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ABSTRACT KEYWORDS
Crystallization of calcium sulfate dihydrate (CaSO,.2H,0) insodium chlo- Crydtallization;
ride solutions at different supersaturation (8 = 1.2-2.49), pH =3, ionic Additives;
strength (1 = 0.15 M) and at 25°C was studied. The influence of disodium Calciumsulfate;
hydrogen phosphate and sodium tripolyphosphate and disodium Solution;
dihydrogen phosphate having very low concentrations (107 mol dm™) on Phosphates.

the rate of crystallization at different supersaturation was investigated.
The rate of crystallization was found to be dependent of the stirring rate
suggesting diffusion mechanism. The addition of all additivesretarded the
rate of crystallization to an extent proportional to their amounts present.
Furthermore, the retardation effect was enhanced as the supersaturation
decreases. The results also revealed that the increase in both pH (3 - 10)
and crystallization temperature (20 — 80 °C) brought about an increase in
caciumsulfatecrystalizationrate. © 2014 TradeSciencelnc. - INDIA

INTRODUCTION

Cddumsulfateminerds(i.e., gypsum, anhydriteand
hemi-hydrate) are common scale-deposit minerals
inwater treatment plants** and oil and gasindustry®.
Crygdlization of cacium sulfatedihydrate (gypsum) is
of importanceinview of their gpplicationsinanumber
of industrid and environmenta preci pitation processes.
With increasing temperature, the solubility of all cal-
cium sulfateformsdecreases. Thisisthe causeof cal-
cium sulfate scaleformation on heat transfer surface®.
Crystallization can take place on foreign substance or
dust particlesinthe solutionanditisvery difficult to

reproducetheresults of such studies”. Earlier, many
authors studied the growth of seed crystalsof gypsum
in super-saturation solutiong®2, crystdlization of gyp-
sum on other crystal surfaces™® and the preci pitation
on heated meta surfacd'¥. Thefactorsthat governthis
mechanism of preci pitation and dissol ution of the par-
ingly soluble saltsaretherefore, of considerableinter-
e, especidly theinfluence of anionsand cationswhich
may exert amarked effect on therate of precipitation,
either through adsorption or by | atti ce substitution*sl,
Thepresent work aimsat studying the crystdlization of
gypsum under conditionss mulating the cation exchanger
regeneration systemin case absence and presence some
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phosphates and pol yphosphate additives.
METHODOLOGY

Materials

Cdciumchloride CaCl,, and sodium sulfateNa,SO,
(BDH, England) were used to prepare seed crystals.
Hydrochloricacid HCl (MERCK, Germany) was used
to adjust pH. (di-sodium hydrogen phosphate, sodium
tri-poly phosphate, di-sodium di-hydrogen pyrophos-
phate, respectivdy. Sodium chlorideNaCl from El-Nas
Pharmaceutica chemicas(ADWIC, Egypt) waschemi-
cal reagent grade. All solutions were prepared with
deionized water of high quality (conductivity <0.1uS
cm-1). A closed thermostati c double-walled vessel of
300 cm3wasused for dl theexperiments. The experi-
mentswere performed in thetemperaturerange of 23-
25°C, and the systems were mechanically agitated with
aflat-bladed stirrer at aconstant rate (200 rpm).

Preparation of polycrystallinecalcium sulfatedi-
hydrate

Cdcium sulfate dihydrate crystalswere prepared
by precipitation from cal cium chlorideand sodium sul-
fate solutions, as described previously by Lui and
Nancollag®¥. Theaobtained solid was aged at |east for
onemonth beforebeingfilteredto obtainthedry crys-
talsthat were used in crystal growth experiments. The
crystalswereidentified as gypsum by X-ray powder
diffraction (Shimadzu X D-3 diffractometer) and IR
andysisby scanning el ectron microscopy. Thecrystal-
lization of cacium sulfate dihydrate carried out under
variousconditionswasdonein athermostatted double-
walled Pyrex glassvessal of 500 mL capacity and were
adjusted to the required temperatures by circulating
thermostatted water through the outer jacket. Stem-
ming waseffected using avariable-space magnetic sir-
rer with aTeflon stirring bar. Nitrogen gaswas first
bubbled into asolution of the electrolyte at the tem-
perature of thereaction for saturation with water vapor
and then into the reaction vessel throughout the dura-
tion of the experiment.

