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Abstract: Ti-Fe-O alloy with excellent comprehensive mechanical properties is prepared using resource
rich Fe,O; as a strengthening agent and pure Ti powder as raw material, based on ball milling powder
mixing, electric field assisted hot pressing sintering technology, and hot rolling process. The impacts of
Fe:O; content and the particle size of Ti powder on the microstructure and quasi-tatic tensile properties of
the Ti-Fe-O alloys is investigated. The research reveals that an increase in Fe:Os content and a decrease in
Ti powder size facilitate the formation of the B phase and refine the a phase grains within the alloy. Hot
rolling leads to a significant enhancement in the comprehensive mechanical properties of Ti-Fe-O alloys.
The strength improvement is attributed to the interstitial solid-solution strengthening by O elements, grain
refinement strengthening resulting from the refinement of the o phase, and the precipitation strengthening of
nano-scale acicular secondary a phase within the B phase. Under the condition where the pure Ti particle
size ranges from 15 pm to 45 pm (Dy,) , the as-rolled Ti-0.71%Fe.O; (Ti-0.58Fe-0.290) and Ti-1.43%
Fe,0; (Ti-1.08Fe-0.620) alloys achieve an excellent strength-plasticity matching effect. Their tensile
strengths and elongations at break reach 975 MPa with 20.6% elongation and 1128 MPa with 18.4%
elongation, respectively.
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1 KEHBEEZE

1.1 SEeH#

K 3 Bk 4% (0~15,15~45 pm F1 53~105 pm,
PR 10,30 pm F180 pm, 73 BIFRIC A Do Dy Fl
Do) A8 T BRI A R IOk, W B P 0 e 1 b R
(Lm0 A RAE R /A FTT R & i R 1R .
SR TR (Fe,0,) AR R K Pkl a5, Hali
99.9% , H A7 kL #2420 nm, JEURE SR U T Tk R oK
Fe,0;-nH,0.

®1 TRHNERATIHHNTESE(RESH/%)
Table 1 Elemental content of pure T1 powder with different

particle sizes (mass fraction/ %)

Element Fe O C N H Ti

D, 0.04 0.16 0.009 0.006 0.001 Bal.
Dy, 0.08 0.08 0.010 0.021 0.001 Bal.
Dy, 0.08 0.05 0.010 0.014 0.001 Bal.

1.2 XEWHE

Bl Tk R Fe,O4 83 K% 8 Dy, Ti-aFe,Oy(x=
0.71%.1.43% .2.14% .2.86 % .3.57% F14.29%) . Dy,
Ti-1.43%Fe, O, #l Dy, Ti-1.43%Fe,O; 1) I ] 5 5k B
BROCEAA R 3 mm) LABR#; B L 5 VA BRES RE P, 78
rERERENLFLL 280 remin 'BREE 4 h, 53] Ti-Fe,0,
REMA. # Ti-Fe,O, IR A ¥ K E AFME R 55 mm,
PR 25 mm (£ SR A5 EL b ) i Sl B A be
1 (FAST,FHP-828) 1T L2 4845 . bedi S8k
S FHR 2R 100 °C/min, BE45 TR EE 4 900 °C, JE 1R
50 MPa, {350 8] 5 5 min, E.25 B8 5 Pa, 54558 1k,
JE M B R BT B RE A AE 900 “C T kAT
PEL, AR 7500, T IE PR IR 10 min, BEIE IR A4
1~3 min, 3 103K, LG 2%, &3k 45 Ti-Fe-O &
4o R X PFEATEHMY (Rigaku Ultima IV) FH TR 2 BE
i ) AR AH AL , SR Cu Ke384 (P61 A=0.154 nm) , &
LR R 40 KV, A B0 40 mA, FH3EE 8 1 () /min,
KA A QA HH AL (NOHS36) - $ AL 38 RE T N
OJCE&i . N T WIS Fe,O, & & Fal T ok R ;)
TOMLH LAY F2 R , SR F 600°~30007 SiC b4t e st 25
FAELASHFE S VEATHT B FHLAAL G | 388 3 1 v -
s (HITACHI S-4800 N) Xt HL A WA S5 B4 7 AL,
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2 HRESH
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P53 BN Ti-2Fe, O, PRAR I ok & 3 Fe, O, 17 5 16
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PELE Ti-aFe,0, (B 1(c) ) H BB 1Y B AT 5
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PR B A7 B — s BRI BA R S T L. AELHY
YA AR i B i — AR i Fe, O, 01, BB 51 A
(L8 A S A R T YT BN PR R K Fe,O, 43
fifJ5 Fe B O TCER A9 1L, BREA 7 A5 T A% A8 52
T TiHARRE R HESh Fe 5 Ti 7 & A B H [E%
BAHMY LLAFIE— 2 b T A St B K

