CHAPTER III

RESULTS

Physicochemical Properties of Various Aluminum Hydroxide

Gels at Initial Condit'onfi’
-/

Physical Properties —

ion [Electron Microscope

ié é;mgyphology of various samples of

aluminum hydroxid Wig ﬁgig study were examined by high
v

resolution tra S onféleétron microscope. Figures 11A-

LEE ;‘Jj;l L]

17A showed the /particle méﬁghology of gels 1-7 at the

initial condition, r@%%éctiégiié All gels appeared to be

T T ¢ s
an amorphous form.composed of spherule primary particles.

gel obtained f;ém photomicrographs are listed in Table 2.

Y alhfirgas ectru

The IR spectra of gels at initdial condition
are'shoﬁn ihrFigures 18A-24A. In all cases; broad band at
about 3,460 cm_1 was observed which is corresponding to
the O-H stretching frequency of structural hydroxyl and
adsorbed water. In addition, the absorption bands
associated with carbonate adsorbed on gel surface also
appeared for gels 1,3-7 at 1,525, 1,410, 1,090 and 850 cm—l.

In the case of gel 2, the previously mentioned carbonate
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Figure 11 Transmission electron photomicrographs of Gel 1
(Key : A=initial condition,B=after storage at -
ambient temperatures for 6 months,C=zzfter

storage at 45°% for 6 months) X270,000
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Figure 12 Transmission electron photomicrographs of Gel
(Xey ; A=initial condition,B=after storage at
ambient temperature for 6 months,C=after

storage at 45°c for 6 months) X270,000
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Figure 13 Transmission electfon photomicrographs of Gel 3

(Key

A=initial condition,Bzafter storage at -
ambient temperature for 6 months,Czafter
storags at 45% for 6 months) X270,000




Figure 14 Transmission electron photomicrographs of Gel 4
(Key. ' Azinitial condition,B=after storage at -
ambient temperature for 6 months,C=after

storage at 45°c for 6 months) X270,000




ectron photomicrographs of Gel 5
{Key ; Asinitial condition,B=zafter storage at —

Figure 15 Transmission el

ambient temperature for 6 months,C=after
storage at 45°c for 6 months) X270, 000




Figure 16 Transmission electron photomicrographs of Gel 6
(Key ; A=initial condition,B=after storage at -
ambient temperature for 6 months,Czafter

storage at 45°% for B months) X270,000
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Figure 17 Transmission electron photomicrographs of Gel 7

(Key

A=initial condition,B=zafter storage at -
ambient temperature for 6 months, C=zafter
storage at 45° for 6 months) X270,000
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Figure 18q R spectra o uring aging at various temperatures
(Key ; A=initial condition,Bzafter storage at ambiento-
temperature for 6 months,C=zafter storage at 45 c

for 6 months)
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Figure 19 IR spectra of Gel 2 during aging at various tempe;atures
(Key ; A=initial condition,B=-after storage at ambient -
temperature for 6 months,Czafter storage at 45 c

for 6 months)
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Figure 20 1R | spectra 4&f 1Gél 8 during aging at’various temperatures
(Key ; A=initial condition,Bzafter storage at ambient -

temperature for 6 months,Czafter storage at 45°%¢
for 6 months) '
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Figure 22 IRfspectra of Gel 5 during aging at various temperatures

(Key ; A=initial condition,B=zafter storage at ambient -
temperature for 6 months,C-after storage at 45 c
for 6 months)
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Figure 23 IR spectra of Gel 6 during aging at various temperatures
(Key ; A=initial condition,B=after storage at ambient -
temperature for 6 months,C=-after storage at 45 c
for 6 months)
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bands, however occurred at 1,540, 1,400, 1,090 and 850 cm_l.

3. X-Ray Diffraction

X-ray diffractograms of gels at initial
condition are given in Figures 25A-31A. For gels 1,3-7,
they were not shown any particuiar indicated peak which
indicated crystalline form, whi@e x-ray diffractogram of
gel 2 revealed a small pegk a2t about 15° 26. Gels 1-6,
however exhibitedwthe broad backgreund reflection between

35 and 22° 20, 1

Chegiégi P;dier@ieg
/. \ 4

. W,
Thes determlnatlons of chemical properties of

Rl g

i

aluminum hydroxide gel were E;ellmlnary antacid test, acid

neutralizing capac1ty test+”&eactlon velocity test,

hydroxide to aluminui- ratlo*&ﬁd PZC, respectively. All

aluminum hydrax&ée—ge}—££em—¥a£%ou34ﬁources showed good

antacid propertles at initial condltlon. These results
are given in Taples 5, 7, 11, 13 and 15 for preliminary
antacid teést, 'acid neuwtralizing /capacity test, reaction

velocity test, hydroxide to aluminum ratio and PZC,

respectively.

Effect of Aging at Ambient Temperature and af 45°cC

Physical Properties

1. Transmission Electron Microscope

The change in morphology of gels are illustra-
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Figure 25 X-ray diffraction patterns of Gel 1 during aging
at ambient temperature (Key; A=initizl condition,
Bzafter storage for 6 months)
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AULINENTNEINT

Figure 28 X-ray diffraétion patterns of Gel 4 during aging

Q W'] ﬂmmmmq(mﬂﬁﬂﬁrl condition,
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Figure 29 X-ray diffrattion patserns of G 5 during aging

Q Wf] mﬁiﬂiﬁﬁmﬁﬂﬂ augjal condition,




66

AutIngningng
' Fw"fammm@ﬁwﬁﬁ et

B=after storage for © mont




67

ﬂﬁﬂ?ﬂﬂﬂﬁﬂﬂqﬂ‘i |
S amﬁmﬁmqmmﬁé g vl

B=after storage for 6 months)