R =dn /dt = Rs 8" 2

Super satur ated solutionsof calcium sulfatedihy-
drate

==  Pyl] Peper

Supersaturated sol utions of calcium sulfate dihy-
drate were prepared by the addition of thermostatted
known volumesof cacium chloride solutionsfollowed
by careful addition of the appropriate amounts of so-
dium sulfate solutionsinthecell which adjusted to the
required ionic strength (0.5 M) with sodium chloride
solutions. Thereaction vessel wasfitted withaTeflon
cover with holesfor the electrodes and sampling. At
the beginning of the experiment, the pH of the super-
saturated solutionswas adjusted to thedesired value
(3) by thecontrolled addition of hydrochloric acid stan-
dard solutions. The pH of solutionswas measured us-
ingacombined glass el ectrode standardized beforeand
after eech experiment with NBS primary standard buffer
solution.

Theminerdization reactionswereinitiated by in-
oculation with dry seed crystalsinthereaction vessdl.
Thecryddlizationratefollowed potentiometricwithtime
using metronmtitrano. Thedegree of supersaturation
maintained at constant level sby thes multaneousaddi-
tion of ionic species. Inhibitor solutionswereadsointro-
duced astitransin order to compensatefor dilution ef-
fects. Inaddition, sampleswereperiodically withdrawn
andfiltered & thereaction temperaturethrough Millipore
filters(0.22 um), prior to solution and solid-phase analy-
ss. Thedataconfirmed that thelattice-ionandinhibitor
concentrationswere constant to within 1%.

For the calcium sulfate dihydrate crystallization
growth experiments, the seed crystalsof calcium sul-
fate dihydrate were prepared by adropwise addition
of 500 cm?® of a0.6 mol dm CaCl, solution to 500
cm? of a0.6 mol dm® Na,SO, solution with acontinu-
ousmagnetic stirring at 70°C over aperiod of 2 hours.
The crystalsobtained werefiltered througha0.22 mm
membranefilter and washed repestedly with delonized
water until becoming free of NaCl. Then, thecrystals
weredried in an el ectric oven at about 1052%C over-

night.
RESULTSAND DISCUSSION

The concentrationsof freeionic speciesinthesolu-
tionswerecomputed by success veapproximationsfor
theionic strength, |, as described previoudy!*” using
activity coefficients cal culated from theextended form
of the Debye-Hiickel equation proposed by Davies!*8-
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Therateof precipitation, R, may be expressed byl
R=dm/dt=R s&" (@)

inwhichmisthe number of molesprecipitatedin
timet, R arate constant, n the effective order of reac-
tion, and sproportiona to the number of growth sites
available on the seed crystals. The degree of satura-
tionsisdefinedintermsof ionic productsand solubility
productsfor the calcium sulfate dihydrate salt by the
following expression®

1/2 _ 112
=(|P) -K'go

1772
K'so

wheretheionic products, IP, and thesolubility prod-
uct, K, areexpressed interms of the appropriate ac-

2

tivitiesof theionic species [(ca fsoz )|"* at timet
and at equilibrium, respectively.

