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INVESTIGATION OF CHEMICAL AND MORPHOLOGICAL
COMPOSITION AND RADIOACTIVITY OF PHOSPHOGYPSUM

Milos B.Rajkovi¢ and Dragan V. Toskovi¢

Phosphogypsum is a waste product in the manufacture of phosphoric acid from phosph-
orite and sulphuric acid by so-called “wel process™ and represents a refuse that is as such si-
mply thrown away. This paper describes our investigations of the actual fundamental prob-
lem: obtaining new material - chemical gvpsum from phosphogypsum. The structure of phos-
phogypsum was determined by applying different instrumental techniques: scanning electron
microscope, X-ray diffraction analysis, thermogravimetric analysis, investigations of phosp-
hogvpsum content and radioactivity. The obtained results showed similarity between phosph-
ogypsum and natural gypsum, but also the significant difference that should be taken in ac-
count when phosphogvpsum is used instead of natural gypsum. A process for reducing radi-
oactive contamination of phosphogvpsum has been used. The process of reducing radioactive
contamination in waste product gypsum consisted of veacting it with dilute sulphuric acid co-
ntaining barium sulphate to form an acidic sturry at an elevated temperature, the slurry wass
preferably cooled, and the resulting solid was separated into a fine fraction and a coarse fra-
ction. In the fine fraction predominated barium sulphate and radioactive contamination,
while in the coarse fraction predominated a purificd gypsum product of reduced radioactivi-
1.

Thus the chemical gypsunt manufactured on the basis of phosphogypsum material was fo-
wnd suitable for use in the building industry as preparing plaster, gypsum wallboards and ot-
her constructional matrials. Also, it can be useful as soil meliorate in agriculture and in pro-
duction of ammonium-sulphate, as natural gvpsum substitute.
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INTRODUCTION

The production of phosphoric acid by dehydrated process, the so-called “wet process ™. ut
low temperatures (< 100°C), which is used later to manufacture phosphoric and other mixed
fertilizers, is followed by separation of cnormous quantities of phosphogypsum: about 4.5
of phosphogypsum (proceed to one) per tone of the fertilizers (P,O, equivalent) (1-3).

Ca,(PO,) F,+10H,S0,+20H,0->6H,P0O,+10CaSO, * 2H,0+2HF
phosphogypsu

Phosphogypsum as waste-product is usually deposited close to phosphoric acid plants or
into rivers and occans. It represents a refuse that is from the environmental viewpoint of parti-
cular concern because of its toxic components such as fluorides, uranium and the uranium-se-
ries clements mainly 22°Ra, 22?Rn and ''%Po.

In our previous works, investigations of phosphogypsum have been carried out, and its
characteristics were compared to natural gypsum (4-6) and detailed possibilitics of phospho-
gypsum usage as semiproduct and final product have been analyzed.

The process of reducing radioactive contamination in waste product phosphogypsum will
be apparent from the following description. This work concerns with the application of instru-
mental techniques for investigation of chemical characteristics, clectrical surface propertics
and radioactivity of modified phosphogypsum.

EXPERIMENTAL

Phosphogypsum - waste product obtained from the phosphoric acid plant IHP Prahovo
was uscd for all investigations (5). It was prepared for the analysis by the following procedu-
re (0,16): samples were sieved on vibration screen and only fractions smaller than 200 fem we-
re taken. The sumple was rinsed with distilled water then with cthanol and cther, and then was
dried at 60°C to constant mass. After calcination at 160°C during 2-3 hours the analyscs were
carricd out.

Phosphogypsum samples were analyzed using scanning clectron microscopy SEM, JSM-
840A, JEOL, Japan. X-ray diffraction analysis was carried out using the diffractometer for
powder SIEMENS D-500 with Ni-filtered CuK,, radiation. Identification of crystalline phas-
cs in recorded samples has been carried out by position and intensity comparison of diffrac-
tion profiles with JC PDA data.

Thermogravimetric analyses of phosphogypsum were performed on Dermatograph Stan-
ton, England, with a heating rate up to 7°C/min in air stream in mixture with ALO,, samples
were analyzed in ceramic crucibles at temperatures up to 500°C. o

