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Abstract: The physical properties of chloride molten salt are very important for the preparation effi-
ciency of titanium tetrachloride produced by molten salt chlorination. To investigate the influence of
changes in chloride-containing molten salt composition on the physical properties of molten salt sys-
tems, this study conducted the physical property tests including conductivity and viscosity on normal
raw salt, foam salt and filtered molten salt. Furthermore, XRD analysis and chemical composition ana-
lysis were also performed. Based on the component ratios in actual production and chemical analysis
results, an orthogonal experiment with three factors including FeCl,, FeCl;, and MgCl, : NaCl was de-
signed to study the changes of physical properties of molten salt systems under different component ra-
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tios. The results indicate that the FeCl, content has the most significant effect on the conductivity of the
molten salt system, with an increase of 5% FeCl, resulting in a 0.33 S/cm increase in overall molten salt

conductivity. The FeCl; content has the greatest impact on the viscosity of the molten salt system, with
the effect being most pronounced within the 10% to 15% range of its composition. Finally, utilizing a
comprehensive scoring method, the optimal chlorinated component scheme for molten salt was determ-
ined to be CaCl, 4%, FeCl, 20%, FeCl; 5% and MgCl, : NaCl=1: 1.

Key words: TiCl,, molten salt chlorination, melt components, normal raw salt, foam salt, filtered mol-

ten salt, electrical conductivity, viscosity

0 Bl&

PR — g LUSE L R ATRE, B L R A i
JEETRPERE, el MBI, SRy 3k
BRERS PR UL B Y KRIIRE a1, NI 2
TP, =4 “REGR” . R eE” G5,
S AR AR A A T A A U HL
FIRTR 2R AR BRIk Z Ah, Bk & 4t
RSP AL 00 A= A A S A My AR T
Y LR SR, I IRER" FR I A ek A B
RGBT b, AR REREZ R 100 42 7,
FErPBERAE M X fif i e K, o 2 SRt JLSUA
b B4 TR E PUBR G BT IR SR A R R
frde . AP S BOE SE B A B e Rk, B
LR R B2 R] =), HA Tl b 32K
P IS AL M Eh Sl AL

W AL B T2 A0 R 2 E AR OB (e B
S IREE . K, 1 E LU R RS
), A BT S A AR AR SRR I N FE O
PP, KON FRZRIRVE Y BRI B DU AL BRIk .
WS FACBRIEAT IO 2 8 | 1 U A AR 2 TR
DS BRI PR S 7 s 2 i S AV B A, 8
IEHATRGALT, 7 B S R E R AT T 2
PR ASHOIRAS, TR 5 PR, AT B G-l e S A S
I bR AL T 2 IS AL Y A 25K 22 53 53l T
BRI e AR P, P 11 X0 T4 L )
10 P S N TR e W N SN S PS NOTE 27
SRS A S0 LT H, 38 AL, 1R
FEMIFR ., JCHfiAR A3 s 07 O i AL, B9 T 5
FLEEIE U H B, () It/ b 1 B b IR I s 14
IO, R T AR

R SRR K e TR IRIR NS, AR 3 Ak B Y
WA R A B R AL PR B P 5l RO ER,
FHR IR 4035 NaCl Al KCL, 4 &k 322 T
AR BORE, AL Wl VBRI DRSS

B AR SR RS ORHE S IR T
SRR A F AR, 2 R AL R N A — A
AP A2 O fE . A v A ) &
PO AR A AR 2 A ER A i R S ALFHE T, W)
POk — A IR A AICL,, MgCl,, CaCl,, Fe-
Cl,. FeCl, S8, X Hrh 78 SRRy &AL R
YIAE R A RN IR NI iR & 3, 28R R A
AR 1125 LASARRIE 2R 0 S AL R AR — i HE
h, HEA R BER S, X R SRR E LR RS
SERUVRE S B . PRI TP S8 R A B, &
FEDTREARE TR 5 5 ) T2 77 A DU S AL R A ]
TRZR TR, T V2K ITTRERE G R HER, e 28
FREDH AR . FESERR Tolk A = v, I 4R S etk
TG T A 2R 7™, SR EE HL A ™ A I H e o™
YIFN Cly, MM i — 52 BOARERF S

