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Abstract

Phosphogypsum is the principal by-product produced by the wet processes involved in the manufacture of phosphoric acid, and generally
contains an amount of fluoride that needs to be fixed or removed. Calcium hydrogen phosphate dihydrate (DCPD) reacts with fluoride ions in
solution to form fluorapatite (FAp) in a reaction that is both selective and sufficiently efficient. We investigated the reaction between DCPD
and the fluoride in phosphogypsum. The results demonstrated that the fluoride in phosphogypsum is able to be fixed by the reaction with
DCPD, forming stable fluoride compounds such as fluorapatite.
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1. Introduction In this paper, we proposed from our experimental results

that DCPD could fix the fluoride in hexafluorosilicate as FAp,
A calcium hydrogen phosphate dehydrate (DCPD, and we develop a novel method to fix the fluoride in gypsum

CaHPQ-2H,0) reacts with fluoride ions in a solution and using DCPD.

forms fluorapatite (FAp, Ga(PQs)sF2).1'2 This reaction is

utilized in the development of dental phosphate cements.

We have previously applied the reaction to pre-concentration 2. Experimental

of fluoride in watef and for monitoring trace amounts of

fluoride in air® 2.1. Reagents

Phosphogypsum is the principal by-product produced

by the wet processes involved in the manufacture of The DCPD and sodium hexafluorosilicate used were guar-

phosphoric acid. The main component of phosphate rock anteed reagent grade (Wako Pure Chemical Co. Ltd., Japan).

is FAp, and so fluorides, such as sodium fluoride (NaF), Phosphogypsum (containing 0.13 wt.% of fluoride) was pro-

calcium fluoride (Cap), and sodium hexafluorosilicate Vvided from the phosphoric acid manufacture process.

(NapSiFs),? are contained as impurities in phosphogypsum.  To dissolve in FAp, a dissolving solution containing

In Japan, regulation concerning fluoride in water and soil 0.10 moldnt3 of trans-1,2-diaminocyclohexan#:;N,N',N'-

are currently being strengthened. If the fluorides in gypsum tetraacetic acid monohydrate (CyDTA) and sodium chloride

can be fixed to a stable compound, FAp, by reaction with was used. The pH value was adjustedto 7.0 by 0.50 mofdm

DCPD, it is expected that environmental impacts from of 2-[4-(2-hydroxyethyl)-1-piperazinyllethanesulfonic acid

gypsum can be alleviated in the future. However, it is not (HEPES) and hydrochloric acid.

clear whether DCPD is able to fix, as FAp, the fluoride in Total ion strength of the adjusting buffer solution con-

hexafluorosilicate, which is a fluoride complex contained in taining CyDTA (TISAB) was prepared by the Jigegula-

phosphogypsum. tion for fluoride determination with ion selective electrode
(ISE). CyDTA and HEPES were purchased from Dojindo
Co. (Kumamoto, Japan). Water was purified by a multi-

* Corresponding author. Tel.: +81 76 493 5479; fax: +81 76 492 3859.  step commercial filtration and deionization process (Mill-Q
E-mail address: tafu@toyama-nct.ac.jp (M. Tafu). water).
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2.2. Fixation of fluoride in hexafluorosilicate by DCPD Phosphogypsum
+ DCPD(0-10 wi%) W?;gr )
. . . cm
Various amounts of DCPD were added in a mixture of (09)

l I

water to 10 cr of sample solution containing sodium hex-
afluorosilicate in a polypropylene bottle. The mixture was
shaken in a reciprocal shaker (Type NR-1, TAITEC, Japan)
at room temperature for various periods. The solid phase

Reaction
Room temp.

was filtered by suction using a 0.451 membrane filter and T'(oncha)
then dissolved with 10 cfnof the dissolving solution. The :
concentration of fluoride ions in the solution was measured i Liquid phase

" ) . Filtration quid p
by a standard addition method using an ISE (Orion ionplus 0.45 um filter (10 cm?)

