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Abstract

Phosphogypsum is a by-product obtained from the phosphoric acid process for manufacturing fertilizers. It consists
mainly of CaSOs - 2H,O and contains some impurities such as P,Os, Fo', and organic substances. The annual world
production of this material is up to 180 million tons and is expected to reach up to 380 million tons, and was up
to 1.57 million tons in Korea. The object of this paper is to analyze some of the physical and environmental properties
of phosphogypsum when used as embankment materials. Geotechnical and environméntal laboratory tests including sieve
analysis, gravity test, compaction test, pH test and leaching test are performed for various mixing ratios between
phosphogypsum and granite soil. The results of physical and environmental laboratory tests for mixed specimens with
phosphogypsum are shown to be environmentally safe, and the mixture can be used as embankment materials.
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o] Q4B L Ca0 37.17%, Si0; 2.59%2 HA| oF
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(sulfate, SOy 0.2 e}t 1FEstEL ZaARS
SiO; 61.51%, ALO; 19.38%, Fe;0; 7.48% 2 A 74
B o] oF 88.37%%E AA|BLL Qlh

¥ 2& iy 1ol 3FESES] 2l B4 UE
Wi ek At et 3ESE ] Y] s
AR, QX 19 HofYHL 0.25mm, 3HFFEE
L 9.5mmo| T, 0.074mm ET}FL AAM LI} 97.14%,
AFFINEE 47.67%2 YERHTE A4 1] F5H
49} TEASE 3.599} 2.61, BFEIES] #5 ATt
FEASE 16672 0.772 el AFEE AHE
H, QA IE H|Adgoln, IFFIEE YT
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A& Au B, 0.074mmA] Fapgo] tfek 75~85%09]
3, H2AHAE HAAolH, BjFE 2.27~240 BE
2 Y ikt fARME o 4 Aok

o Ca0 SiO; AlOs Fe»03 TiO2 MnO MgO K20 NaxO P20s L.O.l A
312 E3E 0.21 61.51 19.38 7.48 0.99 0.08 0.97 3.95 0.24 0.13 5.06 99.99
OlAA D 37.17 2.59 0.25 0.12 0.02 0.00 0.02 0.04 0.01 0.74 5.72 46.68"
L.O.l : Loss on Ignition
* M HEHE 53.32%= HAMH(S0)Y.
E 2. QM9 BIZVEHES| JIR8Y
e Ol AZIE FLPG SFPG
ZOigd, mm .25 9.5 - -
4.76mmA S, % 100 95.01 100 100
0.074mmA| SXF, % 97.14 47.67 82 75~85
D1, mm 0.017 0.012 0.01 -
QT EE Do , mm 0.044 0.03 0.018 -
Dao , mm 0.052 0.043 0.024 -
Deg , mm 0.061 0.2 0.05 -
a&A %+, Cu 3.59 16.67 5.0 -
ZEA =+, Cg 2.61 0.77 1.15 -
A, LL % 27.20 - -
HAT AN, PL % 19.56 NP NP
24X, Pl % 7.66 NP NP
&9 2§ EYER sSC ML -
H|S IS 2.452 2.642 2.35 2.27~2.40

FLPG : Florida Phosphogypsum(chang, 1990)

SFPG : South Africa Phosphogypsum(Blight, 1969; Wrench & Blight, 1985)
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. Egls A oH Do W o
SESE QI AUAZUE (g/om®) | HEBLH[(%) |FHHHZUC (g/om?) | Z=ESH| (%)
100 : O 1.812 12.24 1.881 11.27
90 : 10 1.736 16.22 1.813 11.94
80 : 20 1.674 16.55 1.796 14.83
70 © 30 1.596 19.83 1.783 16.72
0:100 1.316 25.74 - -
200 258
10 200 A Compection method

= D Compaction method
136 | "

