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Effect of element Nb on microstructure and
properties of cast pure titanium

LIU Shi-bing, LOU Yan-chun, XIE Hua-sheng, ZHAO Jun, LIU Hong-yu

(Shenyang Research Institute of Foundry, Shenyang 110022, China)

Abstract: Five kinds of Ti-Nb alloys (w(Nb)=15%, 20%, 25%, 30%, 35%) were prepared, melted into rod with graphite
mould, and solution-treated to investigate the effect of single Nb addition on the microstructure and properties of cast
pure titanium. The results shows that Nb element can significantly decrease the hardness, elastic modulus and linear
expansion coefficient, and increase the strength of cast pure titanium. In the Nb mass frachion range of 15%~35% the
Ti-20% Nb alloy has the lowest Rockwell hardness (HRC=5) and the lowest elastic modulus (E=56 GPa); and the Ti-25%
Nb alloy has the lowest linear expansion coefficient (& =6.6 X10%°C, 20~100 °C). The tensile strength and elongation
of the Ti-Nb alloys are in the ranges of 520~660 MPa and 19%~32%, respectively. The microstructures of the
solution-treated Ti-Nb alloys all are composed of matrix f-phase and acicular precipitated phases o’ and o” and phase o.
Phase a" and fS-phase are the main reasons of low Rockwell hardness, low elastic modulus and low linear expansion
coefficient for the Ti-Nb alloys.

Key words: element Nb; titanium alloy; hardness; elastic modulus; linear expansion coefficient

ERAr SR DA A Tl M R S B A A R B
ot S NI R I RUBLAE 18 A R 22 HAUAN W] sl )
TN AN T 60 245, 54N 5L e 4t
FRHAHLE, BRoeanit— M “Brad”, (AR PR,
st AR AR R E R AT IR AE . LAk
AR T AR AR B AT UK

EE&WMB: EFRARBIFIEETIIE (51375318)
ks BHA: 2013-07-28; f&iTHHEA: 2013-10-10

LA S BARAE Ty By BRI P A g, AR ER
G RO R T DI RE . mvEREAL, RERTETER S
SAPREA AR BRI U, v U F Fr i
L B A < G PR R B A B
FEER O G RN 0 A R ER 5 55 . BB R,
AT SR ARFE R A AT 8B UL E Nbe Nb JLH

BIEEE: XM, mg TAEM; il 024-89354095; E-mail: 1s-b@163.com



F23HELHE 1

H £, A5 e B0 Heid i Ek WAL UM PR RE I R

s135

FEBER SN, SR TERE DT TS T HEAE .
HXS T Nb JCHA LRI H W1, AHORHIE R
BRI, ASAEEITRER— Nb S idal

ISA
o

ERALGURIE RERSS AT
1 KL

I T 5 MR R & IR A 4, R T 43
By A 15% 20%- 25%- 30%A1 35%. A{RIEA 4
o2l 5 A EADRHEH 0 Z0474K, Nbl H
(£ 260 mm. % 10 mm. 5 2 mm). JoKREEH FH NI
WO DE, LBRRMAYUTAMYG . BT, SR
Ja 5 M o s U BIRC A 4, HFON B 4 fEA
Hrp R WU LS 82 d80 mm [RIFEH454E, 4k Hitk
SRR FE IR, AR5 R B AFER T L, &
DI, WEVET e Rk, FRREE 2~3 %,
DA o 2505 , B R IR ) A0 s B Y T ) Bev e
B HTRAE . B TE 850 CATHIA AL 1 h F/K ARG
AAAFE o PR T e BT PR REIINA, 422>
HrR A 3 AR GRS ORT Ny Hy O BB 04T
A, PR PERENRR R A CSS—1120 17 REIRIGHL,
JEMRECKH TH301 9% FORERE T, HRZIK R 2 R

1 Ti-Nb &L
Table 1 Chemical compositions of Ti-Nb alloys

Wetzlar J6#ZNEMAL . SARBRER HE DRI, 1F
I 2ot s B RS, HH R Bl R (m(HF):m(HNOs):
m(H,0)=10:5:85) AT i vlt, K G2 Widsi ZEISS
AXIOWordert. AE BT B ZIMEE, R X S &fT
HH3 D/max 2500pc SEATAHZ A HT

