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Preparation of Geopolymer with Iron Ore Tailings by Thermal-Chemical Activation and its Mechanism
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Abstract: In order to solve the technical bottleneck of low reaction activity and limited usage of IOT (iron ore tailings) in
preparation of geopolymers, IOT-based geopolymers were prepared with high-silica IOT and low-silica IOT as the main raw
materials, metakaolin as the correction material and water glass as the alkali activator. The thermal-chemical activation was
used to activate the activity of IOT. The XRD and SEM/EDS were used to analyze the changes in mineral composition of IOT
before and after activation, and the influence of thermal chemical activation at 500 °C and 700 °C on the microstructure and
structure of geopolymers was studied. The results show that the reactivity of IOT after thermal-chemical activation is
significantly increased, the geopolymers have dense internal structure and the compressive strength is increased significantly.
The suitable thermal-chemical activation temperature is 500°C. At the same thermal-chemical activation temperature, IOT with
a 80 pm sieve residue of 10% exhibit the highest activity and the geopolymers prepared by them have the highest compressive
strength. Compared with low-silica IOT, high-silica IOT can obtain a higher reactivity after thermal-chemical activation, and
the geopolymers prepared with high-silica IOT have a higher compressive strength. Thermal-chemical activation causes partial
transformation of low activity minerals in IOT, forming highly active minerals such as soluble sodium silicate and metastable
amorphous substances.

Key words: Iron ore tailings, Geopolymer, Thermal-chemical activation, Compressive strength

* I#5 H H8:2024-08-03
EETR WAL HAR AT H (E2021209145) s A6 48 i AL FEA B 45 ¢ 5 H (JQN2021001)
YEE B XU (1988—) . 5B i db e A 11 A 58 A, 52 56 D, 3 2 DA 3 oK U8 356 B4 L R T Ml 6 % 6 U8 4k R FH A 98 . E-mail: liugang @
nest.edu.cn
BIEEE B 20E 962, B WA 0N 3082 W2 S0, 3 2 DA R oK U8 56 A4 R R Tl [ 2 B 5 A6 R 5 . E-mail : fxx@nest.

edu.cn



XA, E - FENGRT B AR RSB AN R[] LHF RS £ ,2025,45(5). 265

0 5l

BBy AR E ™ E R K E, W,
LA RN R DB AN AR AR
b A A N R A R R T AN A S
FARBWEL M H A G K N R A Ay 5 e &t
2021 4 3 A MR ERUCEZ FHE % TH TS
ERRCOCT A DU 7 R o [ R 2 5 W 25 6 R 1Y 4
TR BER A TH B R R R R 1 255 A I K
SR BRI R R A B T 5 —
J7 THT 5 7K U8 SR At A SAT A Al R )Tz 0 R
RS B, 4 BRoak R £R K U 7 i L REAE 9%
FR) 3 o e 8 L R SRy K DR A 7 o R R R ORI
AR IF HEFE R I BT IR AR IR T LK U8 7k
1o TR R SR A BR IR B A L T R K e L RS T,
g i K7 5 o R AR KR I A PR IH AR BB L2 3.2 G, IF
HiR £ 4 25 810 kg CO,, 1.0 kg SO, 1 2.0 kg
NO, " b, N 2Bk AT FE4k & & 5 N 26 i dt
)R 1 B G K s i 5 T 2 HR ORI D 4 £ g 5 b ) Ok
B A 8 RERR AR KU L LA L H 25 28 1 I P 555 n) i,
b 5T B A ) 2 — R ) S o g SR R, AR T
DL PR & Tk R R 384, OF H A 77 i B AR 77 A
CO, A NO, "™, ik, R %R0 6l 55 o R4
PIM RS G IR BRIR B V5 Yy A U AR 3 SO M Sh 1 2
2o KR 1 1 5 R R R

