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Introduction

Phosphogypsum (PG) is the major by-product of the phosphate fertilizer industry,
and is produced in large quantities by the wet phosphoric acid process.

PG is a major environmental concern in terms of disposal of the large volumes
produced. About five tonnes of the phosphogypsum are produced for every tonne of
phosphoric acid manufactured

A simplified chemical reaction for the acidulation process is:

Cal{](P04)6Fg + 10H-SO4 + 20H,0 —
{Phosphate rock }

— — > 10CaSQy - 2H,0 + 6H;PO4 + 2HF
{Phosphogypsum}

Through the wet process, some impurities naturally present in the phosphate rock
become concentrated in phosphogypsum, although not as high as the
concentrations in the source rock.

During the production of phosphoric acid, 238U, 230Th and 21°Pb tend to be
incorporated in the phosphoric acid and then in the phosphate fertilizer, while ‘
?2’Ra and ?'%Po are deposited into the phosphogypsum ~A QQImm
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Objectives

* The treatments are designed to remove and leach the activity
concentrations of 226Ra, 232Th, and %°K in the samples of
phosphogypsum, which can be utilized for different purposes
(i.e. building materials and cement industry).

* The study design also evaluates the radiological impacts of utilizing
treated phosphogypsum in the building materials and

* Other applications by assessing radium equivalent activity (Ra,,),
gamma index (l,) alpha index (l,), absorbed gammadose rate
(D;,), and corresponding annual effective dose (E;,) for public
exposure due to the use of treated phosphogypsum in building
materials and for other purposes
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Materials and methods
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Table 1. The mix proportions were composed of varying percentage of reagent and PG
Code PG (g) Reagent Reaction

Code PG (g) Reagent Reaction T (°C) Filtered Dried
time (h) (*C)

Phosphogypsum (N = 25)

PG-1 200 - - - BS
PG-2 200 - - - BS
PG-3 200 - as B 85
PG4 200 - - - 65
PG-5 200 - - - 65
Hybrid water treatment (N = 35)
LWwi 200 Lime water < sea water (v/v) (100 ml: 700 ml) 24 25 A Biichner funnel %]
LW2 200 Lime water - sea water (v/v) (125 mE675 ml) 4 25 A Biichner funnel 65
LW3 200 Lime waler < sea water (v/v) {150 ml:650 ml) 24 25 A Biichner funnel 65
LW4 200 Lime water 4+ tap water (v/v) (100 mE700 ml) 24 25 A Biichner funnel 65
LW3s 200 Lime water + tap water {v/v) {100 mL:700 ml) 24 25 A Biichner funnel 65
LW6 200 Lime wader 4 distilled water (w/v) (100 mE700 ml) 24 25 A Bichner funnel 65
LW7 200 Lime water 4 distilled water (v/v) (1250 mL675 ml) 24 25 A Biichner funnel 65
Sulphune acid trestment (N = 20)
5A1 200 5 % Sulphuric acid + sea water (wv) (12 ml:B8 ml) 4 25 A Biichner funnel 65
SAD 200 5 % Sulphuric scid 4 tap water (w/v) (12 ml:E8 ml) 24 25 A Biichner Tunnel 65
SA3 200 5 % Sulphuric acid 4 distilled water (w'v) (12 mLER ml) 24 25 A Bichner Nunnel 65
SAd4 200 5 % Sulphuric acid 4 limewater {wv) {12 ml:88 ml} 24 25 A Biichner funnel 65
Mixed acid treatment (N = 10)
AMI 200 I00ml 5% Ho80; + 4 ml 2 % HNO; 4 distilled water {(viv) 24 25 A Biichner funnel 65
{250 ml:750 ml)
AM2 200 300 ml 5% H80, 4+ 4 ml 2 % HNO; 4 distilled water (v/v) 24 25 A Biichner funnel 65
(300 ml: 700 ml)
House hold water reatment (N = 10)
PW1 200 Tap water {100 ml) 24 25 A Biichner funnel 65
PW2 200 Distilled water (200 ml) 24 25 A Biichner funnel 65
Caleitm carbmnate powder treatment (N = 25)
PLI 200 CaC0y powder (5 g) - - - -
PL2 200 CaCOy powder (10 g) = = £ =
‘ PL3 200 CaCO; powder 25 g) 2e 5 as =
24 NOIMVYIl  m w  ccommcos = = o= :
ST e O A PLS 200 CaCOs powder (75 g) - - - -

