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Control of Fe Content in SP700 Titanium Alloy Ingot

Zhang Kaifa'*, Yun Pengfei'**, Li Jiajia"?, Liu Hua"*, Yi Ke"*, Wang Chaonan'?, Li Wei'*
(1.Western Titanium Technologles Co., Ltd.; 2.National and Local Joint Engineering Research Center for
Titanium Alloy Processing Technology; 3.School of Materials Science and Engineering, Xi’an Jiaotong University)
Abstract: Fe distribution and macrostructure of SP700 ingot melted by vacuum arc remelting under different
processes were analyzed comparatively. The results indicate that Fe in the titanium alloy presents an obvious posi-
tive segregation trend. Fe content in the core of the ingot riser is 2.38% , and cross-section range is 0.58% , while
that in the core of the ingot bottom is 1.90% , and the cross-section range is 0.23%. Fe content is increased along
the solidification direction and aggregate in the core and head of the ingot. The uniformity of Fe element in the e-
lectrode block is improved by adjusting the process route and selecting the appropriate intermediate alloy and dis-
tribution method. Meanwhile, Fe segregation is effectively inhibited by taking melting parameters such as strong
cooling boundary, 1 000 melting current, strong stirring intensity, and long feeding time. After optimization, the
composition distribution of the ingot is more uniform, and Fe content in the center of the riser is 2.03% with
cross-section range of 0.21%. The grain size is reduced with homogeneous structure, and Fe segregation in the e-
quiaxed crystal region is weakened.
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Fig.2 Circumferential sampling diagram of ingot
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Fig.4 Cross-section sampling diagram of ingot
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Fig.5 Fe distribution of cross section of ingot A
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Fig.7 Sampling diagram of ingot A riser in central axis
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Fig.8 Fe content distribution of ingot A riser in central axis

PEE B B YIBRE HORGE R FREAT 4 SR
ey 5 AMRYIT N BB ARy - B DR DT B
18RI Ca D JEESE 2 8 YD (O THD BEHE 3 PR YT (¢
D FEECHE VI . X 5 A8 V) i & 4 4 5 k47 13
MBI Fe & & KIS RILE 9, Wy HAA T W Fe
TR AT A S EE A AR L O R Fe 5 &
BWTEARBEIK Fe R MAMEAN R, B AR
S Ml R e 45 ot T TR BT 300 9 Ry 1) AR K U R O
AR BE A 17 LR IX ,a THBE O 0.25 R Ak Fe & &1y
AN 1.91%.,6 W HEOH 0.5 R 4 Fe & & ¥E N
1.85% ¢ ML 0.75 R 4k Fe & H{E M 1.81% , i
WITERE 59\ Fe & & UYL ER 4 m 8 O 45 fL &} E &
W i 1 A BT 1) 5 R 7 e SR AR A . H HG R Fe
TN 2.03% W 22 R0.21% . B FHERE A 3> T
0.35% F1 0.37% ,3 /> 5E Y b BT Fe & & (194 KAEAK
WH 2.16%.2.06%.2.04% , e /NMEMK K N 1.79%
1.73% . 1.71% . 5eR8EVITH Fe & BB KME N 1.94%,
W2 R 0.18% i HsE A W 2EW/ 0.05% . #%%5¢ B i
RBE AL 25 0.37% 5 A TH - 258 0.284% . 5 5
A S KA R 22 45 0.58% . 3 TP 220 0.42%
U TG B 250 Fe i A 400 ) 2R B L B A7 JBORE: s A
235 5 347085 F b 25K

2.4 2.4

Ww(Fe)/%
[
&

1.8

1ot

FiLd 025R  05R 0.75R FuLd 025R  05R 0.75R
8 &

(a) FodEnm (b) 43k 1 461 @

. .
FLA 025R 0.5R

(o) 3k 246 &

0.75R s 025R 05R 0.75R R 025R 05R
& oA &

(d) =3k 3 4| (o) BRI &

B9 4% BAAEFe LENA

Fig.9 Fe distribution of cross section of ingot B

R ILE 10, FTLLE I H5E B 38 .0.5R 4b 0
SR SE A Bk 4~7.4~10.3~7 mm, &5 A BE.
0.5R 4, .0 #B df kb RO 43 3l 4 ~ 15,10 ~ 30,3 ~
20 mm, %5 B AR W BN TH5E A HALHE
5], Fe JuER AR AR G A A 72 BEAR /N 76 55 Bl

