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Fig. 1 Nb-Ti-Co phase diagram in Nb-rich region calculated
by using microsegregation model coupled with Thermo-Calc
and calculated solidification paths for typical alloys in four

sub-regions (denominated by < I *, “1I”’, ‘III” and ‘IV")
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Fig. 2 XRD patterns of typical alloys in four regions: (a)—(d) Typical alloys in regions [, II, Il and IV(The inset in (a) is the

SEM image of alloy 58" (Nbg(TisCos))
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Fig. 3 SEM images of typical alloys in region II: (a) Alloy 4% (Nb;sTi oCoys); (b) Alloy 3% (NbsoTi;Cos); (€) Alloy 10*
(NbgsTijsCos); (d) Alloy 17 (Nbg TijoCos); (¢) Alloy 8" (NbssTi;sCoso); (f) Alloy 7° (NbsgTi;sCoss)
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Fig. 4 SEM images of typical alloys in region III: (a) Alloy 117 (NbsTi;sCos); (b) Alloy 197 (NbsoTixCoyo); (c) Alloy 38”
(NbssTizsCoyp); (d) Alloy 36" (NbysTizsCoy); (€) Alloy 16" (NbysTizCoss); (f) Alloy 21" (NbyoTizsCoss); () Alloy 39" (Nb3TigoCo30);

(h) Alloy 33" (Nbs,Ti3sCoss)
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Fig. 5 SEM images of typical alloys in region IV: (a) Alloy 53" (NbyTisoCoo); (b) Alloy 42" (NbysTigCoys); (c) Alloy 46"
(Nb35TigsCoy); (d) Alloy 41 (NbyTigpCos0); (€) Alloy 50" (NbysTispCoys); (1) Alloy 44" (Nb,5Tis5C030)
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Fig. 6 Calculated solidification path for 33" alloy((a), (c)) and 36" alloy((b), (d)) with different solid back diffusion coefficients &

and solidification rates Ry
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TiCo A . JrH. LIREE REW]: B fhhiE
(AR AT R AN R R 4 e K S B 2B
-7 HAZ, Bl P FRERAR I B BRSO AR
A, AHG IR R RFEAE

K 8 Frn AL T a-Nb [ ARAH X S8 5 G iR
JE-FEAARR D Bk Rl 4. VT e, R

Fig. 7 SEM images of DS 33" (Nbs(Ti3sCoss) alloy at different growth rates: (a), (c), () v=1 pm/s; (b), (d), (f) v=10 pm/s; (c), (d)
Longitudinal-section microstructures of samples solidified at 1um/s and 10 pum/s; (e), (f) Transverse-section microstructures of

samples solidified at 1pm/s and 10 um/s
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Fig. 8 Solid volume fractions as function of temperature for typical alloys in four regions: (a) Region I ; (b) RegionII; (¢) Region III;
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L PARSL A=A BRI B EE R, TR
P A S EHU RE A ZEE LN 0, WA E
AL E S AR P N R E SR EEAE T A .

RO I PRSI MBI T SR, FTLUR I,
Nb-Ti-Co & @A B H A E W) 2E o-Nb AH A3 5
(0-Nb+TiCo) FHAE B[] A 4 B4 DX 38, BPPE 1 A X3k
T, 2 X3k P A 4 450 B 110 ] 4 0 22 Y R 3 e
it FIRXUHAAZ, FEH, BE&EER 1 Nb
FrEA Ti/Co LLISF Mt 2 WA SN . IRk, mf
DU IS T XN & e s as sy, s &
S RMA LR, PG ENEBEER. Bt
AWM REFI R AMERE . DX T A A HBIAE a-Nb
MR, BAREBE YRR, (HH TAAE™HE
e 1) AN e N - AUsE i AR R KR TRV &
S H T 2 23 43 0 B JfE 1 CogNb, F1 TiCo AH,
KA RE R T AB B R .

