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A Study on the Optimum Conditions for Preparation of Calcium
hydrogenphosphate Dihydrate by Box-Wilson Experimental Design

Gye Ju Rhee', Son Hyuk Kwak and Sung Su Suh

College of Pharmacy, Chung-nam National University.
Taejon, 305-764. Korea

(Received August 5. 1996)

An abrasive, calcium hydrogen phosphate dihydrate (DCPD). was synthesized in a Box-
Wilson experimental design by reactions between phosphoric acid and milk of lime, and
calcium chloride and sodium phosphate solutions, and stabilized with TSPP and TMP. The
optimum conditions for preparation of DCPD from phosphoric acid with milk of lime were
such as: reaction temp.: 51.9°C, conc. of lime: 25.9%. conc. of phosphoric acd; 77.9%. drying
temp.: 60.2°C and final pH: 6.46. The physico-chemical and pharmaceutical properties of
DCPD were showed as follows: glycerin absorption value(68 ml/100g), whiteness(99.5%),
particle size(10.9nm). pH(7.8). and set test(pass). XRD and SEM of DCPD indicated a
monoclinic system crystallographically. N, adsorption isotherm curve by BET showed non
porous type II form. The micromeritic parameters of DCPD showed that surface area was 3.
27~4.6 cm’/g and pore volume, pore area and pore radius were negligible. The rheogram of
the toothpaste containing DCPD showed pseudoplastic flow with yield value of 321, and
thixotropic behavior forming hysteresis loop. These results meet the requirements as abrasive
standard, and sythesized DCPD is expected as a good dental abrasive such as a high quality
grade in practice.

Keywords — Box-Wilson design, DCPD, BET, Thixotropy. Abrasive.

F274 (DCPD)E tigebd ) a8 o
24 22 ko] dAvkAl oJkEo) 237 P 4
=02 gy

ME N,
; >ifli[“-l\o

g g 4

Aol BEAAHA Anld (RDA value: 40~60)°]
Ax7} vor(hardness: 2) AMAHo] g
3} wjgAdo] Fold A 71 Bol 2

AHEE 3 Qe St o3 gitt e} )9} 2-& EAd A3 AU SF
QuIFaZgo] X\ AnpAZ ALEEY] AR Aadge] AREDE WS ZEAN Az
AL 194332 ool 1 o1F AT} A7kt %3} pH, ¥ 2% B T, AL, st

).

6" e Tls 5ol AEsigln, e
YsraBgol FHE oD AT AvkRAY Q2
54z go) EAlS EaA vABaE ] U e odnjzk
%} ZE% 71N Acls el Wa 3 Aok o
£ 3= 71 ol akzlel EAUPL Sl elo] ol
ofsti THE Al BIR= WheakA] eololiitt
%%ﬁgt &} AvkAlel Hl3jel Aulale] =

TR = B 2oE of ARAR

221

Al 7, 5 Be QA7 BAGH 4o
e o)A drEMe) 20E BEA7IE o
2ol 2l =, Aukle] S AzPHd Bt %
ol7k AM AAlel 2L HEee pastes] A,
o) F5F 2 AN B ge AASE 4ag
9o B 53] B Fo) AN usa

2Z14p0] Hafy} Loy AriEo] E&

24y

=

DrBo A



222 OJAF - HEY - AT

& S g3, Aris 2o 8408 AN £
et webA olo] &3 A7t Bl Al dot
E-E v BAx|zm glow 1 MG e T
¥R} %31 Q) Aol

QardFrZge] AP dukdog AMhIESE &
A3} s gofo) whg o} i A3} Qlake
ZIHPNA AAA7e PHor Az 19700
Dale®® Fo] Aol w3 dsbds §AS WHgA]
A TEY3, Hayakawa” S NaNHHPO, 4H
O 893 dzlng §AE AMEs] Ao,
Moss®t Kramer®$} Rhee §9-& ¢lilol A5 42 F
7tsle] pHE RASEAN Axdn ¥
tetrasodium pyrophosphate® <A R A&
t}. Hamisch $7& 27e] E34¢] 92941997 3)
2 4 B85 52 SRR AN,
Yazawa® 53 Li? 52 B4 A& s 9
3lod trimagnesium phosphate $} #2214t slal4-S
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Sodium carboxymethylcellulose KDA12100,
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KDAS060 (Korean Ginseng Products Co. Ltd.),
Sodium pyrophosphate, trimagnesium phosphate,
glycerine, sorbitols Aol A8€ Al 4 WA
EFAIoHE ARSI