A Compaction method
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100 : 0 - 8.0
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70 : 30 6.2 6.1
Mol 2EzAN 3zl g +4 CBR 42 ~ 14 L ]
Z2¥z70| ExART thh A YePdth ©&ol, ! 150 mm ‘
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HEs}ojof Fick. JEA 2 tfet 7 CBR 7|&& A o
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1 9tk g o T

QAN T ERtz A Yatule] WslE AmEw, :
103] ThRlolA QAL T BH|&O] 10%)A 30%= g«
2713 o) W7} 27% AASAL, 253 tho e "
oF 46%, 553 TS ME OF 45% A& Ak Aoz
Uegeh whe 28z A QAT E3hulgo] 3 Yo v w u w w w
71848 103} thiollA] oF 10%, 253] thAl& 13%, 55 et e 06

3] THe 16%AE gaske Ao vehgct J8 4. UMD EptHIg0f THE CBR H2}

QAAMA T 10% 7S ME] HAHE = 20%8} 30%¢ o) EgRA0) SHTARA BT} WAy
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o} A8z A vt ot 253)¢9) 553 tholA= whabd, QAN T ERtR A Tt WAHE QAR
Pau)7F A A vepdeh aev J4ka s a3l T B o] ZUNSE YAt FASKe Ao
B 5 SUESESL QAT EE| R0 oHE WA W (T %)

2|8 Bz 3 Edal

BYEEE QM 103 253| 552 108 253 553

100: O 0.015 0.0094 0.0082 - - -

90 : 10 0.0083 0.0077 0.0044 0.0078 0.0076 0.0072

80 : 20 0.0073 0.0061 0.0035 0.0075 0.0074 0.0070

70 : 30 0.0060 0.0041 0.0024 0.0070 0.0066 0.0060

HENZZA Clotsi]o| B8HF . HAXN MY 335



mixing condition
4018

—~8-—16 imes
—h—25 dmes

e
&
<]

—8—55 times
L

L] 5 10 135 20 28 38

swelling Futie (3)
°
§

i

Phosphogypsum coatent (%)

T8 5. QAT EellE0| ME EXZTAe| WHH| HE

0.018

layer condition
0.015 ~o— 10 imes
—&— 25 times

- 0012 —— 55 times

" k .

0.006 [

swelling ratte (%

s.003 |

? L L
L} 5 10 15 20 25 30

phosphogypsum content (% )

J7 6. UMMT s3I0 ME FExU| Y| ey

Uehgton], tsert 2714E Rl AL A
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E 6. SUEHEQ QAMD JajT AN

202 AAH4 BA4E 7L U & YR 4t
A1 AAES] & YA 152 A W2 Ae=
Azt
3.5 QAT ZRITH RS B&5Y

w718 F = e FAEYS 5 9 7lE
AFgol o gr|E2RE §2E s E HE
$9] 2 AR3E FFAA = AUtk EEAFL2 ol2T
EA4S Yrishe iR g ARREHY, F357E
I fago] gl H7IES sk VISR ol &H
71% gich B Ao e 8218 S w718 54
A} u|= RCRAS] TCLP ] ojste] QA , 3}
FEsE, 283 AT EFA R dste] §-EA4]
HAE HAABI

B 60 93y, Qabd et SFFIE a2)a A
Ax Z3aE Sy g7lE S o529 RCRA
oA aFdhes 7jEel BF RSk AL g vt 2l
AN 1S e T2 BF A fa4do] AL e
warE
3.6 QAT EgR0 ittt A7|8&5Y

QUAMRAN T19] 7|0 T }FH EE =
A3l7] 15t AP Al E(Continuous Column Leaching
TestyS o gste] SHEHE BAslath 71884

