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Performance Analysis of Graphite Tailings Improved by Clay Based on Response Surface Methodology
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Abstract: In order to enhance the shear performance of graphite tailings, based on the indoor direct shear test, the effects of clay
content, water content, quicklime content and polypropylene fiber content on the shear strength of graphite tailings were
determined by single factor test. The optimum mix ratio of clay, water and quicklime was obtained by response surface method
(RSM), and the optimum mix ratio scheme was verified. The microscopic characteristics of the samples were analyzed by
scanning electron microscopy. The results show that with the addition of clay, water, quicklime and polypropylene fiber, the
shear strength and cohesion of the solidified graphite tailings increase first and then decrease, and the internal friction angle
tends to be stable. When the clay content is 29.38% , the water content is 15.82% , and the quicklime content is 3.59% , the
cohesion of the solidified graphite tailings reaches the best, which is 9.417 3 kPa. The average cohesion obtained by the test is
9.487 kPa. The relative error between the predicted value and the test value is 0.7%, less than 5%, which verifies the
feasibility of the response surface design model. The SEM results show that the agglomeration structure is formed between the
modified graphite tailings particles and the clay, which improves the shear strength of the solidified material. The research
results are of great significance to the reinforcement and protection of graphite tailings reservoir slope.
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Table 1 Basic physical parameters of graphite tailings

R E/
(kg *m %)

HE B/

=y &Y
KA (kg +m™3)

fLBR/ %

5.18 2 857 1450 49.2

x2 RBRHFIHELYEERIER
Table 2 Basic physical property indexes of test clay %

R THIR HBPER L

41.983 26.50 15.483

RN E R 6 mm, H 32 24 GE 48 45 0L
%3,
®3 BEFKFEEBHAER

Table 3 Main performance indexes of polypropylene fibers

PURismpE/  Wrafic sRpERE/ A/ HRE/ W/
MPa R/% MPa (g/cm?®) pm C

469 28.4 4 236 0.91 32.7 169

1 HB AP RIS LY XRD 47 5 B S WA 1 s
R E LR 4 ME S, TUFEH. AERD
FEL+ FEZAE 8 SI0, il ALO,, AR
Wb R A A R RLAR S A & a2 TR . H A
2 A, A SR AV ORI AL R R AR 2 B Th 7E120~500
pm, IS RIRE T 58.4 % IBPERE 5, kL 2 ) 5L
ARWAH TR AR S AR R 2 . B RiAR
BN TR OR8] A7 7E B 40 A AW B E A
XA B R A — RN R, TR R
FHZE X7 52 R AP R A7 ok B, 3 A 55 R D 1 2 45
PEAIE M

vEE_+AZE
+HKE » FRE
. RET - WHKE
oBIRE o FHE

B1 FiEEEH XRD 75 B
Fig.1 XRD diffraction patterns of clay and graphite tailings
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Table 4 Chemical components of graphite tailings %
48.01 15.41 10.44 9.86 8.10 4.02 2.49 0.72 0.10 0.85
xS HIHFEAS
Table 5 Chemical components of clay %
SiO; Al, O Fe, O3 K;0O CaO MgO TiO; SO3 MnO P, 05 HiAls
63.50 17.78 9.24 3.33 2.30 1.72 1.33 0.21 0.20 0.16 0.23
100f F6 MBEL
Table 6 Material ratios
80 A
el gy FitBu/ KR/, AAKBRE/ BAEKLD
£ o il P % % % Gt it/ %
OV I~ 5
i§ \ - 1 10 16 0 0.00
£ ol K 2 20 16 0 0.00
Bk Sy y it 3 30 16 0 0.00
20k 4 4 40 16 0 0.00
. 5 50 16 0 0.00
0 } R 6 20 15 0 0.00
'1 1'0 1(‘)0 1'000 7 20 17 0 0.00
B2/ um 8 20 18 0 0.00
e 9 20 19 0 0.00
B2 AEEW FHIMERRKKEDMHEHK 10 20 20 0 0.00
Fig.2 Particle size distribution curves of 11 20 16 1 0.00
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Fig.3 The shear strength change curves of the solidified material under dosoge of different factors



176 gL B R S5 A 2025,45(4)
10 s
W EER |15
8> —_~
< o < -
= 6 1102 & s
B 103 < &
R & R >
w4 e & i
& |; & & £
2 =
LT 20 30 40 50 0 =% 16 17 18 19 20
FHLBEMYS k&M
(a) L BE (b) EkE
RN BN
81 —EEA | 8} - A dis
< 6F :\ < :\
~ =W ~
% 1103 < 1103
R 4 & R &
B B i 3
W& & [ 1
15 = 5 =
2L
0 1 3 5 7 9 0 0 025 050 0.75 T
ERIRBEN% R T EBE%

