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PHOSPHOGYPSUM SURFACE CHARACTERISATION USING
SCANNING ELECTRON MICROSCOPY

Milo$ B. Rajkovi¢ and Dragan V. Toskovié

This paper presents the results of application of Scanning Electron Microscopy (SEM)
to examinations of the samples of natural gypsum and phosphogypsum. Phosphogypsum
has a well developed crystalline structure, and appear in two polymorphous forms, of
rombic and hexagonal shape crystals. Natural gypsum has a poorly crystalline structure.
The differences in crystalline structure influence the chemical behavior of these row
materials.
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INTRODUCTION

Phosphogypsum is a by—product of the phosphate fertilizer which is produced in large
quantities world—wide during the production of phosphoric acid. The wet phosphoric acid
process is the most common process used to produce phosphoric acid. It can be summa-
rized by the following equation (1):

Calo(PO4)6F2 + 10H,S0, + 20H,0 — 6H3;PO, + 10CaS0O4%x2H,0 + 2HF
phosphogypsum

Phosphogypsum consist mainly of gypsum (CaSO4x2H,0), but may also contain
minor quantities of environmentally sensitive constituents such as heavy metals and na-
turally—occurring radionuclides (2). The presence of these minor constituents has raised
some concerns regarding the stockpiling of phosphogypsum and its utilization in the other
industries.
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The determination of elementary structure of matter, whether it is known or if it is
necessary to verify the composition of a new or a well-known material to be used in
further work, presents a frequent demand in the contemporary analytical practice. Some-
times these demands are combined with the need to determine the morphology or the
structure of the surface roughness of a sample, its homogeneity or the presence of defects
in the structure. The electron microscopic and spectroscopic techniques, whose rapid deve-
lopment to the commercial systems has been enabled first of all by the achievements in
the electronic and computer technologies since the seventies to date, have become power-
ful tools to date for attaining the above requirements (3,4,5).

This paper presents the results of application of the Scanning Electron Microscopy
(SEM) to examinations of the samples of natural gypsum and phosphogypsum, for the
purpose of characterizing the composition and defining the morphological composition (6).

EXPERIMENTAL

All investigations were performed with phosphogypsum obtained from Chemical In-
dustry IHP Prahovo by a technological procedure in which raw phosphates are treated
with H,SO,4. Phosphogypsum purification was carried out by the following procedure
(7,8): solution of H,SO,4 in water was made, with concentration of 28 wt.%, which was
heated up to 90°C. Phosphogypsum was added to the solution and an emulsion was made
with continuous stirring. After phosphogypsum, BaSO, was added also at continuous
stirring, until the temperature reached 85°C. Then the mixture was cooled. After cooling,
it was filtered through a special Buchner funnel. Grinding of the purified phosphogypsum
was carried out in a laboratory mixer to the particle size mainly between 100 and 200 pm,
with only 12% particles bigger than 200 pm.

Phosphogypsum samples were analysed using scanning electron microscopy SEM,
JSM-840A, JEOL, Tokyo, Japan, with the possibility of englargment by 180.000 times
and the resolution of 10 nm.

The adsorbed, specially sprayed and secondary electrons make it possible to obtain
the picture by the scanning electron microscopy. For that reason, the sample does not
have to be thin, which simplifies its application, and the energy of electrons of the primary
beam does not have to be high, because electrons do not have to pass through the sample.
Besides, the additional electromagnetic field (of the scanning coil) enables a controlled
and programmed shifting of the electron beam. In such way, particularly small areas of a
sample may be, line by line, examined — scanned (5).

X-ray diffraction analysis was carried out with a powder diffractometer SIEMENS
D-500 with Ni-filtered CuK,, radiation. Identification of crystalline phases in recorded
samples has been carried out by matching position and intensity of diffraction profiles
with the JC PDS data.

Thermogravimetric analyses of phosphogypsum were performed on a Dermatograph
STANTON, England, with a heating rate up to 7°C/min in air stream in mixture with
Al,O3. Samples were analysed in ceramic crucibles at temperature up to 500°C.
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RESULTS AND DISCUSSION

The results of the analysis of chemical and mineralogical composition of natural
gypsum, phosphogypsum taken from filter from the process of phosphoric acid production
by “wet procedure” and previously processed and purified phosphogypsum by the new
procedure (9) are presented in Table 1.