21 3

Particle analyser(ELZON 280PC, USA),
Colour difference(SZ-Z 801I, Nippon Den Shoku
Ind.Co. Japan), X-ray diffraction patern
(Nikaku Japan), Recording viscometer(HAAKE
RV 20), Scanning electron microscope(IOEL
ISM-840A Japan), ICP(ion coupled plasma,
Jubinyvon JY 38 plus, France), pH meter
(Model AT-1I, Coulter Electronics Ltd., UK),
Infra red spectrometer (Model 781, Perkin
Elmer [td., UK), Electronmicroscope(Sem,
JSM-840, Ioel, Japan), BET apparatus
(Autosorb® -1, Quantachrome Coporation, USA),
Differential thermal analysis(Shimadz, Japan),
Thermal gravity analysis (Shinadz, Japan),
Knieder.
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Table 1—Factors and Levels for Box-Wilson Design
for Preparation Method | and Il

factor c{%) h(%)

level Ca(OH) HPO, tCC  plpH)  d(C)

Method 1 10 60 30 6.0 40
I 2 20 85 50 7.0 80

factor c¢(%) h(%)
level Ca(OH) HPO,

Method 1 0.5 0.5 20 1:1 40
II 2 1.0 1.0 60 1.5:1 60

t(°C)  plpH)  dC)

Table Il — Experimental Results(ml/100g) from
Orthogonal Array Design of Experimental Factors.

Sadge AW AzEA 27

Sample

Results 1 2 3 4 5 6 7 8

y (method I)
y (method II)

140 192 106 116 176 146 128 103
189 192 260 272 174 208 236 280

QHg 2} 223

peA

2 31929 (Method I 2823 Table s} 2T}
Aot e 2] AuudRd ute 4% 23S

8919 ¥zl wel Wslgckn 7Pgehd, 24

(Do) ARhstn AY delgzRH AFE 73l o

Al AL WgA Y (2)4(method D# (3)4
{method II))o) LoiXic},
y=by+ bt +byc+bsh+bp +bsd (D
y = 138.4 - 25.125(5= 15) 4.625(%)

d—60

p- 65) 0.125(2) (2)

_14.625(= )+ 0.875(

c—-0.75
0.25

y=215.25 + 46.75( 3% 4 12.75( )

+925(ﬂ) 12.75(1 =12

=) 3

A odehyjol oelel =1L 21(2) v 23l Y
s AA AES 3R] golx yaE 8 ¢ Ut
F3F 7t 229 AFE v dzshd Wy A et
hel «og A7t AM, Zb 2908 WA A
dataol] thgk ga=Ee] ¢ t, hel 98] 21 49 pe
At} ®& ¢ t. h, d9] AE ¥, pe del7] Wil
¢, t, h, d8 Z7RIFIAY pE ZAEAIIE yike
g}t W [N E t, ¢, 1 49 €22 AF7E AA

o]529] EA|d) WAE o] IRE & FU. F,
exel ¥E 9 ARLEE @S $F Hhgdo vle
F45 Aol thgh Fo] ATt

12} 2AR e 2RE 7+ g9le] Wl we} 3187
28 A3l3 Table 19} Al4E AH&3le] Table III&
TEDn, ™A RE 1687te] FEE Hel d¥&
AlEZE gk FollA yake]l 718 2he A1E 2 Wy TellA
+ step 12(t: 52°C, ¢ 25.308%. h: 77.24%, pH: 6.
461, d: 60.204°C), W TelM & step 10(t: 30°C,
¢t 0.72mole, d; 49°C, 13 1.28)°1¢},

Table Il — Units of Each Step Calculated from Origin, Measure and Coefficients

_ ltem Method I Method 1I
Preparation

Factor conc. conc. tem- drying  final conc tem- drying ratio
Ca(OH) (H,PO, perature temp. pH perature temp. (Ca/P,)

Origin 15 72.5 40 60 6.5 0.75 40 50 1.25
Measure 5 12.5 10 20 0.5 0.25 20 10 0.25
Coefficient(b") -25.125 -4.625 -14.625 -0.125 0.875 12.75 46.75 9.25 ~12.75
MeasureXCoefficient  -125.625 -57.8125 146.25 -2.5 0.4375 3.1875 935 92.5 -3.1875
Unit{per ¢=1) -8.859  -0.395 -1 -0.017 0.003  0.003 1 0.1 -0.003
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23A1] FHEAE —step BN 714 B HoA
A%7} 2 32918 Adeln, 71eh 2L ool 1
A2 204 WF 7F3k FASEAS (Table
V)22 49% 2= Table Ve 2},

y = by + byt + byc + b,r + by t?