68

ted in Figures 11B-17B after storage at ambient
temperature for six months. It was observed that the
particle size of primary particles were increased for all
gels after aging. In the case of aging for sixlmonths at
45°C, morphology of the primary particies of aluminum
hydroxide showed the inereéasing in ordered of crystal-
linity as indicated from phétbm%crographs (Figures 11C-
17C) The change in morphplonget 45°C were well defined

as compared with the amblent temperature

20 Inﬁgﬂfgd Spgctgum

P ] 4
F j .
=

Fiépmese188:é4% presented the IR spectra of

all gels after storage at ‘ambient temperature for six

rAAR A

months. These spectra 1nd1gated that the center of all

s

peaks still appeared at the,sé e wavenumber. However, the

absorption oficarbonéte band’wEFe changed as indicated by

J
- 4
0

decreasing t&é intensity. For the lﬂ;epectra of the gels

after aging at:45°C for six months (Eigures 18C-24C), the
broad peak at 37460 cm_1 became sharper except for gels 6
and 7, which<showed the same. & At this cendition, peak at

1,020 cm~ 1 and small peéak at 970, cm—1 started to occurred,

by this'time|there wasnowevidence of a peak/ at 850 cm_l.

In addition, the large decreased in the intenSity of

carbonate bands were observed. For gel 6, the intense

1

peak at 1,070 cm—l, small peak at 1,150 cm -~ and two

strong absorption bands at about 610 and 470 cm-1

occurred. In the case of gel 7, the bands at 600 and 480
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cm_1 appeared, together with the band at 1,055 cm-l.

However, the above mentioned bands for gels 6 and 7 were

not observed for gels 1-5.

3. X-Ray Diffraction

X-ray diffractograms (Figures 25E—SIB) showed

no changed after storage at fambient temperature for six

months. But, the broad backggoﬁhd reflection between 35

o
and 22° 20 for gels.i=6 were absented.

4. aﬂ/ \
" " -I/r .- 4

ThgfaécreaSea.in pH values of aluminum
hydroxide gels‘y%éﬁ gged-w%?é detected. These are listed
F - oF

in Tables 3 ayﬁr4’fbr ?%5 gels aging at ambient
‘ J.u' -.-' e

temperature and at 45°C, resiﬁctively. The pH values,

4 g 3= *5a r - ‘,J

dar g
o

however were decreasedf}astefffor the gel storage at 45% .,
.‘,-_M'L_._‘

_.--__.'_ : £ —
- - ¥ .
- ol o

Chemjeal Properties =2
- .-.._J

1. Preliminary Antacid Test

The | preliminary antacid test of each aluminum
hydroxide gel after storage at ambient temperature and at
45°CN are lilsted |in .Tables 5 land .6, réspectively. It was
seen that the pH of preliminary antacid test were
decreased during aging. Decreasing of pH for preliminary
antacid test after storage at 45°C was more than storage

at ambient temperature.




The pH values of aluminum hydroxide gel* from various sources

Table 3

during aging at ambient temperature

70

PH of samplex* after storage at AT** for (months)

SAMPLE

; 0 1 2 3 4 5 6
GEL 1 8.06 8.03 8.00 7.89 8.00 7.98 7.97
GEL 2 7.90 7.80 NPT 4 00 7.68 7.62 7.56
GEL 3 7.56 7.48 7.42 7.39 7.35 7.30 127
GEL 4 7.55 7.49 7.40 45 7438 7.30 7.24
GEL 5 8.31 S5 8.21 Bl 8.20 8.13 8.08
GEL 6 7.59 7 ot % 3\ 5.5 7.50 7.47 7.40
GEL 7 7.53 7.48 7.491 Ted'S 7.43 °7.38 7.32

¥ 4% Aluminumi oxide-

fsuspen51on
X¥% ambient temperatiire

-
i
R
4 i
4

i

Table f

_-’.‘

The pH values of alumlnum hydrox1d€ gel*x from various sources
during aging at 45 c and-stabilization effect of sorbitol

pH of.samp}e*—af%er—storage"ats§5 ¢ for(months)

SAMPLE :

o e | 2 3 4
GEL 1 8.06 8.04 7.93 7.90 1.82
GEL 2 { 30 1 17 7.70 7 .88 7.44
GEL 3 7.586 7.45 M. 3B 7.26 7.19
GEL 4 " 7.38 7.30 T o9 7148
GEL 5 g.31 8.20 8.00 7.81 7 a82
GEL 6 { .59 b5 T #4989 a8 G 3h
GEL 7 188 7.40 1.Z1 T¥17, T.14
GEL 1+2% *x Bore 8.08 Tt 1298 7.94
GEL 1+5% xx 8.16 8.8 8.06 8.00 7.988
GEL 2+2% *x 7.94 7.90 7.88 7.85 1. 81
GEL 2+5% xx 7.98 1535 1:892 7.90 7.88

* 4% Aluminum oxide suspension
¥ percent of sorbitol added




8.8

—— Gel 1

—%—= Qel &

—+— @el 2 -8- Qel 4
8.4

—9— Gel 8

Time {months)

A JF l\‘ ¥
Figure 32 Change fin/pH values of alum
variods gources

r

inum hydroxide gel from
duiigg aging at ambient temperature

k- Qggta o -D0- Qel 4
A~ Qel 7

Time »('months)

Figure 33 Change in pH values of aluminum hydroﬁide gel from
d various sources during aging at 45°%¢

71




72

Table 5

The prellmlnary antacid test of aluminum hydroxide gel
from various sources during aging at ambient temperature

Preliminary antacid test after storage at ATx for (months)