(a) Power | o a-Ti (b) | 0002 (101D eq-Ti ()
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A i | a .
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Fig.1 XRD profiles of D, Ti-Fe,Oj in powder,sintered ,and rolled states(x=1.43% .2.86 % ,and 4.29%)

(a)powders; (b)as-sintered ; (¢)as-rolled

Xt KL S D 4l Ti Al Ti-2Fe,Oy (2=1.43% .
2.86% M 4.29% ) O MIN LR & B JHATI &, tngk 2
FiRe OTCERM G RBEE Fe.O, 7 it iy 38 i ag b i

;E 2 :.'F.z‘\‘il..:;gl)so Ti—xFe203E’\'] OFIN i%gé ( B’%%ﬁﬁ/% )

Table 2 O and N contents of as-rolled D,, Ti-xFe,O,

(mass fraction/ %)

Sample Ti  Ti-1.43% Fe,0, Ti-2.86% Fe,0, Ti-4.29% Fe,0,
Fe, 0.08 1.08 2.08 3.08
0O, 0.08 0.51 0.94 1.37
O 0.62 0.95 1.73
N 0.03 0.02 0.04

m

Note: Fe,=Fe content in Fe,O4 and pure Ti powders; O,=0 content in
Fe,O; and pure Ti powder; O, =measured oxygen content; N, =mea-

sured nitrogen content

LT, A5 O o F i (R O,) i = T3S O
(FHO)HE (T 0.01%~0.36%) , X il fE 54k &
G PR 1 R v DL A W SR R A O TR B S R
N B i AR XT3 (KT 0.05%0) o Y Fe,0,35
F2.86 % JE TSR O S B E ik 0.95% .
22 Ti-Fe-OF&MMEEL

& 2 K Dy, Ti-2Fe,05(2=0.71%~4.29 % ) ¥ i i)
SEM WO IR o IEIH AT DIE Y, Begs A
FETE D IR A L (B 2R IR B A i), BUR FE 2
H96 %, X 42 Fe,O, R B2 3 . BEE Fe.0, %
YA, 52 BAH LG K, o A SR 2 B AL
#o Hi, Dy Ti-0.71%Fe,0, ([ 2 (a) ) #l Dy, Ti-
1.43% Fe, O, (1 2(b) ) i o AH S 522 B3R HL R 1Y
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B2 B Dy TioeFe,05(a=0.71% , 1.43%,2.14% ,2.86% ,3.57% ,4.29% YRE&h SEME (a)~(1) & Dy, Ti-3.57 % Fe,0,EDS F (g)
Fig.2 SEM images of as-sintered D, Ti-2Fe,0,4(x=0.71%,1.43%,2.14%,2.86 % ,3.57%,4.29% )
(a)-(f) and EDS images of D4, Ti-3.57% Fe,04(g)

B R Ca A2 it RS 24 30~50 pm) o B Fe, O
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W 5 45 25 FEL 75 D4y Ti-3.57 Y Fe, O, kE fi R 47
EDS 1 35041, & 2(g) MK 3(g) s . {3 Fe ot
RS L TP o A A 52 1 BA X, AR O ot

RINE A AR X IR, A Fe iR AR
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T T R g A FIELAHRE Sb g AE 5 b, ELASFE R T R
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IVEF T i — 200 B HOF R 72 A0 O JTRTE R
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J T B IEL A Ti-Fe-O A 4 BHIT o 1Y
Mr 474, R I TEM Xt 4L i 25 Dy Ti-1.43%Fe, 0,
(D, Ti-1.08Fe-0.620) il Dy Ti-2.86 %Fe,O; (DyTi-
2.08 Fe-0.950) ¥ it #E A7 KAk . W 4 (a) s , 78
Fe, O, &1 M 1.43% B9 Ti-1.08 Fe-0.620 54, o
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85 nm. &l 4(b) Jay 8 DX I 1) 35 DX L 7 S B0 A S R
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B3 HELZ Dy Ti-aFe,05(e=0.71% ,1.43%,2.14% ,2.86 % ,3.57 % , 4.20% Y¥E fh SEM &l (a)-(£) & Dy Ti-3.57% Fe,0,EDS [l (g)
Fig.3 SEM images of as-rolled Dy Ti-2Fe,04(2=0.71%,1.43%,2.14%,2.86 % ,3.57%,4.29% ) (a)-({) and EDS images of D, Ti-3.57% Fe,0,(g)

i%s ag'zc—l:l lu\?u*;LELIL.\D;;()Ti'xFezO:,%ﬁI:F ”*H £tb
Table 3 Proportion of 8 phase in sintered and rolled D, Ti-2Fe,O, alloys