+ b,yC2 + baat2 + byste + bystr + byser 4)

o] grez e FuAHS o A(5) (TH D
2 2(6) (T3 IS F=th

y=68.875—-1.5C+0.125H + 0.375T + 0.75C?
—0.125H2 + 1.375T2 + 0.25CH + 0.25CT — 0.25HT (5)

y =185.6 —3.25T - 0.125C — 2R + 25T?
+C2+3.5R?+ 1.5TC - 3TR + 0.5CR 6)

A (5)9} 2] 6)& AvjEsl A AzzdE 31
WU 12 t=51.9°C, ¢=25.94%, h=T77.9%, d=
60.2°C, pH=6.46°04, ¥4 [I& t=32.4C, ¢=0.716
mole, r=1.28:1, d=49°C& Ao o] gk& Z} 2q
el g o] 24 glycerine F47he 42t 68.36 mi/100
g 2 183ml/100g ¥ & & Ut ol9} 2 24
o2 A A A o] EX S F IR

OFXIE) Y OHFMAE PP —o] AL AV FA
L5 Ao MY E(stabilization) & 3 e A
28 Toilet Goods Association, Inc®] 72 No.

Table IV— Three Factors and Levels for Central
Composition Design

Method 1 Method II
C(%) H(%) T(C) T(CC) CM) R(Ca/P)

-2 23.7 76.2 50 2 071 127
-1 245 767 51 28 0.715 1.275
0 25.3 772 52 30 072 1.28
1 2.1 772 53 32 0.725 1.285
2 26.9 782 54 34 073 1.29

Factor
Level

3591 eJ3le] Aj It

Liquid Absorption—A & 100 g& &3] 2ol 400
m! Hlo]Ae] B3, buretteLZHE 50% glycerine
£ F718PAA spatula® WHEsle Algel ZEAA
Ho| Aol wdsH EFHA, ZeA-Y A& 05
mi¥ A7l felsoz A(H)RE 2&u &
Hog Aol EHo] Al g FUHOR o
Ze A A9 2H misE FEAT

Packing volume &&—100 mesh® E3A171 <1
AYpizt S 100m! vesseldl Eo}  tapping
machine® & 40031 & 98417 tappingAlZl Fll F
AE 33, vessele] FA o2 Al89] packing
volume$ 73313t}

oo AlE—AEE FF4 AN Ze
paste 2 WHE©l surface profile measuring
instrument & ©]8-3l) 331t

EALoMHA AlE/—Toothpaste 5g H|7{d €32
ZHT 45miE 718 B2 &, 108 B9t
e 2587 QAEEAI I, AEd 20 mIE F St
a7l IN-HCl 10 miE 7}8tn =3 ol g §
F, T0~80°C 8730l ghdd] 7keRairgl o=
W7t 3 100 m! $%Ze~3d) IN sodium citrate
(pH 6.0) 50 mIE 7I3lx /2 53T $ 2o
g H|A $7)3 Bhol S8 sl AYE
(mV)< ¢Erth 1900 ppm NaF &9 1miE A&
3] 71RE F 23 mV, &l A ALkt

pH ZFEH—100mesh HE B Arkdeizt
% 10gS H3 B 100 mlol 53] BN F pH
meter= £4F 9] pHE 23318t

SFFIAIE —NTEA AN AL razdg Fe
Tl E3te] AlBsrt

ahaye o ST Z&H 2738 celld] ARE 2/3
A= Afxn 2AAHA FEAAN €8-S ddaiA &
% color difference meter2 %3314t}

Table V— Factorial Effects of Central Comosition Design of DCPD

8 9 10 11 12 13 14 15 16

7 7% 69 68 70 72 18 70 69

Exp?ri. No 1 9 3 4 5 6
Preparation

Method I

 (al1008) 73 71 68 68 71 67

Method Il * 90 194 200 196 200 188

y (ml/100g)

