Metallurgical Engineering 184 T2, 2015, 2(3), 107-121 Hans X
Published Online September 2015 in Hans. http://www.hanspub.org/journal/meng
http://dx.doi.org/10.12677/meng.2015.23017

Research Advance and Application of High
Titanniumferrous with Low Oxygen

Zhihe Dou, Shigang Fan, Chu Cheng, Ting’an Zhang, Guanyong Shi

Key Laboratory of Ecological Metallurgy of Multi-Metal Intergrown Ores of Ministry of Education, Northeastern
University, Shenyang Liaoning
Email: douzh@smm.neu.edu.cn

Received: Jun. 13", 2015; accepted: Jun. 30", 2015; published: Jul. 9", 2015

Copyright © 2015 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Open Access

Abstract

With the increasing needs of special stainless steel, pipeline steel, automotive steel, and marine
steel in recent years, the high titanium ferroalloy is becoming a great demand in the market, and
the requirement of oxygen content in the high titanium ferroalloy is demanding. In addition, with
the popularity of feeding refining technology, the need of high titanium ferroalloy core with low
oxygen residual is becoming greater. China is developing a method of preparing ultra-fine high ti-
tanium iron powder with low oxygen residual by fluoride salt aluminothermic reduction. The
content of oxygen, aluminum, and silica is less than 2.0%, 4.0%, and 0.5%, respectively, and the
content of impurities such as S, V, Mn, C is almost zero. And a ten-thousand-ton production line
will be under construction. At the same time China is also developing a new technology of prepar-
ing high titanium ferroalloy with low oxygen residual by step-by-step reduction, of which the oxy-
gen content in the high titanium ferroalloy prepared is 0.23% and aluminum content is 1.5%, and
enlarging test is also being carried out.
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TERH NN — 5 B4R, PTCAAIG SRL, 8 5 v B 1) 5k B RN LAt R R [1]-[3] 0 (K & B AR E BN
B+ R . N4 Bk AR A 4.5 glem®, Tk EL N 7.8 glem®), 44 A X /& (1690°C, Tk
() i 1535°C), X B %A, HEMASTERNWRIE F XA, BASEH & E, FIEAES
RSN M . e S TEFIIFTCHI T &R & 4, B “HRa8” , D
BAE SN E N B . SR A SARYE S A R AT 70 = Fh[4]: RERBR A & (kR ~30%); +
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RIS, T HL RS SEILERAE AR R I A 0 AT, [RIAN RO BON SR R 2 R AL 504k, R
PEE M R B AN i B, X2 H AE WU A Sz —, B “Eina s [2]. REE NN
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P 1 & RREHE 2007~2014 4F kit & [ 7]. B 1 AT BUE H, 2008 4F DURT TS S Bk 8k 1 7 SR 5a 2,
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Figure 1. Imports of high titanium ferro of EU from 2007 to 2014
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Figure 2. Price trend of high titanium ferro of the world since 2005
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B ISP B IR SR A P IR B B P ARBR Bk o AR MV IR R B A M 71 24 K 25 B R AT HAp
TR FRIE SRR AP SR RGE A7 1) 30 TiFe (IRERER) S /MR 2> 40 TiFe (HAREK) o BUAT AR Al R I I s B ik
WK R R N JFR I BARE A ™, SR AU s e 5 o R [ At AR BN SRR 2
BEAE T AR, (ER MR RS E I BT P AR BRI B R, U, i AR E
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Table 1. Grade and composition of ferrotitanium of China (GB/T3282-2012)
2 1. FKESNEAhE S KRk 5 (GB/T3282-2012)

