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Basic properties and sintering performance of PMC vanadium

titanium concentrate of South Africa
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Abstract: The purpose of this paper is to study the physicochemical properties of PMC vanadium-titanium
magnetite in South Africa, and reveal the effect of PMC concentrate on the sintering performances. The
chemical and phase composition, size distribution and particle morphology were investigated by chemical
analysis, XRD, LPSA and SEM-EDS, respectively. After that, sintering pot experiments were carried out
to study the effect of PMC concentrate on the utilization factor, tumbler index and solid fuel
consumption. The mechanism was clarified by investigating the microstructure of finished sinter. The
results reveal that the iron content is as high as 63.460% while gangue content is low, which is of great
value to the utilization. The main phase is magnetite and the {raction of particles not smaller than 74 pm is
close to 70%. The sintering pot test shows that the utilization and strength is deteriorated obviously after

adding 10% PMC concentrate, and the solid fuel consumption increased correspondingly. This is mainly
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attributed to the relative poor sintering performance of PMC concentrate, which affects the generation of
liquid phase during sintering process. As a result, the strength of finished sinter is influenced. Worse still,
the formation of perovskite destroys the bonding effect of the liquid phase as well as the microstructure of
sinter,
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PUBRRE B E 200 A0 TR M L rg Al L v [ 5 b, R A Bk B R S AR v R BRI RR R M X, AR i
TiO, & it = K HLERE AT 43 hy e R (LA B2V b XA AR 32 L b R RY (L7 7 b X O AR 3R RIR B 7Y . B2 74 b
XA TiO, B4R 10 % ~13 % , AR 8 X B LR RE R Ti0, B4R 6% ~8% sMHELZ T, Mk
PMC 8" TiO, TR HLEMK. L0 2% BRI HLET . PMC K Z R AE PMC ARG B RET . A1 L
He g o, HEAESMME KT 60%),Ca0 . MgO &5 ,Si0, AL O, K, MMM, CaO,
MgO & & m Al TR REAUE TS FE . S10, VAL Oy & A%, A A F 52 55 AP 07, AR R L A AR 7= A
PRt 35 47k PMC ORI 52 [ PN B9 2k Al (9 5 R, AEL G [m] AR BE ik 1 350 CHY Lo i T — e B ™ 1 [ 1k
TR, B4 i R IE AR AR D e B S AR B . B TR R IEH BT, Cu POk &8 & &
. Cu i85 0.0405% , P 35 F] 0.016 %6, Cu P Bl 42 J& /2 5 4P AT 35 B4 1 5% e 2k 7K JB R s 4 1E 86 4277

AN, PMC RSB @ FHLERRE R & — P L ME R 45 1 &2 24 07, B RE b S1O, & KH & A Ti0, , ffif3
WA BRI BE 15, R 235 T T o TR BE 1 o B 4 ok R VROME A i D, S BRGS0 T i 25 L R TR BE A i
TiO, 5 CaO MG R IR T Fe, O, 5 CaO W45 G R8T, 58 W TRk 45 FH Bk 2 55 1) A8 s, L I 5 e v ok ) A= Al
FEERH s 76 be 25 1 B2 P B Bk 38 5k 1R s 7 AR B L 9 LA 1 2508 240 BT kG 465 A0 b L (8 be 25 T 21 A2 2% 9 n
PEET AL IR AL LR R R e 2 SR FHAROK ARG | a5 T B DA B R XL 45 1 G BBk i RS T 1
PeLsA MY, SR BOR AL TR A R RURL e Ak bedh T2 R FH/IN Bk be s I XUBe 25 S5 48 i, 78 — 8 R ok
TR RE AR B RG0SR R A R 3E B B2 T2 BT BUEK R A ORS  be 2 1 7 I i 48 b AH
B 7 30 48 45 A X 4R 2%

Rt , A 7853 R PMC RE 0, TR AWE T L LAl Ak v e L i b DAL FC A, 38 43 3 4 3 e AR LA kb 7, %o
o5 T P R A A ol T I 1 B R R BRI AR (B R e g A R Y B X PMC R k2
BT AR AL RS R 2R UR TR S AR Ak M BE EAT TR, 0 T A B A AR IS, B A T RGN PMC SRS
FIIFH 25 AR BAFE e B B R B H AR LU HE AR 9 AR AL AR, T 45 G e 45 = W O 45 44 . 8 7n T PMC K
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1 RBERSTE