The radioactivity of phosphogypsum samples was analyzed by the following procedure
(17): phosphogypsum samples were dried at 105°C (24 hours) to remove water due to the te-
chnologicul process and all measurement results are refferred to dry substance. Saumples were
packed in smull plastic vessels and hermetically closed to retain evolved radon. The measur-
cment time for cach spectrum was about 24 hours, and all measurcments were repeated after
20 days to obtuin radicactive cquilibrium of the evolved radon (14). Low phonon mcasure-
ments were carried out using CANBERRA Hp Ge coaxial detector with relative efficiency of
14%, FWIHM of 1.7 keV, placed in vertical eryostat and protected with 2 ¢cm of iron and 13
cm of lead. Total measured speed of phonon counting in the energy range of 20-2880 keV was
0.9 pulse/see. The spectrometer was connected with a CANBERRA 8k ADC *MCA 35" mul-
tichannel analyzer which was connected with an HP Vectra ES/12 computer to treat the gam-
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ma spectra using the “MicroSAMPO™ program. Time for samplc measurements was about
160 ks, while measurements of phonon spectra were significantly longer and were carried out
regularly between sample measurements. Radium and potassium activity were determined by
comparison with the standard SRM694 (Standard Reference Material 694, National Burcau
of Standards, US) WPR (West Phosphate Rock), phosphate ore with known uranium content
(141.4£0.6 ppm) which is in equilibrium with its decay products.

RESULTS AND DISCUSSION

Granulometric analysis was carricd out with phospgogypsum samples previously dried at
00°C. 1t was necessary to remove extreme fractions since they contain the greatest contamina-
nts portion. Particle size of phosphogypsum varied over the range from 20 to 200 gom (aver-
age 80 gem). The climination of impuritics has been carried out by sifting on sicve or with the
aid of the agents for foam formation such as alkylarylsulphonates: dodecylbenzensulphonate
and tetrapropylbenzencsulphonate.

The adsorbed, specially scattered and sccondary clectrons make it possible to obtain the
picture by scanning electron microscopy.

With the scanning electron microscopy the source of clectrons is the
»sem  clectron gun (less powerful), and the entrance beam is focused on
the sample by clectromagnetic lenscs whereas its deflection for the
purposc of scanning the sample is also possible. The picture is ob-
taincd of the front surface of the sample and it is made by the repu-
Ised and sccondarily emitted clectrons.

Photographs of gypsum and phosphogypsum obtained on scanning clectron microscope
are presented in Figures 1 -3 (21).

secutdby electron

Fig. 1. SEM photograph of crystalline structure of natural gypsum (x500) (5)
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(x1,000)

Fig. 3. SEM photograph of crystalline structurc of purified phosphogypsum (x300) (6)

The SEM photograph of phosphogypsum presented in Fig.2 , shows that phosphogypsum
has a well-defined crystalline structure with majority of rhombic and hexagonal crystal syste-
ms, pointing out to more complex composition in comparison with natural gypsum, which is
in accordance with the literature data (7.8). The identification of the crystal phases in the ana-
lyzed samples was performed by comparing the position and the intensity of the diffraction
profiles with the JS PDS data. The complexity of phosphogypsum is due to its crystalline str-
ucture and it influences its chemical behaviour.

Thermogravimetric analysis of phosphogypsum sample was performed in air stream with
a heating rate of 7°C/min, and the obtained results are presented in Fig. 4, showing the change
of sample mass in % in dependence on temperature. The mass loss for phosphogypsum is
17.53% (gypsum loses 2 molecules of water), that would corresponds to a gypsum portion of
84% in the sample. For natural gypsum, which is hemihydrate (CaSO,* 1/2H,0) the mass loss
is 5.75% that would corresponds to gypsum portion of 93%.

X-ray diffraction analysis was carricd out by comparing the position and intensity of diff-
raction profiles with JC PDA data. The following crystalline phases were identifted for phos-
phogypsum: CaSO x2H,0 (33-311); CaSO,x1/2H,0 (33-310) spectra corresponded to natu-
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ral gypsum. CaHPO, (9-80) or CaHPO,x2H,0 (9-77) spectra also corresponded to natural
gypsum. The diffractogram obtained for phosphogypsum sample is presented in Fig. 5.
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Fig. 4. Thermogravimetric analysis of phosphogypsum samples
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Fig. 5. Characteristic X-ray diffractogram of phosphogypsum

A comparison of the results of the investigation of phosphogypsum with those obtained
for natural gypsum (5,6) reveals some similarities but also certain differences (Table 1).
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‘Fable 1. Chemical and mincralogical composition of natural gypsum
and phosphogypsum

Chemical composition N“"(‘il]:“::f“:gsum ph‘;?::':\(,):":“,,,")Sum
CaSO421,0 - 11.54
CaSO, 17211,0 81.34 77.20
CaSQy, anyhidride 6.16
Bonded (fixed) water, 11,0 5.38 7.21
CaS0Oy, total 82.12 81.59
IExcess:
Free CaQ) 0.70 0.29
50, -
Sum: 88.20 89.09
Impurities:
Free water, at 45°C 1.30 1.03
Caleination loss 0.98 0.60
S105+insoluble residue 4.15 4.55
T MgCO,
Na,O)
K,0 .
ALOHFe, 04 0.06 0.17
MgO -
CaCO4 5.09 4.4%8
P05 0.09
Sum: 11.58 10.92
Total: 99.78 FHHLOT