SAMPLE

0 1 7/, 3 4 5 6
GEL 1 4.10 4.08 4.01 3498 3.98 3.80 3.87
GEL 2 4.05 3. 3.88 395 3,81 3. 87 3.80
GEL 3 4.04 S 3.94 — 3.84 3.82 3.64
GEL 4 4.086 2700 3.92 3.86 8.81 317 3.58
GEL 5 4.06 3095 3l 96 <y 3.90 3.89 3.84
GEL 6 4.08 4 04 4.&% 4.00 3.88 3.81 3.86
GEL 7 4.00 . 38 B! IJY 3.80 3.88 3.82

* ambient tgmﬁeratufé' :;

)

> T&hi? 6

The preliminary antacid teéﬁ of éfumlnum hydroxide gel from
various sources during aging at 45°¢ “and stablllzatlon effect
of sorbitol Y- L)

Preliminéf}.antacid test after storage at 45°¢ for(months)

SAMPLE :

Yo 1 2 3 4
GEL 1 4010 3. 98 3. 97 387 3.80
GEL 2 $(05 d VIT.P} 3. 94 3.52 2.96
GEL 3 4.04 3.97 3.76 3763 2.15
GEL 4 4.06 3497 3.72 3.5 g: 31
GEL 5 4 106 8194 295 2,55 1.68
GEL 6 4,08 3,99 3.98 3,84 3.78
GEL 7 4.00 3.88 3.44 2.95 1.57
GEL 1+2% % 4.00 3.98 3.96 3.92 3.90
GEL 1+5% % 3.98 3.98 3.96 3.97 3.94
GEL 2+2% % 3.99 3.97 3.97 3.95 3.89
GEL 2+5% % 3.99 3.97 3.98 3.97 3.93

x percent of sorbitol added
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2. Acid Neutralizing Capacity

The acid neutralizing capacity was given
.as a percent of theoretical as indicated in USP XXII. The
data are listed in Tables 7 and 8 for the gels aging at
ambient temperature and at 45°C, respectively. Plots of
the 1ln of the percent of theq{gtical acid neutralizing
capacity of the gel as a funcféén of times at ambient
temperature and at 45°¢C wéie shown in Figures 34. and 35.
Linear regression method was employed and the kinetics
appeared to bé }1rst order The coefficient of
determination gyz) wa s also listed (Tables 9, 10). It

could be conc}uded tha% "the decreasing of acid

neutralizing cangLty of alt gels followed first order
al J.'; : '.-'. j'il"‘.,

kinetics. /

The raté'éghstafégéf‘each aluminum hydroxide
gel are shown {n—Tabies—S—and—te———The degree of increment
was orderly r;nked by the following Gel 1 < Gel 6 < Gel b
< Gel 7< Gel 2< sGel 3< Gel 4, and Gel 1 < Gel 2 < Gel 6 <
Gel 4 < Weillark bdll Bl Kl GRIWYF o[ Ehe¢ gels aging at

ambient temperature and at 45°C, respectively.

3. Reaction Velocity

Tables 11 and 12 list the reaction velocity of
various aluminum hydroxide gels after storage at ambient
temperature and at 45°C, respectively. It may be seen

that the reaction velocity decreased after storage and
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Table 7

Percent of Theoretical Acid Neutralizing Capacity(TANC) of
aluminum hydroxide gel from various sources during aging
at ambient temperature

Percent of TANC after storage at AT* for (months)

SAMPLE

o) 1 2 3 4 5 6
GEL 1 25.51 94.66 9251 90f61 88.82 87.23 85.67
GEL 2 828.22 94.16 i 19 g€9+33 85.11 82.23 79.56
GEL 3 94.52 88 .34 e .6Q Ll r2.12 65.64 63.09
GEL 4 96.14 8508 76, 20 70-01 60.40 53. 77 47.86
GEL 5 98.23 94.62 89.98 88.01 85.91 83.1¢ 80.54
GEL B 98.23 Q727 # 83/64 \\92Q¢8 89.15 87.05 85.08
GEL 7 83.59 93”36 87/47] 84.68 92.01 79.44 78.05

>

Table §

Percent of Theoretical A01d Néuﬁrallzlng Capacity (TANC) of
alumlnum hydroxide gel from various sourceu during aging

at 45° and stgBiTTEEfTEﬁ‘éff“t‘Uf‘Bbrb1tol

Percent of TANC after storage at 45°% for (months)

SAMPLE — .
0 1 2 3 4

GEL 1 95 LAl 90.28 86.51 ¥9.01 76.26
GEL 2 98.22 81.86 66.17 54.84 44 .59
GEL 3 94.52 74.97 Bl T 37.76 27.86
GEL 4 9614 b 24 - Val 45 176 36.06
GEL 5 98k% 3 . 65 194 44 .67 30.25 22.41
GEL 6 g982.23 Tl ke 62.53 50.04 3T w32
GEL 7 93.59 65.52 49 .48 30.27" 20.73
GEL 1+42% x 95.53 93.41 90.54 87.99 86.42
GEL 1+5% % 95.36 95.06 94.24 93.47 92.31
GEL 2+2% 87.49 94.86 91.3b5 87.62 85.58
GEL 2+5% x 96.88 95.26 93.22 91.64 91.15

% percent of sorbitol added
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Table 9
Rate constant of aluminum hydroxide gel from various sources
during aging at ;mbient temperature
Rate Constant at ATX Correlation Coefficient
SAMPLE .2 s, Y-intercept 9
K x 10 (month ) : {xr "3
GEL 1 1.88 445628 0.9941
GEL 2 3.47 et 0.9947
GEL 3 6.94 g =muUT 0.9960
GEL 4 11.62 45703 0.9978
GEL 5 3.21 4.5789 0.9878
GEL 6 2.50 \ 4.5932 0.9910
GEL 7 3.33 \ 4.5462 0.9713
% ambient tehperatdré .8
. 8 T :
%..
Reores: N
I~Table 200

