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Synthesis Conditions of Magaldrate and Rheological
Characteristics of its Aqueous Suspensions

Wha Woo Shin* and Kwang Sik Choi
College of Pharmacy, Won Kwang University, Iri 570-749, Korea

Abstract— Magaldrate, an antacid was synthesized by reacting magnesium oxide, aluminum sulfate, and
dried aluminum hydroxide gel. The optimum synthesis conditions based on the yield of the product were
established by applying Box-Wilson experimental design. It was found that the optimum synthesis con-
ditions of Magaldrate were as follows: Reaction temperature: 61~85°C, concentration of two reactants, MgO
and Al(OH)s: 16~19.8%, molar concentration ratio of two reactants, (MgO)/(Al{OH)3); 4.2~5.0, temperature
of washing water: 36~41°C and drying temperature of the product: 76~80°C. Magaldrate was synthesized
under the optimum synthesis conditions and identified by analyzing the chemical composition, and by
differential scanning calorimetry and X-ray diffraction method. The Magaldrate sample synthesized under
these conditions was used to prepare 15.6% Magaldrate original suspension which was utilized to make
13% Magaldrate suspension dispered in various concentrations of eight types of suspending agents. The
acid-neutralizing capacity of 13% Magaldrate suspension dispersed in 0.25% suspending agents was ex-
amined by Rosset-Rice method. The maximum pH was reached within 1 minute in all suspension tested.
and duration maintained between pH 3~5was decreased in the order of Na alginate Na silicate(meta)
Veegum HV pectin agar)Na)CMC)xanthan gumpbentonite. It was found that the hysteresis loop area was
increased with temperature in the case of Riopan Plus and the addition of agar, whereas the area was de-
creased with temperature in the case of the addition of Na alginate and xanthan gum. 13% Magaldrate
suspension tends to sediment by the addition of bentonite.

Keywords [ | Synthesis of magaldrate, Box-Wilson experimental design, Rosset—Rice method, rheo-
logical properties.
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Table I— Each level of Synthetic Conditions

AT Level
Division L~
Factors 1 2 Symbol
Temp. of reactant soln.(°C) 25 85 t
Concn. of reactant soln.(%) 10 20 c
Mole ratio (MgQ}/(AI(OH)) 2 4 T
Temp. of washing water(°C) | 25 45 w
Drying temp.(°C) 60 100 d

Tabled I — Experimental design by orthogonal array

table
Exp. NoI.?aCbors v ¢ r w d
I 1 1 2 1 2
11 2 1 1 1 1
I 1 2 1 1 2
v 2 2 2 1 1
\Y 1 1 2 2 1
\%1 2 1 1 2 2
VI1 1 2 1 2 1
VII 2 2 2 2 2
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Table IIl — Experimental results by various experimental designs

Factors Yield(g)
t c w d
Exp. No. Each Average

1 35.35

I 2 1 1 2 1 2 34.84 35.22
3 35.48
4 19.88

Il 5 2 1 1 1 20.71 20.57
6 21.13
7 20.48

111 8 1 2 1 2 20.05 20.16
9 19.95
10 37.87

v 11 2 2 1 1 37.12 37.19
12 36.59
13 35.94

A 14 1 1 2 1 35.96 36.07
15 36.32
16 19.97

VI 17 2 1 2 2 20.62 20.46
18 20.78

19 20.74 20.80
Vil 20 1 2 2 1 20.58
21 21.08
22 38.01

VIII 23 2 2 2 2 37.84 37.99
24 38.11

t : Temp. of reactant soln.(°C)
: Concen. of reactant soln.(%)
r : Mole ratio (MgOJ/(Al(OH),)

(¢}

=1 20°C =& 30°C
ZAIZE: 308
2) A7+ shear rate®] B9 : 1001/s
T 1 20°C =& 30°C
AAIZE: 30s
3) 313FF 4 shear rate®] © 9 : 100~01/s
<% 1 20°C =& 30°C
EAAZ:30s
ZH21E& YPAZ F start measurement key
£ 7PA FEdTh 1 Ug Alge HEE 9E [4F
Al & Lay Out ModeZ flow curve® &X3aL
Analysis Mode® thixotropy calculation& A%
o}

I rle

flo
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da A 2§

MagaldrateQ] EtMAIY 2N - EIHEAY 2 &

W : Temp. of washing water(°C)
d : Drying temp.(°C)

Aol oA ZF AES B4 F5EFE 2
% A3 o Table 1119} 2t}

AgA Y 23 5821 ¢, ¢, r, w, d¥} FEFo] 12}
WA FLAAE DA Ao /A O
& (1)4]o] APt

Y =b0 + bt + boc + bsr + byw + bsd (1)

w2bA £ AP 8 by, by, by, bs, by, bsE T
3= Aol 9o 52 v, A¥x 0 2X4E Table
Tof BAE 2+ 2919] = 59 23l s 2R
cuz A7) 69 12 AL & & YAR tids] &
oz o8 ded £AE AFAEE A7)
g oz 3 3hd

(1) €3 F £ $Y F1 & 028 #/
k.

