAL /A0 1) IR BEREL, X RS
A S R RREARM R 18] 19 24 1300 CHAAE#E
RAE AR IES 1300 CHUEF TiAl-4522XD
A4 IREEARTE T 1260 CHHKIT v HE, JEARH A
ZAH R, HWr I ER S 1260 CHHB 7Rk 2
SRR A WSROk SR S A
BREI R Z AT YR, BB A R R
B, ARETHTIAR 1300 CHASE U RE P AR B A7
TEUT 207 1 AR A S, el i vk S 3 2
MY A B E KRN R 2 W W o, 7E
W 2 S E0B B R 2 D R W S AR )y
FEB R 2 T LA R 2 sl )2 o e, e
T7 BB AL E N STE S — G0, BT A St e
B 2380 AE R A R vh RS ok IR T R
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[E 18 1260 CHAFHE TIAL A 4 Al RE T B3« (a) W HTE 5 (b) B 157 1 T8 5 () AL
Fig.18 Tensile fracture morphology of the 1260 C HIP TiAl-4522XD alloy: (a) side surface; (b) fracture surface; (c) microstructure
of the microcrack

19 1300 “CHZ IR TIAL & 4 B B T 37 - a) 97 111 0 5 (b) 58 MO8
Fig.19 Tensile fracture morphology of the 1 300 ‘C HIP TiAl-4522XD alloy: (a) fracture surface; (b) microstructure of the microcrack
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7 7 1260 CHII 1300 C &5 #EIFE650 C
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PR ERT 1260 CF AR, B 21 A F A

R 7 AREBEMER#HES TiAl-4522XD &£ 650 °CaigHr

it e
Tab.7 650 °C tensile properties of the HIP TiAl-4522XD
alloy
HIP Temperature/'C R./MPa Ry/MPa Elongation/%
1 260 507 487 0.6
502 494 0.5
423 354 1.4
1300 377 - 0.7
424 396 1.2

S TR B R TiAL-4522XD & &1 kE 650 C & ik
Fr AR RS B8 H 01 260 “C B 45§ R 3RRE = T hr A
W 11 475 52 T o DRI 28 10 << OB UK A BT 11, O 11 9 1
V-5, M EUE AR FE R TIB T . 1300 CHASE#R I
FEWT I DA ST 240 32, B — SR R S Al /N Y

5 20 1200+1 320 ‘CHAEH L TiAl & 4 P AR B 230 . () W7 1011 1 5 (b) B 24 4L
Fig.20 Tensile fracture morphology of the 1 200+1 320 ‘C HIP TiAl-4522XD alloy: (a) fracture surface; (b) microstructure of the
microcrack
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(& 21 AN [A) #A 45 80 R TR THAL A& 4 650 CHIAP R 1 414 (a~c) 1 260 C ;(d~) 1300 C
Fig.21 650 C tensile fracture of the TiAl-4522XD alloy with different HIP temperatures: (a~c) 1 260 C; (d~f) 1 300 'C
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Tab.8 HIP processing parameters for TiAl-4522XD alloys
with different powder diameters

HIP processing parameter

Specimen  Particle size

Temperature Holding Pressure
number /pm
/'C time/h /MPa
45XD-3-1 45-150
45XD-3-2 150-212 1260 4 150
45XD-3-3 45-212
https://www.cnki.net
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Fig.22 Density of the HIP TiAl-4522XD alloys with different
powder diameters
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& 23 7R [a)RE A2 A A S TR R B A U 3 < (a, b) 45~150 g (c, d) 150~212 pum; (e, £) 45~212 um
Fig.23 Microstructures of HIP TiAl-4522XD alloys with different powder diameters: (a, b) 45~150 pm; (c, d) 150~212 pm;
(e, f) 45~212 pm
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R TRAIBRSEZE T ARAETIAI-4522XDE £ 1 %5
Tab.9 Different vacuum degrees for HIP—processed
TiAl-4522XD alloys with different powder diameters

HIP processing parameters

Specimen Vacuum

Temperature Time Pressure
number degree/Pa
/C /h / MPa
45XD-4-1 10
45XD-4-2 107 1260 4 150
45XD-4-3 10°

KOG A REEBUE .. B TRENRRRRE £,
MEF RS TR EELEZ EEE, AR BOR AL TG
BAHEF ARG, A begs ik sh 1), ok 8U%
oo BRAREAE 107 Pa i, &% ZiAF] 4.0 glem?,
V& & C RHABUE L, (T RHEAZUR R ]
W, & E R RAUH R AT | D f UKL A0 371 A SR
T G &N ERZ MRS R RES
3103 Pa B, A4 E N 4.01 glem?®, & &K Kb
ORI S AS I 2R 6 @8 oK o8 2 L L BUR AL, T
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Fig.24 Variation in the density of HIP TiAl-4522XD alloy with
deaeration vacuum degree
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Fig.25 Microstructures of HIP processed TiAl-4522XD alloys with different deaeration vacuum degrees: (a, b) 10" Pa; (c, d) 107 Pa;
(e, f) 10° Pa
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