Rate constant of aluminum Hf&ﬁoxide_gel from various sources
during agingﬁat 45° and stabilization effect of sorbitol

" SAMPLE

Rate Cénstant at 45°%

= |

Correlation Coefficient

2 -4 Y-intercept 0

K x 10 (month ) i (2}
GEL 1 5.84 4,5619 0.9837
GEL 2 19°.80. B eq938 0.9995
GEL 3 31:28 48781 0.9961
GEL 4 24.58 4.5754 0.9967
GEL 5 3% 28 45658 0.9975
GEL 6 23.68 4.5938 0.9964
GEL 7 37.87 4.5703 0.9930
GEL 1+2%% 2.60 4.5598 0.9931
GEL 1+5%x 0.82 4.5605 0.9635
GEL 2+2%% 3.40 4.5818 0.9926
GEL 2+5%% 1.81 & B0 0.9696

x percent of sorbitol added
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Figure 34 Chéngé in Acid Neutralizing Capacity of alum%num
hydroxide gel from various sources during aging
at ambient temperature
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Figure 35 Chanée in Acid Neutralizing Capacity of aluminum

hydrogide gel from various sources during aging
at 45 ¢
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Table 11

The reaction velocity test of aluminum hydroxide gel from various
sources during aging at ambient- temperature

Time to reach pH 3.5(seconds)after storage at AT for(months)

SAMPLE

0 1 2 3 4 5 6
GEL 1 32 34 54 {7 90 100 120
GEL 2 10 12 16 7 | 30 47 55
GEL 3 77 225 238 208 276 330 564
GEL 4 90 189 232y 296 326 3561 673
GEL 5 45 b 145 Mt 198 200 250
GEL 6 47 e 116 185 195 205 211
GEL 7

95 #70 187 217 230 242 263
F 1

X ambientffemperaturé

=

- =
#
A
4

o

e N
Table 12720,

Ad

- b

The reaction velocity testoof éi@hinum hydroxide gel from various
sources during aging at 45 ¢ ,and stabilization effect of sorbitol

Time to reacli pH 3 5(Seconds) after Storage at 45°¢ for(months)
SAMPLE e g ; ‘
- 0 1 2 3 : 4
GEL 1 32 37 139 182 254
GEL 2 10 16 36 758 NR
GEL 3 77 590 666 782 NR
GEL 4 90 594 830 889 NR
GEL 5 45 299 571 NR NR
GEL 6 47 oY e 280 422 NR
GEL 7 9% 561 622 NR NR
GEL 1+2% % 75 88 94 150 200
GEL 1+5% % 115 123 1386 171 210
GEL 2+2% % 20 25 28 31 40
GEL 2+5% x 23 30 37 50 71
NR = not reach pH 3.5 within 30 minutes
% = percent of sorbitol added



78

some of them which stored at 45°C could not reach pH 3.5

within 30 minutes.

4, Hydroxide to Aluminum Ratio

The molar ratio of bound hydroxide to aluminum

for gels 1-7 during aging d@i}mbient temperature and at

o
45°C are shown in Tables 13 anﬂfl4, respectively. The
: - :
ratio increased as.the gels aged. At ambient temperature

-

the change in i::ipxﬁde ti aluminum ratios as a function
g

of times are ﬁ{xyﬁtrated'in Figure 36. The ratios for
FFFPERT

gels 1, 5 and 9/?fﬁ§iped:£;latively unchange. The plots

of hydroxide t a uffnUm %ﬁ%io of gels aging at 45°¢

versus times are ejéﬁIéﬁ iﬂ:?fgure 37 .
~f sy 'hﬁ:
J =

5. Point of“Zérc Cha PZC

o a
=
E /) e

@Ee PZC éf aluminum hg@;oxide gels were
determined af{gr.storage at an ambié%% temperature for
three months interval. Plots of pH values and the amount
of acid or{bkase added) (ml)aregpiblustrated in Figures 38-
44 for geis 1-7 at the initial condition. The calculation
of PZC was aafried out] by ousingy computer-program. The
same method was utilized to calculated the PZC of the gels
after storage for three and six months. The observed PZC
values are listed in Table 15. The PZC of various gels

were increased as a function of the gel aged.
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Table 13

The Hydroxide to Aluminum ratio of aluminum hydroxide gel from
various sources during aging at ambient temperature

Hydroxide to Aluminum ratio after storage at AT* for(months)

SAMPLE

0 1 2 3 4 5 6
GEL 1 2.48 2.48 2.50 24 58 287 2.58 2.60
GEL 2 . 2.52 2.54 2.56 2T 2,88 2.83 2.8%
GEL 3 2.41 2. SR 6 2760 2.64 2,88 2.71
GEL 4 2.47 2 e 2. 564 v e 2.66 il 18 2.74
GEL 5 2.54 288 35T 2.568 2.59 2.60 2.82
GEL 6 2.54 2.0a /06 2 6.7 2.587 2.58 2.81
GEL 7 2.43 20575 97 2.8 2.59 2.60 2.80

* ambient temperature |

F
e

T i
The Hydroxide to Aluminum ratio ofdafﬁminumlhydroxide gel from various
sources during agigg:at 45% and stabilization effect of sorbitol

Hydroxide;ﬁﬁ Aluminum ratio after storage at 45°% for(months)