2 FHR51R

2.1 AEHLERS

1A N IC G G de R IR TR (1 4k 2
ST R . WK 1T EW, JRPUTERE S ERC, 1A
2T EHr GB/T 3620.1—2007 52 1 ELI 24K, H
WeFNEHER N BG4 otEE Nb s B4
K, HHBHAGE ) A AR R 2= . W4T
KA, No JuR S B, W2k . 20T,
XA 2242 H Nb IG5 Ti J038 1% FE bl DA & Bt
JrA G R BHASKE, 6 SR e AR BOHE,
FFE SRk,

22 EEWRMEMRRFIERE
M X < (0 A B BE SRR & 70 2 P et
AT, 1G22 a4l

Mass fraction/%

Alloy
Nb N H (0] C Fe Si Ti
TN15 154 0.012 0.001 2 0.046 0.025 0.035 0.01 Bal.
TN20 19.7 0.015 0.001 5 0.035 0.013 0.022 0.021 Bal.
TN25 25.2 0.010 0.000 9 0.039 0.018 0.025 0.016 Bal.
TN30 29.5 0.014 0.001 1 0.027 0.022 0.028 0.022 Bal.
TN35 35.8 0.011 0.001 4 0.038 0.024 0.031 0.018 Bal.
F2 Ti-Nb &R FEMRES
Table 2 Main property parameters of Ti-Nb alloys
Alloy Linear egz/n;soiincgfﬁicient, Hardness, HRC Elastj;/g;;iulus, Tens.}ief/ ;/t[r;:gth, Elot;%;zion,
TN15 7.3 18.9 65.9 650 25
TN20 7.4 5.0 56.0 520 32
TN25 6.6 14.6 75.9 620 31
TN30 8.04 19.5 76.8 610 24
TN35 8.1 17.9 63.4 660 19
CcPTi" 8.5 32 105 450 38

1) CP Ti is commercially pure Ti.
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2.2.1 Nb JGCE X HIEAEREI I KA M

MF 2 BT DL Y, Nb 5 s i 4l ek i o1
PRI RECEA — M52, B Nb 5 012 i
s BT R e RN LT
B, A Nb S EIEFZ 25%I), RIS 4 EA RN
FIE LIk 258, BN 6.6 X 10°%°C; £E Nb & &k 5
2y 35%), PRLEK RS e BARNE, LT
BT AR .

2.2.2  Nb JUFE It Al AR E 1) 5%

M3 VIR H3% AR B (R G, I Nb 3k
ITH I ARG, AT, R B
W FRAK, TNI15~TN35 R51E Gl B EE T 20,
HBE Nb S48, M EMERC) K FTm.
BRAR, Rt TN30 &4x, 0 19.5, FfK1)sE TN20,
N 5. GRS LI I RECL LG HAAELL,
AELAN [ P i Rl S A 55 J T K B Nb 2 e 1 ) I B A1
HIEAR AN TN25 G4 3] TN20 54, & Eiks
GG, A RAE S KPRACIEEE ) 84.4%, dRe/ M e
1 39.1%. ATLAEH, Nb 6851 gk AT S 2 i ik
VR
223 Nb JCF 0 B4 AR S A L ¥ 5 1)

PR, R 2 R, SaligkALL,
TN RINGE RISV R T IR RR, JEAH AL
7+ 50~80 GPa 2 [1], o 1 ANEHELE 60 GPa LI, 2
MNEHEAE 60~70 GPa 2 [7] . Nb JC 2 A i 4l Ak it s
B R B X o SRR AR B BRI IR 2 TN20 542, b 56
GPa, ZINAGEMAERN 53%; st TN3O &
4, N 76.8 GPa, ZIAARGEAAEKT 73%. BE Nb
TR, AR FRE RAERC. SR,
FrRES, SN R ERE 2R, HRK
FRASELAR 55 1)l TN20 45481 TN30 4545
2.2.4  Nb JCFE M HE G AR P BRI 52 10

H3 2 T4, B AR R A S B K
PSR, HhrhiaR gk 450 MPa, {HZ: Nb Jo
FOeE, feREa T R, PR
= E] 520~660 MPa. FH1, TN15. TN25. TN30 Al
TN35 & 4 Mhehr o R RS T AL T (635+25)
MPa LAY, B Nb &= N, HEA L TR
—/KFo {H TN20 A AN TIAR A4, PrhrsmfEs
it, XE5ZAEMME., SrpE LA WM.
MWIBPEFRb RS, ARG SHA BB, KRR
Ky N 19%~32%.

