Phosphogypsum conversion into
potentially useful products,
as an effective approach
for radioactive waste management

H. I. MIRA, K. A. KORANY, A. M. HUSSIEN, Y. M. KHAWASSEK,
O. E. ROSHDY, A. M. MASOUD, M. H. TAHA

10™ International Symposium on
Naturally Occuring Radioactive Material

Utrecht, The Netherlands, May 9 -13, 2022
www.normx2022.com

» " -
By Mohamed H. Taha {5y
"N.- ¢ Nuclear Materials Authority w

1 AE

>



Alm of the work

» The present work aims to radiological assessment of the

conversion of phosphogypsum using sodium carbonate solution.

» The activity concentration of radionuclides 238 U, 226Ra, 232Th,
and *°K in phosphogypsum, calcium carbonate, and sodium

sulfate solids were assessed after the conversion process.

» Evaluation the radiological indices and their effects for the
obtained products on the public and associated environment

have been performed.
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Introduction
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Phosphogypsu

> Phosphogypsum refers o \net phosphoric acid process
the calcium sulfate that

produced as a by-product
from the production of
phosphoric acid.
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» Approximately, 5 ton of PG Is generated per ton of

P,O. recovered. Worldwide, about 280 Mt/Y PG is

produced.

» In Egypt there are three main phosphoric acid
producers, with total phosphogypsum production

capacity of about 2.5-3.0 MT/ Year.
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Phosphogypsum: Waste or Resource
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Valuable elements
(REEs,..)
» Conversion into

useful products

Phosphogypsum

could be used in
different applications
(it is 3 Resource)

Phosphogypsum is the
necessary Evil in
making fertilizers
(it is 3 Waste)

Techno-economic
problem (= $25/ ton
storage cost)

large land area for
dumping.
Environmental
pollution (F, P,O.,.).
TE-NORM (Ra, ..).
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eriments

Phosphogypsum conversion process:

Sodium carbonate was utilized for the Phosphogypsum (1)

conversion of phosphogypsum into l
sodium sulfate and calcium carbonate
according to the following equation:

Sodium carbonate Conversion ‘

-

CaS0,.2H,0 + Na,CO, — CaCO, + |
Na,SO, + 2H,0 g jon

The conversion experiment was
performed based on the following ;
leaching conditions; reaction time of 10 Evaporation Drying
min, sodium carbonate concentration of

30 %, aqueous/ solid mass ratio of 2.0, l
and reaction temperature of 60 °C. Sodium sulfate (3) Calcium carbonate (2)
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4 The samples were measured using gamma ray

spectroscopy [Nal(Tl)], to determine the natural
radionuclides concentration as (ppm and %).

Specific Activity Measurements
The values of eU, eTh and eRa, in
ppm, as well as K, in %, were
converted to the activity concentration,
in Bq kg using the conversion factors
given by the table.

Radionuclide || Concentration || Specific activity
28U 1ppm U 12.35 Bq Kg!
226Ra 1 ppm Ra 11.1 Bq Kg™!
22Th 1 ppm Th 4.06 Bq Kg1!
0K 1% K 313.0 Bq Kg!

General View of Nal(T])-detector
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Resul’rs & Discussion

1) Radioactivity measurements

2) Dose assessment and Radiological
effects
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I. Radioactivity measurements

g y1/ %
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1) The measured radioelement 2) The specific activities
Concentratlon SpecificActivities iPhos.phogypsum
1500 sodum st
226Ra 238U 232Th 1600 # World limit
&B 1400
l ppm l 9 i: 1200
|32.1 |15 |4.4 |0.004 i
:é' 400
Calcium carbonate |26.9 |8.7 I 5 l0.006 20
SRR | 36 |48 | 0.3 | 0.017 S 250
Radionuclides

The calculated specific activities of 28U, #Th, 2*Ra, and *K in

phosphogypsum, calctum carbonate, and sodium sulfate samples
are within the worldwide limits.
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II. Dose assessment and Radiological effects

1) Radium Equivalent Activity (Raeq)

Radium Equivalent Activity (Ra,,)