(2) Zt &3 943 Ale 7 75 2149 128
HEZ st ARt
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Table IV— Units of step

o] zlol mel WEA L e Lol & 5 Ut

Factors t c r w d
Zero point 55 15 3 3 80 =15 _¢e=15 p_1-3
Class 30 5 1 10 20 33 s 7 1 ©)
Coefficinet(b’) 0.5 0.48 806 027 0.1 _ w-35 D= d—80
Classxb’ 15 24 8.06 2.7 -2 T T
0.54
. = 0.18 -0.133
Unit by t=1 1 016 =05 ) .
y gp =02 =013 (2) Aol SJ3A T, C 59 F &2 w24o] 44
t : Temp. of reactant soln. (°C) -1, ®2¥o| Z}z} +1olgkn slo] WS (1A= o
w: Temp. of washing water (°C) X
¢ : Conen. of reactant soln. (%) A RS0 (3)4e] A,
d : Drying temp. (°C) P , , , ,
r : Mole ratio (MgO)/(Al(OH);) Y =be+by T+by C+byR+b, W+bs'D @)
Table V — Second experimental results
Fact Temp. of Concn. of Al(OH), MgO  Mole ratio Temp. of Drying Yield(g)
Exp. N actors reactant reactant Suspen- AIIZ(S(O‘)B suspen- (MgO)/ washing temp. ———————
Xp. NO. 5oln.(C) soln(%) sion SO (M) “gion (AKOH)) waterC) (°C) Each Average
25 78g 12g 29.67
0 25 55 15.00 + 111 + 3.0 35.0 80.0 28.42 2951
7 52 m] 80.7 mi 30.44
1 56 15.16 3.2 35.2 79.9
I 57 15.32 34 35.4 79.9
28 78g 14.57¢ 34.95
I 29 58 15.48 + 107.4 + 3.6 35.6 79.6 3527 35.06
30 50.3m} 93.7mi 34.96
v 59 15.64 3.8 35.8 79.5
\' 60 15.80 4.0 36.0 79.4
31 78g 16.96 g 38.32
VI 23 61 15.96 + 104 + 4.2 36.2 79.2 36.98 3840
33 48.8 m] 105.8 ml 39.90
VI 62 16.12 4.4 36.4 79.1
VIII 63 16.28 4.6 36.6 79.0
34 78g 19.35¢g 42.85
X 35 64 16.44 + 101.5 + 4.8 36.8 788 4295 4390
36 47.6 m|/ 118 mi 42.54
X 65 16.60 5.0 37.0 78.7
X1 66 16.76 5.0 37.2 78.6
37 78g 20.28 ¢ 42.88
XIi 38 67 16.92 + 98.5 + 5.0 374 78.4 4270  43.90
39 46.2 m} 119.3 mi} 45.12
X1 68 17.08 5.0 37.6 78.3
XV 69 17.24 5.0 37.8 78.2
40 788 20.1g 43.92
XV 41 70 17.40 + 95.7 + 5,0 38.0 78.1 44.06
42 44 8m] 1159 mi 43.90
XVI 71 17.56 5.0 38.2 77.9
XVII 72 17.72 5.0 38.4 77.8
43 78g 20.23 g 44.85
XVIII 4 73 17.88 + 93 + 5.0 39.6 777 4385 4459
45 43.6 m] 112.6 m] 45.42
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Table V-— Continued

Fact Temp. of Concen of Al(OH); MgO  Mole ratioc Temp. of Drying Yield{g)
N actors reactant reactant Suspen- Al,(SO4)s Suspen- (Mg0)/ washing temp. e
Exp. No. soln.("C)  soln.(%) sion.(%) soln.(ml) ~sion  (AlOH))) water(C) (C) Each Average
XIX 74 18.04 5.0 38 71.5
XX 75 18.20 5.0 39.0 71.4
46 78¢g 20.24 ¢ 45.68
XXI 47 76 18.36 + 90.5 + 5.0 39.2 773 472 4474
48 42.4ml 109.6 m/ 43.82
XXII 1 18.52 5.0 394 771
XXII 78 18.68 5.0 39.6 71.0
49 78¢g 20.12¢g 45.52
XXy 50 79 18.84 + 88.6 + 5.0 39.8 769 4336 4450
51 41.5ml 107.2 ml 44.64
XXV 80 19.00 5.0 40.0 76.7
XXVI 81 19.16 5.0 40.2 76.6
52 78¢g 20.27g 43.68
XXV 53 82 19.32 + 86.3 + 5.0 404 765 4272 4374
54 40.4 m! 104.5 m! 44 .82
XXVIII 83 19.48 5.0 40.6 76.4
XXIX 84 19.64 5.0 40.8 76.2
55 78¢g 202g 42.98
XXX 56 85 19.80 + 84.1 + 5.0 41.0 761 4492 4432
56 39.4mi 101. m! 45.06
ol E qoketn HEAAE Fo (3)2]d i3t o] ¢ 12+ AP A osiA HH x| ke A3}

