55 45 55 1 1) W g fl %K Vol. 45, No. 1
202442 A IRON STEEL VANADIUM TITANIUM February 2024

Ca0-Si0,-MgO-Al,0;-TiO,-CaCl, i& %
Fh A A R

frZap' TR, E AR AT, AR AEA

(1. EREERMAEERA RFTAT, N5 SBREHT 719315; 2. A RTRHE KRG 4 54 S TRERE, A6 100083)

 E BRSSP RE I T E VA . TR T S S M A (Ca0-Si0,-MgO-ALO;-TiO,-CaCly) HAf
FEFE AL PRI, R B B AR e 2T MGG (FTIR) AR S 6% (Raman) A Hr A5 AR . 45 R %M, TR
TIATT LAREARA s B2, WAk il 45t . B TEOTRIE IR N A5 28K, BFUAEA, Bt 72 vh & & s A T %
R S AL B A A AL E 3 5 R B AR AL B 3L . [SiO, ] PU IR SE HI AN Ti-O-(Ti B8 Si) Bt & iR, Q° M
Q’ PATTHYARRT IR E0M D, Q° Al Q' HATT AN T AL/ g b, T30 s A BERRA
SRRl T SR R SN R TR IS AL MR i A

hE 235 TF534 X EFRERD: A TS 1004-7638(2024)01-0145-07 L
DOI: 10.7513/j.issn.1004-7638.2024.01.021 FrigRlE (RIRERS) FRIRHS (OSID) :

Study on viscous flow characteristics of
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Abstract: The viscous flow characteristics of slag are closely related to the stability of the blast furnace.
In this paper, the viscosity and melting temperature of chlorine-containing high-titanium slag (CaO-SiO,-
MgO-Al,05-TiO,-CaCl,) were studied, and their structural evolution was analyzed by Fourier transform
infrared spectroscopy (FTIR) and Raman spectroscopy. The results show that the addition of chlorine
element can reduce the viscosity of the slag and simplify the structure of the slag. Due to the easy evap-
oration of chlorine element at high temperature, the chlorine content decreased slightly during the vis-
cosity test. The variation trend of viscous flow activation energy is similar to that of viscosity. The
[SiO,] tetrahedral structure and Ti-O-Ti/Si bonds are also broken. The relative area fractions of the Q
and Q’ units decreased and the relative area fractions of the Q° and Q' units increased, resulting in a de-
crease in the degree of slag polymerization.
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Table 1 Main chemical compositions of slag sample %

%5 CaO0 Si0, MgO ALO, TiO, CaCl, C/S
1 2982 2597 741 1433 2247 000 LIS
2 2952 2571 734 1419 2224 100 115
32922 2545 726 1404 2203 200 115
4 2893 2519 7.9 1390 2179 300 115
5
6

28.03 2441 697 1347 21.12  6.00 1.15
26.84 2337 6.67 1290 20.22 10.00 1.15
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Fig.1 XRD patterns of CaO-Si0,-MGO-AlLO;-TiO,-
CaCl, slag
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Fig. 2 Schematic diagram of the experimental device for
measuring slag viscosity
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Fig.3 The effect of chlorine content and temperature on slag viscosity
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Table 2 The effect of different CI content on activation en-
ergy of slag viscous flow

P’ A% 1EALAEE,/( kT-mol ™)
1 0 260.719
2 0.49 257.360
3 0.90 254.341
4 1.39 250.742
5 2.96 243.442
6 521 231.819
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Fig. 5 Infrared spectrum analysis of slag structure