Table 1. Chemical and mineralogical composition of natural gypsum, phosphogypsum
taken from plant’s pipe and purified phosphogypsum

Chemical composition Natural gypsum | Phosphogypsum taken | Phosphogypsum
(in wt. %) from plants’s pipe (in wt. %)
(in wt. %)
CaS0O4x2H,0 - 74.16 11.54
CaS04x1/2H,0 81.34 - 77.26
CaS0,, anhydride 6.16 - -
Bonded (fixed) water, H,O 5.38 18.02 7.21
CaSO0,, total 82.12 56.14 81.59
Excess:
Free CaO 0.70 0.77 0.29
Sum: 88.20 74.93 89.09
Impurities:
Free water, at 45°C 1.30 0.34 1.03
Calcination loss 0.98 2.18 0.60
SiO,+insoluble residue 4,15 21.75 4,55
Al,Oz+Fe,03 0.06 0.04 0.17
CaCoO;, 5.09 - 4.48
P05 - 0.84 0.09
Sum: 11.58 25.15 10.92
Total: 99.78 100.08 100.01

From Table 1. it can be seen that phosphogypsum is in the form of dihydrate, immedia-
tely after separation from filters (74.16 wt.%), while the natural gypsum is essentially
hemihydrate (81.34 wt.% CaSO4x1/2H,0), and all the remaining parameters are far closer
to natural gypsum than to phosphogypsum.

In both unpurified and purified phosphogypsum, P,Os contents are 0.84 and 0.09
wt.%, respectively, the content in natural gypsum being lower. A positive characteristics
of purified phosphogypsum is the presence of CaO (as CaCOs, like that in natural gypsum
5.09%). The advantageous feature of phosphogypsum is the proportion of CaO and SOs,
which indicates the presence of other salts with sulphur — MgSQ,, Aly(SO4)3, FESO,.

To establish morphological composition and structure, their homogeneity and the
presence of faults in their structure of samples of natural gypsum and various phospho-
gypsum, previously prepared (7,10), and mixtures of natural gypsum—phosphogypsum
were subjected to SEM analysis.

The obtained micrographs are presented in Figs. 1 —5.

63



64

Fig. 1. SEM micrograph of crystalline structure of natural gypsum (x500)
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Fig. 2. SEM micrograph of crystalline structure of phosphogypsum
taken from plant’s pipe (x1,000)



Fig. 3. SEM micrograph of crystalline structure of mixture of 75 wt. % natural gypsum
and 25 wt. % phosphogypsum (x500)

Fig. 4. SEM micrograph of crystalline structure of purified phosphogypsum (x300) (10)
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Fig. 5. SEM micrograph of crystalline structure of phosphogypsum precipitate (x500)

The SEM micrographs of the natural gypsum and phosphogypsum show that these
two kinds of gypsum, regardless of having the same chemical formulas, have different
structures: the natural gypsum has a less distinct crystalline structure, and phosphogypsum
has a well-defined crystalline structure with the majority of rhombic and hexagonal shape
crystals. This indicates that it has a more complex composition than natural gypsum, which
is in accordance with literature data (6,11,12). The photographs shows that, after prospho-
gypsum grinding, crystal phase is still dominant, because of the presence of various
product mode during the production process, e.g. P2Os syncrist. All the complexity of phos-
phogypsum originates from its crystal structure, which eventually influences its chemical
behaviour.

Thermogravimetric analyses of phosphogypsum sample were performed in air stream
with a heating rate of 7°C/min, and the obtained results presented at Fig. 6 show the change
of sample mass in % in dependence of temperature. The mass loss for phosphogypsum is
17.53 wt.% (gypsum loses 2 molecule of water), that would corresponds to gypsum portion
of 84 wt.% in sample. For natural gypsum, which is a hemihydrate (CaSO,x1/2H,0) the
mass loss is 5.75 wt.% that would corresponds to a gypsum content of 93 wt.% (7).