P IR (T3 5501 %
s ; c Si P S Al Mn Cu
k AT

FeTi30-A 25.0~35.0 0.10 45 0.05 0.03 8.0 25 0.10
FeTi30-B 25.0~35.0 0.20 5.0 0.07 0.04 85 25 0.20
FeTid0-A 35.0~45.0 0.10 35 0.05 0.03 8.0 25 0.20
FeTi40-B 35.0~45.0 0.20 4.0 0.08 0.04 95 3.0 0.40
FeTi50-A 45.0~55.0 0.10 35 0.05 0.03 8.0 25 0.20
FeTi50-B 45.0~55.0 0.20 4.0 0.08 0.04 95 3.0 0.40
FeTi60-A 55.0~65.0 0.10 3.0 0.04 0.03 8.0 10 0.20
FeTi60-B 55.0~65.0 0.20 4.0 0.06 0.04 8.0 15 0.20
FeTi60-C 55.0~65.0 0.30 5.0 0.08 0.04 85 2.0 0.20
FeTi70-A 65.0~75.0 0.10 0.50 0.04 0.03 3.0 10 0.20
FeTi70-B 65.0~75.0 0.20 35 0.06 0.04 6.0 10 0.20
FeTi70-C 65.0~75.0 0.40 4.0 0.08 0.04 8.0 1.0 0.20
FeTi80-A >75.0 0.10 0.50 0.04 0.03 3.0 1.0 0.20
FeTig0-B >75.0 0.20 35 0.06 0.04 6.0 1.0 0.20
FeTi80-C >75.0 0.40 4.0 0.08 0.04 7.0 1.0 0.20

Table 2. Grade and composition of ferrotitanium of international/ASTM A324-08 (2013)
52 2. ElFRERERRE S AR 22/ASTM A324-08 (2013)

e Y9 Ti C Si Al Mn P S Cr Ni Mo Cu
A 65.0~75.0 0.15 0.25 0.5 0.5 0.05 0.05 1 0.05 0.05 0.15
B 65.0~75.0 0.2 0.25 5 15 0.05 0.05 1 0.05 0.25 0.2
C 35.0~45.0 0.15 5 8 15 0.1 0.05 1 0.05 0.25 0.2
D 15.0~25.0 5 5 8 15 0.1 0.05 1 0.05 0.25 0.2

37 Ti Co \Y Pb As Bi Sn Zn Zr B N
A 65.0~75.0 0.03 0.5 0.01 0.01 0.01 0.05 0.01 0.1 0.01 0.15
B 65.0~75.0 0.05 15 0.03 0.01 0.01 0.05 0.02 0.5 0.02 0.2
C 35.0~45.0 0.05 15 0.03 0.01 0.01 0.05 0.02 0.5 0.02 0.2
D 15.0~25.0 0.05 15 0.05 0.01 0.01 0.05 0.02 0.5 0.02 0.2
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Figure 3. Price trend of sponge titanium of China from 2008
t0 2013

[£] 3. 2008~2013 £ HE;ELREMNMIREL

()



oW W % U B A = B PR LS
NG

Figure 4. High titanium ferro purchases of typical steel Co. in
some month of 2014
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Figure 5. Low titanium ferro purchases of typical steel Co. in
some month of 2014
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R A 2, T ELRe % SCIARTEANI K350 50 3 A, P BN 1) doRn 40 A T SR R85 S) 4k S B B ZE A
B () SRR /N RT3 540 B4 5 M AN ) B B AN R B, BT DA KR G R AN v M I FR 1 — PR
BRAAE. FHASLIMERE T T2 LGSR RERN . RN A M. ERERBER,
HETFHAEAN. 252545 MR o i A A 8K 0 SR 4 Rk 0 A NS4SR F A s 2 R 22 vk AT, TR
E RS A TR TG, MCTE RO AE 7= i & S X T 76 B M R A &b k. IRk, TR RAK
SAUIRTR B e o IR A Rk A G USEA AE 7= J7vE GG R FH R AR P AN [ i A Rk 0, 8 02 FH o ot o 7 240 Bk
AR =T, i R AR R Fh & S RS R ) SR IE H%