SAMPLE : ,

¥ 0o 1 2 3 4
GEL 1 2 148 2 55 2060 2.61 2.70
GEL 2 252 .58 2..70 2.70 2.75
GEL 3 2.41 2.56 2.60 3.92 2.82
GEL 4 2.47 2.60 2. 69 2.45 2.78
GEL 5 2. 54 2 (67 2\ 78 2,81 2.86
GEL 6 2.54 2 B 2. 56 bbY 2 2.80
arL 7 2.43 2.71 2.73 2570 2.81
GEL 1+2% X 2.50 2.52 2.55 2.57 2.62
GEL 1+5% % 2.45 2.50 2.53 2.56 2.57
GEL 2+2% x 2.51 2.54 2.56 2.58 2.58
GEL 2+5% x 2.48 2.52 2.55 2.57 2.56

* percent of sorbitol added
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g Hydroxide to Aluminum ratlo
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Figure 36 Change 1ig Hydroxi e to Aluminum ratio of aluminum
hydroXide gel from various sources during aging
at ambientaxgmpera;u;e
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Figure 37 Change in Hydroxide to'Aluminum ratio of aluminum

hydrogide gel from various sources during aging
at 45% ¢
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Point of Zero Charge Gel 1
invariant pH = 6.5612

* lonic strength = 0
+ lonic strength = 0.1

O lonic strength = 0.2

6.3 ' : : =
20 15 10 0500 05 1.0 15 20 25 3.0 3.5 40 45 5.0
volume of KOH (ml) _ ~ volume of HCI (ml)

Figure 38 Determination of the Point of Zerog, Charge (PZC) of
Gel= lpaty inidialy condition '
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Point of Zero Charge Gel 2
invariant pH = 6.808

8.0

7.8 * " lonic strength = 0
+ lonic strength = 0.1
7.6

0 O lonlc strength = 0.2

7.4
1.2
7.0
6.8
6.6
6.4

8.2 1 (. 1

20 15 1077008 /0MER0S 10 15 20 285 30
volume of KOH (ml) _ ' volume of HCI (mi)

Figure 39 Determination of the Point of Zero Charge (PZC) of
Gel 2 at jipitial conditSen
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Point of Zero Charge Gel 3
invariant pH = 6.981

lonic strength = O

+ lonic strength = 0.1

O jonlc strength = 0.2

6.2
6.0 —
6.8 1 1 1 -—xj ‘ 1 . 1 1
2.0 1.6 10 0571000 05 ° 10 1.5 2.0

volume of KOH {mi} : volume of HCI (ml)

Figure 40 Determination ©f the Point of ZerosCharge (PZC) of
Gel™ 3 0aty iitiall condition
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Point of Zero Charge Gel 4
invariant pH = 7.06

14E
7.2
7.0

i -

6.8 | %
6.6 , e |
6.4| ° lolo streagtn o ’

+ lonig strength = 0,1 7N
8.2 o ionie strength = 0.2 u‘

Sl el 4
8.0 1 1 1 ¥ S| ﬁgi 1 1 1 1 1 1
20 18 16 14-42°10 Oﬁ&ﬁ 0.4 02 0.0 0.2 04 06 0.8 10

volume of KOH (m!) " volume of HCI (mi)

Figure 41 Determinationfof the Peint of ZenosCharge (PZC) of
Gel 4 atcinihtiall condition




85

Point of Zero Charge Gel 5
invariant pH = 6.286

* lonic strength = 0
+ lonic strength = 0.1
O lonic strength = 0.2

o, 1
o
T

8.6 |- /N
8.4 ;
6.2 = )
e'o 1 1 - Ji - 1 - ljl e i 1 1 1 1

6.0 ‘50 40 80 20 10 0B 19 20 30 40 5.0 6.0

volume of Km-ﬁmﬂ‘~ =V | volume of HCI (ml)

Figure,#42-Detexmination of the+Point ef ;Zexo Lharge (PZC) of
Gel %5 lat dnitial eondition
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Point of Zero Charge Gel 6
invariant pH = 7.333

pH
8.8
8.2E * lonic strength = O
+ lonic strength = 0.1
78 O lonic strength = 0.2
7.4
701
8.6 I-
6.2
i
6.8 3
5.4 1 1 1 —_ « 1 ] 1 1 1
4.0 3.0 2:0f8-==10 0:00" “1.0p,.. 2.0 3.0 4.0 5.0 6.0

volume of KOH {mi} - : . volume of HCI (ml)

Figure 43 Determination ‘of the Point of Zeré.Charge (PZC) of
Gea) 64 3t Tnitdilad |condl € ldon
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Point of Zero Charge Gel 7
invariant pH = 7.809

h
8.8 - * lonlo strength's © LN T
+ lonic strengthia 0.1 |l
8.8 O ionio strengineo2 | &
30 25 0 E RN Q0 085 10 18 20
volume ofil(ﬁH‘( e volume of HCI (ml)

Figure, 44 Determination of the Point of Zerd Charge (PZC) of
Gel 7 2t iInitial ¢ondition
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Table 15

Point of Zero Charge of alu '1 m hydroxide gel from various
sources during aging at ‘

Boint of Zex T &torage at ATx for (months)

SAMPLE ,
6
GEL 1 . 6 6.628
GEL 2 6 6.957
"GEL'S 6 7.464
GEL 4 T 7.407
GEL 5 6 7.073
gRL 6 T 7.665
GEL 757 8.030

i
ﬂ‘IJEJ’JWEJWﬁ‘WEﬂﬂ‘i
qua\ﬂﬂimqu'ﬁﬂﬁl'laﬂ
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Effect of Sorbitol on the Stability of Aluminum Hydroxide

Gel

The use of polyols such as sorbitol to improve the
stability of aluminum hydroxide gel have been studied by
many authors (Nail et al., 1976 d; Shah et al., 1981). In
the present study, the effect af sorbitol on the aging of
aluminum hydroxide“gel gftef storage at 45°C, was
determined by followifig’ : pH, preliminary antacid test,
acid neutralizing.cépacityﬁtest, reaction velocity test
and hydroxide to aIumlnum ratio. It was found that of the
acid neutrallzlng capa01ty, gels containing sorbitol loss
less than an 1dentﬁcal gels w1thout sorbitol (Tables 8,
10, Figure 46). In additlomu*the pH value and hydroxide
to aluminum ratio of the gelsdcontalnlng sorbitol still

remained constant (Tables 4, T ‘“Flgures 45, 417).

