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Abstract: In order to expand the resource utilization of phosphogypsum and achieve the goal of green and
sustainable development in China, burning-free permeable bricks are prepared by using phosphogypsum as
raw material. The influence rule and mechanism of modified phosphogypsum on the key indicators of burning-
free permeable bricks are analyzed after test. First, the experimental scheme for raw materials of the modified
phosphogypsum non-burning permeable brick is designed. The mix proportion is optimized by volume
method, and the preliminary mix proportion of permeable bricks is calculated. Taking the pH value of
phosphogypsum, the ball milling time of phosphogypsum and the content of polymer emulsion as the
influencing factors of the modified phosphogypsum, through orthogonal experimental design, using the
modified phosphogypsum accounting for 30% of the total mass of the cementitious material as the main raw
material , the permeable bricks are prepared by the static pressure forming process, the mechanical properties
and permeable performance tests are carried out, and the range analysis and factor level analysis on the test
result are carried out. The result shows that the pH value of phosphogypsum is the main factor affecting the
splitting tensile strength of burning-free permeable bricks modified with posphogypsum, followed by the ball

milling time of phosphogypsum and the amount of polymer emulsion; (2) the optimum mix proportion of the
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raw materials of burning-free permeable bricks modified with posphogypsum is obtained as follows: the pH

value of phosphogypsum is 10, the ball milling time of phosphogypsum is about 3 min, and the content of

polymer emulsion is 2%. Through production verification, the 28 d splitting tensile strength of burning-free

permeable bricks modified with posphogypsum measured in batch production is 3.57 MPa, and the water

permeability coefficient is 2. 1X10™> ¢m/s, which meets the requirements of the standard.

Key words; road engineering; permeable brick; phosphogypsum; performance test; split tensile strength ;

water pervious coefficient
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Tab.1 Main performance indicators of cement

bR/ BUEERE/

1.1

=

e ST B V45 B ]/ min
PERE  ARdERR L ] MPa \Pa
ghr KR/ %
WIEE AR 3d 28d 3d 28d
SENE 26.8 160 260 4.1 8.8 14.3 48.1
(2) WaH

B AR TAVIERAAF, IR EORTA, AHRIRE
TEKHRA4.5%, pH=3.6, FEMA AR 2.
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Tab.2 Main chemical components of phosphogypsum
e sy Si0,  AlLO; Fe,O3 CaO MgO  SO; P05 F

/%

(3) 8
I P BORAS g 5~ 10 mm AUERBLE T, T2
PERETEAR L 3,

4.03 1.21 0.66 32.88 0.08 38.70 0.77 <0.5

R3 EREEMEEER

Tab.3 Main performance indicators of aggregate

Hufe/mm ERHE/% FHEORATR/ % ATRE/ %

FNHRE/ (kg + em™)

SR/ (kg - em ™) BRE/ % WK %/ %

5~10 16.3 3.4 1.3

2 760

1770 42.3 4.13

(4) SN

PeF] KS—-199 JIRMRISUKGA, FEMERERRIRILE 4.

HEFEB RN 0.8% ~ 1. 5%, i ISR EEE L) Y
TARRZ, HFEFY T REFRAR S AT, 3Rt B
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Tab.4 Main performance indicators of water reducing agent
PERESE bR S WoKH/%  PHAE  LbE [EERE/%
SCIE IR A 28~34 6.7 1.08 42
e, SRR RS e
P BC-01 KNFLIK, FEHASHIEKS,
*5 BC-01 FRIABEERARSHE

Tab.5 Main technical parameters of BC—01 styrene-acrylic

emulsion
A g sk
il P NS q
AR i/ (MPa - s) S/ pH {E E/C
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600~5 000 23+1 7.0~9.0 25
W17 5
(5) Kk

AR5 i SR F B K 249 D 3838 KK
1.2 AR

(1) BA BT

Bt HFRas BRE Ry 25%, KB 0.30, Bif
BB RIS R TR 30% R N BT, 8
W ABREAT IS G et i fl, 1515 20 3E K % 4
AR 6,

