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Synthesis and Physico-Chemical Properties of Dicalcium
Phosphate Dihydrate for Dental Abrasive

Sung Soo Suh, Sung-Joo Hwang, Ki Myung Lee and Gye Ju Rhee*
College of Pharmacy, Chungnam National University, Taejon 305-764, Kovea

Abstract—Dental abrasive, dicalcium phosphate dihydrate (DCPD) was prepared and the several
important factors affecting on the quality of toothpaste were investigated by means of set test,
glycerine absorption, Coulter counter test, color difference, BET adsorption, mercury porosimetery,
and rheogram comparing with two foreign DCPDs, MFO4 and Dentphos K. Sample DCPD was
prepared by reaction between 85% H;PO, and 15% milk of lime at 39C (pH 6.5), and stabilized
with TSPP and TMP. The physicochemical properties of Sample DCPD were obtained as follows:
whiteness (98.99), average particle size (15.5 um), pH (7.9), remainder particle weight (0.49 w/w%),
glycerine absorption value (64 m/), and set test (passed). N, adsorption curves (BET) of three
kinds of DCPD showed non-porous type Il isotherm. BET adsorption parameters of sample DCPD
showed that surface area was 24.9 m?/g, total pore volume 0.09 cm*/g and average pore radius

72.0

A. The rheogram of the toothpaste containing each DCPD showed bulged plastic flow with

yield vlaue and thixotropic behavior. These results meet standard requirements as abrasive stan-
dard, and suggested that synthesized sample DCPD could be used a dental abrasive such as a
high quality grade in practice as foreign DCPDs.

Keywords (] Dental abrasive, dicalcium phosphate dihydrate, set test, glycerine absorption, particle
size, BET adsorption, mercury porosimetery, rheogram.
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Table I—Formula for dentifrice with dicalcium phos-
phate dihydrate®?

Kgredients

Amount (% by wt)

A. Glycerin, 87% 20.00
Sodium methylparaben 0.20
Sodium 0.76

monofluorophosphate

Sodium propylparaben 0.10
Saccharin 0.06
Cellulose gum 1.20

B. Water 37.79

C. Tocopherol acetate 0.50
Silica 3.80
Sodium lauryl sulfate 1.05
DCPD 33.00
Titanium dioxide 040
Flavor q.s.

Procedure: Blend A and, mix until dissolved. Add B
and transfered to paste mixer. Sprinkle Premixed C
into A and stir until dissolved. Stir continuously under
vacuum until a smooth paste is obtained.
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Table 11—-Result of physical properties of three types
of dicalcium phospphate dihydrate

Types of DCPD

Test items MF04 Dentphos K Sample
Whiteness 99.01 99.13 98.99
Average particle size 16.8 13.8 155

(um)

pH’ 7.8 7.3 79
Remainder particle 0.10 0.79 0.49
weight(w/w%)"

Glycerin absorption 61 65 64
(m//100 g)

Set test Passsed Passed Passed

“pH of saturated aqueous solution(10% w/v aqueous
suspension)

Remainder particle(w/w%) is the residual weight of
particle not to pass through 325 mesh (U.S. Sieve)®
“Storage aging at room temperature for 24 hr.
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100

Micrometer

Fig. 1—Particle size distribution by Coulter Counter
(aperture 140 um) for 3 types of DCPD: Sam-
ple DCPD (—), MF04 (-++), Dentphos K (-+-).
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Fig. 2—SEM of sample (Fig. A), MF04 (Fig. B) and
Dentphos K (Fig. C) DCPD, respectively.

FAFEEes AEs & 5 g AAEke] £

FAIMA}S0|Z(SEM)— MF043} Dentphos K %
344 DCPD9| FAbxiatan] 7 #ed A b 7H7 Fig. 2
e} 7tch

J. Pharm. Soc. Korea



Ho} vk QLA aRFel 4 W Belshsty 43 71

MF04+ 3 F2HEo) 2-1:11 v dxgs %
Hel ol il eks Rl W, Dentphos K& A
ol Mz FHA Hel2 1 Et{iOI THAE 2o
o, A8 DCPDE irtZ oA ZAA o] A& ¥-3t

a5 g 5 ek olv A 4

ZAzubye] zlo] WEgog A7AEM 2ok Y=
ste} AL e SRR Fovled 4% &
o2 Atgddh F, s#te] Az Hae] A2 MF04
o] A% A Frrbvl 61lmie 2 ek,
Qz}7kel] A2 ¥-3po] w2 A]F DCPD<} Dentphos
Ko 7= 248 F7F 47 64 mi9} 65 ml =
Bop F& Fghs Boich webd FejA
7hel ARG Apolole RS B 5 Ak