LIGUORI B %™ MOGHADAM M ] %00 4
NS EUF AR & 2% SIO, 1 ALO;, R
SR A RS R L 1 Bl 5T 3R A 2o R ) I KA
LAZORENKO G 2% REN B 2 CAPASSO 1
SECREE T H T A SR A A R R BT b
SR R AR, A5 R R X TR &S0, il
Al Oy (4 Tl B AR 2 5590, R FH A3 09 7 2384 w)
REl 25 i M TSR G . BRI 10 2 W 2 Ak R AR
W) SUAE R R R ) L 7E T & b BT 2R 5 W I b B 2R
e QAT ey Ao L B e o R N = N A
X R R H 4 B AR AR, 0
SEREAE KR AR TR R T Y M T SR A I L U B
% R MR B e Ak R T 1 A T L O B S R R
YR PERE .

h TGRS 2 EIRT
W8, B ETF TR R0 i A5 1 5T 3R G W) 5 I B A R

gaill®

- 38 SR FH 14 3% 6 7 i A2 ALBRE AR . — R Ut
SR FH 33K ol 7 75 1 5 b 0T 3R A B SR Bk R T I 4
K F] 400 m* /kg LA L WA WS IA R IE E] 600~700
m’ kg BAF . (HIE BV 20 MUBEIE £k, FL0E PR SR 4
1%, EL B 2k B2 o B 40 22 L 2R 1 ARGk B 596 m® kg,
TE30% B RSB T K 28 d T6 M 48 ALK
68 %611 A BT 45 SRk s Bk R AR B — i AN
Ji L T LA B A0 G K AR A AN B R T
X 5 R R MIUBE TS 1k R R R T R4 43 A R L
TR A HE 6 Ak A R I M Y 2 v AR
FEABR . A A 78 2 0200, 3 ad w5 R Ak B BT LA
WO AT 0 W PR AR 2 M R 2 I R A B )
B B AR R RR SR (0 A5 R e AR AN e 4
200 B i B R G K B AR R R AR L& B
oy S B G, B BB T RN I P I BT
s e BBy 78 1 000 °C 4T 4 e, L% 4 AN A
WA RN T S AN BB TR AE 400 °C
600 °C 800 ‘C #1000 °CHEATHIE AL , FEAILAR A B
S5 A 400 CHBRERE S 0y 5 MR SRS A TH L
b 38 B 4B B R i 1 T M 4 B BT AR X
A Bl v Y A e Tk B 4 M ) R AR AN B
SEMBM AR, b TR SR SRR R
IO 3% M Y 7 % s AR SR FH I AR 23 A Oy xR
[ AR B R A7 00 PR Tl & M R B . %
S5 ) M J5 3 5 W 0 i R 1 DRV O g H R
BLBE L DLk R ik R 0 R RASE R ) 5 A 91

IO A

1.1 RIEH R

(1) BRRBW . SR T i ik 78 I ik 784 96 o 2K 2
W HARE A W 1L, XRD K LR 1, B3 1A
W E AR R (H-IO DAY SIO, & 5ik 3] 67.594% .,
(SiO, + AL O;) 35 F] 71.918% ; ik ik & £k FE 9~
(L- IO Si0, & &4 37.715% . (SiO, + AL O3)
1 48.050% . HE 1) T LIEH L H-IOT i FZ 8"
WA S BB A FEE A & 1) AT
DLE ML L-IOT ) EE 0 WA R A 5 B = B4
Ba EHFAMSEK A,

(2) KB, TAPGGE WA, Hh Si0, & &
H27.30%, Na, O & i8N 8.5% , % & Be/20 CHy
38.5 Be, #%h 3.30,



266 ok B 5 A 2025,45(5)
x1 SEVHULFAEK
Table 1 Chemical composition of iron ore tailings %
=X 0RE g1 Si0; Al; Oy Fe, Oy CaO MgO K;0O Na; O TiO; MnO SO;4
H-10T 67.594 4.324 17.109 4.405 3.358 1.430 0.828 0.151 0.262 0.246
L-10T 37.715 10.335 16.305 20.835 5.840 2.415 1.585 0.780 0.536
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Table 2 Main chemical composition of metakaolin %

Si0; Al O3 Fe:O3  CaO  MgO K:O Na;O TiO;