Ragy = Agy + 1.43 Ay + 0.077 A,

400

Ar. Aq,and A are specific activities of 2%6Ra, 0

232Th, and “°K, in Bg/ kg respectively ¥

» The radium equivalent activity

is used to obtain the sum of
activities concentration. 0 |

Phosphogypsum  Calcium carbonate Sodium sulfate World limit

Ra,, Bq kg’

Sample

Calctum carbonate and sodium sulfate samples exhibit radium
equivalent activity smaller than the recommended world values while
the phosphogypsum sample shows a higher wvalue than the

recommended worldwide limit.
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II. Dose assessment and Radiological effects

2) The external and internal hazard index (H,, & H,,)

# Phosphogypsum

H ox —_ ARa/ 370 + ATh/ 259 + Ak/ 48 10 s The external and internal hazard index (H,, & H,,) 4 Calcium carbonate

i Sodium sulfate
H World limit

H. =A../ 185+ A/ 259 + A/ 4810
To ]

» The external and internal hazard f |
index values should be less than | & |
the unity to maintain the radiation 05 ]
hazard negligible and safe use of i

Hex Hin

the material.

The produced calctum carbonate and sodium sulfate samples
are within the world safe limit while the phosphogypsum
working sample is higher than the safety limit.
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II. Dose assessment and Radiological effects

3) Radloact|V|ty level index (ly)

Iy — (ARalgoo) + (ATh/ZOO) + Ak/BOOO ; Radioactivity level index (Iy)

» The radioactivity level index

. mSoyr!

should be less than 6 (ly < ¥ s

6) for a radiation dose of 1 :

mSv/ y for safe use of the 1 I I

material. O rosphoymem Coctum crmmate Sottam st wWorld ot

Sample

The radioactivity level index for the phosphogypsum, calctum
carbonate, and sodium sulfate samples exhibit radioactivity
level less than six.
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II. Dose assessment and Radiological effects

4) Gamma-absorbed dose rate (D)

D (nGy h-l) = 0462 ARa + 0621 ATh + 0042Ak 200 Gamma-absorbed dose rate, D

180
160
140

> the released radon from selected
materials and Iits emanation
coefficient and its exhalation rate

as well. ) I I
: |

Phosphogypsum  Calcium carbonate Sodium sulfate World limit

120

100

80

Absorbed dose rate, nGy h™

Sample

The values of the Gamma-absorbed dose rate declare that the produced
calctum carbonate and sodium sulfate samples are smaller than the world
dose rate limit while the phosphogypsum sample 1s above that value.
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II. Dose assessment and Radiological effects

5) Annual effective dose equivalent, AEDE

AEDE (Indoor) = Dair (nGyh_l) X 8766 h X 08 X Annual effective dose equivalent, AEDE

25
i Indoor

0.7 Sv.Gy'1X 10-6 . AEDE, ..
AEDE (Outdoor) = D, (nGyh1) X 8766 h X 0.2
X 0.7 Sv.Gy1 X 10

15

AEDE, mSvyr!

10

» The annual effective dose : ll
equivalent measures the risk of o | —
Phosphogypsum  Calcium carbonate Sodium sulfate World limit

stochastic and  deterministic Sample
effects in irradiated individuals.

The calculated total annual effective dose equivalent (indoor & outdoor)
for the phosphogypsum, calcium carbonate, and sodium sulfate
samples are within the corresponding worldwide limits.
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II. Dose assessment and Radiological effects

ER = 1.90 Ag, + 2.82 Ay, + 0.179A,

The calculated Exposure rate (D)
for the phosphogypsum, calctum
carbonate, and sodium sulfate
samples  are  within  the
corresponding worldwide limits.

Exposure rate, uRh!
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Sample
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Conclusion:

1. The conversion of phosphogypsum nto useful products (1.e. calcrum

carbonate and sodium sulfate) 1s a promising approach for reducing
the environmental problem and enhancing economic benefit.

2. The environmental radiation mmpact as well as radiation hazard
mdices factors for phosphogypsum, calcitum carbonate and sodium
sulfate samples have been mvestigated.

3. The radiological assessment for the phosphogypsum working sample
shows high values for radiation hazard indices which means that this
solid waste should be under radiation protection precautions before
discharge mnto the environment.

4. The radiological assessment for the produced sodium carbonate, and
sodium sulfate declare that both products have a normal level of
natural background which reflects that both products are acceptable
for use m industral applications.
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