i B O 18 21 2o 16

N number of sample



Results and discussion

Table 2. Activity concentration values of 226Ra, 232Th and 4°K in the
phosphogypsum samples from Eshidiya Mine (N = 25)

Location Sample Activity concentration (in Bg kg™ ' 1)
(age) =SRa e 0 1 -

Year-1 1 IZR.9 = 241 3.6 == 0.3 1126 4+ 8.4

2 3292 4= 239 3.5 4= 0.2 1141 &= 8.2

3 3307 = 226 3.3 4= 0.4 1139 &= 7.7

4 3273 %= 2002 37T =03 1119 == 8.1

5 3281 = 240 3.6 4= 03 1126 4= 9.1

Mean -+ ST 3288 == 1.3 3.5 == 0.2 113,00 &= 0.9

e ar-2 1 3337 £ 277 3T =02 1150 &%= B.6

z 336.2 £ 262 4.1 = 0.1 1160 = 9.2

3 3375 &£ 228 34 4+ 0S5 1142 4+ 5.4

4 3351 = 242 3.5 4= 03 1152 &= 7.6

3 33537 %= 227 39 %= 02 1143 = B3

Mean - ST 336.0 4+ 0.9 3.7 == 03 1149 4= 0.5

Year-3 1 338.1 = 239 3.7 =04 1158 = 8.7

2 3374 4+ 27.2 34 4+ 03 116.1 &= 7.7

3 339.1 = 269 41 %= 0.5 1151 &= 8.2

4 3376 £ 257 29 £ 0.1 1148 &= 92

5 3382 4= 233 4.2 4= D5 115.6 4+ 6.9

MMean -+ STD 338.1 == 0.7 3.7 == 0.5 1155 &= 0.7

e ar--2 1 356.1 = 20000 3.9 == 0.2 1220 4+ 8.2

2z 35371 = 242 42 == 04 1222 &%= 9.6

3 3541 &+ 233 3.2 4+ 0.2 1216 4+ 6.2

4 354.5 = 221 29 4= 0.2 123.2 4= 7.8

5 356.1 = 250 4.2 =+ 0.4 1241 &= 7.6

Mean - STD 3556 == 1.2 3.7 == 0.6 1226 %= 1.0

e ar-5 1 342 8 4+ 2B.5 3.8 4+ 03 117.4 4+ 8.8

2 3402 4= 21.4 33 == 0.2 1151 &= 7.8

3 3423 = 225 3.6 == 0.3 114.6 = B.6

‘ 4 3417 = 26.1 4.1 = 0.5 117.2 &%= 7.6

.’A norm wu 3 3422 = 233 4.2 =035 1181 &= 9.8

EXghth International Symposium on Naturally MMean -+ STD 3418 == 1.0 38 == 0.4 1165 4= 1.5
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Table 3. Descriptive statistical analysis of activity concentration and radiological hazard indices in untreated
phosphgypsum compared with treated phosphogypsum materials