#14

FREER, 4. Ca0-Si0,-MgO-ALO;-TiO,-CaCl, 1 R K HERFIT

- 149 -

WE S frs, B S B, I IRsh i
56 P T2 ST U5, [SiO,] VU ThT A X R (e 4 2t A VR AR
%, KA 997 em ' F#i/ ] 970 em ', [ALO,]
Y T AR A A VA AR Ak, X e B S A A A A AR
VU AR T A AST B B 81, S 4 ) — 2 ek 6 25 7 .
fk., T8 AL ST ECE N, (R A AR DU T AR 2
PRI . 5 2, i h R R Eh 25 Bl Sl 75
ST AR 3R, IR SR B T 2 et R R
Hio [SiO,] MU AR/ DR T BERI IR . 5,
BT HL A B ARONE, A LI B A G B
BB R, TS IR 14£(0.181 nm)
K T4 B F192E42(0.140 nm) , I HL 48 B 7 1Y H faf
R FSE TR L Ar B3, T LA SRS 114 H fr 25 B2 A1
THRBE T, W, &3 TRE 2B & ferk-4
HA BT AT, ISR E 4 [Si0,] U
TR AR X1 285 35 ), o e 235 40 W 7 0, AR AP FAORY B
Hok, TE LY Si-Cl AR HEREANT Si-O SnYsae, T
B R AR o AR TP R e RS ™Y, oAb, Bt
() 480 130 1T RE M PR R PR 0 24 2544 P R AX 1) Si-

O 254, HI 55 s S5 s, - — SRR INE R &
JE, I, S TR P RIRZ, A A
A AR AR AR S, (9 AR 255 4 D0 S ORI 1
IEAR, T-O-T H iR S & M 0 i =
5.21% TZ WSS, X Al HEE [Si0,) PUE A, [AlO,]
VU T AR 5 ok 285 ) ik A 2 ) ) IR, B0
Rl BRI
2.4 hiEiEs

& 6(a) ~ (f) & 600 ~ 1 100 cm ' 75 Bl Y A [7] 48
TP EIE B FEER. FEE AR 0 3N
) 521%, Q* Bt W TR, Q" F1 Q' BN AYHIXT
TRV, M A E] 5.219% B, Q' Hih
AR TP B T, EA AT DL
“Gra” Q' (H WA Si BFAHIE ), IFFTHEEA By Si-
O o FERRER X2 25 KA A T LE 123 S PR 246 ek 1
FIVE R B Si-C1 g M T il 25 550 25 44 BT, % AL
il AT L R (3) ~ (5) KR, S T AGE
SR DU THT AR PRORR S5 R, T BT R AT Si-O g, AR T
[Si,0,C1]" —ZRIRZEFI I [SiOLCI) BAfRLEF .

(a) w(CD)=0 —_— (b) w(C1)=0.49% Wl (¢) W(C1)=0.90% ki
— HAE — WA — WA
T ,
l(%é cln‘:rl)s ) Ti-O~(Ti or Si) Ti-O~(Ti or Si)
J | ] (837 cm™) ) : (832 cm™) 0 o
L Q'(878 cm™) Q'(875 em™) Q'(868 cm™)
i RIS, Q'(926 cm™) BN 1911 em™! o)
== " - AD ) = } yN Q'(911 ecm™) E_i—E
= O-Ti-O ( Q972 em™)| = O-Ti-O F LN Q62 em™) |
(726 cm™") /’ ‘wat e . (727 cm™) / \
TiO j".hQ( om ) -0 /L I RAE36em )
(642 e )W, A , (647 cmHel¥y AN,
Y ‘.‘\ / g \‘ /’ A y B
) : —
600 700 800 900 1000 1100 600 700 800 900 1000 1100 600 700 800 900 1000 1100
LS/ (em™) Hit (i F%/(cm™) Fr i F/(em™)
(@135 Tk (€) W(CI)=2.96% Pt (HWC=5.21% Pt
— UEE — A% — A
Ti-O~(Ti or Si)
(819 cm™) 0 1 Ti-O-(Ti or Si) Q875 cm™) ~
callEaein) (820 e Ti-O<(Ti or Si) Q(876 em™)
4 i ; 5 817 cm’!
% N Q'(921 cm™) E O-Ti-O 5 \\‘_ Q'(917 cm™) ﬁ o 1(. 0 D )‘
= O-Ti-O -/ N (744 cm™) Voo AT = and
: ] y Q’(984 cm™) S | (726 cm™) )/
(735 cm™) /’ A 7 i QX973 cm™)
Ti-O - O (g4 em) Ti-O 4 i \ -
(642 cm ), L59ms AR, (650 ey’ N L Q1048 em™)
. / : / N X
y' — 7 3 ¥ /
/
600 700 800 900 1000 1100 600 700 800 900 1000 1100 600 700 300 900 1000 1100

PN/ (cm™)

Fr S F/ (cm™)

PR (cm™)

Elo TRISERHSHIE

Fig. 6 Raman spectra of the slags with different chlorine contents
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