MD Egiigel SEAHAL (THeimo/)

e
2 5y e cd As Hg Cre* Cu AlQH %l TCE PCE
KMSZIE ( mg/l) 0.3 1.5 3.0 0.005 15 3.0 1.0 1.0 0.1 0.3
RCRAZIZ ( mg/1) 1.0 - 5.0 0.2 5.0 - - - - -
100:0 br: = ND 0.023 | 0.010 ND 0.006 | 0.003 ND ND ND ND
: H7IE
suzsE 90:10 Holg ND 0.004 0.005 ND 0.006 ND ND ND ND ND
+ 80:20 B7Ig 0.002 0.007 | 0.014 ND 0.004 ND ND ND ND ND
OJAIAM T
Rlete 70:30 B8 0.002 0.010 | 0.006 ND 0.013 ND ND ND ND ND
0:100 H7{g 0.001 0.065 0.013 ND 0.058 | 0.011 ND ND ND ND
100:0 TCLP ND 0.012 0.002 ND 0.002 | 0.001 ND ND ND ND
szEsE 80:20 TCLP 0.001 0.002 0.003 ND 0.003 ND ND ND ND ND
+ 70:30 TCLP 0.001 0.002 0.003 ND 0.008 ND ND ND ND ND
[s]PNY.S -
1A 60:40 TCLP 0.002 0.003 0.002 ND 0.003 ND ND ND ND ND
0:100 TCLP 0.007 0.037 0.017 ND 0.014 | 0.006 ND ND ND ND

Z=) ND : Not Detected
TCE : E2|Z2 20 (Trichloroethylen)

PCE : Ea|222|u|0|E|t|H'Z(Polychiorinated biphenyl)
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SOIL

SOIL PG
or SOIL

PG PG
SOIL

ZH A THB

OB 7. AT ERlHiE oE FYI1RE =A

e Aol AFNY ARE AL HEH E= 4
£Hor FHy Ex A 53 A2 FULE A
Hoz H7|E AeE FHAA B JEso 42
< B4k Yol

HPAHE 982U FY5= B Ad& 2

B 7. 7| 2EAMHY 3YUY

Halod £E4E Agstgon, 28 B9 WA

4t SAgARAYe] 200 ATHAYE oA
sfo] BAsigch. A7) 8EAWE HiF AR 2
A theyt Pk

sAEstE, 2HYE, QAT
- BpEstEel QAT EPUlE] WE 2%

IS EX

Ao FUsk= A3+ Ad 00299 1994
HE 19997121 9] 5AFNY Frgs SAR IS
o, ¥ 59 HaY 4 AR 2 A=
17499 59 B e 392 AAsigen, 3¢
72 9 A4%dEe 29 UAHE 18t APt
72 Ao FUZ FAFE Vel QU

AR 1 EA R LS = AEs BEEH, ¢
AAF RAYN A 8t FES USsh= Ao=

TE 13 28 38 438 53

63 78 83 98 108 k- 128

HaZsH-(mm) | 32.95 | 21.40 | 97.12 | 117.18 | 163.40 | 218.75 | 268.07 | 220.25 | 100.50 | 73.78 | 46.53 | 15.47