- .
-l

- -

The ifcrease in hydroxide -t© aluminum ratio
indicated that further polymerizatién occurred during
aging (Naill &t] 81.7) 0976d)n/) <Sorbigol apparently inhibited

the secondéry polymerization. Inhibition of this reaction

retafrded@iparticler grfowth| andl the, sSubseguent development of
crystalline forms of aluminum hydroxide. The mechanism of
interaction between polyols and aluminum hydroxide gel was
investigated by Shah et al. (1981). They showed that the
hydrogen bonding between sorbitol and aluminum hydroxide

gel corresponding to the decrease of the rate constant

(Table 10). The comparisons of hydroxide to aluminum
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pH

8.6

—— Qel 1 —+— @Gel 2 - Gel 1+2%
84r .o Qel 1+86% == Geol 2+2% . == Qel 2+6%

7.4 = . .
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-

Figure 45 Effgétqu sorbitol on the change in pH values of
aluminum hyd;oxgdé gel during aging at 45°

' |
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— Qel 1
—t+— Qel 2
0 is Qel 142%
~B-| Qel fe5%
3.8 =+ Gel 2+2%
S8 "Qelae8%
3.64— 1 L '
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igure 46 Effect of sorbitol on the change in Acid Neutralizing
Capacity of aluminum hydroxide gel during aging at 457¢
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Hydroxide to Aluminum ratio

2.9

— Q@el 1

28— Qel2
=¥~ Qel 142% g

| -2 Gel 146% /
=% Qel 242% 117,

—o0— Qel 2+5%

2.7

2.6

Figure 47 . B

) 80

on the change in Hydroxide
alyminum hydroxide gel
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RIAINTUNRINIAY




92

ratio are shown in Figure 47. It may be observed that
the hydroxide to aluminum ratio of gels with sorbitol

increased less than gels without sorbitol during aging at

467C,
The Surface Adsorption of Preservatives by Aluminum

Hydroxide Gel

The effect of pHJon the adsorption of methyl
paraben, propyl parabén, butyl paraben and chlorhexidine

gluconate on alﬁgiﬁﬁm hyd%oxide (Gel 1 andvGel 2) are

-

illustrated (Fiéqpég 48-65). 4 The results showed that the

o

F J / - e
adsorption of Vag&qmsrpstegsrof parabens decreased with

increasing pH Cﬁaﬁié; fG—Zﬁ)._ The same plot was also

#

prepared for chlbrhexi%inef@&uconate, but the different
result occured. It'was shown that the adsorption of

- R % .:"H."-\._"‘I_' =
chlorhexidine glucénate increased as pH was increased.

-

|

(!

~l
(Tables 22, 2B9%

&

-

A major influence of pH is” on the degree of
ionizatiom' of | the~esters rof cparabens, cwith pKa values of
9.4 (Martiin, 1983). Therefore, the equilibrium
concénttaticn was «alculbated™as, the [contentration of
unionized compound, and Langmuirian constants were
calculated from these data (Tables 24526). The
correlation coefficient indicated that the adsorption was
Langmuirian. In addition, the Langmuirian constants of

chlorhexidine gluconate is shown in Table 27.
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Adsorption of methyl‘ paraben (Gel 1)

Adsorption of methyl paraben (mg /40 g)

4.4

e %\W//@

3.2

2.8'_)(_ pH :
241

2.0t
1.8
1.2}
0.8}
0.4

Figure E&uﬁii‘lﬂ ﬂmxfm&,LQ)a gsorl.:tion of methyl

paraben to Gel 1 at various pH values :

ARIANTUNNINGIAY
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Adsorption of methyl paraben (Gel 2)

- Adsorptlon of methyl paraben (mg /40 g)

4.0 —— pH 8.0
3.6 | —- pH 8.5
4o | =K~ pH 7.0
| 2 pH 76
2-8 - - pH 8.0
2.4
20r
1.6
1.2F
Gt
0.4 /
0.0 1 - Jaind
0 : AT
-

LA Y= A
m conce ntra’

1 ]
30 36 40

; ?91100 ml)

@%%aﬂﬁﬁiﬂﬁ’t% il
RIAINTIUNNIINYIAE
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Adsorption of propyl paraben (Gel 1)

Adsorptlon of propy! paraben (mg /40 g)

4.0
—— pH 8.0
—t pH 8.5
3.0F% pH70

-5 pH 7.5 .
2.6 =<« pH 8.0 2

3.5

1.0

0.5

0.0H . ! AN 27 4 ] ] 1
0 5 107157 1029 25 30 36 40
Equilibrium concentration (mg. /100 ml)

Figure 50 Adsorption isotherms for the adsorption of propyl
paraben to G€l 1 at various pH*values




96

Adsorption of propyl paraben (Gel 2)

30 36 40
'mg./100 ml) '

5 B =7

e

oo S UEANENIHLNA Fuorpse o ror

paraben to Gel 2 at various pH values

ARIAIN TN INYIAE




Adsorption of butyl paraben (Gel 1)

Adsorption of butyl paraben (mg /40 g)

8.0

—— pH 8.0

—i— pH 8.5 h
6.0 F —%- pH 7.0 J

- pH 7.5

—%~ pH 8.0
40

a3
20r ;
0.0 | 1 S _‘ '1-{;' 1 1 1
0 & 105 = 8216 :gLZQ] 26 30 36 40

, _Equilibriurri cc_ancéhfration (mg,/100 ml.)