Thedegreeof supersaturated (5) of the solutions,
which isdefined astheratio of the activity products
divided by the thermodynamic solubility product of the
mineral (KS)), iswhere

o [

-1 3
Kg (©)

5=

parentheses denoteactivitiesof therespectiveionsand
Ke isthe thermodynamic solubility product of thepre-
cipitating solid. Theactivity coefficientsof divaent cat-
ionsand anionswere assumed equal and were obtained
using the extended Debye-Hucke equation asproposed
by Davies

~log f, =05115 22
(4)

where“f” are the activity coefficients for the Zvalent
ionsand | isthesolutionionic strength. Thevaueof K o
was cal cul ated asafunction of temperature by means
of thefollowing relationship obtained by Marsha | and
Shlushert for calcium sulfate dihydrate in agueous
solutionsfrom 0to 110°C.

log (Ksp j — 390.9619—152.6246
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logT- +0.0818493 T (5)

Crysta growth experimental conditionsare sum-
marizedinTABLE 1inwhich[Ca] and[SO,], arethe
total molar concentration of cal cium and sulfate, respec-
tively. Typical timeplotsof the amount of gypsum per
moles precipitate, ca culated from thetitrants addition.

12,545.62
T

TABLE 1 : Crystallization of calcium sulfate dihydrate
crystals, Tca:Tso,=1: lat t =25°C, 50 mg seed, 200 rpm,
ionicstrength =0.15mol L-* (NaCl) and pH =3

6 4
TS ow r oo

9.482 12 50 1.8

10 13.2 50 2.0
10.775 15 50 2.315
11.637 17 50 2.56
12.93 20 50 2.92
15.04 24.9 50 3.7
(@ 10 13.2 50 2.2
(b) 10 13.2 50 2.4
(© 10 13.2 50 251
(d) 10 13.2 50 2.623

(a) : Stirring rate 300 rpm; (b) : Sirring rate 400 rpm; (c) :
Sirring rate 500 rpm ; (d) : Stirring rate 600 rpm

Theresultscitedin TABLE 1 show that therate of
crystal growth of calcium sulfate dihydrate was pro-
portional to themass of seed crystalsused to initiate
thereaction. The suggestion of apredominantly diffu-
sion mechanism over arange of relative supersatura-
tions may al so be supported by the observed depen-
dence of the experimental rate of precipitation on
changesinfluiddynamics, asshownin TABLE 1 (com-
pare experimentsa, b, ¢ and d), which conclude that
the reaction is a mass transfer limited®?. A similar
mechanismfor the crystal growth of calcium sulfatedi-
hydrate has been observedi® 3,

Theeffectiveorder of reactionwasdetermined from
the slope of typical plots of -log R against log 3, as
depicted in Figure 1 which confirmsafirst-order de-
pendence upon rel ative supersaturation (n=1) in Eq.
(2).

Additives play animportant rolein the theory of
crystalization and dissolution. Recently, itisfound that
the presence of metal ionsin thereaction mediumin-
hibited therate of precipitation of calcium sulfatedihy-
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drate. Theeffectsof phosphates and polyphosphate as
di-sodium hydrogen phosphate and sodium tri-
polyphosphate and di-sodium di-hydrogen pyrophos-
phate ontherate of crystallization of calcium sulfate
dihydrate crystals were studied. Previous studies
showed that di-sodium hydrogen phosphate at close
smilarity conditionsand substantiate my resultsinthe
percentage of inhibition of calcium sulphatedihydrate
(reducetherateof crystaizalisation )24,

3.1. Effect of concentration of theinhibitors con-
centration Na,Hpo, and stpp (Na,P,0, ) and
Na,H,P,O, upontherateof crystallization of gypsum
in sodium chloride solution was studied at 25°C; stir-
ring speed of 200 rpm, weight of seed crystalsof gyp-
sum 50 mg at solution (pH = 3), and arel ative super-

3.4
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37 y=0.096x- 3.814
R?=0.996
375 - L]
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Figurel: Plotsof Log R against Log &
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saturation (6 =1.32) resultsobtained areillustrated in
Figure(2).

Itisclear from Figure(2) that the addition of avery
small amount of these compoundsretarded therate of
crystalizationto an extent proportional to theamount
added. The decreasewas, however, more pronounced
in the case of Na2PO4 and stpp and
sod.pyrophosphate sequentially. Infact, the presence
of 10"mol decreased thecrystallizationrateto 61.21,
56.3, 42.5 % respectively.

