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Table 2 Physical properties of test materials
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Fig. 1 Particle size distribution of phosphogypsum, fly ash
and tailing sludge
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Table 1 Particle size distribution of tailings

Particle size/ Mass fraction/ Mass accumulation/

mm % %
0.28-1.25 26 26
1.25-2 27 53
2-3 20 73
34 17 90
4-5 10 100

1.2 SWHE
121 7%

AR AR AT B, TR ShAK YR Ak
IRNE R EEARL, RN A TR . AR
FE RN AR SR (3d. 7d A1 28d) VENVEM $EHR,
BN RO E S &E. KD B R K
FE)IUACT 1 IEA R (R 4).

Sample Apparent density/(kg-m™) Packing density/(kgm ) Surface moisture content/%
Tailings 2626 1464 0.120
Tailing sludge 2653 923 0.974
Fly ash 1990 650 0.049
Phosphogypsum 1992 850 8.11
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Table 3 Mineral composition of test materials

KA EOER S0 mm, FHHEAE 100 mm,
150 mm FIFEEER . 2 2R R ARG,
2 RIS SE, ARG R AT, RGN OEE
SEACHIE LA, ICRINE R, SRR A .

2) HLA AR

KA GFE i E S H 01000405 5 E 1R E6H L
W PR TBCE A R AR T e, B E INEE R 0.2 kNJs,
BEAT T R SR B R, TE AT B SR e e
FEME . SIS R 2 As.

Mass fraction/%
Sample
P Hy}c)lerlf[)i):zlla Quartz Hematite Albite Plagioclase Muscovite Illite Dolomite Plaster Amphibole Calcite
Tailings 10.15 6.91 12.75 - - - 69.65 0.2 0.34
Fly ash - 61.55 146 1599 20.99 - - -
Phosphogypsum - 1.35 - - - 4.05 - 94.02 0.59
Tailing sludge 60.94 2.24 - 8.38 11.42 - 9.76 6.30 0.34 0.61
®4 WEOH AL IERZ KRR
Table 4 Header of orthogonal test table
Level/ A B C D

factor (Phosphogypsum content/%) (Cement-tailings ratio) ~ (Slurry concentration/%) (Lime content/%)
1 10 1:4 74 1
2 20 1:5 76 3
3 30 1:6 78 5
4 40 1:7 80 7

B2 SLiiifER
Fig.2 Experimental flowchart
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Table 5 Slump and uniaxial compressive strength of

filling materials

Uniaxial compressive strength/MPa

Group  Slump/cm
3d 7d 28d
A 14.2 0.3931 1.0762 1.3644
A, 13.7 0.5139 1.1124 1.4092
A; 13 0.5358 1.0851 1.2763
Ay 11 0.6186 1.0996 0.9985
As 12.7 0.4777 1.2340 2.1319
As 134 0.3294 0.5934 1.0619
A, 104 0.6400 1.3131 2.7517
Ay 11.5 0.3837 1.0079 2.0805
Ag 3 0.3590 0.7890 0.6982
Ay 2 0.4866 0.7260 0.6356
Ap 11.8 0.2596 0.5911 0.7161
Ay 11.4 0.2331 0.5243 0.9753
A 1.5 0.3282 1.0318 1.4138
Ay 4.5 0.2882 0.5259 1.5554
Ais 5.5 0.1944 0.4217 0.8959
A 11.5 0.1411 0.3042 1.1291
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Table 6 Extreme value of each factor in each indicator
Factor Level A B C D E

K; 1298 7.85 1273 10.13 8.30

K, 12.00 840 10.83 9.63  9.65

Slump  K; 7.05 10.18 8.00 9.80 9.83
K, 575 1135 623 823 10.00

R 723 350 650 190 1.70

K, 052 039 028 039 037

K, 046 040 036 037 041

3d K; 034 041 039 041 036
K, 024 035 052 038 041

R 028 0.06 024 0.04 0.05

K, 1.09 1.03 0.64 0.86 0.81

K, 1.04 074 082 094 0.88

7d K; 066 085 0.85 0.84 0381
K, 057 074 1.04 073 0.86

R 052 029 040 021 0.07

K 126 140 1.07 166 125

K, 201 1.17 135 141 150

28d K; 076 141 140 129 1.18
K, 125 130 145 091 135

R 125 024 038 075 032

0.5

0.4

0.3

0.2

Percentage/%

0.1

0
ABCDE ABCDE ABCDE ABCDE
Slump 3dUCS 7dUCS  28d UCS

Factor
3 AR &SR ERZE S LT

Fig. 3 Proportion of each factor in each indicator
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By Ko N m DNHRRIEE n KT BB R AR bR Matrix analysis result
ML &wpmmp &% &% ﬁg ﬁﬁ;
5=7L—ﬁﬁjﬁiﬁﬁ%TmT: A, 0.1192 0.1381  0.1130  0.1017  0.1180
YK, A, 01102 0.1226 0.1073  0.1617  0.1254
- Ay 0.0648 0.0898 0.0680 0.0610  0.0709
t, 0 A, 00528 0.0637 0.0589  0.1005  0.0690
I 0 1 0 - B, 0.0349 0.0235 0.0608 0.0221 0.0353
P B, 0.0374 0.0245 0.0436 0.0184 0.0310
00 0 ¢ By 0.0453 0.0246 0.0502 0.0223  0.0356
B, 0.0505 0.0208 0.0433 0.0204 0.0337
4=ff%5@jm$§ﬁ@5my, C, 0.1051 0.0642 00510 0.0263 0.0616
>R C, 0.0894 0.0815 00655 0.0333 0.0674
= C;  0.0661 0.0901 00679 0.0346 0.0647
ﬁ C, 0.0514 0.1187 0.0830 0.0357 0.0722
e n » D, 0.0245 0.0140 0.0357 0.0803  0.0386
: D, 0.0232 00135 0038 0.0679 0.0359
- D;  0.0237 0.0149 00348 0.0625 0.0340
" D, 0.0199 0.0136 00301 0.0441  0.0269
1E p MBI ER | MBI A E,  0.0179 00194 0.0116 0.0253 0.0185
o =MTE, ) E, 0.0209 00219 0.0126 00304 0.0215
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AR N E, 0.0216 00218 0.0124 0.0274 0.0208
O+, ++o,
»= 5 @) b, BMPHET LT
. a=4-x
RIELL EAXAT IR AR, ik 7 pril. A:é_f
MEHTTUUE H, AR K IEPRIE T2 R A j—é—‘ 10)
O 1 BRI MR R (
=

