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ABSTRACT: This paper aims to improve the uniformity of element distribution at the TC4/GH4169 gradient transition
interface, weaken the interface effect, and prepare a two-dimensional TC4/GH4169 gradient structure. Using laser additive

manufacturing technology, the TC4/GH4169 one-dimensional gradient material is prepared by the gradient transition method of
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TC4-90wt.%TC4+10wt.%GH4169-GH4169, and the two-dimensional gradient structure is designed on the basis of the

one-dimensional gradient to prepare TC4/GH4169 two-dimensional gradient material. The field emission scanning electron

microscope is used to analyze the precipitates and the microstructure morphology of each gradient transition interface in the

TC4/GH4169 gradient material, and the Energy Dispersive Spectrometer is used to analyze the element distribution at each

gradient transition interface. The one-dimensional gradient 90wt.%TC4+10wt.%GH4169-GH4169 interface has a higher degree
of interpenetration of materials than the TC4-90wt.%TC4+10wt.%GH4169 interface; due to the addition of Ni in TC4, more

Ti,Ni precipitates with intersecting network distribution are formed in 90wt.%TC4+10wt.%GH4169; the degree of interface

fluctuation and material interpenetration of the two-dimensional gradient sample in the horizontal direction is higher than that of

the deposition direction. Among them, the two-dimensional gradient horizontal direction TC4-90wt.%TC4+10wt.%GH4169

interface is fully diffused on both sides of the interface. Compared with the one-dimensional gradient TC4-90wt.%TC4+

10wt.%GH4169, the uniformity of element distribution at the interface is significantly improved. Appropriate gradient transition

methods and two-dimensional gradient structure design can effectively improve the uniformity of element distribution at the

transition interface of gradient materials, significantly weaken the interface effect, and have guiding significance for the

preparation of gradient materials.
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Fig.2 Two-dimensional gradient block: a) forming diagram; b) block samples

fift FZE VT RIAILXS — 20 B T REAE 1 . A 3
PRFEE T e IS BT A T VI i Sic Rb4tLL K 4
W Bff s o o A T R A T R AL B, 2 S5 4 Kroll
7 (2 mL &R, 5 mL ¥AHER, 100 mL 7K ) XFAEf:
JE e 40~60 s A4 R R0 (R E 4% ]
SUPEASS ) XJZHAUEE | L I A w7 0igg . (i HH
FE LR AC A 1Y EDS X 4 24 P AN [ X 38k K st 98 % 1 Ak
PEAT S £k AT E T

2 #R5HE

2.1 IMBLRHFE

& 3 Sh—ZER B R I OW H 2L . K] 3a A]
PITE R BEE AL B, C3 FiATR LI A-B, B-C i3
R, SERMER T RIFIR &4 A, P A-B
RS RN, AR, i B-C MRS
A-B i B 22 i, Bkl i ELE Bk S, K
1) GH4169 Bk R T4 HOE#E . 2 Fhoid i 5 ™ A 5
KX 8 32 2 PR TR A3 22 SRR EE AN [
A-B i ¥ B = 100%TC4 3 9% £ 90%TC4+
10%GH4169, 2 Fidf R /> 22 S8/, kS50
R, T B-C it A R H 90%TC4+10%GH4169
T2 100%GH4169, FL 1w A B ko 22 50K,

PSS EO™ A TR KARA , DT 75 9 3 9 A 1
BT HENES,

W 3b fiR, A-B eI 5 5 0 241 U S
MR AR, 7E TC4 —MZH 21 A Y i) 2 [ A4 AR
FORAL, DI SIER B-Ti Zat 5 WA AR TE
B a-Ti, 124028 0 R0 (3ot 1 i v TC4 42,
TE 90%TC4+10%GH4169 — M 21 21 Py H B T LR Y H
S RSB A AR FOATT H AR o 7E 2 FiRA ki I 5 i Ak
AT AR AT T T AR AT B TR S Tt 1) R
R DL T B R B A S TS A o B R 5 e A e
S b R AR A LA A v IR B R R, T 4 [ R AR
1%, 5 SORE B R 5 5 [ R HUAEAR &, AT =R
T —E R AT A= KA 7E 90%TC4+10%GH4169
5 100%GH4169 13k I S 4b 80T B Sl i) A% 1 38
3, GH4169 [ 90%TC4+10%GH4169 —fll & 4= T K
WBE . MBS E R R . — 7T, TC4 B %
JEh 4.44 g/em®, GHA4169 [N 8.2 g/em®, HT
90%TC4+10%GH4169 BN GHA169 7 it KR AL
>, B LAHES BE 540 GHA169 RIRA 280K, TEIE
GH4169 B}, I —J2 90%TC4+10%GH4169 # A 7E
FeRERAEH T A4 TR, X )2 GH4169 HT% &
WRAEENER TR FY 8, Y i— g )5 &
[, MEAS P AR AR Sy —Tr i, EE e



Fs1E H3M

KIBEE . WORMHIE TCA/GHA169 #6545 H oW 4H 21 /3 B - 329 -

XA R 200t P 44 IR S A RS 4 Ak T T
TOARAS, TR R T OGS A R Ot O T
S A —E B REE R, DA — 25 A S 05 3l %)
Ui, B GH4169 [0 FZ2BiE ., K 3a s,
K GH4169 Hefkies 12 UIRZE, B 5 A2
TIZM RS, Besh, mE 3a i LLE— 2 LB, TE
A E BOE T & (400 W) F GH4169-90%TC4+
10%GH4169 L 45 b F 90%TC4+10%GH4169-TC4
SR 5 5 R T, d B B X T 5 T I o R
05 AT N

HTEE & 5EEEG &4 6B h = A
AR A A B AL R B R BRI, AT A
A, B A SRR R S IR A AR
21 B S AR R AR X TR A RIS R EE, B 3¢
S 90%TC4+10%GH4169 #4#EPIAT H A1 1Y L T I fl e
K14 . 24 GH4169 I AJG , TC4 B2V A2 LIA

FERMARA LI I, Hri ATt K EIE . W&
3¢ i, MMl &5 THSNMRKER, 2
FER AR, AR AR SC B e a8, kb
ZHEL IR AEAENT HHAH 04 3R S DX 3 XA R JE AR 55 4y
AR AT OO R A AT, ZEALANER 3 PR, il
FHERAL AR TR0 A7, Ti & Fr R 19.30%, Ni J+
51 299.56%, V F#AIK 74.45%, Fe JHiEr 50.34%, Al %
ik 55.56%, Cr FFiE 62.18%, fAZF| TC4 NAY Ni G
RREB/ L T AN, BRER R T & i 208
2.6:1, %A BHAR NERERA EZAG 3 Ffh, 40k
TiNi, NisTi DL Ti,Ni, FAf A B9 5 He ) mT LA
WriZ AT A K843 TioNi #H . 90%TC4+10%GH4169
MBI AE AR B A2 1T R BR - AR R (IR 4 ) SEAT R0, 4%
Tt PN 9 4 R BE T B e il B-Ti, &4 LoB-Ti )X
N, Z G BEIR R B B-Ti KA LEAT ROM B-Ti—
o-Ti+TipNi, TipNi A A i,

a A-B-CHERT

¢ 90%TC4+10%GH4 16944 %} Pyt HiAH

K3 — 4B BRI RO 412
Fig.3 Microstructure of one-dimensional gradient sample: a) A-B-C transition interface;
b) high-power image of A-B transition interface; c) precipitated phase in 90wt.%TC4+10wt.%GH4169 material
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b) B-C transition interface in X direction; ¢) A-B-C transition interface in Z-direction (deposition direction)
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