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Fig. 1 XRD patterns of tailings(a) and hemihydrate
phosphogypsum(b)
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Fig.2 Particle size distribution analysis results of tailings

Table 1 Chemical composition analysis results of phosphogypsum and tailings

Mass fraction/%

Material
CaO A1203 SIOZ P205 MgO F6203 SO3 SrO
Phosphogypsum 37.86 0.46 4.20 1.37 0.28 0.45 44.82 0.36
Tailings 34.44 0.38 2.59 6.45 17.91 0.42 0.82 0.19
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Table 2 Factors and levels of orthogonal design

Value of each level/%

Level
A B C
1 0.5 0 65
2 1.0 20 67
3 1.5 40 69

RAR ISR, R & 1) R E R CE KB A
AN B AK)BINIRA R, SRSIPHEE AR
WIS R . RO R, KT
FIRFEZEN 7.07 emX7.07 emX7.07 cm AriE =Bk
B BERBEEWG, EH ARV, fFPIEE, ik
Pegr, RV PP A G, TR, BB S
WRYUL R TR FRY, TN 20 °C, FRIRER
90%. K AEC—201 J3 fe ik BSAIL 73 75 B E 1% BRI 38
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Table 3 Results of orthogonal test
Test No. Al% B/% Cl% R; ¢/MPa R, /MPa Ryg /MPa Slump/cm  Divergence/cm
1 0.5 0 65 0.6 3.7 54 28.0 65
2 0.5 20 67 1.5 52 6.7 29.0 78
3 0.5 40 69 1.3 4.4 3.8 29.0 69
4 1.0 0 67 1.6 2.4 43 28.0 72
5 1.0 20 69 3.4 5.4 8.1 29.0 74
6 1.0 40 65 1.3 1.8 6.4 29.5 115
7 1.5 0 69 5.4 5.5 6.1 26.0 72
8 1.5 20 65 3.1 2.9 42 29.5 125
9 1.5 40 67 2.8 3.1 4.1 29.4 98
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Table 4 Results of range analysis

Types of range Factor A B C Significance
ky 1.14 2.77 1.67
ks 2.09 2.68 1.97
R; ¢y MPa ks 3.99 1.77 3.58 A>C>B
Range 2.85 1.00 1.91
Optimal level Aj B, Cs
ki 4.43 3.91 2.81
ks 3.21 4.50 3.59
R; yMPa ks 3.86 3.09 5.09 C>B>4
Range 1.22 1.41 2.28
Optimal level A, B, Cs
ky 5.30 5.00 5.32
ky 6.25 6.36 5.02
Ryg /MPa ks 4.56 4.75 5.77 A>B>C
Range 1.70 1.61 0.75
Optimal level A, B, Cs
ky 70.67 69.67 101.67
ks 87.00 92.33 82.67
Divergence/cm I; 98.33 94.00 71.67 C>A>B
Range 27.67 24.33 30.00
Optimal level As Bs C,

B, el I, XHF 3 d PUESRE R KK R
SEAMMABE . KT 7 d R K 1 R R KR
WREE. XT 28 d SRR K R A2 AMINFI5 &
X TR B 1 s i KR 3o SRR B . 3R 4 [F]
ISy 25 H A0 B0 R P B A H T 6

212 JrES

ERZE AL, J7 72 0 BT Re DX & R 32 7K 7 Foxsf
(58 45 AL R] 1) 22 53 Lt | R 3R /P AN [ 5 | I ad
e MRS R ZE TR 1) XHAREI28 ARt fE AT E
Br, SRWEES. RSP IR ON: 1) ERIEK
HEEF. ZHAEHER%; 2) DF ADegree freedom{f
5, R B, &R E R R K EORL,
BT AR RS a5 & R 27K 03, TR &
KIMEHEN2; 3) SSHStdev squarefdj 5, B %,
RLETJ5 (R F) CA L T 5 FI (R %) ) MS RN
Mean squarefi 5, BI¥75 2, VI MERLLE HERS
H¥T7 s 5) FIEZPAYI 7 B AR (RS TR ZE 1),
FIEBR (54558 35 7K P R FR (R AR P A0 1 B Ab 22
Z AR SRR B, 3R 2 TR /)N 150 B IR
Bro PRI MS BRELEZE MS SKitH, ff

DK I L e 5 76 3% R 2 I SR FIEAT LUBOK I e 5
MHETFRERE . RSH[*|RREF0.1]5E.