{3 phase Ti-0.73% Ti-1.43% Ti-2.14% Ti-2.86% Ti-3.57% Ti-4.29%
Sintered 10.3 12.7 13.5 15.2 21.1 24.1
Rolled 22.1 25.0 28.1 32.2 37.0 40.5

muw%

| 610
©01) %

(@ﬂi}@) (@ﬂﬂﬂ))

B4 L Dy Ti-1.43% Fe,0,(a) J Ti-2.86 % Fe,O,(h)FE bt TEM O ZH 24 8 F
Fig.4 TEM images of as-rolled D, Ti-1.43% Fe,O4(a) and Ti-2.86% Fe,O4(b)

TEAZAL, B 230 UL T ) i 25 R o A, HL B AR
b7 LRI 3020 HAEAS I A&, BT Do 4l Tik kL
BE/NCEREZTERKE PR , BN E2E Tid & A
RS (WD), N Dy 4 Tioky il 5 A 4 M T
HABARE S R Fe SRR H & AR AN & L
MR R, O ST R B KRN o WTE %07 A3,
ek o« JE R . RIL, 3PP & & BAR L A8 X OB 45 AT R

SEAFAE I B 22 57, Hodh Dy 4l Ti# ) 45 10 A 4 g A

B AR O™ HE I AOK B AR o M, 38 17 70 38 1 %6

YK a A o

2.3 Ti-Fe-O G&£NF RN
NKE%@fEMPﬁﬁﬂ%ﬂuﬁyeoﬁ

ST E IR MEFR S PR PEREINA , 75 8] TRER J1-0 A8

&k 6 (a), (b) frs . i}f&ffL{@'ﬁfEﬁ Fe,O, & & Y
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5 AL Dy Ti-1.43%Fe,04(a) & Dy Ti-1.43 % Fe,0, (b)Ff il SEM BOIALE B A
Fig.5 SEM images of as-rolled D, Ti-1.43%Fe,0O4(a) and Dg,Ti-1.43%Fe,O,4(b)
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(a)BE2E25 Dy Ti-2Fe,04(r=0.71 % ~4.29 % ) & 4 0 7 -1 A8 #1283 (b) AL Dy Ti-aFe,04(2=0.71%~4.29% ) &4 v J1 -0 28 it 2% 5
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kR GB/T 13810—2017 H Ti J& TiG 4 M RHAERERT Lk

Fig.6 Quasi-static tensile results of Ti-Fe-O alloy at room temperature

(a)stress-strain curves of as-sintered Dy Ti-xFe,04(2=0.71%-4.29% ) ; (b)stress-strain curves of as-rolled
Dy, Ti-2Fe,04(x=0.71%-4.29% ) ; (¢)stress-strain curves of as-rolled (D, Dg,) Ti-1.43 % Fe,O4; (d)as-rolled
Ti-Fe-O alloys in the present work comparing with GB/T 13810—2017 standard

Ti-Fe-O & & 454 SR ae 15 2t — B4R T, $ELE
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ERMAF1.15% M 1.73%) . TSEH O &AL
2w AR BRSO R 12 2l L i S il 22 A AR T AR
3, TR R TR, zﬁé‘l‘é‘l 6(c) R FLAS
(D, D) Ti-1.43%Fe,0; & 4 M 6 (b) 1 Dy Ti-
1.43%Fe,0, 5 4 1 T EFRAS RN L5 3R, v KLk
L D, Ti-1.43%Fe,0, Fl Dy Ti-1.43% Fe,0, J1 2 VEfE
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2T, 10 Dy Ti-1.43%Fe,O, & 4 BT HL ik B 1A 1) 1447
MPa, #1558 Ti5 @K B IBPEEE  WE hR
HA58%., F8IEH T DyTi-1.43%Fe,0,4 44l Ti
i O & i im, O [l A R AR 58, B o AH 1L
(D Dy) 1.43% Fe, O, & MAn /N, 4i & i Ak A
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Fig.8 Tensile fracture morphology of as-rolled pure T1and Ti-Fe-O alloy
(a)pure Ti;(b)Ti-1.43%Fe,04; (¢) Ti-4.29 % Fe,O,
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