(c) EAKBE

2.1.4 AR R TR I £F 245 10 A6 P 1Y 52 )

i 18 3CA) AL 4Cd) AT B8 N 4 21 4k 45 A7 A
— (R, R 0.75 % . R INIR LT 4E 45 1\ 0 38 Jin 3]
0.75 00, D i SF AL FEAE A SR R AP 5 & L 2 [ 1Y
FLB ) FH 2 ) 24 SR80 8 1 28 2 1 o 1 Ak 4
ARG SR 0 o PR B R A1 5 R0 R g W JEE 458 A8 1) m R T
WK, dRLEB ALY G . A 2 AR A B R D R AR AL
VAR, 3 B0 55 JB0RE ] 1) 2 k80 107 W 8 I, B 40 X
WA A AR M R S B A SRR
T T8I0 AR 254 B o) 225 4 P AR UL 1) A8 T | 21 4 R 4
F18) S R AR 75 D AR 45 ) B2 A Tk A o A RO i [ Ak
YR Y RE 77 dc 4 BUE [ 16 9 25 23R g R P 4%
FAUR /N, B BT 3R B 2 BRI
2.2 FE A0 E S ik e
2.2.1 FHE Iy R T o3 A i g 2

AR 55 f& B Design Expert 13 # 4 #J Box-
Behnken #E47105% 7 2 511, 38 5 [l )3 A )5 22 43 B
X 485 SRR AT R I A 38, DA I R B e i PR Y R
N FNAZ T AN, SR A5 55 5 0738 B e KAE F B IC be 4
fo MBI T RN T R LB A KR

(d) RAKSFHELE
4 FREEBETEANFRARNEZERTLER

Fig.4 The change of cohesion and internal friction angle of solidified material under dosage of different factors
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Table 7  Design schemes and results

e BB KR EGRBR RS
A% B/% C/% ¢/kPa

1 20 15 3 7.358
2 40 15 3 6.674
3 20 17 3 6.949
4 40 17 3 6.630
5 20 16 1 7.085
6 40 16 1 6.633
7 20 16 5 7.494
8 40 16 5 7.129
9 30 15 1 8.221
10 30 17 1 8.494
11 30 15 5 8.946
12 30 17 5 8.221
13 30 16 3 9.423
14 30 16 3 9.268
15 30 16 3 9.468
16 30 16 3 9.404
17 30 16 3 9.314

2.2.2 W N TR ER T BT 5 AR G A
XERRIT ¢ VETT 220 B AR I3RS,

xS FRANcCHESWER

Table 8 Results of variance analysis of cohesion

IR SEHRM AmE ¥HFE O FE  PEHWE>FD
R 19.510 0 9 2.170 0 266.48 <<0.000 1
A 0.414 0 1 0.414 0 50.90 0.000 2
B 0.102 4 1 0.102 4 12.59 0.009 4
C 0.230 2 1 0.230 2 28.30 0.001 1
AB 0.033 3 1 0.033 3 4.09 0.082 7
AC 0.001 9 1 0.001 9 0.23 0.644 3
BC 0.249 0 1 0.249 0 30.61 0.000 9
A2 15.670 0 1 15.670 0 1 926.05 <<0.000 1
B2 1.240 0 1 1.240 0 153.02 <0.000 1
C? 0.549 3 1 0.549 3 67.53 <0.000 1
5k % 0.056 9 7 0.008 1 — —

I 0.030 0 3 0.010 0 1.48 0.346 7

fXtiRZE 0.027 0 4 0.006 7
BE#E 19.570 0 16
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Fig.6 Comparison between predicted values

and actual values of cohesion
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Fig.7 The influence of the interaction between clay content, moisture content and quicklime content on cohesion
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Table 9 The best cohesion ratio scheme of

graphite tailings solidified material
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Table 10 Validation results of the best ratio scheme

ot it/ ToKE, EAKBRE, BRI/
% % % kPa
1 29.38 15.82 3.59 9.56
2 29.38 15.82 3.59 9.48
3 29.38 15.82 3.59 9.42
-1 — — — 9.487

Btk AR RGRBR OBED o
A/% B/% c/% ¢/kPa B
29.38 15.82 3.59 9.417 3 0.982
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Fig.8 Microscopic morphology of the solidified
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