25 rate Vs concentration
. Addl
2 y —m—Add2
E __Add3
\\
15 .
~ :
E —
2 1
E
s
E 05
-
=
x
& 0
&
1 2 3 a 5 6 7 8 9 10

Concentration =10-7
Figure 2 : Effect of Add1 and Add2 and Add3 on rates of
crystallization of calcium sulfatedihydratecrystalsat 6 =
1.32,1 =0.15mol dm=, PH=3and 50 mg seed.
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Position ["2Theta] (Copger {Cul)

Pos. [*2Th.]  Height [cts]  FWHM Left [2Th.] _ d-spacing [?] _ Rel. Int. [%]
249838560 39.235380 0196800 3.56351 100,040
30877840 16.375250 0.236160 2.89596 41.74
35.862980 6.1 18861 0.236160 2.50402 15.60
38.222410 16166710 0.236160 2.35471 41.20
40.323970 13.742030 0314880 223670 35.02
42.893430 7.512606 0.314880 2.10848 19.15
45000090 4248374 0.393600 2.01455 10,83
46492010 2.397872 0.472320 1.95332 0.62
48.281270 16.075640 0.236160 1.88503 40,97
21.798500 9.656700 0.354240 1.76501 24.61
$5.352600 16.321340 0.236160 1.65980 41.60
58.615680 4.609609 0.393600 1.57494 11.75

(A)
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Position [*ZTheta] [Copper (Cal)

_Pos. [°2Th.] Height [cts] FWHM Left [°2Th.]  d-spacing [?] Rel. Int, [%4]
11.546220 76.856680 0.118080 7.66420 22.44
20.617520 26.136280 0157440 430805 7.63
22.843340 14.104260 0.118080 3.89307 4.12
23.315680 10.091940 0.118080 3.81526 2.95
25344350  342.459800 0.118080 3.51428 100.00
29.033020 24.631370 0.157440 3.07564 7.19
31.266750 75.361720 0.118080 2.86082 22.01
31.886070 9.290339 0.236160 2 80666 2.71
33.294960 2.712322 0.314880 2.69105 0.79
36.208640 15.140060 0.236160 2.48091 4.42
38.554970 45975810 0.157440 233516 13.43
40.737030 40.146600 0.137760 2.21497 11.72
41.275440 14.395530 0.157440 2.18732 4.20
43.273990 18.096540 0.196800 2.09082 5.28
45401780 12.870450 .236160 1.99766 3.76
46.774430 3.691658 0.472320 1.94219 1.08
48.574010 27.919100 0.118080 1.87436 8.15
52.162150 23.452960 0.236160 1.75355 6.85
55.691350 21.435500 0.314880 1.65050 6.26
57.711100 5.091035 0.236160 1.59746 1.49
58.945890 6.164985 0.314880 1.56691 1.80

(B)
The mechanism of phosphatesand poly andpyro  phosphate, sodium tripolyphosphate,

phosphatesin retardation of therate of crystalization of
cad cium sulfatedihydrate hasbeen studied viacarrying
out the crystallization process at 25°C, pH =3, 1=
0.15mol dm, and 6 = 1.32 in the presence of 10'mol
dm® of the phosphate compounds. Ca culated volumes
of CaCl,, NaCl, phosphate additives respectively, are
added inthe sameorder. After theend of reaction, the
solution wasfiltered and the produced solid was char-
acterized usng XRD and SEM techniques.

Figure(3) showsboth of thediffractogramsof solid
left after theformation of calcium sulfatein absence of
additivesandthediffractogram of ccium sulfatein pres-
enceof aknown amount of additives 10’mol dm).

It is seems from Figure (3) show the XRD of
CaSo04.2H20 and modified by disodium hydrogen

disodiumdihydrogenpyrophosphate. ThisF gureshow
that, the crystanility of CaSo4.2H20 partially effect
when treated with tripoly phosphate and pyrophos-
phate, however., thetreated of CaSo4.2H20 by diso-
dium hydrogen phosphate show that dissgppeared some
peaks at 2;” (11.56) and 22.99. The decreases the
crystanility of CaSo4.2H20 when treated by disodium
hydrogen phosphate with increase of particlesizethis
meansthat disodium hydrogen phosphate effect on the
crystanility and particle siz (4) Scanning el ectron mi-
crographsof calcium sulfatedihydrate (A) in absence
of Additives and (b, c, d) in the presence of 10" M
additives 1, 2, 3respectively.

