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A Study on the Engineering and Environmental Characteristics of Phosphogypsum-Cement-Soil Mixtures
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ABSTRACT

This study aimed to investigate the engineering and environmental characteristics of phosphogypsum-cement-soil mixtures composed
of phosphogypsum, soil, and a small amount of cement was analysed on the basis of the unconfined compression test, the tensile
strength test, the freezing and thawing test, the wetting and drying test, SEM and EDS analysis, XRD analysis and Leaching test.
The specimens were manufactured with soil, cement and phosphogypsum. The cement contents was 10 %, and the phosphogypsum
contents was 10, 20, 30, and 40 % by the weight of total dry soil. Each specimen was manufactured after curing at constant
temperature and humidity room for 3, 7 and 28 days, after which the engineering characteristics of phosphogypsum-cement-soil
mixtures were investigated using the unconfined compression test, the tensile strength test, the freezing and thawing test, the wetting
and drying test. The basic data were presented for the application of phosphogypsum-cement-soil mixtures as construction materials.
To investigate the environmental characteristics, leaching test was performed and the leaching test results were far below than of
regulatory requirement of Waste Management Act in Korea. Therefore the results show that phosphogypsum is environmentally safe

and can be used as construction materials in environmental aspect.
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Fig. 1 Grain size distribution curve

Table 1 Physical properties of coarse aggregates

Tyoe Size Specific | Absorption PM Bulk density
P (mm) gravity (%) ' (kg/m’®)
4.75~40 2.73 1.36 6.77 1,592
Coarse
0.15~4.75 2.66 1.62 6.54 1,559

Table 2 Mechanical properties of normal portland cement

G Setting time (h-min) Compressive strength (MPa)
' Initial Final 3 days 7 days 28 days
3.15 5-7 7-20 19.4 21.6 32.3

Table 3 Chemical compositions of portland cement and
phosphogypsum (Unit: %)
Sample Si0y [AlsO3| CaO [MgO| SOs | KoO [NagO |FeoOs| TiOg | PoOs5
Cement 21.09| 4.84 163.85/3.3213.09({1.13|0.29 | 239 | - | -
Phosphogypsum | 2.59 | 0.25 [37.17]0.02| - [0.13]0.01 | 0.12 |0.02]0.74

2. HigheA & A

7t. gt

QI AIHIE SRHES] uigt AAl= Lee et al. (2001)9
ATE Farst A gt AL 3] el EYYs Hof
oA FE AMEEE THES HA Skl gt SRR E
oty om, Table 40 YeRH upel o] AWIEE 10 %, <
AP 31= 10, 20, 30, 40 %E EUsk= | 7HK] 2o o)
of S st

Table 4 Mix designs of phosphogypsum cement soil mixtures

(Unit: %)
Aggregate Cement Phosphogypsum Remarks
80 10
70 20
80 10 30
50 40
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Fig. 2 Unconfined compressive strength vs. axial strain

43 A e ek AMES] 2ahge Waksh] ol
202 B,

A AJHERRS: HRRIT| R ARERE 3ol Z=s F21s}
7] Sl W kol AT Eole st Fo' uith
Hr}. Fig. 2014 & 4= Qo] Qb B9lEo] 20 %E ¢
oJAA =W A= Fro] AQ vlsgt s war ok whebA
QAFA L] kg Ex] D A SIS flsiile AHE o]9
o] vl 7} Hast AoR Almgr),

Fig. 3& SAMIIL E9lg0] 2 BE0| =TS
29 thehfel, Aol et the A Aol theht 1
86

Fig. 3 Tensile strength vs. axial strain
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Table 5 The list of peak strength and strength ratio

Ttems Compressive strength Tensile strength

p- Days|  Peak Strain Strer?gth Peak | Strain Strer}gth
gypsun or) | @ | | ora | @ | ™
3 1.09 1.41 1.00 0.08 1.76 1.00
10 (%) 7 1.29 2.52 1.18 0.19 1.92 2.38
28 2.85 1.88 2.62 0.20 0.76 2.50
3 0.61 1.50 1.00 0.06 2.02 1.00
20 (%) 7 1.04 2.06 1.70 0.12 1.76 2.00
28 115 1.55 1.89 0.13 1.39 2.17
3 0.60 1.80 1.00 0.06 1.80 1.00
30 (%) 7 0.99 1.85 1.65 0.09 1.85 1.50
28 1.13 1.55 1.88 0.10 1.82 1.67
3 0.49 1.12 1.00 0.06 1.58 1.00
40 (%) 7 0.88 1.64 1.80 0.07 112 1.17
28 1.08 2.01 2.20 0.10 1.67 1.67

Compressive & Tensile strength (MPa)

Phosphogypsum ratio (%)

Fig. 4 Compressive and tensile strength distribution with
curing ages
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Item| Cd Pb As Hg Cr Cu P
Method (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) |(ppm)
KSMof [Standard| 03 | 3 [ 15 [ 005 | 15| 3 | 1
WMA | ODay | 0.008 | 0.012 | ND. | 0.006 | 0.08 | 0.004 |0.011
(ng/) [ 98 pay | 0.004 | 0.005 | ND. | 0.004 |0.075 | 0.018 | ND.
N.D.: Not Detected
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