Figure 52"Adsorption-isotherms [for the mdsorption of butyl
paraben to Gel 1 at various pH values
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Adsorption of butyl paraben (Gel 2)

Adsorption of butyl paraben (mg /40 g)
9.0

8.0

7.0F
8.0f
5.0F

4.0

Ylparaben to Gel 2 at various val

Qﬁﬂﬁ\ﬂﬂim wnwmaﬂ

Figure @mg mm ) b Jadborption of batn




Adsorption of chlgrﬂex:dme gluconate
e

s Adaorptlon of chlorhexidine gluconate {mg /40 g )

—— pH 6.0
180 pH 6.5
- pH 7.0

1.5'0_"5‘ PH 7.5

"% pH B
120 ; #
9.0 : . 2/

8.0

3.0

30 35 40
on {mg /100 m})
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Adsorption of chlgrltlexidine gluconate
(-]

18 Adsorption of chlorhexidine gluconate (mg/40 g)

18.0
15.0
12.0

9.0
6.0

3.0

o. V‘P‘ -. "(. 1 . G o
0 8 A0 ANEESRe0. 26 30 as 40
Equlilibrium concentration/(mg /100 ml)

Figure 66 Adsorption Asotherms for the adsorption of
chlorhexidine gluconate to Gel 2 at various
pH values
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Adsorption of methyl paraben to Gel 1 at various pH values

pH Equilibrium concentration Adsorption
C(mg /A00/ml ) x(mg /40 g.)
6.00 8.78% ) B
17.85P 2.13
27 . 25¢ 2,99
' 36.§5d 3.36
6.50 P g 822 1.18
Yy 201
.ﬁf# ' A N 2.60
: f J368T 4 3.12
7.00 f 8568 1.10
PrETIT 1,17
27..80% ) 2.19
-2t N 2.54
7.50 oo 1.00
iy g DR 1.56
Y 28.06¢ | 1.93
- =R 44 2.20
i{ J
8.00 T 9 ..082%; 0.92
18.63P 1 1.35
28.46¢ 1.53
38,274 1.74
a. = inttial concentration=10' mg /100 ml
b = initial coneentration 20 mg /100 ml
@« =~initdial.concentration 30 mg _./100 ml
d!="ihitiall concentration 40 mg /100 ml
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Adsorption of methyl paraben to Gel 2 at various pH values

pH Equilibrium concentration

C(mg, /100 ml )

.Adsorbtion
x(mg /40 g.)

6.00 75554 4 2.45
16’ 644 3.34
26.06 ¢ 3.90
25 Y5 d 4.26
6.50 71 A% 2.33
% '17'382 2.98
26 : : 3 81
86.454 3.56
7.00 WIVIR= D 2.02
VL e 2.79
28 79 3.22
t=36.7y%-u 3.30
7.50 == Y 1.85
' 59 4 4/ P 2.54
=o=ss A 2.88
S ORI ; 2.93
8.00 - 8—bGo 5 1.44
- 17.98° o 2.00
27.46°¢ 2.53
J 37.4309 b 2.58
a{=+ initials concentration, 10, mg A100 ml
b =/ initial |concentration- 20 mg. /100 ml
&= initial concentration™30 mg /100 ml
. d"=z initial coneentration 40 mg /100 ml
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Table 18

Adsorption of propyl paraben to Gel 1 at various pH values

pH Equilibrium concéht;ation Adsorption
C(mg,/1005md) x(mg /40 g )
6.00 g.48 2 1.53
' - 17/ 852 2.64
P 27.09\% 2.90
ryyi il 3.53
6.50 FyVIES - 1.37
: £ LATEY Y, 2.20
27304 2. 71
36.9814 3.07
7.00 8740 1.23
- N 1. 81
B9 68l 2.30
==y - 2.56
7.50 ) A% £ 1.04
p & R - 1.66
27.88 g o 2.08
37.588 ! 2.36
8.00 8.95 2 : 1.01
184 41T 1.42
28.38 3 1.60
38.23 192
5 = igitial concentration 10 mg/Al0C0ml
b £linitial concentration 20 mg/100ml
c = initial concentration 30 mg/100ml
diiz

initial concentration 40 mg/100ml
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Table 19

Adsorption of propyl paraben to Gel 2 at various pH values

pH Equilibrium concentration Adsorption
C(mg /100 n1 ) x(mg /40 g )
6.00 i— 2.84
- 1642 8.B7
25.97 § 4.02
' 34 .01 5.05
6.50 s 7.92 2 2.29
/f, 16.85.° . 3.05
v/ 26.41 ¢ 3.60
£ /) 35604 4.40
£ 84
7.00 £ J ;B.oﬁg 1.91
/ X7-QTL 4 2.92
/ 26.39°C 3.57
/ 86 048 3.97
7.50 = . 1.54
ST 75 e, 2.46
) 26.76 ¢ 3.20
7> o - 3.61
— — :
8.00 .80 " 1.29
, 17.96 ° i 1.93
2787 ¢ 2.29
37.40% 2.55

imitfial ‘concentration 10 ‘mg/100 ml
initial concentration 20 mg/100 ml
initial concentration 30 mg/100 ml
initial /concentration 40 mg/100 ml