H Al 232k [ % [ Bk Bk RS R 1B #08 1SO  5454-1980(E)niE, HEATIX 73, fdi i brbnvtE ly
ASTM A324-08(2013)45ifE, ERERAKA AR 73 NN, WA 2. 4% Hh 32 2255 9 R AN 2 g A~
FEHX, HAp R W m R R B R R, X LA E AR MR R i N R R AR R, DR AR
B RN AR AR IR AR G . X 53R E AR 2 A W X A0, H AT E kS & 55% LA T
IIRERER 1) R R a8 2 UL & 20 A N R RER P AMa P SRk B e 4, RIS ae . rE. AR B AR
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3. BRBRETHE
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FA S HOAT DAL B R BUR BB A ME— 7, 2k DR R B AR O R IR EL S, — R
PRSP e, A B AR HA R STUP A R B OR 7 A AE F A o P R S A R B P A K g S B A 7
Rk SRR TS L AREL DUR AU I TA R 2 B 2K, HASRER 1 DL TH R R v 3, BR
P CLR R TN AR N o DRI, AR BT G R i ik [ o R ) S EE R A ™ e Bk o
HERIEARANE 3 PR . SEPREOLR M Wi R Bk v 4 & B ey, (EARSR B R i =

EE R R E, ITERERELZA VIR, LT A i ) 2 ek
MLZ, i T2 6 Pros. % LZ0E4 & Bl EIE I B AU IRV, BEE ARSI L 20
PLtl, 4 i R R ER ) S E— AP 3R r, ARAROE AR Bk P I S B TR RIE 0.19% B R/KCT, ARG i
AT T RS IR RSk 5K, 1% T2 H AT IF e AR R .

HE FFRAE T AR S R R R, R E SN L CASE B O R B R ek, B
7 AR R A% S HL BTSN, — BREAE N R, H TS AT SRk 26000 Jo/MAR T H sA i FORR AN 4%
KRRWMAIER Y, PR R JFURE A ik RIS S2 R ERM SR IEA IR sz, FRE BEAE A 7 i Bk
AV RIS, 500 Wl/AE AR A A b ARAR 2D, DRI i B s ok, ™ A 1 AR A ]

3.2. ¥PSMBRRGERIE[11]-[13]

<) AR JRIFE F < (U L 8. BS AR ) IOE BRRIE T 53 — b s S AL ) AT A5 21 < Je 7 il R T i
HT T30 SR S BT O REERE, BE DRAIE S L AN HEAT AV <870 8 T AN 7 A R BLYR IR, et AR ahii
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Table 3. Standards of high titanium ferroalloy via remelting method (mass%)
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Figure 6. Flow diagram to produce high-titanium-ferrous
via remelting process
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FEXTHE AN, FEAS S BORREAT o Sk 2980 [ S A1k AR, %A S0 B 45 3E N A 4 AT & 4
TEEWA. EEOIRIY A BPH R AR R, X BE AT AR R SRR G, SORT DAAEAR R AT R
MDHANEET . FTLCRASEERER A3 S S S TR b A RIFER . @ ds ek gkt ar
ERIFRIIRCR, FF RS .

IR REFIRAY R . CaO 5 [N A ) AlLOs 45 & T B Z8 S AL AR RS, T BRI v
(s, e Homah e, A, CaO MIBRIERRT Tio, WPHLE TiO 5 ALO; 4 &, AR THE sk a
W o BRERAE P it FH A KRR A K, BORAAE I RIS 1S 24 h, BriRAS 8 h.

FAR AGEIR 5 4 2040 P I S AR, AT oRE R REATE 2037.75KJ-kg ™ 7647, T APREHR (1 A7 AN
T T (B A 2 PR AR AN oL R SR BB, R T AR IR B RE A REEAT, R BN MATTEORTERR, i
I BT R LA . — MR AR AR A R G AT A R SR BRI L RAE SR A SN E R AR
PR SAAEE RSB, KRR, DK AL Si S48t R S BB S e S ES
ik 5%~10%, 5 H 10%, X2 B A 0 RVER P T2 A 7 BBk 1 B K I 22 )