188 198 186 186 188 204 190 182 184
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313(122 ppm DCPD) 1 mlel C HNO, & #7135l
NEE =AUt} 2oj25E 18 0mig A$z 9
FA4E 108 M3l ICP 2% E9(12.2ppm
DCPD) o231 o5 =(P: 2.196 ppm, Ca; 2.841
ppm)E At S35}

FofM Z Spectra—3i1A KBr-diskH2 AH&st
o] 2399 4000~3000 cm ™ FGE LukH0l e

skt

HRS RESE HE—AZAE 40 g& 1.5%2 2
A9} 25% SEMB LR pasteE A X3 20°Col
A ZAE Algel A A0 A3 %1, %D,
AGAIZE 52 -t A=HYE B £ &
UEE sensor system MVI 400 stZ AH8-3kd
rheogram< 2HJ 3k},

BET &3 —90°CellA 4811759 A3 e &
AIAX GZEAZE 580 BAE W 74x] @71A17]5L Al
B cells 34 A2 #7344 adl @2 F 2
A 7148 FU3k van der Waals B4 32015
< 16A°% &Xex 775°C, ¥31%t8 770.3mm Hgol

2seIM Aoel FAFE P BETHS ©

Table VI— Physjcal FProperties of Dicalcium
Phosphate Dihydrate. Made from Method | and If

Test Items Sample [ Sample II
Whiteness 98.08~99.51 97.92~99.12
Yellowness 1.092~1.45 1.22~1.60
Average particle size(tm) 10.94~15.79 15.16~17.71 pm
pH 7.8 7.6
Remainder particle

weight (w/w %)*" 0.43% 0.38%
Glycerin absorption 68 m! 183 m!

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

AETFAY S0l 71 A BATH 44, o
NEFHE BAEA AH3le] Box-Wilson A8 A
Foz A3 Ay it S8 N3 FRRE] AR
g o] AEFAL-t: 51.9C, ¢ 25.94%, h . 71,
9%, d : 60.2°C, pH ; 6.46°1%1.2H E93]& 68 ml/
100 g, G3bagd QIVER S0z Az
g oo] FAANZZRAL, W% 324°C, WHEe)
X 0.716 &, uke-Ae] EX)(CaP) 1.28 1 1 281
AZLE 49°Celt EAX7F 183 mi/100ge 2 v}
£ ArtdpaTge] AR E AFA Rt

25 43

A ikdeaeel B4L Table VIZ 2t}
2 o] -2 toothpaste®] T2 A Soll &
TS = 5 e Beisiey A Akt grorA,
toothpasteclA] o-¢- £8.3k elzlolr} WAl ol Bhal
=& 98.08~99.513 1.09~1.452 toothpaste$o 2
Me FEsida AziEH 5] 98 Aslfe) Mer)
Ao Mg 2393l Wil 43R5 2 g

AU ATEE metastablest22, EelEo] A
£ FE-&tooth pastedA vt nF B, B4t
o] vighy T B Hd<lo| Hua kYIyF
(stabilization)S #igte] P asict,

CaHPO, + 2H O + NaPOrpy —

CaNazsz7(s) + Na2I‘IPO4(aq)

webd AL FATES BT w sz

Mg:(PO)), - SH,O)E 715t3 sl dd3lA &

gaAv, sodium pyrophoshate® 13+ <8 8AIZ1
2L A 232 trimagnesium phosphate & 7131
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Table VII— Particle size of DCPD made from Phosphoric Acid and Milk of Lime (Method 1) and Sodium
Phosphate and Calcium Chloride Solutions (Method 1)

Sample Arithmetic Median Mode Kurtesis Standard Absorbed
No. mean(nm) size(nm) size(nm) deviation glycerin
I-1 14.09 11.94 21.98 2.139 9.110 164
-2 13.91 10.81 14.60 5.323 11.84 100
1-3 11.20 8.839 5.306 4.074 7.809 284
14 10.94 9.067 15.02 6.663 8.071 272
-1 15.43 11.96 3.93 2.376 11.62 288
-2 16.66 13.91 28.50 1.805 11.20 250
-3 17.711 14.27 46.99 1.699 13.00 200
114 15.16 12.88 25.68 2.061 10.09 188

IF1:t:60°C. ¢ :10%. h:60%. d:100°C. pH: 7. [-2:c:78.5%. t:43.6C. pH: 6.3,

d:78.7C, I-3

d
d:60°C, II-3:t:32.4°C, c:0.716 M, r :
r:1.28:1, d:49°C.