FHLCTIT Wl S A e b S b A 5 7 e
K GEIEF R . =R AE PLS, AR T )
BORE R, WA A RN A BRI I R Sk
() T 20 a5 FE 2 Sy O DRk A v M i L A R Ak
EERAR ., IR FNEAER DA, T2 X R
KA AT R B B 2% T B AU ARRAIE, (A5 48 il
P JE 0 BRI AR AR AR R B A5 8E 4% i . CaCl,.,
MgCl, S54% o e hrokl, 1 B, MELLES:
e MG AL, SRR 2 il s A n OB EER, R
WA HIER S SR Aok BZ B e
BRI S AL R T, mORG A B R AL Y b A
FNE AW HEATTE D N 4R, SRR £ N A ot
A% AL, SENR Ti YRR, R4 73 i 22 4k
2 M ER AR R A, SEBR Tl A = v 20 i
HEER I AT AR, AGERR SR N A IE 5 64T, H R
A KT HIEER IR R PIPE SR, I B B TR
R B2 A AR R AETR D .

EH VLTV R ER e % 42, M T A
FREYMESEL, B AR T A5 R R R A



- 10 - N

2024 45 45 4

o3, I Tl SAAL TS ER AL 7 BE P Ry S b33 T
3 E 4 KPR IESS ISR, LR E L AR N R
X ERPITE R R R L, e 20 Tolk AL I R 1A
RA AR BEES R Bl

1 REH L

L1 X UR b ik &

SRR (B 1): B R J5ER, 2 RO bR
Tl AR P HE R . TR R AR —
702 AR, I R AR R A T | BIFRES, AT
b SR YIS o WIRER, %R R PR Tl
Az e T HE LS AR A A AR R, 2R AR
B AU O INTRLL, i <AL Z, IR
ARARAKLIN o S P R AR e TR ROIR A T 10
B IR 2 U85 i B R R IR R IR R S5 1E
WA LE, SRR B DO TE T 2 rh [ A &
B,

(a) IEH L (b)ULPRER; (o)1 ubkash
1 BERUEHR
Fig. 1 Photos of the molten salts

B LR Tl JEORESR, 306 Hh i 21 A 1R
HE RS TR 1.

®1 RAFERER

Table 1 Reagent sample information

W B2 7 4l (AR)/% i
Atk =99.5 Greagent
TokEAEE 99.5 2R
Ak 99.0 (TEvA
TR BT 99.5 TN
Tok SR 99.5 bk

FEVA: X PFLATHAL (XRD, Empyrean %Y,
W =% PANalytical 2 F] ) ; #& £h ¥ 1 25 & D 2 X
(RTW-10, L4535 ) ; ZZR AT AL AL (DSR 502 7Y,
B A 22 AR AT R 23 W] ) s LCR PR (TH2830 7Y,
KU AR AIR A ] o
1.2 W55
12,1 H AT 12

JEE M SRR T AR 2, Qo g B A ik
AT . CVCC(continuously vary cell constant)

AR ORHFSE TAERTER A CVCC 3k, RESE
75 L S RO R — AR K SR R B AN
S A SR B R R ik . R R
30 20 0 [ P B — 1 [T A3 ) PR I, LR
SV FH A AR 5 S B A R R, £
P ZR BRI T A B H TR — B T
R B AR AR F S R B AR AR R S [ 1,
RS (1) (RIS B i %

K= % (D

A(3)

o, o MIEEL A HL SR, S/em; 4 R HE S Y R R
TR, em’, T B3 o I R AR AE VA Y (41 NaCV/KCl %
WO AARAE; Z ML A4 S B, Q, 33t LCR Pt
AGE A L o St A, em
122 KEEEIATT vk