X-ray diffraction analysis was carried out on a powder diffractometer and the identi-
fication of the crystal phases in the investigated samples has been performed by comparing
the position and the intensity of the diffraction profiles with the JS PDS data. The
following crystalline phases were identified for phosphogypsum: CaSO,x2H,0 (33-311);
CaS0,x1/2H,0 (33-310) spectra corresponded to natural gypsum, CaHPO, (9-80) or
CaHPO4x2H,0 (9-77) spectra also corresponded to natural gypsum.
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The X-ray diffractograms for natural gypsum and phosphogypsum sample are presen-
ted in Figs. 7 and 8.
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Fig. 6. Thermogravimetric analysis of gypsum samples
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Fig. 7. Characteristic X-ray diffractogram of natural gypsum
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Fig. 8. Characteristic X-ray diffractogram of phosphogypsum

The results of the investigation of phosphogypsum have been compared with the
results obtained by the investigation of natural gypsum (2), whereby some similarities
but also some differences have been observed in comparison with natural gypsum. The
entire complexity of phosphogypsum is due to its crystalline structure and influences its
chemical behavior.

CONCLUSIONS

The advantage of SEM technique is that a sample need not be thin, which facilitates
its preparation, and the energy of the electrons of the primary beam does not have to be
high because the electrons need not pass through the sample.

SEM photographs of natural gypsum and phosphogypsum show that these two
materials, regardless of having the same chemical composition, have different structures:
natural gypsum has poorly expressed crystalline structure and phosphogypsum has a
marked crystal structure, mostly of rhombic and hexagonal forms, which indicates its
more complex composition than that of natural gypsum.

The application of the SEM method to samples of gypsum and phosphogypsum, as
well the obtained SEM micrographs show that this technique is a powerful tool both for
studying the morphological changes of the surface and for determining quantitative com-
position of such samples.

68



ACKNOWLEDGEMENTS

The authors acknowledge the financial support of the Ministry for Science, Techno-

logy and Development of Serbia (Project 1941).

10.

11.

12.

REFERENCES

Rajkovi¢, M.B., HadZi¢, V. i 1.Molnar: Otpadni fosfogips iz hemijske industrije: pojam,
primena, perspektiva, Nauc¢ni Institut za ratarstvo i povrtarstvo, Novi Sad (1995) s.
117 (in Serbian).

Raikovich, M.B., Karlikovich-Raich, K. and I.Chirich: Comparative-Studies of
Phosphogypsum and Rock Properties. Russ. J.Appl.Chemistry 67(3) (1994) 454-456.
Feuerbacher, B. and B.Fitton, in Electron Spectroscopy for Surface Analysis, Ed. by
H.Ibach, Springer—Verlag, Berlin—-Heidelberg (1977).

Danilatos, G.D. and R.Postale: Scaning Electron Microscopy 1 (1982) 16.
A.B.Dekanski: Kako elektronske tehnike omogucavaju povrSinsku karakterizaciju
materijala. Il. Elektronska mikroskopija. Hemijska Industrija (Beograd) 51(10)
(1997) 403-410 (in Serbian).

Rajkovi¢, M.B. and M.M.Mitrovi¢: Phosphogypsum Surface Characterisation Using
Scanning Electron Microscopy, PHYSICAL CHEMISTRY 2000, 5th International
Conference on Fundamental and Applied Aspects of Physical Chemistry, The
Society of Physical Chemists of Serbia, September 27-29, 2000, Belgrade, SOLID
STATE PHYSICAL CHEMISTRY (H), MATERIAL SCIENCE (G), Proceedings,
HG24-P, pp. 453-455.

Rajkovic, M.B., Simovic, D. and G.T.Vladisavljevic: Experiences in the Chemical
Gypsum-Phosphogypsum Preparation from the Triad Synthesis Structure Properties
Viewpoint, in the Book: Advanced Science and Technology of Sintering, Kluwer
Academic/Plenum Publishers, New York (1999) 323-328.

Rajkovi¢, M.B., Stevanovi¢, S., Karljikovi¢-Raji¢, K. and G.Vladisavljevi¢: The
Application of Different Instrumental Techniques for Characterization of Phospho-
gypsum, The 12th International Congress of Chemical and Process Engineering,
CHISA'96, Praha, Czech Republic, 25-30 August 1996, Symposium on comminution,
P5.84 [19].