1294

P2 S A S A A AT T 3 AR A R 2R T 1) Fe 3 0
IS RO DN . NP O B R A S B e i =g 1)
LT LA Fe A A5l b DX A 4 I AT

PbE B T Z AW Bk &b Fe SR YR AT - 32 225
A



SP700 k& & #55¢ 1 Fe 7 4% il

SIS

(a) 4 A (b) %4 B
B 10 #4%F r4EmaKEas
Fig.10 Macrostructure of sawn plane of ingot riser
(OEFEFE P E GG L ALV-Fe &
SRE SN 1617 C L AlFFe G4 RS 1160 C L 4H
Y Ti-Fe &4 MM S (1 085 C) 8 £iF THLAY 15 &
(1 668 C),— WK 5 T 548 Ti [6] 1 B 5808
NI, WELE Ti R R 3~12.7 mm, Al-V-Fe &
4 1~3 mm,Al-Fe 545 3~6 mm, Ti-Fe 547 3
~8 mm ARG HE T IR A
u=gd*(p. —p)/(18u) (2)
o w ORI DTRE RS 5 ¢ S F 7 I B2 5 d Dy WORE .
1250 NRURLSE BE 5 0 A WK 985 B2 5 0 R RG22 B0, 00K
FE I W b A TR B2 50K B - T LR B . BRER A kL
JERE R s A s i T 0 R R0 A O s — UM R I st B
TR M B XU A . BbAh . 3EF Al-V-Fe 545 Al-Fe &
BHABWM Fe R HE BB MEE Ti-Fe 544
FH2915.7% . 7T L2 i Fe J0F AE A AR B v 1) 28
32 ) RN R EE A VR T TR A R R v /N EE e
6] 5 48 AT B 23 75 2 JE NSV 4 36 ol H A R i o3 0 A A
51, UL 1T, S B RE AR B L — R ] Y J7 =X
FHA3 2 A0} A5 45 H il e i b4 ot o A S A

o MLEES

B 11 kA Xt

Fig.11 Optimization of electrode block distribution method

(DR KRB HRE  WHKAERA AFEE R E
BRI O i I XA B B 1k 35 B S AR AL 5
O i 25 5 B B 4R A v o v K HE I I AR
5 CJa - 58 [ ¥ 19 2o ¥ JBE RIS J3E o0 52 308 O, ¥ A JEE
TIPR o T8 5 TR A DX 6 € [ IS 0] 45 . AR Aziz BE B B)
Ty AR SR AR S 1 TG TC 2R B R 5 O [
v RARA

ks +Rv/D;

14+ Rv/D;
ko g A1 i 23 B AR KGR O [ T b i o 9
R I A BB RUBE 5 D, ol 1 5 I 1 2 5 [ 5 T Y
PR K Bl B 1) 38 R bk v 0 I R BGEE T 1.
S5 di i A A5 B 30 O SE B OBSEUTE Fe & 5 A 22 08
N

O/ NERRRI HAs [ FE UG Had 72 P e B
HL L S ) B B it BTS2 ) e KA 2 8, S TR Y L RRUE
PR BB R i S AR R R R B 1A
i FL U R A A E I DX T SRS e b % v I BE
R PR ) A A R B 2 I I . S S T e A B XS
Fei b T AL R 0 L B A I TR O 4 e AT AR
FEAEVEN WOl T Fe TR MmAT . 55 B R/
iR TR T 207 B K R R AR 5 kAL (A
T A5 e HfE I 5 72 O i P9 /S T LA DX R RS A
PRBEFZLZL . AN o AR oid B v PR A5 R X B AR i Ak
TRE LA I [i] PR A0 Tt ) e T R D, AT
WS e 4yt