A IR R ) EE L PR T, SRS AR N
A ERE ) —Fh R I, 53R T R It s i 5 ) s %
YIS Z BIROCER . B A AORs BE 1Y i
FEA BAE IEIRE IR BEREESE,
BRI R I B R e i, R e 1 i iR T 3
TR s A paty She R 3, ol sh i )21 sl AR Bt
SR, LA B = Ay R EEHEE g . il
ST R B B 2 e AR A w) AR 72 AR e TR AR A, JE A
SYUIN T | ¥ EAR DL i, 456 A RS B
Dy FRE ALK T AR B, sk (2) .

M (1 1

= |7 ) @
2, o HE S A TERE, rad/s; h WK A KGR
WITREE, emy M 56 BT P= A= 0 J146E, Nom; R tE
R¥42, em.

2 EFFfuitie

2.1 IEHIRER . IR St U R AR A B
=R ER Y XRD M Es SR A& 2 Ui, AL
P 2 TLAAE HY I Rk A AR 4 KR 5 2 Na f
&%), W Na,MgCl,. Na,FeCl,, Na,MnCl, 55; #H [t
FIEH TSR, HvkER v i A ALY R R I A 2, 3
WER AR 2 ), XN — R AR T30
R SR, ZIE SRR T Na, Mg,
Fe ZtRMNEAMEEYIZIN BHVFZL CaFe,Si,04(OH).,
Mg, (Ti, O, Z I E 28 A0 1 DA R W AH 2 A
F I T Cay(Si0,)0. Nay(TiClL) 254k &4, —Fh



£ 4 4

i 7%, A SR EAC I PR L 0 XA R Y PE R BT <11 -

PR ZR PR Y XRD AT - it Eh

1.669 S/em, EHIIRELAY 2 525 IEH AR HL §%
49 0.981 S/em, LLifLiRER B =y, H IR s 2tk
P BE AR U, a3t W HAA 22 P e e i T it
IRERR R M F A RRE . SRS, =F Tk ik ik
FRIF I R T R BRI sh B, 4> T sh e
T, FE 5 RE Sy B, R R B AR

N e A
FKWE A EY
* by A NaMnCl * NaCl
. v O CaFe;Si,0,(OH) * Na;MgCl,
4 v Mg, (Ti; 0, + Na,FeCl,
v FeO(OH) v Na,MnCl,
_ 0CaySi0,)0 4 NagFeClg
+ #Nay(TiCl,) * MgFeSi,04
M ¢ = Fe(OH),
FUR/IY e

PRI

4 $
* v 3 o Bk Eh
¢ Vv M 0O \v QLI {@&Km
.
v -
* s~ o v
M . + N
AL
» ol ® HIREEEY ¢ . IE%J:%':%L‘_

20/(°)

2 EERERGEABITIREELN XRD iE
Fig. 2 XRD patterns of normal raw salt, foam salt and
filtered molten salt

2.2 IEFEER . WIAER Bt g A R L S R

BRI R K 1 mol/L 1) KClIRW, #H17#4
fif ZALH (PBN) A Y TR ARBR 2 o 24 °C K KCLIAW
) EE BELEL IR 5 SR 8] 3 B, et M 0y 1
y = 37.165x + 21.594, AR A A (1) (7]
R PBN A TH AR 0.244 94 cm’,

60

55 .
50 b
45t
40 -

EENERLENL)

35+
30 -

y=37.165x+21.594

5r R=0.999

20 L L L Il 1
0 0.2 0.4 0.6 0.8 1.0
HUAR RS Bl YR S /em

B3 24 °CH 1 mol/L KClABRESEMLIRELSR
Fig. 3 Conductivity test result for 1 mol/L KCI solution at
24 C