®6 MPEAL (24 kg/m’)

Tab.6 Preliminary mix proportion (unit: kg/m’)
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Tab.7 Orthogonal test factor level

KV
K% i
1 2 3 4
Wi pH {E A 3 8 10 12
WA B BRESH [H]/ min B 0 3 5 9
REVARIB R/ % C 0 1 2 3

1.3 KEH&E

PFE T2 4% BRBCA LUARIUS AR, R
PHEALE T, . SO RS 2 50% K B #E42],
MARERTA TR TS, A EEEA B )
RIZKFNININF], dRSLHER, FRFIEFE 5 min,

B T2 Kk A3 A 200 mm x 100 mm x
60 mm BLEFN 75 mmx60 mm BLE A, i . HR4G
WL, IR T AR R (30 MPa) , Jn#ad &
1~3 kN/s, FaJk 20 s, )G E T 20 C, 90%RH
T EIRFRHE R, DA e RE
1.4 g

(1) BYRPIRIREE

ZIR GE/KPRIREFLEK SR  (GB/T 25993—
2010) X 75 7K it (17 B 24P H o B AT I . SR A
WDW1020 fdz T 7 REIRIHL, INEGEZEN 1~3 kN/s,

(2) BKRE
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IKAF RIS RN R 8, MRS AT, HHEMN
FIAKFB 8T 28 d By 8F R drhnm B 28 fb i B Y
H 3.06~3.53 MPa, /K Z 00 AR ALl 2. 1x
1072~ 2.8x107% em/s,
*8 EXHBHER
Tab. 8 Orthogonal test result

) A B B KRR

BE/MPa (em-s)
1 3 0 0 3.06 0.028
2 3 3 1 3.27 0.026
3 3 5 2 3.28 0. 021
4 3 9 3 3.25 0. 022
5 8 0 2 3.35 0. 022
6 8 3 3 3.46 0. 021
7 8 5 0 3.38 0. 025
8 8 9 1 3.37 0.024
9 10 0 3 3.38 0. 024
10 10 3 2 3.53 0. 024
11 10 5 1 3.49 0. 022
12 10 9 0 3.32 0. 023
13 12 0 1 3.24 0.024
14 12 3 0 3.38 0.023
15 12 5 3 3.37 0. 023
16 12 9 2 3.36 0. 022

OPERE AT B SR 2 K% 28 d B AR 5 B K i
IK BB ZE 3 BT A RTE LR 90 3R 9 th&
Z R, MR/NKFR: 0.21(A)>0.15(B)>0.09(C),
A LA S 52 i B S4BT PR B Y OO B
H pH {E>WE A ERIE I ] >R A YIFLRIE
F9 EXHWHMESNE
Tab.9 Range analysis table of orthogonal test

- LR/ MPa BKEE (em - s
A A B C A B C
K, 12.86 13.03 13.14 0.097 0.098 0. 099
K, 13.56  13.64 13.37 0.092 0.094 0. 096
K; 13.72 13.52  13.52  0.093  0.091 0. 089
Ky 13.35 13.30 13.46 0.092  0.091 0. 090
K/ 3.22 3.26 3.29  0.024 0.025 0.025
K 3.39 3.41 3.34 0.023 0.024 0. 024
K 3.43 3.38 3.33 0.023 0.023 0.022
K/ 3.34 3.33 3.37  0.023 0.023 0.023
Max A3 B2 C3 Al B1 Cl
R; 0.21 0.15 0.09  0.001 0. 002 0. 003
— A>B>C C>B>A

IE: K N85 07 KSFERRAL, A, B, C&F105H5;
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Fig.1 Comprehensive analysis curves of pH value of
phosphogypsum
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Fig.2 Comprehensive analysis curves of phosphogypsum
ball milling time
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Fig.3 Comprehensive analysis curves of polymer

emulsion content
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HEAEA A
2.3 A~k

WA iR, SeHEwi 4 E pH {24 10, 3K
IFE &N 3 min, A YIS 5N 2% 0 i1 ek

PEWE A B b i KA 1 AR = o JE AR R S %
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