A TAERT T Nb-Ti-Co & &M EH HYI4E a-Nb
FHANIL fil (o-Nb+TiCo) M BT & 4 i X3, FE45
T AR RBEE S R B XS L [ 5
THEGRT Nb-Ti-Co BEAA SV IR, AP
“BEAE SR UALT Nb-TiCo #E —Jt& &KL
E [26] 2 .

3 &g

1) Nb-Ti—Co = u&etHEE Nb AFAEN =
JCVUFH P e S, 405N L+a-Nb—TiCo+CogNb, Fil
L+TiCo—a-Nb+Ti,Co, Ik, Nb X 2 /A7E7EN
A [F B8 28 42, 4308 (L+o-Nb), (L+a-Nb)—
(L+0-Nb+CogNb;)—(L+a-Nb+CogNb;+TiCo), (L+a-Nb) —
(L+a-Nb+TiCo) Fl (L+a-Nb)—(L+a-Nb+TiCo)—(L+a-Nb+
TiCo+Ti,Co);

2) A EERRYXHBE IR N & 5 1B PR 125
WL/, FH S A SO SR B ) HS R, [
O WG, A4 A 2R A= AR AT AR 3L &
AR BN, T = AR SRR BB R, Y @ UK
PRAE O IF, 5 <Rk ] J= B CF B85 7 e [E S N A il

3) BEEHOER M IN1—10 um/s), 334 4&E
(e ok ] A P LV K SR A A S o, BN IR
LSRN ORI SR 2R, (H A S RIEEE R AR
FEAAZ, WM P g R T A &N B KRR
L—a-Nb+TiCo.

4) Nb-Ti-Co & & AH B H A 7E WA a-Nb AHFI L
i (a-Nb+TiCo) FHFA 1 & 4 il oy DX ek, BT 1 A X3k

I, ZXE N E & AR R AR HbE
Nb &8 Ti/Co LG INMIHEIN, A5, PAHIE A
R BB 2 T P A
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Optimum design and hydrogen permeability of
Nb-Ti-Co separation alloy:
I. Construction of phase diagram and hydrogen permeable
component region

HUANG Hao-ran', YAN Er-hu', MIN Ruo-nan', ZHU Kun-jun®, ZHAO Guang-wei’,
LI Xin-zhong®, XU Fen', SUN Li-xian'

(1. School of Materials Science and Engineering, Guilin University of Electronic Technology, Guilin 541004, China;
2. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China;
3. College of Mechanical and Power Engineering, Three Gorges University, Yichang 443002, China)

Abstract: In the present work, Nb-Ti-Co phase diagram in the Nb-rich region was constructed by using CALPHAD
method and Thermo-calc software, and then the solidification paths of 58 kinds of alloys were studied by using the
uniform microsegregation model. The influences of solid back diffusion coefficient and solidification rate on their
solidification path were discussed. The microstructure of these alloys was observed by SEM and XRD, which was
compared with the numerical simulation results. Finally, the hydrogen permeable component region in the Nb-Ti-Co
phase diagram was established. The results show that: (1) Two equilibrium reactions, i.e. L+a-Nb—TiCo+CogNb; and
L+TiCo— a-Nb+Ti,Co, exist in the Nb-Ti-Co phase diagram. (2) There are at least four different solidification paths in
the Nb-rich region, as follows, (L+a-Nb), (L+a-Nb)—(L+a-Nb+CogNbs)—(L+a-Nb+CogNbs+TiCo), (L+a-Nb)—
(L+a-Nb+TiCo) and (L+a-Nb)—(L+a-Nb+TiCo)—(L+a-Nb+TiCo+Ti,Co), respectively. The cooling rates have no
obvious effect on the solidification path whereas the solid back diffusion coefficient has a great effect on it. The volume
fraction of primary phase increases with the increase of Nb content and Ti/Co ratio, whereas the volume fraction of
eutectic phase decreases.

Key words: Nb-Ti-Co alloy; CALPHAD:; solidification path; hydrogen permeable component region
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