Rajkovi¢, M.B. and D.Toskovi¢: A New Procedure of Phosphogypsum Purification
in Order to Diminish the Content of Radionuclides. Hung.J.Ind.Chem. 30(30) (2002)
219-227.

Rajkovi¢, M.B. and D.ToSkovi¢: Investigation of Chemical and Morphological
Composition and Radioactivity of Phosphogypsum. Acta Periodica Technologica,
32 (1-172) (2001) 79-88.

Rajkovi¢, M.B.: Fosfogips sa aspekta njegove primene, 1l Jugoslovenska konfe-
rencija "Teorija i tehnologija sinterovanja”, TEOTES '95, Srpska Akademija nauka i
umetnosti i Tehni¢ki fakultet u Cacku, 4-9.septembar 1995.god., Cagak, R.P.26,
Izvodi radova, s. 42 (in Serbian).

Axwmenos, M. u T.A.Axy3ues: ®octorurnc, U3marensctBo ®AH, Taikent, Y30ekckoit
CCP, 1980 (in Russian).

69



UCIIUTUBAILE MOBPIIMHCKUX KAPAKTEPUCTUKA
®OCD®OTUNCA IPUMEHOM CKEHUPAJYRE EJJEKTPOHCKE
MUKPOCKOIIUJE (SEM)

Munow b. Pajxosuh u /[pacan B. Towkosuh

EnemenTapHu cacraB matepuje, OO Jia je HEMO3HAT WM Ja j€ MOTPEeOHO MPOBepH-
TH CacTaB HOBOT WJIHM ITO3HATOI MaTepHujaia Koju he ce KOPUCTHTH y AajbeM paxy, Ipea-
CTaBJba YECT 3aXTCB y CABPEMEHOj aHAJIUTUYKOj mpakcu. Hekaaa ce OBMM 3axTeBUMa MpH-
JpyXXyje u notpeda Jia ce yrBpau MopQoJorija win CTpyKTypa MOBPIIMHCKE XParaBoCTH
y30pKa, (eroBa XOMOTE€HOCT WJIH MPUCYCTBO edeKara y cTpyKTypu. EneKTpoHCKe MHKpO-
CKOIICKE U CIIEKTPOCKOIICKE TEXHHKE, YHjH je HaTJIK Pa3Boj, CBE 10 KOMEPLMjaIHUX CHCTEMA,
0]l CelaMJIeCeTUX TOJIMHA JI0 cajia, oMOoryhieH mpe cBera JOCTHrHyhiMa y el1eKTPOHCKUM
U KOMIIjYTEPCKHM TEXHOJIOTHjaMa, MOCTalle Cy CHAXKHO opyle 3a ocTBapHBame MOMEHY-
THX 3aXTeBa.

VY pany cy mpukazaHU pe3yiTaTd NpUMEHe CKeHUpajyhie eneKTpOHCKE MUKPOCKOIIH]jEe
(SEM) Ha ucniMTHBama TIOBPIIMHE Y30paka MPUPOIHOT Trica U Gocdorurca, paau Kapak-
TepHu3alyje cacTaBa u eUHNUCAaba MOP(OIIOIIKOT cacTaBa.

SEM cHuMIM PUPOAHOT TUIIca U oTHagHor docdorunca ykazaiu cy 1a oBa JiBa
THIICa, HAKO MMajy UcTe XeMujcke (Mornekyicke) popmyie — CaSO4x2H,0, numajy pasmm-
YUTY CTPYKTYpY: IPUPOAHHU TUIIC MMa ci1aduje U3pakeHy KPUCTAIHY CTPYKTYpy a OTHaj-
HU (OCOrUInC UMa U3pasuTy KPUCTAIHY CTPYKTYPY, IPETEKHO POMOUYHOT U XeKcaro-
HAJIHOT O0JIMKa, ITO yKa3yje Ha HEroB CIIOKEHHUJH cacTaB OJl MPHUPOJHOT, a IITO je y
CKJIa[ly ca JINTepaTypHUM MOIAlUMa.
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