BET J& EX—EAd cleld siate] Zeof
T f5d EHA dFE Fr wEHE &
BEAG Gl G v T2 5A4%F
oshtR ko] Zv)e} viEe] ofFe] Ee3EtH
Az WAIRA L glow AAAA slelA
23 AR g TA-71A e aA-E 21
2k 2ol A A7} Qlok vjAd ke 13
Y2k EH Al olste] M el FojA 23 gizkE
sl olw glo] ofsbd 3-3(aggregate)stH
=i 25 FolAv Bl by S hebd whubshA
M2 ZAFste] §H(agglomerate)d 23} YRS o]
Fot 22 sirbfell A 12k siARte] ESEE 22
7kl 2 79 slAtAtelel e $5E3 A pore
system-&- —T’-“?S}?ﬂ gick. F2e] 2ok 7]k
JIEE-ES} 11 FAlkA el e} weke] ekl &
2 ZAe e nAe) Eye Ry} o iew
TAE, dFde 12} siA-Ee] FEe Huela,
WEHL 22 hadlel de 559 Exle] HA
13} of=be] ®de Aot S} weke] Hjhes
HE A7)7] Wi 1 gede] wEEkA] o
Wi e AFshe e WaEHS ol F
el Aot o5 we oJEHA

pvJ r& N rkﬂ

(o

-

>

’

o

-~

r

"

_1 o
i H Ol
s

o

o

Fl
Mot o

dub EHAS BE Qe wipEow o ok
EFFel WHska 3UR Hgol We A W
thoWsl Ewe) FAAS] Ageld JelHel Ay
Sl 5715} Qo) vk WA AT RE 50
s, HERE WA voie 2o A7 Exdol
3 e 2O} b3 2AL EHo) |
olfrt slEWucH: WERe] 7] wFelch

1o

ohtjz} 1%
ole} & A9 %%Zﬂ% %a]*ﬂ‘ﬂ %T7P9lr pa-
ste] <t el A FAE= AR AFE 5 ok

dubdel BETAl a2 Al <t&w] P/Port
0.05~035H 91 2] FagAel gl drs &
A2 ARg-sted 1/[W(Po/P— 113 P/Pos] %74
22 RE FWASE ZHslz o]8Ed, dygALA
o7 Az Alg DCPDe} ¢|=-4F DCPDel st
BET® .2 33t stell A 233 BET defeel=
Table HI=F ),

Fig. 3¢l 4] 7} BET adsorption-desorption curvei=
Brunauer?] #7F whdel BET HIRA #-4Hg § 3
FAE Vel 3 gleow il FabEgala o
2| 8}2] ¢+ hysteresis loop% & Ajsh=d], o= &

FAAZLE B FEAR Halg S ov|sie], 18
DCPDoll 4] &zleke Fal3 Aol 4] Mo} ehs}sli o)

Aol gobd Hovlul mesopore®) EAlE o &
Uik

dutde g 7hak wo] viehe FAsel BET
Moz o] ML thizl &2l maygo] L}
izl wjEte], & Adleld Ag-gF MFO4, Dent-

phos K %! A& DCPD—“% EF wx3e] ¢le] P/Po
Zrell thsl 2% BET UI%S Holrh
olegh el
d o] o

ke
non-porous3til EFxZA| 9} F-Eze

obgt uj olojib= 4bolct wpepA]

Table IIT—Multi-point BET and pore size data of DCPD obtained by BET method

Types of DCPD Intercept Slope Area(m¥/g) Fotal pofe Averag ¢ pore
volume(cm®/g) radlus(A)
MF04 1.10 157 219 0.086 787
Dentphos K 2.78 231 14.7 0.086 71.7
Sample 0.86 139 24.9 0.090 72.0
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Fig. 3—BET adsorption-desorption of N, on sample
(—), MF04(:--) and Dentphos K (---) DCPD
at 77°K.
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4—Plots of cumulative pore size {cm’/g) against
pore diameters (um) for sample (@), MF04 (:3)
and Dentphos K (a) DCPD.
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Fig. 5—Plots of cumulative pore area (m?/g) against
average diameter (um) for sample (@), MF04
(©) and Dentphos K (a) DCPD.
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Table IV-—Viscosity and hysteresis loop area in the rheogram of DCPDs

i U
DCPD Yield value p curve(cps) Down curve(cps) HLA
(Pa) Nemin MNmax MNmean Nimin Nmax Nemean

MF04 22.32 15.20 531.1 83.46 45.55 166.3 70.10 13263
Dentphos K 22.30 1.10 706.5 109.1 61.44 205.8 87.83 16017
Sample 35.54 22.64 806.6 129.1 68.37 217.1 98.95 19679
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