HUFAZ(m) 129.33 | 84.00 | 381.18 | 459.94 | 602.10 | 858.59 | 1062.2 | 864.48 | 394.46 | 289.60 | 182.60 | 60.71

» SISO B Y2 B

£ 8. 3@ SHEM AR

y7e 19 &&4 W& 2,000m°0|2
= YBEY N2RTY EEEEES PECJOY-ER

HEXA 40 40 50

7t o 80 80 90
H X4 120 120 130

EY X 30 30 40

saEsE -

2% , > p

o D10% 4.9 22 24

suza | oaME0% 0 3.6 21 27
24t 1.4 4.3 14

o1 A4 130% 13 2.7 23 33

LMD 10% 6.9 27 36

2%} 0.44 5.0 10

=l oA 120% i 8.7 24 36
24 0.84 35 13

oI 130% 1% 3.6 26 %

2%} 0.11 4.2 1
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E 8 s SEEY Y

s (—)’Fﬁ‘. ;h:%%*—‘lt* EL-E— Aot g | S843 ol ston T2 |JlEE| 2 | |71¢
2 FEEYYY | HRY | HR BRY | HRY aed | g8n S | HRY
T2 = mg/| mg/l mg/l | mg/l mg/! mo/i mg/l | mg/l mg/l mg/I
HIXY 5.8~8.0 5 1 02 | 05 2 1 0.5 |0.02| 22845 | 02
7} Ny 5.8~8.0 30 3 2 10 5 0.1 | 0005 1
(WA [ 5.8~8.0 30 3 2 10 5 0.1 | 0.005| 1
£ x| 58~8.0 30 5 2 10 5 0.1 | 0005 | 1
szEsE 1:_:} 6.9 ND ND ND ND | 0.044 ND ! 0.012 |0.004] ND ND
2% | 7.14 ND ND ND ND | 0.038 ND | 0.006 |0.001| ND ND
olaty 1% 2.7 ND ND ND | 0.146 | 0.088 | 1.520 | 0.269 | 0.162 | ND ND
2 | 4.58 ND ND ND | 0.140 | 0.077 | 0.023 ND |0.015| ND ND
ojMAT | TR | 6.9 ND ND ND ND | 0.021 | 0.004 | 0.006 |0.007{ ND ND
10% | 2% | 7.35 ND ND ND ND | 0.015 | 0.002 | 0.004 |0.002| ND ND
=8t |olasMn | 12H | 6.8 ND ND ND ND | 0.026 | 0.023 | 0.026 | 0.006 | ND ND
Zd | 20% | 2z | 7.08 ND ND ND ND | 0.016 | 0.012 | 0.013 [0.004| ND ND
ol | 1R | 6.6 ND ND ND | 0.053 | 0.033 | 0.029 ND |0.014| ND ND
30% | 2zt | 6.72 ND ND ND | 0.028 | 0.021 | 0.019 ND |0.008{ ND ND
ol | 1% | 6.9 ND ND ND ND | 0.034 | 0.023 | 0.011 |0.013| ND ND
10% | 2z | 7.33 ND ND ND ND | 0.028 ND 0.009 | 0.001 | ND ND
=4 [oamn | 12| 6.8 ND ND ND | 0.057 | 0.044 | 0.019 | 0.014 |0.011] ND ND
z2d | 20% | 21 | 7.04 ND ND ND | 0.047 | 0.033 | 0.014 | 0.008 |0.016] ND ND
oA | 1%H | 6.6 ND ND ND | 0.009 | 0.038 | 0.032 | 0.019 |0.012| ND ND
30% | 2zt | 6.78 ND ND ND ND | 0.028 ND 0.010 | ND ND ND
*SAERNF
8 mg/I mg/i mg/l mg/| mg/l | mg/l (=) | mg/l myg/I mg/l mg/I mg/!
YN 0.1 0.2 0.1 2 3 |2H#2(200| 4 | 006 | 0.02 30 3
X 0.5 1 05 10 15 | 0.003|{300| 8 0.3 0.1 60 5
(B[] 05 1 05 10 15 | 0.003|400| 8 0.3 0.1 60 5
sSYx 0.5 1 05 10 15 | 0.003|400| 8 0.3 0.1 60 5
1%} ND 0.081 | ND | 0.087 |022| ND | 82 [0.01| ND ND 1.2 0.22
HABIE "
24t ND 0.067 | ND | 0.053 [0.32] ND | 68 |0.01 | ND ND 0.9 0.13
olats T 1% ND 0181 | ND | 4272 |0.18] ND | 65 | 0.66| ND ND 6.0 0.08
2%} ND 0.014 | ND | 0.103 | 0.221 ND | 74 | 257 | ND ND 2.88 ND
olakp | 13 ND 0.046 | ND | 0.019 {021 ND | 89 | 0.04| ND ND 2.4 0.25
10% | pxt ND 0223 | ND | 0512 {001 ND | 92 [0.06] ND ND 3.1 0.20
st lolumq| 17 ND 0.057 | ND | 0.412 {017 | ND | 47 [ 0.03| ND ND 1.2 0.32
T | 20% | ozt ND 0312 | ND | 0.861 | 0.03| ND | 50 [ 0.05| ND ND 1.92 | 0.12
A RE: ND 0.048 | ND | 2.790 | 0.40| ND | 74 [0.02| ND ND 1.2 0.17
30% | ozt ND 0.162 | ND | 3.023 | 0.10| ND | 82 | 0.08| ND ND 2.1 0.09
olap | 1R ND 0.009 | ND ND |[022] ND | 41 {0.05| ND ND 1.2 ND
10% | oxt ND 0.148 | ND | 0.434 | 012} ND | 55 | 0.60| ND ND 1.92 ND
=9 oD ]| 17 ND 0.011 | ND ND [0.10| ND | 24 | 0.09| ND ND 1.2 0.04
zd | 20% | 2zt ND 0.048 | ND | 0.360 |0.22| ND | 31 |2.12} ND ND 0.96 | 0.02
olaq | 1A ND ND ND | 3.350 |0.16| ND | 48 | 0.12| ND ND 1.2 0.12
30% | oxt ND 0.033 | ND | 0.247 |0.16| ND | 31 |225| ND ND 2.88 | 0.08
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uebdch pHE| H3K= QMM 9] pH7F 2.50] 1, 27
F3Eo THARNA pHYL 6~7 =2 BT
ol EIES} F3tE Acs PZ4E. a2t &
7380 we} pHYL 5ol8t2 38 7Hs4go] e
B2 pHoj| g 2do] Jasieh RGEgor it
Ma EFA Y 27] BREHo] o 2A UEde
w22t 2R AT W9 AA Jdehgoh sehy Adha
TS A= o HA vEhR|RE EFA
2oA= o 3A Yepged, ol IFIRES &
718l gt Ao 2 YzHErt EF, dRFGE] UY
AR FPAHANA 878 71EA] Hot 2A
vehg oy SARFEAYY 7Y, UAY, &3
ool izt ZjEA ek AA debdTh