TR AR | VORER | VSR Y H T R A 2
WRANE 4 Fi . WE 4 afLLE B, S ig s p i S
g, IEH JRER LR, IRER AR, 1 Bk
FRMNAZE P BK, BARLAERLA BERRAR, H
R R M ORAL . R e A PR 3 2
KT —EWME, 7E 700 ~ 800 °C MY SLR IR IR
TN, HIRERAR R B K R 2050 0.644 S/em,
SUR/Y AN N T Y N SRR N S S

2.4
SR AEaN
22 L y=0.001 8x+0.267 3 : J%gfk%ﬁ
R=0.962 8 AL 17 b
20F A JIRER
1.8+
L6 r/./lf/"’/./dr/"
T 14t ,
g =0.002 4x—0.8689
o 12F" TR038900
wn =V. °
3 10F R*//L/__//
08}
0.6 L»=0.003 3x—2.073 9 A
R>=0.688 5
04+ /
02}

700 720 740 760 780 800 820
7/°C

B4 =MIlHpBSE
Fig. 4 Conductivity of three industrial salts

2.3 IEFREL L I TRER B DR R R IS

i B 16 I R HIAS B2 8 4.778 mPa-s FY AR
RS FE W AT RE I . 5% F BT TR 0 s
TH2E 100 s, 7 Fl P SRS HE RO AR DO ARUE Y
DXTE], 253 T O X A 5% T B DR . 75T
DR AR X bR RS B2 WA T I, 450 6 s HEAT—
Uil MARE SR ANIE 5 FR, i 28R
R EE ARG RE (240 4.985 mPa-s, I (A IS
P, TEMEERY B 5 I AGE G R9REE R 5 #E TR

10

9L

8+

n/(mPa-s)
W ()}
—— ————n
‘>I
S
S
— .
—n
f'>
—]
¥ ]
Ta_——n
/.\/I
.>l
...>I
———n
/.>I
"
e

[ ] [ ] / m = m - o
4r " \l ]
3k
2 1 1 1 1

50 100 150 200 250 300
t/s

5 tEMERIMERE
Fig.5 The viscosity of standard viscosity liquid
TEH TR IEIRER | IR ERTE 750 C R ARUAL
JEMRRZERANE 6. 7 Fras. MK 6. 7 IR, 1EH 5
ER AL R SR A R A R RS BN R E R

(=]



<12 - W gk Pl K

2024 45 45 4

VR S B A sh S RS A A AR
A IEE AR AR IR (EAE 12 ~ 15 mPa-s, AR
K BESE-YE 240 13.217 mPa-s; F EXE £R 10KG B2 )
WAETE 9 ~ 11 mPas, 1K Z ki LM 4N
10.096 mPa-s. fLIRFRAR R 70K FE AT 7 v 2 0
H R 200 —FE AR RE P, 2 SR7E 55 ~
85 mPa-s 1 [ P I 51y, MELATERR AR AR ZORG LR

v BT
16 - —o— 1l UE MR
15t

14t

g

£ i}

S 12t
1
10} ,-WWW’&
9

0 50 100 150 200 250 300
t/s

El 6 EERIATIRSEME

Fig. 6 Viscosity of normal raw salt and filtered molten salt

LR AP VA SR AR A L S ARG RIS R,
A LU AR g e — i & B MER AR, 6 R
PR AR ENEA BT BT, R S B B SR S B
BETR A BLG, KGR R B RS IR R R
PR AR UDIRA ™3 XA [T AR 35 g 55 B A 45 1
IR T AN/ HERE, fn: A I, R X
IR T ARG B 22 i ] s e 1P AR 2
A, FR, AR ™, Rl R T O Y
FEAEAL e 1 B Sl i TR0, DT AT i 20
A R AR E

90

85 -

|
|

750 =

70

ol /-/'/ \/-Jll\.\'\-

55

n/(mPa-s)