52.46  45.62 0.48 0.16 0.13 0.15 0.11 0.88

(4) NaOH, Hy5r#raifh =il .
1.2 RKEHE
1.2.1 BRREA A is 1 7 2

¥ H-I0T #1 L-10T 43 51 & F SM-500 %K 5
JBE ep g AT L ) £ 80 pm A 4 B OR 10% .
15 % F1 20 Y0 B AR 2R RLER R 0 3, SR 5 4 i) R B —
FE iU NaOH ER R B0 B, # I8 NaOH = £
B =12 B b O O #H TR A R EY
A)JE BT A B T, R KJ-M1400 #9452 H B
WOk Bk B BT M 4 ) i # = 500 °C A 700 °C LR R
1 h, S AAE LG PRl S AR e Bl 4, I
[l R e R L NG RO R, =R L N
1.2.2 R K g 4

DLER - Ab 22 5 AL S Bk R 8 o 3 JOR
o U b SR TE AR | K 3 T Sk B IR R R T A% b o 2R
G, Hi BB+ fmid =3 15 & ), K
[ A 0,30, /K BE IS IR E Ry 1.5, # BRC A LE AR
JEALEE R NJ-160A B 7K e i 5% 1 PR P kb +F:
YA B 9 20 mm X 20 mm X 20 mm AYF IR,

A RS IR R AR L A K U AR 1 75 40 48 Hh R
Pr(24£2) h Ja AT AR A S A E =R T 5%
11 d.3 d.7 d 128 d. SR I B i BT R SR
1.2.3  FAEIT

(1) P Fe o B2 I3« o 5% 4 22 0 18 000 1Y) 4 3K
§58 5 A 7 W 13| Nl G o R 1, L O

(2) B JE 547 . 2K Mastersizer2000 %I %7
JEA 3 e AS TR 8k R A7 M Bk B2 43 AT

(3) WIS 53 B B o DA oty s 2 L R
D/MAX2500PC #I X ST A7 S AL i 4T XRD(X £k
AT I3, S B A o B B 0 2H

(D) FYTE A5 AT < K A5 DU AE o 1 2 00 )22 25
T IBCRE i H O 365 R AL R AT B T S A 4 Ak B
SRIGTERFE B F o 37 L A e 7 W RBE b WL
TR A ROV B TE B, 9 45 & EDS (BE &2 #
SFEEE D MR, 43 BT 7 0 1 Ak 2 2 R

2 RKBHEREITH

2.1 HEVHEEMZEEMNRLER

H-IOT # L-TIOT A9 %5 B2 FA4H B S 800 W3k 3,
FORLEE A niE 2 iR, Wk 3 fE 2 ATLVE L,
H-10T 1 L-IOT ¥ £ B B & 80 pm 0 4% B i
N AR FROE PR AR S B 08/ o TR ABRE AR D s, 32 7 5
NI . A T T RGR, N 30 80 pm i AR A
10% 15 % F1 20 %6 14 2k B ™ 43 43 B FR Ry 48 | v
FURELS o



XA - ERT R AR RS AN []].H LR S A ,2025,45(5).

267
&3 H-I0T 7 L-10T MZEMEESH
Table 3 Density and fineness parameters of H-1OT and L-10T
R R/ 20 (80 pm i 4%) / L 7% T PRBUT Bk 42 Do/ PR Dyy/
ke (kg *+ m™%) % (m? « kg™ 1) D/pm pm Dso/pm pm
H-10T 2 800 20 CHLHD) 234 59.68 3.560 39.80 148.26
15CH D 263 48.70 2.690 32.88 118.45
1048 322 43.41 2.480 29.15 105.09
L-10T 2 750 20CHLHD) 253 52.50 2.220 28.97 127.22
15CH 287 47.25 1.996 27.59 112.06
10408 372 39.67 1.733 25.78 98.05
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Fig.3 Effects of different thermal-chemical activation temperatures on
compressive strength of H-IOT based geopolymers with the same fineness
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Fig.6 Effect of different IOT fineness on compressive strength of L-10T based geopolymers at same temperature
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Fig.7 Images of H-10T before and after thermal-chemical activation treatment
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Fig.8 Images of L-IOT before and after thermal-chemical activation treatment
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Fig.11 XRD patterns of I0T-based geopolymers after curing at 20 C for 28 days
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