23 ERALR
WKl 1@)~(e)Iransr il TN1S~TN3S ¥l

21, & 2(a)FI(b) 74y ok TNLS Al TN20 ¥ X 54k
I b e e I WS G G 1 2R AT 3 5 ]
A, TN RAGEREEHAPE D RS o F o
HAE . Horh TNI1S G442 H A adE kA p FiKE
REEKTERIR o A0 D 5 o AL, o BT o A BV K BT
15, o MHEF B — M mHES, & A 2T ER}
AFFAM, WK 1(a). TN20 & 42020 B 1 (L I bT
HAH o« a FVRARAH B A, Ford o A AR ERIRIEAL
Mrih, HAEKREERN, oMNEKERS N, HRhAk
AR (KA AT p A, WL 1(b). TN25 4414 K i
IEASHT I AR o HRIER 4 B AR . 5 TN20
B, oK B, A%, JEH oAl
SEA A, W 1(c). TN30 A44141 5 TN25 &4kt
BOARAT , R 43 B A ERAT A 1) o A FISR AR B AH 2 s
AR 2 TN3O A48 ATt ) o Mg IS 2, H
o FHER SR B SE R G, T IEASHT I o AH A B
WD, I a MR, % o A SR B AR B AR
B WL 1(d). TN3S a4 LIRSS BA
], KA R I ERISEARA] B, 76 B AHIEAR E2RELIY
Iy A K SRR oA, IR KSR o 41

24 i1t

XFTAiERck U, Nb J& T g AR E TR, Tk
4 B ARG SR B ) A 36%! e BRI, AEgkhn
A Nb JCE KRG B A o AHAIFEAS . AEARFS
Nb )& (TS HOHE N 15%~35%, Kk, el
W VEJGIRE T, ANAT R S M A L B AR ) o A
(AR . B Nb B 30, Nb IG5 1 BRSOV R
FRIE . EE T, 2 Nb S8R (15%) 0, FRASRL
AL, T pAHBR O 2 S Ak, K A
HE AR oM. (HBEE Nb S EfE S8, L
SE RN, il B AR AN R A A % o AH,
oy AR BRSSO JEAR o, PIEHHIL T TN20
FTTN2S AR K E o4 Nb St —220 0, &
W B ARy o AR AR — 20, b B
AHHEAR Ay oA, B 57 it BAH T2 FLREE AR o/ AR,
o Ao I, LT 1 ) TN3O Fil TN3S S4:41421,

MR, o AHPIRERE L o AR i, (HER o
HRREFEAR B ZEARBESCH, TN20 £54: BAT AR
WA, At pra" A, Hizgdie—8, /M
Nb JCERNINT D A o 1Az il B it SH B T
A R RN . SRRSO, HAR A S
FESE—3, Bk, Nb JCHERBINFEES A o)
A Rt S SR AR PR E R . UkAh, B AR
HA AR RS A, B AR o AHE R B4R
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Fig. 1 Microstructures of Ti-Nb alloys with
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Fig. 2 XRD patterns of TN15 (a) and TN20 (b) alloys
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SHPER R o Nb J0 3 00 55 18 AR 10 A S RN S AR 52
WORIEAAM A X TP L K R o, AT a T
TN15. TN20 Fil TN25 &4 o 4H1¥ TN30 Fi1 TN3S
G EREREIC, THEE o KR Z 1) TN25

T, PR ARSI, P ATHES, o 2T
HESIZ K R8N FE R AN T oA T 2 1
éﬂa%i(ﬁ%gz\ PPERL D, DL IR AR BRI R4 AL

ARt — DR .

3 Zig

FIEAERIN P I Ik R B —

SESCI, B Nb S, LK R e Sehk
s m, BN PR S a2 TN2S &
4, HAHL N 6.6X10°%C.

