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Fig.1 Dimension of tensile specimen (mm)
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Fig.2 Microhardness analysis of carburizing coating

Microhardness, HV/ X 10 MPa
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Table 1 Tensile properties of the samples with different

treatment
Treatment
state and 0 0
orocess of the  RnMPa  RwaMPa A% Z/%
sample
GB 975 925 10 25
Original 1115 1022 16.0 40
sample 1113 1027 145 47
1 h (with 1042 990 100 25
carburized 1057 1001 12.0 21
layer) 1043 990 105  /
1057 992 190 49
1 h (no layer) 1049 982 19.0 50
1058 989 200 48
2 b (with 1056 1001 80 17
carburized 1045 985 75 16
layer) 1061 1006 70 13
1059 1004 185 51
2 h (no layer) 1058 1013 18.0 52
1057 1002 19.0 49
3 (with 1040 982 65 12
carburized 1034 980 5.5 14
layer) 1046 989 80 15
1074 1017 175 49
3h (no 1070 1009 175 50
layer)
1073 1019 175 49
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Fig.3 Changing tendency of tensile properties of the samples with different treatment

TCA 2Bk, HUhrsmfE, e Ak Lol o L 4L 45
PAPRIE, AMHECTAGAERE, BVEA PrEe(k, (HIRHTAR]
K11 15 2P A
2.3 RIMRRERIR SR

231 HMEEMER

K 4 RBWTAE R, WA AT LR, AN
BE (BAEED BRI R R K B R, hrEA
Ao TR, A TR RS T VS TR A L T 5
IEARER, JCWI A . MR AR R R A A e
FERLWIRSAE, FIRID A, AiERE GRAEED FEN
ZAVEMT A, MRS ROV R TR

232 PMHME SEM R

ot iz BT A £ 0 T AT BB 11 90 A 8E 4T SEM SR AT
Kl 5~7 1, 2, 3 h AN BHRIZ BT BB = 1K T R
1] SEM & J o

RNHEBWZRES 1, 2, 3 h FEMA W] R4, 2
BUBPER RS, MR XFELAT LA, 2, 3 h IS4 &
KF 1 h, RIWrEISCAE KT 1 ho MBI R BE 0% J il
3 RS, B 2 h>3 h>1 h, &5 Wih 46 %«

1h249%. 2 hZ506%. 3h&49.6%, @TRAEE
T A B 1) 25 & BEAR I 1) s e L T T WA &4 6

Nojlkayer The sample with layer

A
r N !;‘l
Bl 4 R T O SE M I

Fig.4 Photos of fractured samples

B BRI R GUR B AR ) &, AR
RN, i RGO R RSO IR ER
Wralk 2ok, 1h Mgt s), EEAST 2 M 3h
FEA, 3 h FE S W R R S 32 A R AR T LRI, 3
MR A, BB T2 TR Mt B 8. ZE S iy i
R, BEAWRTE, FIEMNRIILE, B8 AR
GEAH, UL 8 HrWTREIR . BARIB BRI I X AR T



10 ]

KA, CEBIREX TCA B4 4 1A LRI

e 2737 ¢

R X, (BT B ER SUM R vk Sk B BE 1R N 15
., FEESERNNAT HBUUTR, BT

K5 1h ffiikt SEM B3
Fig.5 SEM images of tensile samples with 1 h treatment:
(a) without carburized layer (thermal treatment) and

(b) with carburized layer
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Fig.6 SEM images of tensile samples with 2 h treatment:

(a) without carburized layer (thermal treatment), and

(b) with carburized layer

IBVER R — AN WTR R0 4E, T e VEARE — R L
FERALL AR R ERR, RYE 1, 2, 3 h 4
AR TR Y, WA HBE (AR FEihE

B R 390 9 BB AR RRAE s 1 h IS 2 R IR R —
SEMAE/N, 3h FER LT BAHE D, BT Mtk

K7 3h frffike SEM B
Fig.7 SEM images of tensile samples with 3 h treatment:
(a) without carburized layer (thermal treatment) and

(b) with carburized layer
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Fig 8 Photo of tensile sample with carburized layer
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Fig.9 SEM images of fracture with 1 h treatment: (a) without
carburized layer (thermal treatment), and (b) with

carburized layer
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Fig.10 SEM images of fracture with 2 h treatment: (a) without
carburized layer (thermal treatment), and (b) with

carburized layer
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Fig.11 SEM images of fracture with 3 h treatment: (a) without

carburized layer (thermal treatment) and (b) with

carburized layer
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Fig.12 SEM images of tensile sample without carburized layer: (a) macro-fracture, (b) corresponding B, Zone and corresponding C Zone
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Fig.13 SEM images of fracture with carburized layer of 2 h treatment: (a) macro-fracture, (b) corresponding B Zone in Fig.13a,

(c) corresponding C Zone in Fig.13b, and (d) corresponding D Zone in Fig.13a
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Influence of Hydrogen-free Carburized Coating on Mechanical Properties of TC4
Titanium Alloy Substrate

Ji Shouchang, Li Zhengxian, Wang Yanfeng
(Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: TC4 alloy samples were carburized without hydrogen in a vacuum furnace. The mechanical properties of the samples were
investigated by a universal materials test machine and the fracture was observed by SEM. The results show that the hardness of the alloy
surface after carburizing increases by 2.84 times. After 1 h, 2 h, and 3 h treating, the tensile strength and nonproportional extension
strength are similar to those of the original sample. After the 3 kinds of heat treatment (without carburized layer), elongation and reduction
of area on the cross section are better than those of the original sample, but with the time extension, they decline. In the tensile process,
the outer surface layer, covered with ring-shaped cracks, flakes off gradually for the samples with carburized coating. The cracks are
increased from the root to the middle. There are small cracks on the root while the cracks become wider in the middle. The cracks mainly
concentrate near the fracture, and a few on the root. The fracture of the heat-treated TC4 alloy is plastic fracture, and the dislocation slip
plays an important role in the fracture process. The layer close to the outer surface of the sample shows brittle fracture characteristics,
while the core is of plastic fracture, and the fracture direction can be determined by the fracture morphology.

Key words: hydrogen-free carburization; TC4 titanium alloy; mechanical properties; brittle fracture; plastic fracture
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