MTT BT ERKE, SHRBEETTES TS
WRZE ST TS5 R — 8. IR 2 Hrds RaT
A1, 3 d SRE SRR RS T R AN 43B8,C5, BIEC
EEA 1.5% 0% 69%; 7 d 5058 St i k6 77 2 41
E N A\B,Cy, BIECEE N 0.5% 20%. 67%; 28 d 5i)¥
BB R T ZRHEN 4,8,C5, BIFLEEN 1%.
20%- 69%. FIO.1]GFME N 9, BRIAY 3 d 5RFESMN
FIB RN ERE FI0.1]83, ST H A 508 1580 5 fi
HIER IR R R . a5 RER T RAL R
FIEBEAMINFE E 1.5%K .

2.1.3  WEACE FR ARG RV AR R AR A 5 R PR 2R
i

ML b TEAZ RS R DA, R 5 A A )
X R R R AR O, RSN ISR R E .
KRR 3 MemE R SPERER SR, RHAIH
AP 58 5 22 e AR 2R [l AR A an =X (1) T

Y =by+byx; +byxy +byxy +byxx, + bsxyxs +

bex X5 +b7x12 +b8x§ +b9x32 (D)
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Table 5 Results of variance analysis
Item Factor SS DF MS(effect) MS(error) F Significance
A 10.65 2 5.32 0.41 12.98
3d B 1.31 2 0.65 0.41 1.59 A*¥*>C>B
C 4.94 2 2.47 0.41 6.02
A 2.28 2 1.14 4.35 0.26
7d B 2.95 2 1.47 4.35 0.34 C>B>4
C 8.23 2 4.11 4.35 0.94
A 3.34 2 1.67 0.79 2.11
28d B 3.84 2 1.92 0.79 2.43 B>A>C
C 1.47 2 0.73 0.79 0.92
A 1160.67 2 580.33 90.33 6.42
Divergence B 1108.67 2 554.33 90.33 6.14 C>A>B
C 1382.00 2 691.00 90.33 7.65

Xy NFEAEPURME, MPa; x, ASMIFIS &,
%: xo AR E, %: xs WEKIKEE, %;: b NEIA
A (k=0, 1,2, *, 7).

Xf3.dy 7 d. 28 d EAEEIESSRIGHAE, A
MATLAB HaEZet 7 #r 4 nlinfit, F nlinfit B350
AT ARk de /s AR BRI A, 12 R B e 7
B, AR IE AR IR, SRAR 5 AR 10 [ )3 R AL
1932 Jo ARt A 7 2 A = Q2)~(5) s :

FRIM KL 3 d B )RR .

y =—1909 +706.7x, +194x, +3788x; —1633x,x, —
241.7x,2; —33.3x,%; —2750x3 » R=0.94 )

FRIEM R 7 d B [ AL
y=933.7+1.98x, —29.2x; —0.24xx; —

0.03x,x; +6.08x; +0.22x; , R=0.96 3)

FRIEAT R} 28 d 5 [l A AR A .

y=1505.1+3.61x, —4.63x; —0.06x,x; —
0.05x,x; —1.07x7 +0.35x7 , R=0.97 4)

7 JE [ A Y .
y=502.5+168.67x; +4.57x, —7.17x; — 0.80x,x, —

1.67x,x; —0.03x,x; —7.33x7+0.02x2 , R=0.99  (5)

K IEAZ 150 %5 2H 150 AR T 45t 1 [ A A A
DL Matlab $UEASIUE P h = eS8 SvE M 3D AT AL
W, UG A NFIBE . BRININE. BRI
JE A Bl B R R AE B A = A P AL,
JEK/NB R . 3dy 7 d 28 d 5 AT Ak A T

