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Abstract; With the development of science and technology, the application of titanium and titanium alloys is

becoming more and more extensive,and titanium scrap is also increasing. How to remove the solid dissolved oxygen
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in the titanium scrap is an urgent problem to be solved in the titanium industry. The existing deoxidation method has

disadvantage both including low efficiency, and difficulty in separation of molten salt from metal etc. This paper

proposes a new method to directly remove solid solution oxygen from the titanium scrap by using Ho as a deoxidizer

under the equilibrium of Ho/Ho,0O; and Ho/HoOCl/HoCl;. The thermodynamic calculation results show that the
deoxidation limit of Ho/Ho,0; and Ho/HoOCIl/HoCl; equilibrium is 280 g/t and 12 g/t at 1 200 K. The experimental

results show that the deoxidation limit under the equilibrium of Ho/Ho0,0; is 420 g/t at 1 200 K. As the content of

Ho,0; decreases, the deoxidation limit decreases; at the same temperature, the deoxidation limit under the

equilibrium of Ho/HoOCI/HoCl; is 180 g/t, much lower than the deoxidation limit of the Ho/Ho,0;

equilibrium. The decrease of HoOCI content reduces the deoxidation limit, indicating that the formation of HoOCI

effectively promotes the deep deoxidation by Ho metal. Theoretical and experimental results prove that the addtion of

Ho as a deoxidizer can effectively remove the solid dissolved oxygen in the titanium scrap with the help of the

generation of HoOCI.

Key words: titanium scrap; deoxidation; rare earth metals; HoCl; molten salt; thermodynamic calculation
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Table 1 The standard formation Gibbs free energy of

related compounds and oxygen dissolved in g-Ti at 1 200 K

Standard Gibbs energy of formation,

Compounds AGP,/ (] mol-1) Ref.
Ho, 05 (s) —1 537 100 [6]
HoCl, (D —720 900 [6]
HoOCI(s) —784 500 [11]
NaCIl(D —300 100 [6]
Naz; O(s) —245 400 [6]

KCI(D —315 400 [6]
K,O —178 500 [6]
CaCl, (D —616 900 [6]
CaO(s) —509 700 [6]
MgCl, (D —459 900 [6]
MgOC(s) —469 600 [6]
MgO(D) —427 000 [32]
O % In BTDV —476 800 [17]

Note “1)”:1/2 Oycg) =[O7Jin Ti(1%). Henry’ s law, the mass

fraction is 1% solution standard state
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M-CI-0 system at 1 200 K(M = Ho, Na, K, Mg)
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Table 2 Basic information of experimental raw materials

Materials Form Purity/Grade Supplier
Ti foil 0.1 mm in thickness Pure titanium? Baoji Chenhui Metal Material Co. ,Ltd.
Ti-1. 0U Wire withl. 0 mm in diameter ~ 720 g/t O Baoji Chenhui Metal Material Co. ,Ltd.
Ti-2L Wire with 2. 0 mm in diameter ~ 1100 g/t O Baoji Chenhui Metal Material Co. ,Ltd.
Ti sponge Spongy = 97.0% Pangang Titanium Industry Co. ,Ltd.
Ho Lumpy = 99% Hunan Nuggets Rare Earth Technology Co. , Ltd.
Anhydrous HoCls powder 99. 9% Aladdin reagent
Anhydrous KCI powder >99 % Aladdin reagent
Ho, 04 powder >99.9 % Aladdin reagent
HoOCI powder Laboratory synthesis
SUS 316,

Stainless steel crucible

Ni:10% ~14%

Cr:16%~18%
Mo:2%~3%
Fe:Margin

Kunming Iron and Steel Co. ,Ltd.

Note “2)”:Commercial grade pure titanium(~ 99.5 %)
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V3
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Ho metal

4 ZREBTEE

Fig. 4 Schematic of experimental apparatus
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Table 3 The initial amount of raw materials in the titanium crucible in the Ho/Ho,0; equilibrium experiment at 1 200 K

Exp. No. amo Ho/g Ho.03/g KCl/g Calculated deoxidation limit/(g« t=1)®
1 1 6. 60 28.3 280
2 1 6. 60 28.3 280
3 1 6. 60 3.40 26.9 280
4 1 6. 60 6. 80 26.9 280
5 1 18. 10 17.0 280

Note “3)”: Approximately 2. 5 g of titanium sample is placed in the titanium crucible, the same is next; Note "4) " :apo— 1 »@Ho, 0, = 1,the same is

next

%4 1200 KT Ho/HoOCI/HoCl; F & SL I 4K 30 3R Fh R #L B 10 8

Table 4 The initial amount of raw materials in the titanium crucible in theHo/HoOCl/HoCl; equilibrium experiment at 1 200 K

Exp. No. ao Ho/g Ho, O3 /g KCl/g Calculated deoxidation limit/(g « t~ 1)
1 1 9.56 22.2 12
2 1 9.56 23.1 3.25 12
3 1 9.56 23.1 3.25 12
4 1 9. 56 20. 3 6.92 12
5 1 9.56 20. 3 6.92 12

SR B s b R R Ho R 5 B R
Ho, O, 8 HoOCL H3 AR i 21 Bk 435 v, S8 K5 J2 )5
0.1 mm BYBRGETRLE S 8 b U7 GiE 96 4 s 5 BhokE

ity 22 18] PR 22 i) o R BRORE i (e BR T L 4R R
KCTOR == SR g 7Kk 73D a8 HoCly By A A SR 3 3
Ho A 2 AT e KCLIE R Ho, O, AT A2 E 77