1.1 REER

AHEFE ) PMC KRS0k A B§IE PMC A R, 5250 A PB By 07 0 IR0, ok B IR KR J /R LR 1,
PGk R CVRD 2 /) B FRERY o S50 B A0 T A B A2 K R Bk B2 340k B NER T R IRl in i = A VA K
AR R HE A,
1.2 ERLEEE ST

SR A 27 1 A3 R AR 2 4 A O L 43 i R GB/T 6730.73-—2016.GB/T 6730.8—2016 43 #7
8 (TFe) 8RS &8, R GB/T 6730.9—2006 Al GB/T6730.11—2007 43 M7 J5 R b — S AL ik M AL 10 &
A, S SRR BB C/S AHH AL CREZ 5 CS 30000, PMC K8 (KL % FH 5 /K 3C Mastersizer 3000
WA 7 %) FEAT A, XRD 4530 5% F H 78 Rigaku D/max-2500X 528 437 5, 5] i 5% FH 4 4 f 7 58 405
(HZA JEOL JSM-7800F) il T~ PMC K54 1) UKL IE 30
1.3 BRI

BRAS MRS ik F 8 IR A RHE A Il XUB 25 R s Re Al 3 > EROLBR, WA R WER LIRS
BHY L S B 2 1k 3, BRI 2 LA ZHON B4 M R ¢ 300 X700 mm, g KR EE 1 100 °C
ST TE] 3.0 min PRIEETE] 1.5 min RIS A RIK S 7.0% BHZJEEE 700 mm . Be4i 7k 14.0 kPa,
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BRI TR L MTE 2N T PMCKGH TE LR 0 F1 10 % I A Be & = TR i 5 br, FEHI R N T A&
g i PMC K8 5 X2 B2 . Be4h 0™ —JohlUE R, [E2E R 1.85,MgO &N 2.15%.,

®1 RAVHELR(MRESHT)

Table 1 The proportion of iron ores %
IS LR0N LV 4 PMC & R A2 IR AR K
E! 51.96 44.00 0 2.04 2.00
E ¥ 49.04 36.99 10 1.97 2.00

x2 RATHES

Table 2 The main chemical composition of mixed iron ores %
S w(TFe) w(Si0,) w (Ca0) w(MgO) w(ALOy) w(P) w(S) il
FE1 60.70 4.41 8.09 0.78 1.99 0.08 0.03 3.85
FE2 61.33 4.01 7.41 0.66 1.96 0.09 0.04 3.91

®3 BEMMNEAR(URESHIT)

Table 3 The proportion of sintering mixture %
WES A EON Hzfi KA A=A IR PR
ER 82.45 5.48 2.39 5.0 4.68
TE2 83.58 5.44 1.10 5.0 1.88

14 TR 5

B ik R s 4 BB 45 TR B0 [ R REEAT T+ 58 IR SR T GB 820987 7 vk X e 45 9
SR LB SBORAT T R,
15 AT MMEH S

B B 0 BN S5 4 R JTI 62 52 BOBEAE AT 7 . S BB 5 My Leica DMAP LED Basic Stand. 7= £ [ .

2 HR5IE

2.1 PMC ## R R R
2.1.1 ALF R

PMC K ML E B N3k 4 Fos . IR 4 el LUE th . PMC K0 B A B m 19 4k i A, 35 31 63,4605,
AL O;.SiO, HEMK.ALO, 4 0.720%,Si0, HA 1.360%,MgO & & .55 3.370% . SEK AL IR
DX HAE B AH L, PMC RS 0 BH S B A & 6 AR RE L IR0 AR IR . BB RS 7 F 6 2 A 53.23 %, SI0,
3.66 %, AL, 0, 3.54% , TiO, 35 B 12.75% ; A B HI F& LLOKS &7 8y 2k d A2 60.26 %6, Si0, 2.28%, TiO, 7.72%,
Al 0,3.78% s PMC W0 1 fh 2% 1 o3 5 2R AE 7R A8 Hb DX 1A RS 7 0 AH EG A7 76 B 2 5 1

#z4 PMCRTHLERS

Table 4 The main chemical composition of PMC concentrate %

w(TFe) w(FeO) w(Ca®) w(SiO;) w(MgO) w(ALO;) w(S) w (Cw) w (P) w(Ti0,) w(V,0s)

63.460 25.980 1.480 1.360 3.370 0.720 0.026 0.041 0.016 2.300 0.143

2.1.2 AR
M PMC K8 1) XRD FiE% (- DA IE S PMC R B MRS B TixEy 2 & ED, B
ATy e 22 g /b ) AR AT
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Fig. 1 The XRD pattern of PMC concentrate