Figure (4) show the scaning el ectron microscopic
(SEM) of CaS04.2H20 and trested with different types

Physical CHEMISTRY oo
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Position [*2Theta| {Copper {Cu))

“Pos. [°2Th) _ Height [cts]  FWHM Left [*2Th.]  d-spacing [?] __ Rel. Int. [%] _
11.617160 35.692390 0.157440 7.61756 11.07
20.703000 30380010 0.118080 4.29046 9.42
22.899110 8.443145 0.236160 3.88371 2.62
25417760  322.336900 0.137760 3.50430 100.00°
29106730 28.367960 0.196800 3.06802 £.80
31.377700 82.784100 0.157440 2.85096 25.68
32.031920 10.708450 0.236160 2.79421 132
33.353920 7.389254 0.236160 2.68642 229
36.277580 19.329650 (236160 2.47635 6.00
38.633760 47.555910 0.275520 2.33058 14,75
40.848090 50.042550 0.236160 2.20021 15.52
41.268470 18.444220 0.157440 2.18767 5.72
43363000 22.591580 0.236160 208673 7.01
45.504640 11.582000 0.236160 1.99338 3.59
46.859630 7.980019 0.236160 1.93885 2.48
48.666310 49.057460 0.196800 1.87102 15.22
52267210  21.631070 0.236160 1.75028 6.71
55.754220 29.795120 0.314880 1.64879 9.24
57.806510 5.439475 0.236160 1.59505 1.69
58.959220 4.782098 0.472320 1.56658 1.48

©

of phosphates. thisFigure show that the CaS04.2H20
more crystaal line when compared with modified addi-
tives. the comparison between additivestreated with
different types of phosphates show that particlesare
smdler and smillarewhen treated by disodium hydro-
gen phosphate. The marphol ogy structurewill be con-
firmed with XRD analysis. thismeansthat the best ad-
ditiveisthe CaSO4.2H20 with disodium hydrogen
phosphate.

Effect of supersaturation degree(6) on

CdcdumasulfaedihydratecrydalizationrateThede-
greeof inhibition maybeinterpreted intermsof asmple
Langmuir adsorptionisotherm?®, Toinvestigatethe ef-
fect of supersaturation degree (8) on calcium sulfate
dihydrate crystallization ratesin sodium chloride solu-
tion, thecrystdlization of cacium sulfatein absenceand

inthe presence of additiveswasinvestigated at differ-
ent degrees of supersaturation from 1.2t0 2.49. The
other parameterswerefixed at anionic strength solu-
tion (1) of 0.15mol dm3, reaction temperature of 25°C,
stirring speed of 200 rpm, and weight of seed crystals
of gypsum of 50 mg at solution (pH = 3). The experi-
mental resultsaregiveninFigure (5) asarelation be-
tween degree of supersaturation and calcium sulfate
dihydratecrysalizationrate.

Fromthe Figure, itisclear that, asthe degree of
supersaturation increased from 1.2 to 2.49, the gyp-
sum crystallization rateincreased from 1.8 to 3.7 mol
min®m2inabsenceof inhibitorsand from 2t0 0.776
andfrom2t00.874 and from 2to 1.15mol min* m2in
presence of threeinhibitorsrespectively. Theorderin
the presence of additives was found to be equal to
(n=1), which suggestsdiffusion mechanism.
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P [*2Theda] {Copper (Cul}