50

t/s
7 EkERE
Fig. 7 Viscosity of foam salt

2.4 FARIGERIERS IR 2,

MRS h & 5 RALF TR SE R, K —=Fh
Tolb i Eh R R o i £ 22 R AE A Fe™'| Fe' Y
T b, AR TAEE A EA5E Tl s Ehdl /e ke,
BB T = [H &N FeCl,, FeCl; LA K L = MgCl, :
NaCl B IEAZ IS, Horh A R B 0 /KF, IR
P da R 1 S PR IRA IR BE 152 T 700, 750, 800 °C =
AN A . DU %R FeCl,, FeCly, MgCl,.
NaCl & & A8t Xt Tl JE s Wt s m .t +
MgCl,, FeCl, 4 Fifb-i e BRs Uk . 2 ifiet, hyik
ok ER R R A Lo e A AR AT, AR e AR R
Wir3E A i SR ORI T AU iR
I E BRI TE 2,

2 EXRBEZRAE

Table 2 Orthogonal experimental factors and horizontal

parameters
K- A B C
FeCl, & /% FeCly & /% L =MgCl, : NaCl
1 5 0 3:2
2 10 5 1:1
3 15 10 2:3
4 20 15 1:2

TE: CaCL 73 1 LI E 4%, FEmth R RIMgCL+NaCliy & & 1 1
i1 - FeCL% - FeCl;% - CaCL,%f5 1}

8 FiIEl 9 435l /R T FeCl,. FeCl, LAK L =
MgCl, : NaCl =~ R0 A0 A5 £6 1A 2R B ATl &
RIYSZMZE IR, WAL EHRE, B IR IR
Tt 4T B REHE K, S ERIA R 1% BT Re 1 1 o,
L R A b T R, R B A T R
P2

—e— 800 C

—=— 700 C

VA

]

x/(S'cm™)
= = b b N
> o o

10 1 1
0 510152025-50 51015200.2 04 0.6 0.8
FeCly/% FeCl/% MgCl,/(MgCl,+NaCl)
E 8 SR 700,750,800 C &4 THIESZEMR
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Table 3 Conductivity analysis results of chlorinated mol-
ten salt at 750 °C

RIS w(FeCLY%  wFeCL)% HRFELRL  x/(S'em™)
1 5 0 3:2 130
2 5 5 1:1 1.45
3 5 10 23 1.42
4 5 15 122 1.18
5 10 0 1:1 1.58
6 10 5 3:2 1.17
7 10 10 1:2 235
8 10 15 2:3 1.30
9 15 0 2:3 1.29
10 15 12 224
11 15 10 3:2 1.22
12 15 15 1:1 2.84
13 20 12 1.45
14 20 23 2.99
15 20 10 1:1 1.63
16 20 15 3:2 3.23
k, 1337 1.405 1.730
k, 1.600 1.963 1.875
ks 1.897 1.655 1.750
k, 2.325 2.138 1.805

WER 0.988 0.733 0.145
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Table 4 Viscosity analysis results of chlorinated molten
salt at 750 C

KIS w(FeCLY%  w(FeCL)/%  HRIRAL  p/(mPa-s)
1 5 0 3:2 4.69
2 5 5 1:1 4.89
3 5 10 2:3 5.28
4 5 15 12 6.36
5 10 0 1:1 5.24
6 10 5 3:2 5.49
7 10 10 12 5.10
8 10 15 2:3 6.38
9 15 0 2:3 5.77
10 15 5 12 497
11 15 10 3:2 5.77
12 15 15 1:1 5.49
13 20 0 12 5.01
14 20 5 2:3 5.21
15 20 10 1:1 5.40
16 20 15 3:2 5.78
k, 5.305 5.178 5.433
k 5.553 5.140 5.255
ks 5.500 5.387 5.660
ks 5.350 6.003 5.360

2R 0.248 0.863 0.405
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Table 5 Results of multi-index comprehensive score of
chlorinated molten salt at 750 C