B P

Q.0 g
mnon
|




105

Table 20

Adsorption of butyl paraben to Gel 1 at various pH values

pH Equilibrium concentration Adsorption

x(mg /40 g )

b W o OB I
o
Do

NN wwMNno WM
NS
w

R R

¢ = initial congentration 30 mg/lOO

FRTH SIS El
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Table 21

Adsorption of butyl paraben to Gel 2 at various pH values

1o

pH Equilibrium concentration Adsorption
G(me/ 4100 ml ) x(mg /40 g )
6.00 64804 3.20
14 7507, 5.12
22. %3y 727
31,04 9.00
6.50 ' \ 7,95 2 2.05
/%5 o
3 d >
b 22.08 3.93
7.00 - 4 £ IAEE8N 1.70
‘ r r i niades. 37 2.62
26194 ° 3.08
3§?63 i34
7.50 Ry 1.51
15 2.28
27,295 2.69
"\ 36.88 3.06
8.00 'O 8.66 2 Y 1.28
: 18.06: '- 1.91
28.01 ') 1.97
37,69 ¢ 2.27
a = initial concentration 10 mg/100 ml
b ="iffitial ‘concentration 20 mg /100 ml
¢ = initial concentration 30 mg/100 ml
d = initial .concentration_ 40 mg/100" ml
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Table 22
Adsorption of chlorhexidine gluconate to Gel 1 at
various pH values
pH Equilibrium concentration Adsorption
C(mg yAdOsml ) =~ x(mg /40 g )
6.00 9. 472 gl 0.58
19.22 ro.;g
29.06 4 0.
39.04 1.01
6.50 Y/ E 0.89
/e .
VI Ez 3.00
7.00 £ 1] 55 0.99
- a8 084 1.95
T A 2.85
PPN 3.58
7.50 .38 3.62
. A28 RS, 6.95
) “720.00¢ © / 10.02
z 28 80° = 13.21
8.00 = 5.282 K 4.71
U 10.69° i) 9.30
16.20°¢ 5y 13.79
21,964 18.04

inmitial concentration 10 mg/100 ml
initial concentration 20 mg/100 ml
initial concentratién 30 mg/100-ml
initial concentration 40 mg/100 ml

D o
L TR TR




Table 23

Adsorption of chlorhexidine gluconate to Gel 2 at

various pH values

-

108

pH Equlllbrlum T centration Adsorption j
| \QE x(mg /40 g )

e

.01
ot
.46

WN ==

N | WwwN e

8.00 [l . d B
j g.01L b L'J 5 B
14.18 S 15.

‘a
LTI Mal)){LL ¢ TTataC M
a.ﬁ initia concentratlonLi’O mg/lgo ml

= initial: congentration.20 mg/100 ml

BRRIRT - topreintia e A0S
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Table 24

The Langmuirian constants* for the adsorption of methyl paraben
to aluminum hydroxide gel at various pH values

Methyl paraben (Gel 1) Methyl paraben (Gel 2)
pH
r 2 a Ly r a b
6.0 0.9987 QU285 0.185%" _0.9983 0.1075 0.1333
6.5 0.9980 0.0258 o 1588, 0.9989 0.1612 0.1035
7.0 0.9990 00408 0.10862 0.9975 0.1387 0.1009
7.5 0.9995 00502 0.0875 0.9974 0.1675 0.0878
8.0 0.99860 0.2028 0t0585 0.9881 0.1255 0.08586
% Equilibrium conééﬁtfation dalpulated as the unionized species

..—,—....

f Tab}.q 25

The Langmuirian Gonstantsx for the adsorptlon of propyl paraben
to aluminum hydrQiiﬁé‘gﬁi‘ﬁt‘?&rtvus—pﬂ—values
Propyl paraben (Gel 1) Propyl paraben (Gel 2)
pH - -
rz a b ; re a b
6.0 0.9644 0.0479 D.4 368 0.9718 0.0963 0.15639
6.5 029998 0.0456 0.1230 0.9605 0.0733 0.1458
7.0 0.9998 0.0577 0.0950 0.9998 0.0639 0.1442
oD 03,9987 0:05%1 010909 029969 0. 0627 0.1425
8.0 0.9998 0.1458 0.0540 0.9997 0.0975 0.0885
* Equilibrium concentration calculated as'the unionized species
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Table 26

The Langmuirian constants* for the adsorption of bﬁtyl paraben
to aluminum hydroxide gel at various pH values

Butyl paraben (Gel 1) Butyl paraben (Gel 2)
pH 5
r2 a b r a b
6.0 0.9740 0.0169 0.5761,4 0.9199 0.0272 0.4804
6.5 0.9970 0.0389 0.2290 4 0. 9961 0.0824 0.1302
7.0 0.9990 0 US8 Qs 1832 0.9987 0.0757 0.1155
7.5 0.9998 0.0582 0. 1316 0.8978 0.07086 0.1088
8.0 0.9992 0. 05650 0. 0939 0.9855 0.1492 0.0698
* Equilibrium concentration ca}culated as the unionized species
\ &
ald ey
The Langmuirian constantgi fofffﬁe adsorptidh of chlorhexidine
gluconate to aluminum hydroxide gel at various pH values
7 ChlorhexidihQ‘giﬁﬁbﬁaté—t661—17"€hio%ﬁéxidine gluconate (Gel 2)
P o - - -_ _!I
r2 - a b . r2 a b
6.0 0.9976 0.0782 0.0333 0.9728 0.0828 0.0537
6.5 0.9812 0.0074 0+ 3488 1~ OnOb83 0.0221 0.1726
7.0 0.9160 0.0044 0.65086 0.9085 0.0168 0.2483
Z.g 0.9520 0.0079 1.8601 0.9933 0.0121 1.4948

0.9889 0.0052 4.4170 0.999]% 0.0228 1.8126




	Chapter III Results

