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Fig. 1 Photos of test material: (a) Tailings sand; (b) Red clay
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Table 1 Physical and mechanical properties of tailings sand and red clay

Natural Internal Specific Natural dry ) o
. . Natural . o . . Plastic Liquid
Material moisture . . Cohesion  friction angle, gravity, density/ o o
void ratio 3 limit/%  limit/%
content/% G, (grem™)
TS 15.22 0.63 1.76 11.55 2.69 1.43 - -
R 37.14 0.96 - 2.71 1.35 27.0 69.9
(a) \ / PANalytical Empyren %! X 5} 2% fi7 & AL %J = 3 47
a
0 0 © I3H
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HC— Ny -
gy, KRR d 74 pm 5, K XRF-
)—#Lfm 1800 F3Hi 2 X S RGO HHEAT 0B
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Fig. 2
(a) Hydantoin epoxy resin; (b) Solidifying activator

Molecular formula of solidifying material:
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Table 2 Physical and chemical properties of hydantoin epoxy resinand DPTA

. Density/ Boiling Melting . Molecular Viscosity/ Epoxy
Material 5 o Lo Solubility
(grem™) point/C point/C mass (mPa-s) value
HER 1.2 355 156 Soluble in water!'®! 240.256 4500 0.74
DPTA 0.938 242.1 -14 Soluble in water 131.26 - -

| b)

(©)

3 ISR 10% R PR SR IR 5 Bi+0% 203 - [ AL AR AR AT 10% T DN 34 S0 IR 15 5 +10% 213 L35 B[ 4k i

PRI A

Fig. 3 Photos of test mold(a) and solidified sample of 10% hydantoin epoxy resin + 0% red clay(b) and 10% hydantoin

epoxy resin + 10% red clay (c)
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Fig. 4 Photos of solidified sample before(a) and after(b)

unconfined compression test
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Fig. 5 Grain size distribution of tailings sand and red clay
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Fig. 6 XRD patterns of tailings sand and red clay
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Table 3 Main chemical composition of tailings sand and

red clay
Content, w/%
Component
TS R
Si0, 64.876 41.997
ALO, 13.946 34.594
K,0 4.42 0.686
CaO 4.072 0.286
Fe,O, 3.823 19.78
Na,O 2.936 0.09
MgO 2.874 0.216
P,0, 1.122 0.108
CuO 0.086 0.021
Cr,0, 0.022 -
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Fig. 7 Relationships between cured body with different

mixing ratios and compressive strengths
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Fig. 8 Relationships between different mixing amount of
hydantoin epoxy resin and red clay and compressive
strength of solidified body
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P Hocsuien B Amorphous

@ S Amoprous

1 R RIS

EIRRRENCEIUEAR -t 5
BU SR AT IR o

DA 2 G TR IR

24 B WEARHLERLHE

HHFEMIEBEN10%E, REIE B
B[] A A R 431 4 FLBE TSR 5000 % T 1 B0 45 14
WE 11 Fis.

HE 1@, MaOFEBEN%E, BN
U0 UK g DS B ST I 5 T 1 0] =24 D 8% 25 1) Je
SEAE—EPY, AT [ A Ak b i 5 ) E e R
B, FP TR RO IR A FLER,  HAE AR T
W, BEERR A, IREVIZ A B R ERE,, TE
BT R A, BRI T AR R R AR T, 3R
i T A AR e B A AR e 1, (B SR G K

e
O
& 7
:
L,

£
1% ¢ O"’

Fig. 11 Microstructures of tailings solidified body at 5000 times: (a) TS+RO+HER10; (b) TS+R5+HER10; (¢) TS+R10+
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Table 4 Cost comparison between hydantoin epoxy resion composite clay and portland cement

Type of solidifying materials Mixing content/% o/MPa Cost (¥/t)
Hydantoin epoxy resin composite clay HER10; TS+R10 8.25 800
Portland cement 50%!) 0.6 450

4TI, KA FER TR, RN
NEE A RIE AR A R KT 1.78 £, T 2550
KIL, & S0%P.C 32.5 /KR i R 1b [ AL 44 () 5
EALN 0.6 MPa, TCIEH AN TR, N TIARHE
WA EM IR E A5 -y W E AR [F 2
BRI, T ERMESE KN SR, K
FEAM S S E AR ZY, S5 R IR
o BIEALFI R IR, 10 BRI In& 5 s A . M
THRENFHFIA G et kK, wa BEAE TR S P IR R
R AW IR E &8 LM RER, CUARIE
IR FHOR KAk

3 ZHip

1) Y DRI A B2 R 21 286 E 45 N LU [ A b Ak i i
BARERZW, 5FHEAEAMES =N 0% 2
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SRFEGIBIGK; BRI AN EBERN 10%, HA
LB ENS% N, RN R E AR

2) Bl A FIRAE A RE 3G 0, AR 58 B
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Strength characteristics and micro-mechanism of
hydantoin epoxy resin composite clay tailings sand solidified body

HE Yong"?, JIANG Wen-qiang"?, CHEN Ke-ping" %, WU Lian-rong®>, ZHANG Ke-neng' %, GAN Xue-ping*

(1. Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geological Environment Monitoring,
Ministry of Education, Central South University, Changsha 410083, China;
2. School of Geosciences and Info-Physics, Central South University, Changsha 410083, China;
3. Yunnan Diqing Nonferrous Metal Co., Ltd., Shangri-La 674400, China;
4. School of Powder Metallurgy Research Institute, Central South University, Changsha 410083, China)

Abstract: The hydantoin epoxy resins composite red clay was used to solidify the tailings, based on unconfined
compressive strength tests, cyclic drying-wetting tests and microscopic tests, the effects of the content of
hydantoin epoxy resin and red clay and drying-wetting cycles on the strength characteristics of the solidified body
were studied in this work. The results show that the strength of solidified body increases with the increase of the
hydantoin epoxy resin content, and first increases and then decreases with the increase of red clay content. An
optimal mixing ratio is found that, when the content of hydantoin epoxy resin is 10% and the content of red clay is
5%, the strength of the cured body is 8.25 MPa. The compressive strength of the solidified body decreases with the
increase of the number of drying-wetting cycles. After 7 drying-wetting cycles, the strength of solidified body
decreases by more than 80%. When the content of red clay increases from 0% to 5%, a strong structural
connection is formed in the solidified body, forming a "granular mosaic cementation" structure, and the degree of
cementation is strengthened. When the content of red clay increases from 5% to 30%, the dispersion of aggregates
in the solidified body increases, and the generated cement is unevenly dispersed, resulting in a large number of
pores.

Key words: hydantoin epoxy resin; tailings sand; clay; strength characteristics; micro-mechanism; resource

utilization
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