(OHRPEFERE B2 BRI AR 8l
A PIAAE T - OF € 185 0 v oI ik e v, I3 Bk 28 3 08 5
QP  — I T 5 4 2 T A4k B — T T e 2
B SC R Y o . RROINRE S T S S Btk AT
F ] A S AL R AR OICH fi ] 40 5 DA M i R L K
T A b 45 5 R 52 A5 1 ] S0 9 R Y 5 e R T AR
Tio AR S K AT O WA PR AR 5 AL J& il T R W A
71 NIl B 77D N R el L N o iV P O
T TR 49 T 4 0t 52 A TR AR o) oo R 67 R v 3 B
O B Al ey DX ] 22 1% Oy Fe J0 3R 45 & fi A $2 4L 17 IS
[R5 A N = e I 2 1A T IR 7 S B 8
A7 TG FR ) R RB R ALK 925 Tt A28 1) ¥4 2088 2 U0 /N el 6 4
T AT A FE EE 5 ] e o AR I A 1] ) A B
10 s, 42 (R 1 4 Tt A0 950 1 o B2 L 08 il 2 B 4 Ul 3 B
PR Tt T VR A O X U A AR O O BE I () 4
Bl o ELIRRE SR RGOS o VAR X T O [ 7 A e R
s o [TV X T B D0 /0N 5 I P ASE ot B A A Tt N
W AR AL TR R B 1 B [ R L T AT
il Fe JTRAmHT .

GO T2 Wrol s ¥ 58 b 3R # R 5% 72
VR B 5 1) B 728 Sy e Y ] g O AR TR ] e R 0 A
Hh AR BRI 4 » i 26 6 ] DX I T8 J 4 P RN 4 L. SCTE
W i 3SR 02 6 v o ARG P I DR R B b A 2 —
5 TS A5 s 2 PRV O — T AN W B A1 4 ik A
Hash T . P EE B 3G N Ah 45 TR RS L kb
245 9 Bk I ) S, BAAS I ) i A8 Tt 118 AR AL
1295

ke (3)



R W MO (54 2023 AR5 43 55 9 U]

e TN IS O 1 IR A R RN o A o 7 R F I ) A b 1R [7] HAND, ZHAO Y. ZENG W, et al. Investigation of slow eutec-
TE%% ‘%ﬁrﬁvﬁlj\ ,Fe fﬁ%%jll:r:'ﬁ‘ %B ,;E;% (9 ‘ﬁ%‘(ﬂ,ﬁ L EA{ toid element on tensile properties and superplasticity of a forged
o SP700 titanium alloy[J]. Metals, 2021, 11(11): 1 852.

e [8] #5228 BEaE, T5CHL. 55, SPT00 4k & 4 47 4L ) Jof B A0 24 450 3 5 il
3 2 B TR MR T A 4w A RS LR, 2019, 40(3): 31-38.

[9] CHUNG W C, TSAY L W, CHEN C. Microstructure and notch

N roperties of heat-treated Ti-4.5Al-3V-2Mo-2Fe laser welds[ ] ].
(DBREEIRSE . SPT00 k4 4 #55E BERI 1 Fe o it — ) .
Materials Transactions, 2009, 50(3): 544-550.

AN Sy ST 3% b o =
Hﬂ‘b nlg@]ljl nﬁﬁmvéﬁﬁjﬁﬁ%ﬁéﬁﬁﬁgia j][]ﬁﬁia [10] BRAF, Frat ,ailtih, 2 SP700 k& 4 S IR M AT R A 56 &

Ko TEFHFEI M Fe J0 R AT LRG0 5 1 45 £L Rk | [T AR B4 . 2021, 42(2) ¢ 145-151,
2T ek 3%, 5P B S A9 1F Je BT R 3, e AT T T 5 e [ T [11] HAN D, ZHAO Y, ZENG W. Effect of Zr addition on the mechan-
m%zlg_gy , Q@ilﬁ‘lﬁ%%;‘:ﬁﬁm ical properties and superplasticity of a forged SP700 titanium alloy

[J]. Materials, 2021, 14(4): 906-912.
[12] HOTTA S, YAMADA K, MURAKAMI T, et al. B grain refine-