]. Kor. Pharm. Sci., Vol. 26, No. 3(1996)

L1 79.5°C, 1 44°C. pH : 6.25, d: 79°C, T4 : ¢ : 78.6%, t . 48°C, pH 6.28,
PT79°C. -1 1 £:32°C, e 0.17TM, h 0 1.285: 1, 49°C. [1-2 : ¢ : 60°C, ¢ 1.OM, r : 1..5:1,
1.28:1,d:49°C, y : 200ml. -4 : t : 32.4°C, ¢: 0.716M,



Box-Wilson A @A 28 dAntg <1ake)

FazEe] A Axzd F7 9 A3 227

Table VII— Whiteness and Yellowness of Calciumhydrogen Phosphate Dihydrate

Item“\sample® -1 -2 -3 I-4 -1 -2 -3 1I-4
Whiteness 95.08 98.10 98.36 98.51 97.92 99.12 97.65 98.86
Yellowness 3.59 1.33 1.45 1.36 0.36 0.224 0.46 0.60

® . Same as foot note of Table VII

olvf QibET 22 ZH3TRES Rk 2ok
Qe BAHAR SR NaPOF & 54
& FAME eI Aot gl goloA
EFRE o] 22 WE3le] §8 EF9E 0|22 AT
Lia=y

wa2bA toothpaste 2] pH #& 402 4A351
7Fsd 3 2Bt Na,POF & 7HAYEZ 4%
A7) Aol Basi

CaHPO, + NaF — CaF; + Na,HPO,
Na,;PO;F + H;PO, — NaPO, + NaH,PO, +
HF (acid side)
2Na,POSF + Ca(OH); — 2NaPO, +
2NaOH + CaF, (alkaline side)
Na,POsF + CaHPO, - 2H,0 -~ CaPOsF +
Na,HPO, (neutral)
AT Q HME
W 1L 10 ol8le] A2 A8 2 FeAd B
7kl Zel& A vellle B2 A|Zdl) ek 3
= 3 T A1E s 953 2o & s
2= 97.92% A ) 99.12% BA] A|2A el MAT
TAE ik Azt 3T Hol 1.16%904 2
2 1.09%0l ol2& U g 9 Arie] B gl
I TRk AR M3)Fe] Ml tial Mre) el
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Figure 1—X-Ray diffractogram of DCPD made of
between phosphoric acid and milk of lime(I), and
Na,HPO,; and CaCl, solution(Il). Key : No. I-I:
conc.: 78.5%, temp.: 48°C, pH; 6.8, drying temp..
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Figure 2— Differential thermal analysis thermograms
of synthesized calcium hydrogen phosphate dihydrate.
Key: same as Fig. 1.
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Figure 3— Electoronmycroscopic photograph (SEM)
of synthesized calcium hydrogen phosphate
dihydrate. () and (I). Key: same Fig. 1.
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Adsorption Apparatus (m’/g)
° 200 400 600 8o 1000 Sample No®  [-1 2 -3 -4
Shear Stress (Pul 02 3.274"  4.308
f. 4.622 3.8 . .
Figure 5—Rheograms of prepared calcium hydrogen Surface area
phosphate dihydrate. Key: same Fig. 1. ® : Same as foot note of Table VIII
Table IX— Viscosity and Hysteresis L oop Area in the Rheogram of DCPs
; up curve {cps) down curve (cps)
Sample Yield value p p p HLA
(Pa) Tonin TNimax Nogean Nanin TMimax Tmean
Sample I 321 0 128 25 9.6 81 19 6660
Sample II 81 0 5361 1499 831 12190 2170 99
Table X— Calcium and Phosphorus Contents and their Molar Ratio
Comp. \Sample® -1 2 3 -4 -1 -2 11-3 1I-4
Ca(%) 22.1 23.6 25.8 25.2 18.8 26.5 22.0 16.5
p(%) 20.7 19.1 19.5 19.8 15.7 18.4 18.1 18.9

® . Same as foot note of Table VIII
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