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Table 1 Chemical composition of cement and ilmenite
SRR CaO SiO, ALO, SO, Fe,0;, MgO K,0 TiO, Na,0O MnO PO HoAh
7KIe 58.70 23.24 6.73 3.28 3.23 3.04 1.04 0.32 0.19 0.12 0.10 -
B A 6.46 21.40 11.27 0.71 41.03 5.35 0.23 7.13 1.64 0.18 4.32 0.29
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Fig.1 XRD of ilmenite ore
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Table 2 Mineral content in ilmenite ore

VB S R R0 FHE T A WA HzhE ETd)Ys] KA
FRHERHR 04-005-7263  00-019-0629  00-046-1045 01-089-1304  00-020-0554  00-046-1311  00-024-0506  04-006-5402
AHXT & 5/ % 12.8 16.2 6.0 10.7 13.0 5.8 13.3 222
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Table 3 Concrete mix design

s TSR

KIKEE W& /% K/ (kg/m®)  JKYE/ (kg/m?)

W/ (kgm®) WA/ (kgm®)  BREH A/ (kgm®)  BKFI Y%

T,  C30 0.5 44 200 400
T, C30 0.5 44 200 400
Tis €30 0.5 44 200 400

821 1040 0 1
821 988 52(5%) 1
821 884 156(15%) 1

1.2.2 PMHEARAE

(1) ¥IM . KA Ultima IV B X 52667
SO BT BE S B AR LR, A0 B HE R 3 kW,
FIHGEE 1°/min, FRTEHE 10~75°,

(2) WML R MK IuE 5. KA
Scios Y AL ES T W KA I T BB (FIB-
SEM) , ML &2 HOW % 30 B K Ak IX B o6 2R 4H R
SEM 7% 0.8 nm, 30 kV; BT 5% Fli f [k
20eV~30KkV; HFIEE: 1 pA~400 nA; AHFTT
{fi F§ SEM J EDS ) TAEZ 48 20 kV, 0.4 nA,
FEES 5 pumo

(3) BRFEMNR. KA SHT4206 RAH L4 il H
VB AR] AR BE SEEE ML R IR B PR SR, Ak
fifar 2 000 kN, HERRE SR 0.5 Ho
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A,Se = Z,-v,-an (3)
Ang = zllefH:)n (4)
AG’ =%vAGS = -RTInK (%)

A SO—F5 kB R B, J/(K'mol); A H,—

PRUEBE R, kI/mols A, G —HRE 75 A 7 1 B R
A, kl/mol; v— it &%, T—IRE, K
TR
(1) 548 Fe,05 AHEL, A2 FeyO, S
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Table 4 Thermodynamic parameters of each substance in the
reaction at standard conditions'*”

e s /(J/(K-mol)) AyH?/(kJ-mol) A,G?/(kJ-mol)
FeTiO, 105.855 -1236.623  -1159.221
0, 110.876 -11.715 16.359
Fe,0, 87.400 -824.640 -742.635
Fe,0, 146.14 -1115.726  -1012.634
TiO, (400 50.375 -944.580 -889.336
TiO, (BLEkTH 49915 -938.720 -883.303

=5 RERX (1) BIHHELE

Table 5 Calculation results of reaction equation (1)

AR AS?/(J/(K-mol)) aH/(kJ/mol) A,G*/(kJ/mol)
TiO, (404D 910.596 -12859.053 -9 663.139
TiO, (HikH™) 908.756 -12835.613 -9 639.007

F6 REI (2) BiHEL

Table 6 Calculation results of reaction equation (2)

A A,8°//(K-mol)) a,H°/(kJ/mol) 4,G°/(kJ/mol)
TiO, (&474) 1 340.536 -15330.385  -14300.251
TiO, (BLEKH™) 1337.776 -15295.225  -14264.053
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Fig.2 XRD of ilmenite ore powder in simulated pore solution
at20 C
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Fig.4 SEM of 28 d and 270 d samples in simulated pore solution (a), (c) and the EDS of the corresponding position (b), (d) at 20 ‘C
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Fig.5 XRD of ilmenite ore powder in the simulated pore
solution at 80 C
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Fig.6 SEM of 28 d (a) and 270 d (c) samples and the EDS of corresponding positions (b), (d) in the simulated pore solution at 80 C
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Fig.7 Effect of ilmenite ore content and curing temperature on concrete strength
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Phase Transition of Ilmenite in the Environment of Concrete Pore Solution

BAI Long, FENG Xiaoxin, LIU Gang
(College of Materials Science and Engineering, North China University of Science and Technology, Hebei
Laboratory of Inorganic Non-metallic Materials, Hebei Province Technology Innovation Center for
Comprehensive Utilization of Industrial Solid Wastes, Tangshan 063210, Hebei, China)

Abstract: This is an article in the field of ceramics and composites. Taking ilmenite ore as the research
object, the possible phase transformation of FeTiO; in concrete liquid phase environment was analyzed in
order to provide a basis for the utilization of ilmenite tailings. The thermodynamic stability of ilmenite
(FeTiO,) was analyzed by thermodynamic calculation. Ilmenite ore powder was soaked in simulated
concrete pore solution at 20 ‘C and 80 ‘C for 28 d and 270 d, XRD and SEM/EDS were used to detect
mineral transformation. Using ilmenite ore to replace part of the gravel to prepare concrete, the influence on
concrete strength at 20 °C and 80 °C was studied respectively. The results of thermodynamic calculations
show that FeTiO; is unstable in the environment of O, and converts into Fe;O, or Fe,O5 and TiO,. The
immersion experiment of ilmenite in the simulated concrete pore solution shows that ilmenite has no obvious
changes. The concrete strength test shows that at 20 'C and 80 °C, when ilmenite ore replaces 5% crushed
stone, the compressive strength of concrete increases, and when the replacement is 15%, the compressive
strength decreases, the reason is that the quartz in the ilmenite ore has undergone an alkali aggregate
reaction.

Keywords: Ceramics and composites; [lmenite; Concrete pore solution; Phase transformation; Concrete;
Strength
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