Pos. [°2Th.] Height [cis] FWHM Left [*2Th.] d-spacing [?] Rel. Int. [%s]
11.561810 47.847540 0.078720 7.65390 10.63
22.993130 3943760 0.787200 3.86805 0.88
25.351310 450.063800 0.137760 3.51333 | 00.00
ZB.89ET40 2589638 (.944640 3.08963 0.58
11.289960 57.804610 0.157440 2.85875 12.84
31.926020 5.752067 0.236160 2.80324 1.28
36215190 21630130 0.236160 2.48047 48]
38.563920 38.621250 0.137760 233464 B.58
40,703780 25.711670 0.196800 221671 5.71
45.326910 19313040 0.236160 208839 4.29
45.426350 B.398903 0.236160 1.99663 1.87
46.787090 6.085569 0.236160 194169 135
48.580120 34.058050 0.078720 1.87381 757
52.128770 27.710170 0.118080 1.75460 6.16
55664670 24.505850 0.393600 1.65123 5.44
57.788720 2.710637 0.314880 1.59549 0.60
59.043840 9495103 0.275520 1.56454 2.11

(D)
Figure 3: XRD analysisof calcium sulfatedihydrate (D) in absenceof all additives(A), (B), (C) in thepresenceof 107 M of
additives1, 2, 3respectively

|gure. Scanning electron |crographsof cal|um Ifate
dihydrate (A) in absence of Additivesand (b, c, d) in the
presenceof 107 M additives1, 2, 3respectively.
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Aaddl
1.5 add2
r—”‘”’_(“—’;“—/q i add3

Ratex10-4mol min-1m-2

0 0.5 1 15 2

degree of supersaturation ¢

Figure5: Effect of super saturation degree(8) on therateof
crystallization of calcium sulfatedihydratecrystalsat pH=3,
T=25"°, I1=0.15 mol dm 3 and 50 mg seed in absence of
inhibitorsand in presence of additives

Effect of pH on calcium sulfatedihydratecrystal-
lization rate

Theeffects of solution pH on the crystallization
growth of calcium sulfate dihydratein the absenceand

2.5 3
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inthe presence of additiveswerestudied at different
pH range (3"10). Other experiments conditionswere
fixed at areaction temperature of 25°C, stirring speed
of 200 rpm, weight of seed crystalsof calcium sulfate
dihydrate 50 mgat ionic strength (2 =0.15M),anda
relative supersaturation (6 =1.32). The experimental
resultsareplotted in Figure (6) asarelation between
pH and therates of crystallization of calcium sulfate
dihydratecrystals.

Figure(6) Effect of pH ontherateof crystalization
of cdciumsulfatedihydratecrystalsat 6 =1.32, T=25
°c, I=0.15 mol dm -3, and 50 mg seed in absence of
inhibitorsandin presence of inhi From the abovefig-
ure, itisclear that with theincrease of pH from 3'7, the
cdcumsulfatedihydratecrystdlizationratedightly in-
creased from about 2 to 2.06 mol min! m2in absence
of inhibitorsandfrom 0. 776, 0.87,1.15t00.81, 0.91,
1.19 mol min mr?in presence of Additives 1, 2, 3re-
spectively. Thismeansthat pH over awiderange (3-7)
doesnot affect the cal cium sulfate dihydratd 23, Fur-
ther increasein solution pH from 7to 10led toincrease
thecalcium sulfatedihydraterates crystallization from
2.06t0 2.13 mol mint m2and from 0.81, 0.91, 1.19
t0 0.92, 1.13, 1.38 mol mint m2in absenceand in
presence of Additives?®34, Thismay beduetothein-
creasein degree of deprotonationt® =,

Effect of ionic strength (1) on calcium sulfatedihy-
dratecrystallization rate

Theeffect of ionic strength of thecrystd lization me-
diumonthecacumaulfatedihydratecrysalizationrate

25
M aque:

add2
1.5 add3

add1

Ratex10-4 mol min-1 m-2

0.5

0
4 py 6 8 10 12

Figure6: Effect of pH ontherateof crystallization of calcium
sulfatedihydratecrystalsat 6 =1.32, T =25°, 1=0.15 mol
dm 3, and 50 mg seed in absenceof inhibitor sand in presence
of inhibitors.