In phosphogypsum P,O; can be found P,O,, = 0.09 wt. % which the natural gypsum
contuins at a low level. The presence of the fraction P,0,, . is unfavourable only if
phosphogypsum is applied in construction, while in agriculture it can have a positive cffect
on the soil treatment. A positive attribute of phosphogypsum is the presence of CaO (as
CaCOy like that in natural gypsum 5.09 wt.%). The advantageous feature of phosphogypsum
is the portion of CaO and SO, that indicates the presence of other salts with sulphur (MgSO,.
Al(80,),, FeSO,).

Organic substances cause great difficultics in the process of phosphoric acid production.
The method of organic substance determination is the calculation of carbon portion, which is
in the order of 0.1 wt. %.

The investigations obtained with different phosphogypsum samples (10) showed that
chilorides are present only in traces.

The main obstacle, though is the presence of radionuclides in phosphogypsum. The quant-
itative presence of uranium has been established in samples of phosphogypsum and the speci-
fic activity originates from #*°Ra (18). The analyzed samples of phosphogypsum show that
the distribution of uranium and 2°Ra in relation to the initial phosphate ore is such that the
basic component of phosphogypsum is 22°Ra.

Gamma-spectrometry results of unpurified and purified phosphogypsum samples are pre-
sented in Table 2.
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Table 2. Gamma-spectrometry results of unpurificd and purificd

phosphogypsum samples (Bg/kg) (23)

Rudionuclide Activity of unpurified Activity of punified
phosphogypsum phosphogypsum
220Ra 37920 43920
320 7.140.5 8.7£0.5
0K 7.80.5 <87
Radionuclides artificial origin < 1.1 < 1.0

The process of reducing radioactive contamination in phosphogypsum will be apparent
from the following description (19.,20). It has now been discovered that the foregoing objects
arc accomplished for reducing the radioactive contamination in waste product gypsum in a
process which comprises:

a) This can be accomplished by a procedure comprising mixing the phosphogypsum
containing radioactive contamination with dilute sulphuric acid containing barium silphate at
an clevated temperature to form an acidic slurry, having a solid component comprised of a
fine fruction and o coarse fraction;

b) Separating the fine fraction of solids from the coarse fraction;

¢} It was found that the {ine fraction contains the main portion of radioactivity, whilc
the coarse phosphogypsum fraction is characterized by a redused radioactivity.

As an example: an agucous sulphuric acid solution (cca. 2.97 dm?) having a concentration
of 28 wt.% was mixced with a concentrated sulphuric acid solution (30 cm?®) containing disol-
ved 3 g of barium sulphate at a temperature of 105°C. The phosphogypsum (750 g contain-
ing radium at ¢ea. 26 pCi/g) (14,17) was agitated with the solution of sulphuric acid and bari-
um sulphate for 12 minutes, while maintaining the temperature of the resulting slurry in the
range of 98-105°C. At the end of this period, the slurry was cooled to 30-35°C, and then filte-
red. The filter cake was washed with 6.2 dm? of water and the solids were dried at a temperat-
ure of 60°C. The weight of the dry solids was 695 g. 50 Grams of the dried solids was slurri-
ed with 1 dm? of water and then wet sereened on a 200 mesh (75 micron) screen. The solid
gypsum material retained on the 200 mesh sereen was collected and dried at 60°C. Analysis
of the purified gypsum product showed that it had a radium concentration of 1.42 pCi (cca.
95 wt. % less than the iitial sample) (22).

CONCLUSIONS

The investigations presented in this work showed the complexity of structure and content
of phosphogypsum. which is of the same chemical formula as natural gypsum, CaSO %21, 0,
and also phosphogypsum is a typical raw material duc to its impuritics.

SEM photographs showed a different crystalline content of phosphogypsum in compari-
son to natural gypsum. The application of scanning microscopy to different samples, in the
work of the clectroactive (sulphide) coating of both gypsum and phosphogypsum, as well the
obtuined SEM photographs shows that this technique is becoming a powerful tool both for
observing the morphological changes of the surface and for determining the quantitative com-
position.

X-ray diffraction analysis showed that phosphogypsum has a similar spectrum to that of
natural gypsum and this could be decisive concerning potential usage of phosphogypsum as
substituent of natural gypsum.
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Thermogravimetric analysis indicated significant presence of water in mass, which sugge-
sty that the portion of CaSO, in phosphogypsum is in order of 84 wt.% (in natural gypsum up
10 93 wt.%).