%1

ARSLE A SR Ho A% B BR B ERE H 14 8 7 4 47

1E. RIg ik 3] Ho/Ho, O, V-5, Atk T Ho/Ho, O,
V-7 S R T KCLAE 8 . 72 A 85 B9 31 3 vh
A2 A0 g W AR R (UK 43 B 8% B 4850 - e
BRI 38 TEAAS 55 B0 41 3 O SR T OIARE B AN 5 A 3
Wi AT 8 H

AR NATIRE T D3R4 a2 1 200 K, Jf:
PRI 48 h, PRI R B il T & AE g Ti H i 4k
FRBE 1 T2 R T ] A2 DA B3t 4 1 3k 817 £
e T 4 5 5 85 SR o A [ 0 e AR JBE 1) BRRE i 8 AR
Ab PR S8 B L AR AR ) (25 SRR 5L T X — . P
A8 h J5 K AN BT I8 U IR AE K T K UV TR B
M 38 5 IBCHS R T 399 K R s R DD EI L
B R i IR T TR A R R R TR VA VR
ZEIR KT DR it » 23 B L3R T B ) s 6
2.3 S

K XRD(X 217 51 X Ho/ HoOC1/HoCl,
P (S0 4 0 4R FE A R R AT R I 0 A AH 41
B. R LECOCTC-400) il 5 Sh R 5 b iy 420 B
FH HF-HNO,-H, O(1 : 4 & 10) 1R A W6 B 5 i
FTAL A T ol o 25 o AR it 3% 10T 45 B 9 o 288 R I 4
Y1 (HoOCD , 8% Ji5 F 25 48 7K L T8 RS R P 844 YK b ok
B e TR WA B S TR $R R i R R A
1 gy iR BRI & OUL2) p) LR ML . 7R
AT B FREE (B O(9304+80) g/v) BEAT A
e 73— DAREERFE 5 (5 O500E£50) g/O 38
SRS A I R AR . R R R R BT R
25 8 1 TR U B 1 N i o B RV T B b R i
MU B 51 RS . PR R MEARE S E AT RS 14 43 B i 22
FEINLIN, B P A SRS 2 pg, K
fib 15 25 7] Z W ANt

3 “RL5i#®

5 Sk i 805 BK S 3 i os E E . B IS AT
L AE R AR S B R BREE AL (Ti-1.0 U A Ti-2.0 L)
SERTR AR AR Ho 1 S5 56 45 35 15 83 78
Hi¥, £ 5 ME 6 45150 T 120 KT
Ho/Ho,0O, 1 Ho/HoOCl/HoCl, - 5 8 4514 L &
JBE AT G BRI RS . AR 5 FIER 6 AL
FE il B 0) 6 8 i A R (H B IR SE 3 Ja R 2 BBk R
aiik B TR A A L A R AR IR IR 48 h R DAl
AR YR R IR B HOIR S

() I (b)

g\\\ Ti crucible ——s=

Ti samples

Ho,0,
HoCl,

5 SLI/REAHIREIEE : (a) Ho/Ho, O, F 1 (538 5);
(b)Ho/HoOCI/HoCl, & (5238 4)
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(a)Ho/Ho,0; equilibrium ( Experiment 5) ; (b)Ho/HoOCl/HoCl,

equilibrium ( Experiment 4)
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Table 5 Ho/Ho,0; equilibrium experimental conditions and oxygen content of titanium samples before and after the experiment

O concentration/(g * t~1)® Maximum analysis error of O

Exp. No. E i tal ditions Types of Ti s les
xp. No xperimental conditions ypes of Ti samples Initial® After oxp. © concentration after exp. /%
Ti-1. 0U 720 310 300 4
1 1200 K;48 h
Ti-2. 0L 1 100 280 320 4
Ti-1. 0U 720 320 340 5
2 1200 K;48 h .
Ti-2. 0L 1 100 280 290 5
Ti-1. 0U 720 400 410 4
3 1200 K;48 h
Ti-2. 0L 1 100 390 420 5
Ti-1. 0U 720 460 480 5
4 1200 K;48 h . _
Ti-2. 0L 1 100 490 510 5
Ti-1. 0U 720 570 600 5
5 1200 K;48 h
Ti-2. 0L 1 100 560 580 5

Note “5)”: Analysis conditions is standard stainless steel sample of ~ 1.0 g, (366+6)g/t O, (23+2)g/t N, the same is next; Note “6)”:

Average value,the same is next
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Table 6 Ho/HoOCI/HoCl; equilibrium experimental conditions and oxygen content of titanium samples before and after the experiment

O concentration/(g « t— 1)

Maximum analysis error of O

Exp. No. Experimental conditions Types of Ti samples . o
Initial® After exp. concentrationafter exp. /%
Ti-1. 0U 720 100 120 7
1 1200 K,48 h
Ti-2. 0L 1100 110 110 7
Ti-1. 0U 720 140 150 8
2 1200 K,48 h A
Ti-2. 0L 1100 170 180 9
Ti-1. 0U 720 120 140 9
3 1200 K,48 h
Ti-2. 0L 1100 130 160 8
Ti-1. 0U 720 170 200 7
4 1200 K,48 h A
Ti-2. 0L 1100 180 210 6
Ti-1. 0U 720 190 200 9
5 1200 K,48 h _
Ti-2. 0L 1100 210 220 10
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