2005 4F {5 75 [ bR s Ak i AR T, P abE e R E S B TR R, s L ARRTT
S ST TR R ERAEAE k. OIS A 4 LS TiO00% 7 4 I RR &4 A N ERL, R4
FRRGE R PR ik, 48 20 kg 4. 200 kg %1 500 kg 255 =AM Bk Tk iREs, WS T BETE
FEAR ARG B AR TGRS, E7= AR 73.77% M Bk ek, AR RIICRILE] 78.83%, (H77 5 Al & &
e, Mny Py S, CEEEARRE. 2008 FhEAE LML G 4 A R 2000 M/ SR Bk AR P2 4 i G F
E A VA DAL A R ERER P NEA = MR B G 4 1), AUH — 28 AT NI R S Bl AR
EHHT, A E TR RGE A PR AN R RS T AR AR

Jb5A 8 R T e B & 2 1 J5RE, SR AMEROE GRS T R BB, BREE
A, HARB AR O S ER . EP S A S B S, 7E 4%~8% RN, B T 2 ME DT
FAIRE T BEAMIAE P AMEE = SR A ST, FE Mintek 2 &R H B #4563 7 i 048
PO R ) £ m e, ERRAT R T T IRCA S &, HARMBIASTE, Bl —KiE)R
A Be i U B 2 1 = Ak [ 14] [15]
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B AR IE JFUR A P i BRI T2 s B BHIR . AR ON R EREIN =02 =, Bl
DR HERZRE, U E, ZIREMARIRNRL, KR EmEA mk sk g —H2 R .
FOL IR HR AL 8 B2k & Ay — R IR AR REAE ) 46 U7 ik — B I TR Tl 3 2 SR IIE K,
A AF R r A T R AR AE SR BB A AR SR s Bk 5 W T 5 TS T R, W T AR R T R
THnigte.

RACKAARIZEN  REE 2255 NI 70 25 IR 0 Jir B 1) 8 AT SRRk B e R Bk B T %, e 7
P Ge P AN R P IR AR R R BRI A S P AR PR () /[ 16]-[20] B, BEAEPRAR A& ol B &
T, MacehaEkEERST . KA SR R BT 98 R AE S ) SRS R AR R, Sl 14K
AP AR S AR, A R B S B <1.00%, H& <P iRk B B ik 8.500%. T siEl
RE R R AR ER A BRI, R HI AR AES] 250 PRI & S BRI 32 e e RIS R L
I BEAT A0 A S5 A5 B AR A, AR S BT — IR REIE T o) 5 AR SRS B D B e BBk R R B, AR
TR o W1l 8 W1, SR 202504 I ) 46 (0 e AR Bk A0 B bl — 2D s AR S ) 0.59% A% 21 0.23%,
g 7.80%FF (KR 1.5%, G &P RBRMBA ML, GRS ERNHSEE. Hil, 1EF
BEAT M AR ) 37 16
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R R R G e EURA A R A" 2015 FFERENIF & AT B 325U B HT B e Pl Js kA 7
AR AR & AR OB TR [21] o 277752 DARERIR T N JERE, LA Al-Fe &4 NIE 57, 1E% A 3
H ORISR N AT IR SR A 7 s kA ek i, B R ES 700°C~900°C o S B SR AN :

Fr il 2 PR v EROR AR (R A 25 B0 23 T 2 4 BTz o R T Y 107 VR Pl 2% i Rk 7 45 <4.0%. 1£<0.5%,
A<2.0%LL T, AR 100~200 H . ZAELIRREEF T2 R4 3%, WEAaRRErEal, &5
FEA S IR R R A AU s AR A = (R A P SRt T R SRR S A T IREAN R DR TR
PR it JoE B o e ARG AU B R BB A o R A A 7 B 8 o (RIS E AN SO AR 77 2 48 S 200
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Figure 8. Morphology photos of high titanium ferroalloy
prepared by deep step reduction method
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Table 4. Chemical composition of high titanium ferro powders prepared by the new thermite reduction inK,TiFg/(mass%)
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Figure 9. SEM and EDS of high titanium ferro powders prepared by the thermite reduction in K,TiF
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Figure 10. Pipeline steel yield of China from 2003 to 2010
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Figure 11. Demands of high titanium ferro predicted based

on Pipeline steel yield
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Figure 13. Demands of high titanium ferro predicted based
on shipbuilding steel yield
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