2) Nb JG # 5 it Al K A7 B Sl B A A A H
B Nb Freidin, 7% ICHEFESE AR, JE38in. FREAIL,
AR TN20 &4, HA#EH HRC 4 5.

3) Nb JCHE X F s Al RS PE BT E AR, TN
RING G BABARM TR IER R, Rk
(1) 56%~73%, B Nb 75 (3G 00, Fits Al Bk 1 5 kAR
HOERAS. RN ARG, SRR AR A E
TN20 &< A A%, 4 56 GPa.

4) Nb JoEX PG Aik PR L i 5, &4
b JE iR I\ 450 MPa #2755 5] 520~660 MPa, 18&‘

TN 15%~35%MTEH N, A e hr ik se A AR
FEAR: TN RINGEHARUHEE, MRKEEK,
H 19%~32%.

5) TN F51E 41 WA 23 A4 g AERIR
I ARNT A o oA o FHZR R, o AT B AH SR i
A A FEAR . SRR AT SRR IR 2R BN 32
(58

1) Nb JCEX 44

REFERENCES

(11 3% Ju. i A &R AR (]
2012(7):12-14.

- ERMWHEAR L,

HUANG Xu. Development of titanium alloys in aviation [J].
Dual Use Technologies & Products, 2012(7): 12—14.
2] REEF, Bldse, WhiEds. EAMEYEE HIER S S A R BUR

(7). FifE 4@ ARl TRE, 2012, 41(11): 2058—2063.

ZHU Kang-ping, ZHU Jian-wen, QU Heng-lei. Development
and application of biomedical Ti alloys abroad [J]. Rare Metal
Materials and Engineering, 2012, 41(11): 2058—2063.

KOO, BRA e BOR R RIUR o). PEA )R
2010(1): 76-77.

ZHANG Wen-yu. Development and trend of titanium alloys
technologies [J]. China Nonferrous Metals, 2010(1): 76—77.
ZHAO Er-tuan, KONG Fan-tao, CHEN Yu-yong, LI Bao-hui.
Interfacial reaction between Ti-1100 alloy and ceramic mould
during investment casting [J]. Transactions of Nonferrous Metals
Society of China, 2011(S2): s348—s352.

XHEHE, BRARE, mocE, £ O, $uh. W14 o AHEEX
TC4 ELL A& G2l M) AT o K], A ()
23], 2012, 22(10): 2749-2755.

LIU Qing-hua, HUI Song-xiao, YE Wen-jun, WANG Guo, HU
Guang-shan. Effect of primary o« phase cotent on dynamic
stress—strain behavior of TC4 ELI titanium alloy [J]. The
Chinese Journal of Nonferrous Metals, 2012, 22(10):
2749-2755.

FRFR. momk S &R RS NI
2010, 20(S1): s958—s963.

- P e E R,

WANG Ding-chun. Development and application of high-
strength titanium alloys [J]. The Chinese Journal of Nonferrous
Metals, 2010, 20(S1): s958—s963.
Tk, BEY, HEIK. iz

SR HARAL, 1985: 118-122.

WANG lJin-you, GE Zhi-min, ZHOU Yan-bang. Aeronautical
titanium alloy [M]. Shanghai: Shanghai Scientific & Technical
Press, 1985: 118—122.

E A SRR RG-S ML
HiRRAL, 1986: 35141,

BOPUCOBA E A. Titanium alloys metallography [M

FHKE M. L LR

Mo, . dest: Tk

]. CHEN
Shi-qging, transl. Beijing: National Defence Industry Press, 1986:
135-141.
Xzt BRI AR AR AZ )
193-199.

1. B AE)E, 1999(12):

DENG An-hua. Martensitic transformation of titanium alloys [J].
Shanghai Nonferrous Metals, 1999(12): 193—199.
B, PIRHER S <5 AR AR R AL AT Fh sk B R [T]
1995(3): 50-57.

. LT,

MAO Peng-ling. The features of phase transformation and heat
treatment in two-phase titanium alloys [J]. Shanghai Steel & Iron
Research, 1995(3): 50-57.

(%RiE  FRITE)