The investigations of radioactivity indicated the presence of 22°Ra and *'K in phosphogy-
psum, which from the aspect of deposition (radon liberation) is not a problem, but if phosp-
hogypsum is used without any treatment, that could yicld a higher radioactivity at the enviro-
nment.

Purificd phosphogypsum - chemical gypsum material is suitable for use in preparing plas-
ter, gypsun, gypsum wallbourds and other construction materials. Also, chemical gypsum can
be usclul as a soil meliorate in agriculture and in the production of umonium-sulphate as a na-
tural gypsum substitute.
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16.

NCHITUBAILE XEMNICKOT 1 MOP®OJTOMKOI CACTABA U
PAANOAKTUBHOCTH ®OCDOTUIICA

Muaout . Pajrosuh, /paian B. Towrosul

Pocdornne je cnopesnit IpoH3BoL Kojit HacTaje NPH NPOU3BOLILH (pocopie Kit-
CENHNE JIMXHIPATHHM, [T36. “MOKPHM MOCTYINKOM , KaKaB ce MPHMCIbYje Y HAIIO] 3¢-
MLIL Yenen nipucyersa seher Gpoja nerrmeroha, Kao M NPOU3BOAA PAJHOAKTHBHOL pic-
L YPaHa, KOji e Halaszi y HoUeTHo) CHPOBHITH 3a IPOH3BOALY (pocthope Kucenit-
HC - pocharmiy. (pocOrnie ce YIaaBlioM ofuiaxke Ha Aenoluje na KojuMa “crapn’.
360r orpoMunx Komuna pocoruiica, Koji Hacraje y opnocy 5:1 npema rirapiuom
nponssoay - (pocopuoj Kincemuin, genomuje pocorunca 3ay3uMajy BEAHKY
HOBPIHHIY H BPCMCHOM MOLY /I KOHTAMHINPA]Y OKOJIMIY, 3EMILHIITC 1 Ba3/lyX.

Y pajty Je npesiozKet NOCTYHaK Peutkanpaiba (hocporumnca, KOjH yKIbyUyje npe-
ynithasaibe pochoruca yKAALAILEM PagHONYKIHAa 1 npedmnhaBaise o HPHCYT-
nux neurcroha, Koje Bojie CBoje NOPEeKao U3 nonasie cHpoBuHe - ocdaTta, MOCTYI-
KOM Kanuuuamuje u rpauynucaina. Ipegnoxennm nocrynuuMa npeuanihasamwa poou-
jenu pocpornne je GUO aHAMBHUPAH: U3BPHICHA CY (PUBHIKO-XEMHjCKa HCIHTHBAILA
drocporimnca, pengareHeKko JNQPaKkIoa ananisa, TePMOTPaBUMETPH]CKD aH3a W
ramaciekTpomeTpijeka ananusa. Takobe, y pagy ¢y OpiKasaun pesyaTaTi IpusMche
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ckennpajyhe enexrpoucke muxpockonuje (CEM) ua wenmrusambuMa  y3opaka
npupopHor runca it pochoruica, paau yrsphunama MopONTOIMIKOr cacTaBa i CTpyK-
TYpe, WHXOBE XOMOTeHOCTH M nphcycrsa jiepekata y crpyxrypn. CEM crimsnn
npupouuor runca 1 QGocdorinca NoKasyjy fa oBa gBA CHICA, HAKO HMAJy HCTC XeMI-
jeke (mosekyacke) popmyne, CaSOX2HL0. nmajy pasinriury CTpyKTypy: OPHPOLT
PHIC HMA CHa0H]C H3PAKCHY KPHCTAY CTPYKTYPY a (POCOrune Haa H3pasuTy
KPHCTAIHY CTPYKTYPY, HPETCXKIO POMOHUIION H XeKCaroHanfor o0/Ka, Koju yKasyjy
HQ ILECOB CHOXKEHH]H CACTaB O)l MPHPOMHOr, & HITO je Y CKIWLY Ca JIHTePaTypHiM
HOMAIIMA.

JloOnjenu pesynataTi ynopebenir ¢y ca pesyataTHMa HCHMTHBAILA TPHPOAHOT -
rca, OpH UeMy je mokasalo ga ce npeaunrhenn (pocoruie no cBojuM KapakTepHc-
THKaMa NpUOIMXKABa MPUPOIHOM THIICY. XeMHUjCKR cacTaB (pocornIea i npupogHor
runca ogpehen je crangapaioM CHATKATHOM aHATH30M, METOIOM aJTKAITHOT TOTIbEH.
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