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Simulation Study on Melting Behavior of Manganese Ore Pellets
Containing Carbon in Converter Quarternary Slag
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Abstract The melting behavior of single manganese ore pellet containing carbon in converter Quartemnary slag
(51Ca0-16Si0,-10Mg0-23Fe0) was investigated by experiments and mathematical model. The results showed that the sol-
id product layer was generated in the reduction process of manganese ore pellet containing carbon, and the rate of reduction
can be accelerated by reduce the thickness and existing period of the solid product layer. Then the numerical model of melt-
ing process was established based on one-dimensional unsteady heat conduction differential equation, and the result of cal-
culation was coinciding with the experimental data, thus illuminated that the model is effective. Simulated calculation to
different conditions and the results showed that, reduction time of pellet can be shorten by about 35% to assume that the
solid product layer not exist in reduction process when the temperature of the slag was 1 600 C. Preheated pellet, reduce
the pellet diameter and lower melting point of reduction product can reduce exist time of solid product layer, and improve
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the pellet reduction rate.
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Fig. 2 X-ray diffraction analysis results of manganese-rich

slags
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Table 1 Chemical composition of manganese minerals
carbon-bearing pellets / %
Si0, ALO; FeO TFe Ca0 Mg0 MnO C

21.02 10.45 1.98 1.54 15.89 0.78 39.14 8.33

FeO +C,,, =Fe +CO
AG’ =157 827 —157. 93T J/mol (2)

BRERAETE, () KRQ)FHRRNBE
43504 963 TH1 726 T, A HESEEEYR
43l 4L A = ek (Ca0) : (Si0, ) : (ALO,) =33
45:22 , 13 = STRE T M A 40 1350 T8,

SFERE N 1 600 Cof, BRE A 30 s
SRR HRRES ) N O TR BUE R E 2
BeeoERA , OB A 3 B

BREAZEIM AR 20 mm x 30 mm x40 mm AYH
W, MAB 1600 CH#E30 s FRTAEBRKSE
o ARMABERBRBMNIN REE, h TFHRE
A, AR AR RBREZL, A\TTEHREB AR
RIRREIX . 548 BR B 45 L6 AR B P 4k 2 e T
HEEA, TR RAABZBEERARS =4
K .

3 T SIRE 1 600 TR 30 s MM
Fig. 3 Morpholoy of manganese carbon-bearing pellels fusion
at 1600 € for30 s



- 18 - 522300

$39%

(1) BRX  BEXIEFEY RS SR,
IR R =Y B WAL I S5 E R £ RER,
EWXBALBERERERSKK, HEENEH
THANE;

Q)PRX:BENSTRSHEREMEER
L TR BE 22 (8], I X358 PN 2 T 2 A A R R B, A L&
BENMEERE=Y;

GYERK . BEKTEERNIFHRIBRE, 2K
R X 5,

2 HEAFRBAKERD

HRAEBEPHBESBEERER FWEE
RE,ANBIHAESBOEEER, B mT
Ri%:

(D) ERAEMABER, SERAREEAN S
BERRERBRSERBSER BERENAE,
BESREESWERBLEL. BESERFENH
EEHEFE. AEAITELER, Zeg BSR4 R
MIEKIRE;

Q)RANGELY S EL R TEERD Y
B, REEARMIFEEIRRE R 963 C, & FEf=
YritiiE R 1350 °C;

(3) BRI =Y 2 5 R UM % A T
fbHEFT , BR B EEIEE R

(4) REERE & 1 [F] ¥, 3F Z B R ERE 0 A 5]
EEERRERS, RAYHE R SRSBETES
HTFRFERE,

2.1 fERIES

RIEXNRFERGEREA T2, THIIER
PIRTEHRANNER—RERTSERUHSI TR
HC.

a2t o, (3)

St TARBE/C -6/ s SRAL s - S AR
B/ (s m-T) ',

(1) WA

%10 B, REE N R, LR R TR A
2, MA N0, BN T, MR
SR, WA AR T, . B

r>RA,T=T, (4)
r<R4,T=T, (5)
(2) HF %

% t=0 Bf, 7FEBREA L r =0 4

ar _
=

EEEYRUSNIEERE, B 1 =0 B,
r>R, 4t,

T=T, (7)