Sample code Ape Activity concentration {mean + STD) Radiological hazard indices
g B oK Ra I, I D Ein
(Bakg™") mGyh™}  (mSvy™h
PG (N = 15)
PG-1 Year-] 3288 + 13 35+ 02 130+09 34260 110 160 31550 1.50
PG-2 Year-2 336.0 + 0.9 37+03 114905 35020 120 L70 32240 1.60
PG-3 Year-3 3380+ 07 3705 15507 35220 120 170 32430 1.60
PG-4 Year-4 355.6 + 1.2 37406 122610 37030 120 180 34100 1.70
PG-5 Year-5 318+ 10 38+04 1165 = 1.5 35620 120 170 32800 1.60
Hybrid water (¥ = 35)
LWI Year (I-5) 484+ 113 125+ 06 1271 106 7606 027 024 6845 0.34
Lw2 Year (1-5) 478+ 65 123 + 0.6 1211 = 10.1 7471 026 024 6719 0.33
LW3 Year (1-5) 445+ 58 10.9 + 0.6 1055 + 8.8 6821 024 022 6137 0.30
Lw4 Year (I-5) 463+ 59 123 + 0.6 1154497 277 025 023 6536 0.32
LWS Year (1-5) 439+ 6.5 121 + 0.6 1254105 7086 025 022 6373 0.31
LW6 Year (1-5)  49.1 + 89 13.1 0.7 1345 = 113 7819 027 0.5 70.34 0.35
LW7 Year (1-5) 377+ 9.6 13 +06 110.1 = 9.9 6234 022 019 §592 0.27
Sulphuric acid (N = 20)
5Al Year (1-5) 395+ 50 126 + 0.6 1465106 6880 024 020 €590 0.30
SA2 Year (I-5) 454+ 77 12.2 + 0.6 L18.6 + 9.3 7198 025 023 6192 0.32
SA3 Year (I-5) 428+ 62 121 + 0.6 1225102 6954 024 021 64.68 0.31
SA4 Year (1-5) 409 + 59 128 + 0.7 1201 &= 104 6845 024 020 6249 0.30
Mixed acid (W = 10)
AM1 Year (I-5) 467 + 55 13.2 & 0.7 1297+ 108 7556 025 023 61.32 0.33
AM2 Year (I-5) 452+ 55 128 + 0.7 1279+ 108 7335 026 023 65.90 0.32
Household water (N = 10)
PWI Year (1-5) 517 %67 124 + 0.7 1182 + 9.9 7853 027 026 7066 0.35
PW2 Year (1-5)  SL3+ 67 13.1 + 0.7 1267106 7979 028 026 7174 0.35
Calcium carbonate powder (W = 23)
PLI Year (1-5) 485 + 6.3 119 + 0.6 192+ 100 7470 026 024 6725 0.33
PL2 Year (1-5) 472+ 57 123 + 0.6 1219+ 102 7418 026 024 6671 0.33
‘ PL3 Year (1-5) 538 88 1L7+06 11541 +9.7 7942 028 027 7160 0.35
"A ﬂorm WII PL4 Year (I-5) 43649 116+ 0.6 112.6 - 9.4 6886 024 022 6188 0.30
Oocrig Pty k- NORA YA PLS Year (1-5) 455+ 6.6 11907 1137 £ 9.9 7127 025 023 64.05 0.31
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Fig. 2. Effect of hybrid water, sulphuric acid, mixed acid, and calcium carbonate powder
on the leachability of Radium-226 content in PG waste
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Conclusions

The calculated values of the radium equivalent ctivity (Ra.,), gamma index,
and the alpha index for all the treated phosphogypsum samples are
significantly below the recommended upper level of unity.

The measured mean value of the indoor absorbed gamma dose rate is about

20 % lower than the population-weighted average value of 84 nGy h-! for the
indoor absorbed dose rate

The evaluated values of the indoor annual effective dose resulting from
use of all the treated phosphogypsum samples are significantly below the
recommended upper level of 1 mSv. The mean value of the indoor annual
effective dose is about 70 % lower than upper level of 1 mSv.

In the overall assessment, concluded that the possibility of using
Eshidiya-treated PG in building materials and other applications in
proportions up to 100 % will be safe from the radiation protection
point of view.
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