(2) 308 FH & T 19 v ) 4 A 5 205 SR SR v 20
B U L R BERE D A 1 R 2 R T DU A

ment due to small amounts of yttrium addition in a8 type titani-

SP700 k& &% 5Eh Fe M4 mim b . oot 5 '8 H0 3 um alloy, SP-700[J 7. ISIJ international, 2006, 46(1): 129-137.
Fe & it H 2.38% TR 2.03% , #1807 1% 2 B (130 BF B A » /N E - S5 Bk 4 4 5 A T 0 e 19 197 52 30 (). %K
0.42% FF&H 0.284% . '8 MUREER I 19 &k R ~F B 5 45 Tl #EJE . 2009, 26(1): 1-5.
N B 5T L Fe T028 78 2l 5 X P9 A BT 45 50 9 26 [140 BRAREE B0 X7 5. Ti-1023 4 4 #5 5 R BT 4 1 L0 . 5K Tl it
J&. 2003(Z1): 56-58.
z % x # [15] B BB, T 22 2% %5 TBO 5k & 4 ¥ 6 1 B B7 L1 1. 20 T T
[1] #4 B.SP-700 4k & & W IF & MM AL A 4 )8 50 5 A 4 2, 2009, 38(17); 13-16.
1998(3): 58-62. [167 R PR X ZE bk, Jo . 10 8 M4k 4 45 6 % Cus Fe il Cr 44w A7 3L
[2] #Eawl VF# . M —. %. SP700 1 Ti-6 A4V £k & 4 41 41 41 1Y HELT AR A 4 J8 b1 RS LR, 2005(4) : 531-538.
P97 R BY RAFAELT ] 02 b B2 . 2006(3) : 71-74. [17] AZIZ M ]J. Model for solute redistribution during rapid solidification
[3] KRB, DH.# 30K, SP700 k& & Wi B M Eor s LT ] W A [J]. Journal of Applied Physics, 1982, 53(2), 1 158-1 168.
4 )8, 2022, 38(1); 43-45. (18] ®/NE, & IR T 5. 5K G 4 H s B FE AL IR i oo A2 v 3R
[4] PARVIZIAN P, MORAKABATI M, SADEGHPOUR 8. Effect of D EER LT ] A A B s A (& 4, 2010, 30(11):1 001-
hot rolling and annealing temperatures on the microstructure and 1 004.
mechanical properties of SP-700 alloy[J]. International Journal of [19] B, B e, X5, 28 K HA% Ti70 & 4 854€ Fe oL X Mm%
Minerals Metallurgy and Materials, 2020, 27(3): 374-383. A& BB LR, 2020, 49(3): 968-972.
[5] BRATF. Eoid . &5k, 25.SP700 4k A& 4 4 45 4k Fa A8 2 B0 455 4L [20] sRANZE, 8 ik, % 0 55, 8 40 & i g AR & 1 w47 R I T B
W] AA 4B A5 TR, 2022, 51(8): 2 985-2 991, L)), o E A G R 2. 2013, 23(8): 2 206-2 212.
(6] SEMS. % fh . 22 . 25 44 U SP700 Bk A 4 4R b 40 41 S ) 2 Pk ik (mE:XNRIETE)
rsg )] T T2, 2021, 50(6) ; 123-126.

[ ]

f A —3 +
; (FFMBEEREERSEMERES i
z CRERM i3 T (05 & )25 B v R BOR h 2 28 o LR TR % 2 04 1 2 2 i DUHLAR T 281 58 7 26 ) 3290 i 42 [ i
PRI T P AN TR AT 00 R SO0 T E R I8 SO V5 40 TR SALCALMA AT Scopus % [ P AN BCE

R B R GO 9519 4 5 007 B FI— 455 TR P2 BRI 60 451 B 9 0B A M o g1
P NES i
b P 0 A R T GE R R T 4 R L R € A ) R R PR T R AT (5 e B A R
DO T B KPR RS R DSBS U 0B B8 L A I 4 R BN B A B R S
b B GRA RO K TR A T B AR TR 0 T B B A G R B & (R ) R A KA B A T ]

3 B4 TH A 3258 0 T U 25 AR AR BT R 1
+ ok BT VLR KU 7 % 26 5 +
1 s 44 - 430019 +
T T A v IS T 3 (R = 4 ; g5 1
L SR G S RERIOARA Y H 17 027 85358206 , 85486024 !
} = f£11,027-85358127 i
1 i P ik : www. special-cast.com i
i HE4E : tzzz(@ special-cast.com i

1296