BE—SM KT, FRESAKP T HERIERK
553 5 A A5(0.1254) . B3(0.0356) « C4(0.0722)
D1(0.0386)F11 E5(0.0215). R4 & HAE K /INAT LUK Wr
W R R EEMINT N A>C>D>B>E, JFH
KERMOEREZWIFEA K. Bk, LN
A>B3C4D) -
224  fREE TS

i A AR TR A2 T 44 B8 R o2 10 5 R IE R R
AR B IEPAME TS, i A R

U=x+a,+b,+¢ +d +- )

A w NIRPMETINE; X 9XREEE R ST
WEs ain bys cxs dy B IRIRAERAEACT T RN AR -

iﬁ':F‘: A,'\ Bj\ Ck\ D[ %%%E%%7K¥?E‘J?E
S IER
K @A) AT A5 A5

u=YV,~(m-x (n
Aot m WA V0 R T AACE AR 01
PR

AR LA B2 (AT ORI A e U R A (e,
H DA R Wi A9t (R R AR AR ) T 545 SRk 8
fid, S AU EE R IR 9 Fisil. MR 9
R DA Y, AR I A Y 0 SR U0 Ak ) A 4 T oY



95315 4 AL, A BT ISR BB B R A5 T A T L AL 1103
R 8 FERE DTSR AR A TS A I 2 B 45
Table 8 Process and results of optimal solution estimation by matrix analysis method
Factor A B C D Z 14 X Es\t/i;i?;ed
Slump/cm 12.0000 10.1750 6.2250 10.1250 38.5250 9.4438 10.1936
3 d UCS/MPa 0.4575 0.4075 0.5175 0.3875 1.7700 0.3864 0.6108
7 d UCS/MPa 1.0375 0.8525 1.0425 0.8600 3.7925 0.8397 1.2734
28 d UCS/MPa 2.0075 1.4100 1.4500 1.6625 6.5300 1.3184 2.5748
&9 BEAUMK TG E
Table 9 Estimated values of each optimal solution
Estimated value
Factor
Optimal solution Slump/cm 3dUCS/MPa  7dUCS/MPa 28 d UCS/MPa
Slump A,B4C\D, 18.8436 0.3683 0.8084 1.3323
3dUCS AB;CyDs 10.8436 0.6908 1.3059 1.4598
7dUCS A,B,C4D, 8.3436 0.6358 1.5834 1.5648
28 d UCS A,B;C4D, 10.1936 0.6108 1.2734 2.5748
Matrix method AB;CyD, 10.1936 0.6108 1.2734 2.5748
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Optimization research of base-phosphogypsum cemented
backfill ratio based on orthogonal test

ZHAO Feng-wen', HU Jian-hua', ZENG Ping-ping', WANG Xue-liang’>, ZHAO Lei’

(1. School of Resources and Safety Engineering, Central South University, Changsha 410081, China;
2. Hubei Sanning Mining Co., Ltd., Yichang 443100, China)

Abstract: The filling technology of phosphogypsum as aggregate is one of the treatment methods of goaf and solid
waste, and phosphogypsum’s chemical activity is the key to affect the filling effect. Taking phosphogypsum filling
to be carried out in a mine as the object, and the base in quicklime was used as an activator. According to the
orthogonal experiment method, 16 groups of ratios were designed to carry out combined experiments. The range
method was used to analyze the optimal ratio under each index (slump, 3 d compressive strength, 7 d compressive
strength and 28 d compressive strength), and the matrix analysis method was used to analysis and optimize to
obtain the feasible optimal ratio, and the index value prediction method was used to predict the mechanical
characteristic value of the final ratio. The results indicate that: 1) The content of phosphogypsum is the first main
influencing factor under various indexes, and the second main influencing factors for the three indexes of slump, 3
d strength and 7 d strength next time are the slurry concentration. Under the 28 d strength index, the second main
influencing factor is lime content. 2) The final parameters of the optimally selected backfill are as follows:
phosphogypsum of 20%, cement to tailings ratio of 1:6, slurry concentration of 80%, and quicklime of 1%. Its
estimated values of mechanical properties are slump of 10.1936 cm, 3 d strength of 0.6108 MPa, 7 d strength of
1.2734 MPa, 28 d strength of 2.5748 MPa. 3) The influence relation model of different factors is established. The
relationship between various index values (slump, 3 d strength and 7 d strength) and the main influencing factors
are in accordance with the relationship of Z=Ax2+By2+Cx+Dy+Exy+F .

Key words: orthogonal test; range method; matrix analysis method; index value prediction method; relationship

model
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