RLUPR R

RIS w(FeCL)/% w(FeCl)/% HERtELRL FIRE R LEEY
1 5 0 3:2 0.06 1.00 0.53
2 5 5 1:1 0.14 088 051
3 5 10 2:3 0.12  0.65 039
4 5 15 122 0.00 0.0l 0.1
5 10 0 1:1 020 0.67 044
6 10 5 3:2 0.00 053 026
7 10 10 122 057 076 0.67
8 10 15 2:3 0.06 0.00 0.03
9 15 0 2:3 006 036 021
10 15 5 1:2 052 083 068
11 15 10 3:2 002 036 0.19
12 15 15 1:1 081 053 0.67
13 20 0 1:2 0.14 081 047
14 20 5 2:3 088 0.69 0.79
15 20 10 1:1 022 0.8 040
16 20 15 3:2 1.00 036 0.68
k, 1.44 1.65 1.66
k, 1.40 224 2.02
ks 1.75 1.65 1.42
k, 234 1.39 1.83

WER 094 0.85 0.60

3 &#

17TE 700 ~ 800 °C 195: PRI JE RN, kil
TESE R TR, SR s, i i R LT
A, TEH IR AR R R0 0.981 S/em, YK ER A%
KL SR N 0.644 S/em, 1 Y81+ f KL G N
1.669 S/cm,

2)750 C F, 1EH JRER ARk BE I AE 12 ~
15 mPa-s, R RAEBEF-I{E 2 13.217 mPa-s; 3 B
AR EERMETE 9 ~ 11 mPa-s, K kG EEE- 11
4 10.096 mPa-s. LA ER PR A 4 2 Xl [ AH ) LA
FARZEALE G, R EE R RSE , B shas e,
A EEMERAEAE 55 ~ 85 mPa-s I3l

3) IEACIREG Y, 45 R B X IR IR R B SR
Wi FEJE 4 FeCl, > FeCl, > L = MgCl, : NaCl, H:H 4
5% 1) FeClL, 34 i it ff 45 46 B (K B 3 R 2 5
0.33 S/em; 25 K 2 W45 6 7R 2R B2 1) 5% e 72 B Oy
FeCl, > L = MgCl, : NaCl > FeCl,, H:H' FeCl, & HY
W Z IR R RZ A E BT, A0 5 L AE 10% ~



4 7 20, 55 AR AL I AL M R ST s

15% DX 1] PN A8 228 £ X6 8 1A 22 8 %) 5 i) e A B 4) ZEA L TR, B A B it S, AL
W, LAE2:3 ~ 1: 1 X[ AR AL XA £ 1A 20k JEER B LH A3 IC F Bt T %2 R: CaCl, 4%, FeCl, 20%
() SN Fe A ik 2 FeCl, 5%, MgCl, : NaCl=1:1,