2.1.3  BE 4R

PMC ¥& 0 (R 0L BE 43 A FURLEE 20 B UL 2 R 5. MHORLFEE 41 W] LA, AR T B8 45 )5 kL, PMC A5 ™
B L BE LA L SR AR R 61.74 pm, <74 pm (<2200 H )RRk 69.69 %, {HAE Hi kL A e 3l A 4 ks BRRL
TR B AE LA ORE b TR X T R R OB 2O R R L AORL, AN B UK WAk AT TR AT AR R I TR AT TiAd
B A LTS G R A A

) |__—-//] |

1
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BLEE/ pm

2 PMCHBH HHRES
Fig. 2 The size distribution of PMC concentrate

RAUE 4 H /%
_e = N WA NN
T

x5 PMCHEH MAEHRK
Table 5 The size distribution of PMC concentrate
<3 pm PR E R/ <74 pm PR EEH/ Y WERER/(m? - g REHFERAE/ pm IRFEBPRAR / pm
4.42 69.69 0.097 2 61.74 323.31

2.1.4 TR

BIFTE R - 4 ) JSURE (8 T IR L 3 0T 199 D' T R 8 S 7 45 o Bk A B R A S Y A SR K R
N SR R AR 20 RS, PMC R R BOMIE SR AN 3 Fros . KR Al LU i PMC H
UL R 1T LU BOHLRE | IR B — 58 B 0% A BURE , 8 20 240 JORE 52 DR RDREAR 2038 70 Bl 240 TR 2R £ AT
PMC K & B, FLAT B8 1) 25 K A o LS TRDHLRE | RG R 5 & mT LUOKG BE7E e 45 WRE b, A3 F) T 5 i e 25
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SEM HV:15.0 kV | Det: SE. BSE
SEM MAG:100 x WD:15.15 mm
Det SE. BSE Date(m/d/y):07/09/18

SEM HV:15.0 kV | Det: SE. BSE
SEM MAG:4.00 kx | WD:15.15 mm
Det SE. BSE Date(m/d/y):07/09/18

3 PMCHTHWEREAFRE
Fig. 3 The particle morphology of PMC concentrate

PMC K5 5ikr 2 1 19 BE 3% 40 M 40 &) 4 Fr o IR a] LU, PMC K 87 52 ML J0RE R0 41 50RE R 358 43 43
A PR B R 38 5] AR A HLI , MRS . BB 0 A 45 SR 0, PMC K5 0™ 2 B REART . 5 W AH 43 B 245 21
— 5L, HNEER D ER Si.Ca, Mg,

300 pm

(a) HBIEMER (b) A1

(c) WEHI2 (d) %3
B4 PMCHEYVHHBRBRMRELESH
Fig. 4 The SEM-EDX results of the PMC concentrate
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22 RERWER
2.2.1 REF T R

BEas 0 itk 2 o UL 3% 6, B A 10% B9 PMC WS 0™ )5 e 45 0 2k s 7 4 8 17 0.83%, Si0, i TR T
0.62% ,TiO, FFHT 0.33% ., 5HAK RN ™ 9 Be 4 07 FH L i B 5 0 RRAE 2 ARER AR IRRE . A BF SR 28
B R R EE A S R TP R RIRER B e 25, L THO, 4r ik F) 10.11%6.7.40 %0 .1.32 % . BRI, B
PMC M8 G B8 TiO, N 0.47% . J@ TIREK BB 450,

K6 BREVHIELERS

Table 6 The main chemical composition of finished sinter %

w(TFe) w(FeO) w(Si0,) w(Cad) w(MgO) w(ALO;) w(P) w(S) w(TiOy) R,

ES! 56.430 9.550 5.340 9.860 2.160 2.300 0.078 0.017 0.140 1.85
T2 57.260 9.480 4.720 8.750 2.150 2.270 0.087 0.018 0.470 1.85
TE2512% 0.830 —0.070 —0.620 —1.110 —0.010 —0.030 0.009 0.001 0.330 0.00

2.2.2 BREETEZRRZFIIF

27 R N BRGE R EA ARG TS AR RN L BN 10 % PMC KT L BR gl ) R BUR T B3, R
PMC K& I B4 FH 2800 1.209 t/(m? « h) LB PMCAB T 5 B 45 FIUH R BUF R 1,171 ¢/ (m® « h) L%
S50 SLAR BN 77,949 FRER] 77.02% , BEAMAE R B B E T, el AL ECN 10% PMC KB E AR
T e B XA, R e bR AR T ORI