9609BN, Thermo Electron Corp., USA) and an ion meter
(PCM 700, Thermo Electron CorpBig. 1shows a diagram
of the method.

|

Solid phase

2.3. Fixation of fluoride in phosphogypsum by DCPD

A 4
< _FE-SEM > v
Five grams of phosphogypsum containing various < XR@
< EDS >

by ISE
amount of DCPD was added to a 50%mf sample of
water in a polypropylene bottle. The mixture was shaken
at room temperature for 1 day. The liquid and the solid Fig. 2. Procedure for the determination of fluoride in an aqueous solution.
phase were separated by suction using a @m3membrane
filter. 1.0 cn? of TISAB was added to 10 cfrof the liquid
phase, and the concentration of fluoride ions in the obtainedTokyo, Japan) and energy dispersive X-ray spectroscopy
solution was measured by a standard addition method(EDS, JED-2300, JEOL, Tokyo, Japan) were also carried
using the ISE and the ion meter. The crystalline phase of out for microstructure observation and elemental analysis
the solid phase was analyzed by powder X-ray diffraction of the solid phase. A diagram of the method is shown in
(Miniflex, Rigaku, Co. Ltd., Tokyo, Japan). Field emission Fig. 2
scanning electron microscope (FE-SEM, JSM-6700F, JEOL,

3. Results and discussion

Sample solution DCPD (10 cm®)
Containing Na,SiF; + 3.1. Fixation of fluoride in hexafluorosilicate by DCPD
(10 cm?) Water(10 cm®)

The fixation ability of fluoride in hexafluorosilicate, which
is one of the impurities in phosphogypsum, was experimen-
tally investigated. Various amounts of DCPD were added as a
mixture in water to a 10 chof sample solution contained in
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Fig. 3. Recovery efficiency of fluoride in hexafluorosilicate by reaction of

Measurement
by ISE
DCPD. Concentration of hexafluorosilicate is 1.6 mgdr(l.0 mg dnt3 as

Fig. 1. Procedure for the determination of fluoride in FAp. fluoride).
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Fig. 5. Fluoride ion concentration leached from phosphogypsum contain-

Fig. 4. Powder X-ray diffraction pattern of phosphogypsum. ing various amounts of DCPD. Phosphogypsum/water ratio is 5.0 g/30 cm
leaching time is 1 day.

apolypropylene bottle. The concentration of sodium hexaflu- equatiorf

orosilicate in the sample solution was adjusted to 1 mg3m

as fluoride ions. The mixture was then shaken at room tem- SiFEZ{ + 2Hy0 = SiO, + 6F + 4HT )
perature for various periods. The recovery coefficient of the o ) ) o

fluoride collected from the separated solid phase is shownPCPD and fluoride ions in a solution, resulting in the forma-
in Fig. 3 all the fluoride ions in hexafluorosilicate were tion of FAp.

fixed by the reaction of DCPD within 1h. Although hex-

afluorosilicate is the fluoride complex of silicate, fluoride 10CaHPQ@-2H,0 + 2F
ions are released in agueous solution as shown by following — Cao(POs)sF2 + 4HPQ2~ + 6HT (2
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Fig. 6. FE-SEM image and the EDS analysis results of the phosphogypsum containing 10% of DCPD after reacted 1 day in water. Experimental conditions
are same abig. 5.
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DCPD reacted with the fluoride ions generated from hex- 4. Summary
afluorosilicate by the reaction (1), and formed FAp, quanti-

tatively. In this study, we investigated the reaction between DCPD
and fluoride in phosphogypsum. The results demonstrated
3.2. Fixation of fluoride in phosphogypsum by DCPD that the fluoride in phosphogypsum was able to be fixed by

the reaction with DCPD, forming stable fluoride compounds
Fig. 4 shows powder X-ray diffraction patterns of phos- such as fluorapatite. Fluoride is contained not only in phos-
phogypsum. In addition to the diffraction peak of gypsum, phogypsum, but also in waste gypsum board. It is suggested
there are diffraction peaks of various impurities, such as sil- that the reaction with DCPD to FAp is applicable to fixing
icon oxide and calcium sulfate hemihydrate. However, there fluoride in various types of gypsum. Further studies for opti-
are no diffraction peaks of fluorides such as calcium fluoride, mization of the conditions for fixation, and the application of
because the fluoride content is too small to detect by X-ray them to various gypsum samples are now in progress.
diffraction.
The fixation ability of fluoride in a phosphogypsum sam-
ple by reaction with DCPD was investigated in batch experi- Acknowledgements
ments; 5 g of phosphogypsum containing various amounts of ) )
DCPD added to 50 cfof water in a polypropylene bottle. Th_e authors_deeply appreciate the heilpful support with the
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another shape (B iRig. 6) can be clearly observed. The EDS 5. Tafu, M. and Ch(_)hji,_T., A simplified method for determir_1ation of trgce
. . L amounts of fluoride in the air by using transform reaction of calcium
anaIySIS result of the point A mdlcate.d that _Ca' S, and O hydrogenphosphate dihydrate (DCPD).Ecotech. Res., 2004,10(2),
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