S Z 3 HER

[1] Yang Fang, Li Yanli, Shen Chengxiu, ef al. Research progress on preparation and forming technology of titanium and titanium
alloy powder[J]. Powder Metallurgy Technology, 2023, 41(4): 330-337.
(W25, ZFAEm, HI7R TS, 55, BB A G b ARl & 5 OB T 2RFFE#ERE (0], AR 4R, 2023, 41(4): 330-337.)
[2] Isaac M M, Mxolisi B S. Effects of porosity on the corrosion behaviour of PM-fabricated titanium foams for biomedical
applications[J]. International Journal of Electrochemical Science, 2024, 19(3): 100495.
[3] Yang Yaohui, Hui Bo, Yan Shiqiang, et al. Research progress on global vanadium-titanium-magnetite resources and
comprehensive utilization[J]. Multipurpose Utilization of Mineral Resources, 2023(4): 1-11.
(W, 0, B, 55, BRPUBRRE B SEIRMEAL S 25 5 R IR S UEIE (1], 07728 5 FI, 2023(4): 1-11.)
[4] Fu Ganghua, Yao Hongguo, Chen Feng, et al. Research progress on comprehensive utilization of chlorination waste slag of
molten salt[J]. Multipurpose Utilization of Mineral Resources, 2023(3): 112-118.
(fFee, WhHE R, BRIR 45, b AR 25 G MBS EE I (0], 577273 A, 2023(3): 112-118.)
[5] LiLiang. Research progress on the application and technology of titanium tetrachloride at home and abroad[J]. Light Metals,
2021(10): 42-48.
(Z5e. [ENSNY AR & T EEARDIEUEE [1]. 24 0m, 2021(10): 42-48.)
[6] Luo Zaiguo, Yang Zhen, Yang Xiaodong, et al. Study on the production of TiCl, by boiling chlorination furnace without sieve
plate[J]. Yunnan Metallurgy, 2018, 47(2): 65-68.
(BLEE, i, AR, 5. JEomitioh 16 S ALy £ 7™ TiCl, T.2HF5E [1]. 5FdiR42, 2018,47(2): 65-68.)
[7] Wang Jun, Zhao Yingtao, Cao Li, ef al. Numerical simulation of boiling chlorinated gas-solid two-phase flow in a spouted bed
of titanium slag[J]. Conservation and Utilization of Mineral Resources, 2017(6): 66-74.
(CEZE, A9V, TN, 45, BRI S 2l PRl s S A U AR R BB (3], 577 B SR, 2017(6): 66-74.)
[8] Bordbar H, Yousefi A A, Abedini H. Production of titanium tetrachloride (TiCl,) from titanium ores: A review[J]. Polyolefins
Journal, 2017, 4(2): 149-173.
[9]1 Kroll W. The production of ductile titanium[J]. Journal of the Electrochemical Society, 1940, 78(1): 35-47.
[10] Qi Manfu. Analysis of titanium tetrachloride production technology[J]. Chemical Enterprise Management, 2022(3): 55-57.
Gl s UK ™ T 2007 [J]. A TAF 3, 2022(3): 55-57.)
[11] Yang Xinping, Wang Xiufeng. Research progress in conductivity measurement of high-temperature melt[J]. China Ceramics,
2010, 46(11): 12-16.
(BrF, £75 0. Rl (R SRR UL (). TP, 2010, 46(11): 12-16.)
[12] Kan HM, Wang Z W, Ban Y G, et al. Electrical conductivity of Na;AlF-AlF;-Al,O;-CaF,-LiF(NaCl) system electrolyte[J].
Transactions of Nonferrous Metals Society of China, 2007(1): 181-186.
[13] Shigeta H, Hidehiro H, Kazumi O. Electrical conductivity of molten slags for electro-slag remelting[J]. Transactions of the
Iron & Steel Institute of Japan, 2006, 23(12): 1053-1058.
[14] Long Yao, Yu Zhefeng, Wang Xin, et al. Research progress of viscosity and measurement technology of high-temperature
melt[J]. Materials Research and Application, 2023, 17(3): 483-494.
(Tele, T, 0T, 25, R AORS B2 L HA B R RO DR R (9], MPRMIFSE S5 0T, 2023, 17(3): 483-494.)
[15] Shao Hongfei, Liu Yuanjun, Ren Wanjie, et al. Research progress of viscosity measurement methods and reference materials
for non-Newtonian fluids[J]. Journal of Astronautic Metrology and Measurement, 2019, 39(Z1): 1-5.
(HRW K, XTTR, AETIZ, 55, AEA- T Aok B 7 12 Kb e B F T R (0], FAiHIELR, 2019, 39(Z1): 1-5.)

(T#%E 28 )



. 28 -

N 2024 4F5 45 4

[14]

[15]

[16]
[171]

[18]

[19]

alloy powder for 3D printing[J]. Non Ferrous Metals Engineering, 2019, 9(9): 45-50.

(X6, B4, # 5ok, PREP 1.2 2404 3D FTEIH] AISi10Mg 36 4 0 AR PERE Y52 M0 [J]. A (44 J& T2, 2019,
9(9): 45-50.)