4. 4 B

QA BA TP WAHE QAT HER
22 HyetAlol] thete] F8E S4B AW S4L
B4 1 23 FsY ot 2ok

(1) QA TO| oA B Asipgrch QAT
RH SHO2 uFL 245 FEolH, 2007 B
o] 970l 2 Vpehton, £ BRol 9%
W MLAYE 573 AE 9 38 7k 23 5o
Hae et

() At Tel BAEsE Y B3Rl et 9oty
=4 AnEgch ThABAL QA 1o SEh
go] 71848 HYAZYEE Fasged,
Hg4ulis F718Hs A2 UrEhdth CBR B4
AT Eu|go| FIULE 44 CBR gL
Zashs Ao Eon, Qi mel S8R
3 E3tzAo] Yat 44 CBR ke 3870l &
gzANT tha 37 vehdeh oiebd, QA
EAA2Y 44 CBREL| Ha7|E SR 1
Tt HEARR BEo| Hse Ao BUHT

(3) QALAT W SAFE T3 QAT TR
o gE §2A¥AT, I SEARANEY ¥
RCRA 7]%] o|312 Uehi} 2080 that 93
& e Aoz woEt

4) QAL Yl FF3tE 1|3l QAT ERtE
o st A7 8-EA ¥ A, QAT EFA R o
gt pHS] ®ish= digk6~7 =2 Yepd o), it
A 19] pH7L 2.50| 2.2 ¥F pH 2Ao] Jajh A
o2 wogEth ®3L JETE AhaTE HaE
A, 3isty a1, Fa% 59 HE 359
g R2Eo] 7]&A] o2 Uebdth waba, 14
IE AEANZ 88 4L, FURARAYY
A GE& At 7t Y, YA Y, EHA G g3t
g3l o] vigrzjsict

(5) o139 Y HHES 58 B3t M IE HE
AE &85 A9, AEAREAN FEA 71& A
g, BFHo2 1 fAAo] H& Aeg B
ot webAl, QAR 7t Bt Hl7180] obd A}
fozN AL & ¢ AL Ao udHnh
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