—= Pyl Peper

insodium chloride solutionisstudied; severa experi-
mentsarecarried out in absence and in the presence of
Additivesat differentionic strengthfrom0.1t0 0.5 M.
Theother parametersarefixed at reactiontemperature
of 25°C, stirring speed of 200 rpm, weight of seed crys-
talsof gypsum 50 mg at solution (pH = 3) and ardlative
supersaturation (6 =1.32). Theexperimentd resultsare
giveninFigure(7) asare ation betweenionic strength
andtheratesof crystdlization Figure(7): Effect of ionic
strength (1) ontherate of crystallization of calciumsul-
fate dihydrate crystalsat 6 = 1.32, pH=3, T = 25°¢
and 50 mg seed in absence of inhibitorsand in pres-
enceof phosphateinhibitors.

From the Figure (7), it is clear that astheionic
strength increasesfrom 0.1t0 0.5 M, the calcium sul-
fatedihydrate crystallizationratesincreased from about
1.8t0 2.8 mol min nr2in absenceof inhibitorswhileit
decreased from 0.82, 0.9, 1.2 to 0.0.63, 0.79, 0.95
mol min mr2in presence of Additives 1, 2, 3 respec-
tively. Thismeansthat, the effect of ionic strength on
therateof crystallizationsindicatesthat thereactionis
ionicinitsnature.

2:5
W aques
2 e N addl
add2

= 15 =8 add3

1 5 —

Ratex10-4mol min-1 m-2

0.5

0

0 10 20 30 40 50 60
lonic Strength x102 M

Figure 7 : Effect of ionic strength (I) on the rate of
crystallization of calcium sulfatedihydratecrystalsat 6 =
1.32,pH=3, T =25°c and 50 mg seed in absence of inhibitors
and in presenceof phosphateinhibitors

Theeffect of temperatureon Calcium sulfate di-
hydratecrystallization rate

Therateof crystallization of calciumsulfatedihy-
drateisstudiedin absenceof inhibitorsandin the pres-
ence of additivesat temperature range of 20to 80°C.
Theexperimental resultsaregivenin Figure(8) asa
rel ation between temperature and theratesof crystalli-
zation of calcium sulfate dihydrate crystalsof calcium
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sulfatedihydratecrystals.

Figure(8) showsdlearly that by increasing thetem-
perature from 20 to 80 °C, the rate of crystallization
increasesfrom 2 to 2.06 mol min* m2in absence of
inhibitorswhileit increasesfrom0.776, 0.87, 1.15t0
0.84,0.93, 1.21 mol min m2in presence of additives
1.2.3 respectively. Thegrowth rates of calcium sulfate
dihydrate crystals markedly increase with theincrease
inthegrowth temperature

2.5

W Aques
addl
1.5 “add2

2 Fe—s—=—8 18

add3
1

0.5

Ratex10-4 mol min-1 m-2

0
0 20 40 60 80 100

Tempature ¢
Figure8: Effect of temperatureon therateof crysallization
of calcium sulfatedihydratecrystalsat 6 = 1.32, pH=3, | =
0.15mol dmand 50 mg seed in absenceof inhibitorsand in
presenceof inhibitors.

CONCOLUSION

Theandysisof theresultsshowsthat the presence
of disodium hydrogen phosphate, sodium tripolyphos-
phate and disodiumdihydrogenpyrophosphatein the
reaction mediuminhibited the rate of precipitation of
cacium sulfatedihydrate (gypsum). Thedegreeof inhi-
bition depends on the concentration of additivesand
degreeof saturation. Precipitationisinhibited and apre-
cipitation rateisdecreased inthefollowing order: diso-
dium hydrogen phosphate > sodium tripol yphosphate>
disodiumdihydrogenpyrophosphate. Compl eteinhibi-
tion of precipitation of gypsum was not found in any
concentration of these metd ionsand degree of satura
tions.

Thedegreeof inhibition of additives(inhibitors) in-
creasesinacidic medium, lower ionic strength, higher
degree of supersaturation, and lower temperature
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