Hsu T ILWei C M,Wu L D, et al. Nitinol powders generate from plasma rotation electrode process provide clean powder for
biomedical devices used with suitable size, spheroid surface and pure composition[J]. Scientific Reports, 2018, 8: 13776.
Tang Junjie, Nie Yan, Lei Qian, et al. Characteristics and atomization behavior of Ti-6A1-4V powder produced by plasma
rotating electrode process[J]. Advanced Powder Technology: The Internation Journal of the Society of Powder Technology,
Japan, 2019, 30(10): 2330-2337.

Champagne B, Angers R. REP atomization mechanisms[J]. International Journal of Powder Metallurgy, 1984, 16(3): 125.
Xie Bo, Li Jianjun, Qiao Zhonglu. Oxygenation of TC4 powder for 3D printing by electrode induction gas atomization[J].
Vacuum, 2020, 57(6): 80-83.

G, 2R e, T B, LB 25 Ak il 4 3D FTERH] TC4 MR ST [1]. 375, 2020, 57(6): 80-83.)

Wang Dongjun, Zhou Rui, Shen Jun. Solidification characteristics of rapidly solidified water atomized high strength steel
powder[J]. Acta Metallurgica Sinica, 2008, 44(2): 159-164.

CEZRA, JalS, T2, PRstsE I K 5t m o O R RO BEIETRHE [7]. 58241, 2008, 44(2): 159-164.)

Wang Qi, Li Shenggang, Lii Hongjun, ef al. Research on high quality titanium alloy production by atomization technology[J].
Titanium Industry Progress, 2010, 27(5): 16-18.

(CEBL 22260, BR7E, 45, S5kl & i dh B & S ARBORBIESE [9]. Bk Tl ik, 2010, 27(5): 16-18.)

it TR

(E#% 15 70

[16]

[171]

[18]

[19]

[20]

[21]

[22]

Wang Xiaojie, Zhu Shanshan, Wang Xiaopo, et al. High pressure liquid viscosity test system for falling body method[J].
Journal of Engineering Thermophysics, 2020, 41(4): 788-791.

(CE/NAS, RINAZ, EE, 26 SR m B L e R ST (7] TR B4, 2020, 41(4): 788-791.)

Wei Xiaolan, Xie Pei, Wang Weilong, et al. Calculation of phase diagram of ternary chloride system containing calcium and
thermal stability of molten salt[J]. CIESC Journal, 2021, 72(6): 3074-3083.

(B2, I, E480e, 55, &85 oo IR RMET T SR AETE ], fL T224, 2021, 72(6): 3074-3083.)

Yin Yue. Thermal stability of chloride molten salt and thermal properties of molten salt enhancement[D]. Guangzhou: South
China University of Technology, 2018.

OFH . BRI E T S A PS4k [D]. 7 AR B TR, 2018.)

Wu J, Ni H, Liang W, et al. Molecular dynamics simulation on local structure and thermodynamic properties of molten
ternary chlorides systems for thermal energy storage[J]. Computational Materials Science, 2019, 170: 109051.

Chen Feng, Wen Yuekai, Guo Yufeng, et al. Research status of viscosity characteristics of chlorinated molten salt system[J].
Inorganic Chemicals Industry, 2022, 54(6): 1-5.

(BRI, T, 285706, 4. S A Eh iR RSB PERTTEBUIR [9]. JCHLER Tolk, 2022, 54(6): 1-5.)

Fan Jianfeng, Yuan Zhangfu, Li Jing, ef al. Viscosity of molten CaCl,-MgCl, system[J]. The Chinses Journal of Nonferrous
Metals, 2004(10): 1759-1762.

(b0, FEFEAR, 255, . K5l CaCL-MgCL R RITRIE [1]. H A (42 8244, 2004(10): 1759-1762.)

Wei Xiaolan, Xie Pei, Zhang Xuechuan, et al. Study on preparation and thermophysical properties of chloride molten salt
materials[J]. CIESC Journal, 2020, 71(5): 2423-2431.

(B2, W, sk 0, 2. SR ERAT R ] a5 SO BT ERME BTRESE (D). A6 T244R, 2020, 71(5): 2423-2431.)

I mAAE