® (4)40] .
Y =28.56+0.5T+0.48C+8.06R+0.27TW-0.1D )
US T CESt c 5o JAPL 59 e (5)

Ag dett

mlo

c15

Y=28.56+.0.5( )+0 48( Y+
(5)

w— 35) 01 (d 80,
GAY T, C, R, W, DY AFE v gi=siM o

7 o] 89F% Ut}

(1) Re] Aol Bl T, C, W. D9 Al A
7} 2o n2 Table Voll EAIZ Ak 914 2 890
HINAE BFol 5% datadl] e F3FHL Ro]
AxnT,C, W, De e,

(2) T, C, R, WY AT H(+), DY AsE
—)ol22 HAHGAUNNA T, C, R, WE F7HA)7
S Fuista, DE 2479 9A) ¢

Frgt.

4 T

g

RorZ (5)e AFg oldsld 24t AYA=E
A&l7] Y3 Tabel IVE WHE

Tabel VY] Al ke 1 stepﬁi 3te] 3o
2RE 1 step¥ 233l 30 step D38 Alo)o] A
2E EAISH 1L Table V& 2o},

o, 2 Ao 2 8219 stepat 53] wHde] &
& Bl oA 3T oldt A=) Apo]ZAE 1 Fo)A
3717} 71 2337) fiEd 2 step® 1H4
o] g3t
ol L& 22 F44E AF}E Hol Ma-
galdrate®] H3 FAzHL

@ wreodo] 259 E 61~85°C

@ uhgode] FEH = 16~19.8%,

® &31)& (MgO)/(AI(OH) )] H¢l& 4.2~5.0,

@ AFSY 2= ¥ 36~41°C

® AZ2E9 ¥9E 76~80°CYel ¥HaH o, of

23t X 20 2 Magaldrate® §41&ta o] A
& 982 319 15.6 w/w% Magaldrate &l
AAE Az

m[o o
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Fig, 1— DSC thermogram of the synthesized Magaldrate
of sample No. 26. Prog. rate : 10°C/min, Sample
weight : 8.4 mmg, Temp. range : 100~350°C.

{ Sampie No. 26

UU«W
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Fig. 2— X-ray diffraction pattern of Sample No.26.

DSC Thermogram - Fig. 1= ¥4 Magald-
rate A1 & No.269 DSC thermogram< Yehigict.

Fig. 12 ¥ No.269 &4 Magaldrate A|&+= of
100°CellA] A9 o)g2 QI3 Fayolast o
350°CoNlA Tz ojgd= Q13 W vjo]aE YERhY
&l ol Magaldrate FE9] H-$9} EYstnz
Magaldrate’} 349U 530

X-ray Diffraction Pattern — Fig. 20| Sample
No.269] X-4 3|85 Hehliich

2% 3571 wave length=0.257 nm(2.57 ang-
strom units)24 ZtE 35 o}&te] d-spacing regio-
nso] ¥ F4ol FYSIEE Magaldrated-2 &<l
st

025% BEBA0 SAAIZI 13% Magaldrate
Suspension2| ¢t Z2H58] — Table VIl 1159 A
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Fig. 3 —Flow curve of 13% Magldrate suspension disp-
ersed in 0.5% agar.

AHA| A8l tj3i A Rosset-Rice® &
o ®2+ pH BE5-E HERRRIE

ZE S| HEISH0)| #AAIZ! 13% Magaldrate
Suspension®| RE&1E BM - Fig. 39105, 025 =
= 0.125%9] agar @E3iAlY) #4AZ) 13% Ma-
galdrate suspension®] A¥3<] flow curve® Yeh)
Act. o] flow curveold r(1/s)E rate of shear, T
(Pa E+ dyne/cm2)¥ shearing stress® 2+7t }e}
Ao}, webA viscosity=1/r o]t}.

o] IY¥e 05% agardl EAAZ 13% Ma-
galdrate suspension?] 20°ClA9] 540 = A
up curve-yield stress”} 2F 146 Pa2l thixotropy
in plastic flowE vebdch

Haake Rheometer® AMg3sld ZAH3 Alg9
flow curvedl 09I t(1/s: 1/sec)E shear rate, T
(dyne/cm’, Pa)¥E shear stress® YERH™, hys-
teresis loop aread] @¥T Pa/seltt. wald ap-
parent viscosity =1/ ©It}.

