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Fig.1 Microstructures of lamellar (a) and bi-modal (b) TC4 titanium alloys
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Fig.2 XRD patterns of TC4 titanium alloys with different microstructures under uncharged and H-charged conditions: (a) lamellar and

(b) bi-modal
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Fig.3 Hydrogen distributions of H-charged TC4 samples with different microstructures: (a) lamellar and (b) bi-modals; hydrogen

distribution curves along the lines in Fig.3a and Fig.3b (c)
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Table 1 Chemical analysis of H-charged samples

) Hydrogen content/wt%
Microstructure —
Diffusion surface Bottom of sample
Lamellar 0.92 0.0078
Bi-modal 0.88 0.0960
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Fig.4 Morphologies of the hydrides at different positions the hydrogen diffusion layer of the lamellar TC4 titanium alloy: (a) surface; (b) 30 um

away from surface; (¢) 60 um away from surface; (d) 90 pm away from surface
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Fig.5 Morphologies of the hydrides at different positions of the hydrogen diffusion layer of the bi-modal TC4 titanium alloy: (a) surface; (b) 30 um

away from surface; (c) 60 um away from surface; (d) 90 um away from surface



%4 1 ik A

TR TC4 BR & & A AR (52 975 -

S FEAE MBI E MR E X IR K. STE S
B 28 A R FE T, AR ISR AE /B A R TR 2R
ARSI o/ pAH LTI T o il S0 B 386 o, S
T 10 o AH AT, A SR BE R I o ARV A FE N AE o AH
A BERIRE ) .

EH ] 5a AT AT, XS 4L B2 R T X377 K& B
ZF o FH iR SOIRE A X Be A I AE LA AT R
fEAEIE R SE A TE W a kL. 7F a/fF T AL , AL AL
BHAE S — & EENEANYE . 4855 2] 30 pm B
(& 5b) , WA HLUX S 1) o b P AT LT 2K
AR BAHH T TH Ak ) SRS A o Bl B AR 2 4k
T2 60 F190 um, Z AW % 2 2 /b , A REAE AR S T Ak
W5 E /5 B HU AT A .

TR 2 B G SRR, IR S 2%
ST R BB R . T B A E Y
B AT, pA T R T, A S B S, A IE RS )
R v, DR, XS ZH VR R p AR 2 B 98 A A A
JEHTE. FIAN R HERIH T, 2 H R o fbk ) LF
MR & S HR T S o SR RS RERT
JEHL 5 o BB R K A SR
3.4 BMALNIHITEHEZFERN

FIFH EBSDWFE | TC4 & 4 Fv J2 H LRI 4 2300)
S B A IR BRI R, SRAE AL B PR B HUE R T
30 pm, SEEGEE A 6 FE 7 fioR . Kl 6ah i R
FHA AT, Fp A e g G5 AR A &1 o AHFI BAH
T XA SN . B T B A TE o/ B AH T FI

o AHFE R R, BRSO B B 1 X e, S A L e 42 7
o deRL e PR B I AR K 52 0 BH 5 1) B ) A
P, e BUA] R R A T A A K. Kl eb A K
6a "L 5E X IR A TBOK IPF 1B, i 7 B € 1 S 2
FPERL ) C 2R »

ORI: {0001} //{001},, <1210> //<110>,;

OR2: {0001} //{111},, <1210>,//<110>,

ORI 1 OR2 [ 4L 47 73l FH R (A0 1 5 26 2%t , 3G
H OR2 W %2 F| 2 Ff 48 44 V1: (0001),//(111),, [1120]//
[110],F1V2: (0001),//(T111),,[1120]//[110],- K 6¢ I
(PFs) g7~ T & 6b H 4712 1] OR1.OR2-V1 F1 OR2-V2 [
WAy . Horp, BE=MAIEERIR o FEAR R 5, ORI,
OR2-V1 F1OR2-V2 4 5ll FHBU AL [ £ i 8 RN AT €[5 pd b
o, SR AH B OB RS . A FARR S B R S
A DARAE S A AR A8 1 FE (B ) 56 &R o Jd Jd %) IPF
B Hp S RAE , EAWITE o/ HH FETH A F 221§ OR2
Ha) , [7] B A7 76 2D 5 OR 1 HL ) 5 M 7E a AH P93, A A4
FLEAE OR2 UM R R o LA, 2 Fh BN 2R % 0% R 1 OR2
AR A [F] IS FAH ST 1) 2 ARG, SR WA R {0001 }//
(LTSI LA {11128 ST

THNRASHL TCA G 4 A5 A 7 A FFAE
AR B AR 8 5 R . B Ta (R XS 2R 20 A (6] 2
o AR S AE o/ AR T AL TEAZ IR AR T S A
WWE . R F DA 54T 5 SRR % YT
IR AN kL P A 2 B S 3 DR T R b T 7
JOF kLA AT ALK B 7o B IPF B3t —

{0001} //{111},

@ OR2-VI

@ ORrR2-V2

6 FZALTCARKE &b AL EBSD 73 #r
Fig.6 EBSD analysis of hydrides in lamellar TC4 titanium alloy: (a) phase map; (b) enlarged IPF of marked area in Fig.6a; (c) PFs of marked

orientations in Fig.6b
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Fig.7 EBSD analysis of hydrides in bi-modal TC4 titanium alloy: (a) phase map; (b) enlarged IPF of marked area in Fig.7a; (c) PFs of marked

orientations in Fig.7b
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Fig.8 TEM morphologies of hydrides in lamellar structure TC4 titanium alloy: (a) lamellar hydride; (b) SAED pattern of the rectangular area in

Fig.8a; (c) HRTEM image obtained from the interface between the matrix and the hydride lamellae in Fig.8a
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Fig.9 TEM morphologies of hydrides in bi-modal structure TC4 titanium alloy: (a) lamellar hydride; (b) HRTEM image of region marked in

Fig.9a; (c) SAED pattern of the interface between the matrix and the lamellar hydride in Fig.9a; (d—e) FFT patterns of the framed regions in

Fig.9b
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Effect of Microstructure on Hydride Transition of TC4 Titanium Alloy

Zhang Tong"?, Wang Qian’, Weng Hanbo'?, Yan Shiyu’, Huang Sensen’, Qi Min®, Yan Feng’,
Ma Yingjie'”, Lei Jiafeng'’, Yang Rui'?
(1. School of Materials Science and Engineering, University of Science and Technology of China, Shenyang 110016, China)
(2. Shenyang National Laboratory for Materials Science, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(3. China Offshore Oil Engineering Co., Ltd, Tianjin 300461, China)

Abstract: The diffusion behavior of hydrogen in lamellar and bi-modal TC4 alloys was investigated through electrochemical hydrogenation
combined with multi-scale characterization techniques. The results show that after electrochemical hydrogen charging, the diffusion surfaces of
lamellar and bi-modal samples present a gradient distribution of hydrogen concentration, and the thickness of the hydrogen diffusion layer of two
samples is similar. The volume fraction of hydride in the diffusion surface of the lamellar sample is larger, hydrides preferentially form at the o/
interface and grow in the form of twin pairs into the a phase. In the case of the bi-modal sample, due to the relatively large equiaxed a grain size,
hydrides cannot fill the entire o grain. Different hydride variants alternate in nucleation and growth near the o/f interface. TEM analysis results
indicate that the hydrogenation nucleation in both microstructure samples presents a multi-level structural transformation mechanism regulated by
stacking faults.
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