-l 3(a). (b)M(c)Fiw. ME 3l LAEH, 3
2 555 YOS 28 7 2 P TR 5 W0 22 R0 g 22 93 AT 45
BA—F, 3d M 7 dSBESNESEINFIBE
1.5% RRMBE 0% FRHKREE 69% ) ik B i K AE
28 d ENEE EGIIMAE & 1%, BB E 20%H
HBRREE 69% I ik B, ¥ RENTER GIMNTEE
1.5%. RHBE 20%0) . FENREE 65% M ik 3 5 K ME

M EvTan, E&4MRBE. RSk Rk
FEXT FE b 78 S A B AS [R] 16 1 58 FE 0338 20 14 1D 52 i) AN
[ =R REGE) A Frm, fERIKEK
R BRI s R b 5 B KPR S VSR 4, {H I 5
FERFT R, H 9 HilIRivg BEEUE A K, ¥R
F 28 cm. Fk, A IETHR[16-20] 7T LAY, %%
S 4H ¥ R A A R, TR AR N R
F R LN R .

2 SRA 72 5 R AR AT B v 1) 40 R R 1
B, RAEE 3@fTR, HEEmERI Y Z4840m
ABE 1.5% BB E 0% BHRIKE 69%. M
GG MG INEX FE AR 3 d SRS B R 2,
FeIANR 3 d SREFATIA 3 MPa DL E. MR kT ER
MBI 0 () PSR FE VR R I, JL s FE TR BT LA«
BEINMANBE 0.5% BB E 20%. BLERIKIE 69%.
A PR 20T 58 B s e 2 2 P ER R B/ O BRI FE
SEMNFBE, RibBE, IR REGAE 7 dmET
15 5 MPa LA Fo YRAT 771 75 B 1 e A B e R 1
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W 20%. BERIREE 69%. 5 R 20 3 fL i 5 25
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Fig. 5 SEM image of hemihydrate phosphogypsum raw

material
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Fig. 6 SEM image of filling body
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Optimization of filling ratio of
hemihydrate phosphogypsum based on orthogonal test

LAN Wen-tao"2, WU Ai-xiang"?, WANG Yi-ming' 2, LI Jian-qiu®

(1. School of Civil and Environmental Engineering, University of Science and Technology Beijing,
Beijing 100083, China;
2. Key Laboratory of High-efficient Mining and Safety of Metal Mines, Ministry of Education,
Beijing 100083, China;
3. Guizhou Chanhen Chemical Corporation, Fuquan 550500, China)

Abstract: In view of a series of dehydrate phosphogypsum filling problems, such as high filling cost, large consumption
amount of cement, low strength of consolidation and so on, hemihydrate phosphogypsum was used as paste filling
material in the paste filling research. Through orthogonal experiment method, the best prescription of hemihydrate
phosphogypsum was determined, and the liquidity and micro structure were also studied. The results show that the filling
strength of hemihydrate phosphogypsum in 3rd day, 7th day and 28th day can reach to 5.4 MPa, 5.5 MPa and 6.1 MPa,
respectively, and the paste collapsbillity is 26 cm, and the extension is 71 cm. The three factors that affect the filling ratio
of hemihydrate phosphogypsum are admixture amount, slurry concentration and tailing amount. The most influential
factor that affects the compressive strength of sample for 3rd day is the admixture amount. The most influential factor
that affects the compressive strength of sample for 7th day is the slurry concentration. The most influential factor that
affects the compressive strength of sample for 28th day is the admixture amount. The most influential factor that affects
the slurry fluidity is the slurry concentration. Meanwhile, the hemihydrate phosphogypsum consolidation transforms from
hemihydrate into dehydrate, then forms dense crystal structure and effectively solidifies the soluble phosphorus.
Therefore, the paste slurry made with hemihydrate phosphogypsum can completely meet the requirement of filling
process and performance index. Furthermore, the solid waste in the filling material accounts for more than 98%, and the
cost is low, which has good economic and social benefits, also the popularization and application prospects are good and
worth expecting.

Key words: paste filling material; hemihydrate phosphogypsum; orthogonal test; micro structure; solid waste
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