RT BREFEREARER

Table 7 The main technical indexes of sintering

VES MMREF/(tem 2« h D) FEHRBREE/ (kg ¢ D) kR % i 345 K/ Ve

HE1 1.209 47.30 77.94 5.10

VEY 1.171 47.80 77.02 5.34
FE2512% —0.038 0.50 —0.92 0.24

2.2.3 WRLEH ML

BEA B B OR S A 1] 5 B o AT ARES A IR T U L J7 58 1TORBEIn PMC R ) 8987 AH 25 4 v 77
T S (ARG 45 AR T R R AR IR 4 . HL T SR BRI S . BRI T R Bk Tl W A o (E R R R A 1Y 28
A GE 4 ARIE A B O AL SO a5 K . AP v | LU 2 A0 /LR A7 A 3 A R T 0 i i SO B
RS SRR o OS5 AR R A A e DR R R 7 LR ] B A AE T A TR R R A L ELRE A B A5 b AR
BRIR AN B & A0 MURER IR PS5 B 2 .

(a) R1 (b)Jr%2
Bs KRETEHEN

Fig. 5 The microstructure of finished sinter
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M55 2(BEA 10 0 PMC S B AR S5 #4 B AT LU L Be 4 i 52 32 SURR 254, Jm) 3 AT 2 A 45 4 L B A
LSRRI L) BRESHOREAE AR LU R S5 AH O i R R R BR PR S . 2 EE RE R AR, BRI AT B9 i W AR, WAk
B IRERET VBRI S D T B BRI AN L A BRI B o0 A T RE R A R . AR ERET N E TR R M ETR i 2 A AR
TR AR 5 BR A 23 BOEE R 45 R v A BT R 25 A I o Aot , 68 285 4 b A7 7 R 9 LA AN 2L 4
BB B S JR FRAF AR IR I U AR BRI JEUS RE R AR I 7 AR 2R B BR AT A A IR T R
B BT DLALBR RGBT B AL LU B ™ . A s AT B R Bk 5 CaO 45 & B AR ER AT, ELBRZ5 07 ik Bk 1Y
R TR SI0, F AR B AR URAR D SRR B A A R A 2 RN 5 72 43 1
TBRESH R E A AR R AN R A

T A 3R 72 S Y 3 RO PMIC RS 8706 vy o ()ALl B i, JROAH A2 URE 0 22 L B A PR RE 22 . PMIC KG 7 X
e 23 3o AR VROAR A B WA S AT PMIC RS A b K 3 e 45 7 5 B2 T e AR b T LA DR T I R AR R
RIS B0 . 0 H A5 BRA™ A7 LSRN 1 WORHORS 205 1 T DR 45 R MBS S AR %5 Bk ™ 1T Sl 384 o 7™ S M) 1 B 245 6
By D 1 R AT BURE R R

NFEAR TiO, X BEE5 6 PERE A2 M AT IR LU T St %o A 7 T 2 A7 Al «

DX B G5 A FEAT AL 3 s i, 3R R BE A4S B SIO, & AL 3G 0B 45 WM 7Ok TR b L WRORE AN I 1Y Bk
B, P R eSS R

2) A PMC R H8 J fe » 7R B 205 0o it A i e M A 5 J3E 25 19 5 BROA™ , 2 A iR B2 R < P BE 4 Y R PR 45
T3 gk £ e R TR R LSS A3 M R RHZ B 3l R L BRI G - 32 e e 2 VA

3) BE 25 I ] 4 2B B8 PR YRR R TR B 22 L A PR UEBE 25 B 7 AT 4R & ) SR A R B 4 1]

4 4 &

DPMC R0 ELA 4k ARAE AR A RE o EA 2 1 R I {5 DO v 2 B2 A O BG40, <74 pm L
Py T0% NE N Be L IFURRL B B AN, 3% T AR R RS BRI SR L AR TR

2)BCIN 10 % PMC K50 J5 . X e g s B r= A 7 B B A AN RS2, e 25 A 28 BORD 6 55 J3 52 Rk 34,
A3 5 AR BCINE A9 1.209 t/(m? « h) M 77.94% FREZE 1.171 t/(m? « h) A 77.02 % , [FARBRFE N H 47.30 kg/t
W IR 47.80 kg/t,

3)PMC K i be b Pk RE 4 2 | R A0 I 32 i L VB0AH A= JRE g 25 L 2 1 b8 45 R 26 % 48 A W Ak 1 2 1A
1M H 250 P 85 Bk 1 A B IR T VB0 AF R 25 VR A %R 245 44 FRURERCIR 85 Bk 7 B S 35 s iR T be 45 0 4 80y
P HE— 2 R TR
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