EERSTYESHEPHRERELRE R ™Y
Efé;\s\\ T,,.,Ep T=R0 &t

T=T, (8)

EESTY B 5 R R MR AR E A REA
RIFRE Tn, Bl r=R, 4t

T=T, (9)

EESTYRESEEZE,H LT EERME:

0 (6)

k9T dAv;
q, _Kar l r=R —hs(Teu _Tm) +p:AHm dt

(10)
K . he-FEl. W & W R E H R B
[J-(s-m*-C)™"']; AH,-# # & ¥
(J - kg™') sp,-BRE % B/ (kg + m™°) ; AV,-At B [
W B R =Y 2B AL,

R RN S B A YR 2 6 7 5 T
PPH , BRA R HAERAT AN R TR =X R
0, DX WA R KA, I LR FIERRA A R R4,
HAERBER:

ar
K=k | =ho (T, - T) + 2 (p, AH,

dAv,
) (11)
XP:he-FHEEERBREBNT - (s -
m’ - C) '] T,-BRE ok R W R R E/C, AH,-
PREEFERBGAR/ (] - kg™') 5p,-BREAEE/ (kg -
m™*) ;AV,-A¢ B 6] Y ER B (A R B AE 4L ; - BT 3R JR
BEBESH, XRLBARKRMERTBRELED Tp
B AR R

TER RN A E S T=Y 2 NER RN T A
BoOMmMAREERS R, HERFTRATHHE
RK

oT
q0=_kEIR|—v0=h0(Tn—TO) (12)

0.= k30| p, =k (T, - T) (13)
R :ho BREAFHEH/ (] + (- m - ) " 13,



%6

7 BE-HPOOUAEPRET SBEREBAT IR <19

| #K A

N@waT,

’
’
’
s
.
-

A4 FRTESREREE
Fig. 4 Schematic diagram of finite element differential deriva-

)~

tion

25

6 I 7= 4 /2 5K BE/mm
e s = 2
n (=) n =}

(=]
T

0 60 80 100
B [El/s
6 RIFEY =B RERT R AL
Fig.6 Variation of reduced product zone thickness with time

20 4

22 HNAABRPFERANEXSH 2.2 HREKIE
Table 2 Parameters used in the process of calculation N -REAREE ¢ =8
NESN BiE 3] ;

AR (/- a7 X )] 2.9 BRRREREEEEE™ Lo AR/BYAE. BE
EEFWRSRREM(hy)/[J- (s m-C) '] 0.2 PESRERSRZ M %4 TF . B TFREARKTRE
HEBIEACER (AR, ) /(] - kg™") 5.46x10°  REMMEMBAEANE! ( B RL e A R P 3 AR I
RESFEBARBE(h)/[J- (7' - m™2 T )] 0.06 RESHBRARB] - . .
JEBEB (pp)/ (kg - m ™) 2.9x10° @EESEEERY 'l‘ﬂ ERE &), U BB
AR (ps)/(kg - m~3) 2.6 x10°  “FIEKEE"LRME RIESHEY LB A CO, B

RASHEH(h)/[J- (s m-C)™'] 4.6
BRAEFRE#(AH)/(J - kg™") 4.14 x 10°

BEEYRSRER/(] - (s m-C) '];T-2k
AR R MNP LRE/C,

X F ERERABOPEEER, RAARTE
SRR, JORMBIFEINE 4 Fin,

FEEB Ar =0. 1 mm, B [E]$K At =0.1 s, 3t
BHEREERLH R =30 mm, JFHEREDFI T =
1 600 °C .1 625 CHI1 650 C , BRAVIGEE RT, =
25 C,

BEMRAEXYESY, WRENEE . PR
RUFAETRERMTHUNE Kb B S%F
EIRR, HESRH I ASEEEME 2 FiR,

100
§ 80
# 60
=
i 40
g # ¥R BE:1 600 T

—=— ZNE
° 20 40 60 80 100

B &/s
E5 1600 CHfEREIZLIFREELMESIHHER L
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