Flow curvert ¥3elA A|3éeh= F-¢+ pseu-
doplastic flowe]™, ¥%F shear stress & yield
valued =23t Fojo} Bl 24 Aj2tehs A9 plas-
tic flowo|t}. 3t up-curve®t down-curve’} Y238}
A 9+ flow curveE thixotropyahil 319, up cu-
rvest down-curved] &AM A71E 3FE hys-
teresis loopgtil 3},

°]& Figure2%€ 13% Magaldrate suspension
9] flow curve: @3tA9) 79 & 2 %0 9
s A o Uk

ol-g-3fed A1+
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Table VII— Flow characteristics of 13% Magldrate suspension dispersed in 0.5, 0.25 and 0.125% of suspending
agents at 20° and 30°C

Sample Description Temp. Flow T Area of Hyster- Diff. between
No. of Sample °C) ow 1ype esis Loop(Pa/s) Loop Area
1-1 Fi Pl 20 Thix. in Plast. 41.611 -2006.0
1-2 lopan rius 30  Thix. in Plast. 240.17 +64.4
2-1 20 Thix. in Plast. 2047.6 0
22 12% MGD 30  Thix. in Plast. 0
31 13% MGD in 20 Thix. in Plast. 420.07 -1627.5
32 0.5% agar 30 Thix. in Plast. 2737.2 +2561.5
41 13% MGD in 20 Thix. in Plast. 76.011 -1971.6
4-2 0.25% agar 30 Thix. in Plast. 6391.4 6215.7
5-1 13% MGD in 20 Thix. in Plast. 76.011 -1971.6
52 0.125% agar 30 Thix. in Plast. 6391.4 +6215.7
6-1 13% MGD in 20 Thix. in Plast. & settling 19135.0 +17087 .4
6-2 0.5% bentonite 30 Thix. in Plast. & settling 1655.4 +1479.7
7-1 13% MGD in 20 Thix. in Plast. & settling 3737.1 +1689.5
7-2 0.25% bentonite 30 Thix. in Plast. & settling 1257.1 +1081.4
8-1 13% MGD in 20 Thix. in Plast. & settling 3114.6 +1067.0
82 0.125% bentonite 30 Thix. in Plast. & settling 15769.0 +15593.3
9-1 13% MGD in 20 Thix. in Plast. 778.61 -1269.0
9-2 0.5% Na CMC 30 Thix. in Plast. 461.26 +285.5
10-1 13% MGD in 20 Antithix. in Plast. -415.62 -2463.2
10-2 0.25% Na CMC 30 Thix. in Plast. 123.36 -52.4
11-1 13% MGD in 20 Thix. in Plast. 6.9023 -2040.7
11-2 0.125% Na CMC 30 Thix. in Plast. 1742.7 +1567.0
12-1 13% MGD in 20 Thix. in Pseudoplast 171.11 -876.5
12-2 0.5% Na aig. 30 Thix. in Psendoplast 81.387 -94.3
13-1 13% MGD in 20 Thix. in Plast. 265.75 -1781.9
13-2 0.25% Na aig. 30 Thix. in Plast. 71.059 -04.7
14-1 13% MGD in 20 Thix. in Plast. 1828.9 -218.7
14-2 0.125% Na aig. 30 Thix. in Plast. 187.45 +11.7
15-1 13% MGD in 20 Thix. in Plast. 366.22 -1681.4
15-2 0.5% Na sil. 30 Thix. in Plast. 122.73 53.0
16-1 13% MGD in 20 Antithix. in Plast. -254.68 -2302.3
16-2 0.25% Na sil. 30 Thix. in Plast. 70.18 -105.6
17-1 13% MGD in 20 Thix. in Plast. 1529.4 -518.2
17-2 0.125% Na sil. 30 Thix. in Plast. & settling 22520.0 +22344.3
18-1 13% MGD in 20 Antithix. in Plast. -412.89 -2460.5
18-2 0.5% Pectin 30  Thix. in Plast. 1622.3 +1446.6
19-1 13% MGD in 20 Thix. in Plast. 14.547 -2033.1
19-2 0.25% Pectin 30 Thix. in Plast. 212.17 +36.4
20-1 13% MGD in 20 Thix. in Plast. 439.82 -1607.8
20-2 0.125% Pectin 30 Thix. in Plast. 389.91 +214.2
21-1 13% MGD in 20 Thix. in Plast. 34531.0 +32583.4
21-2 0.5% Veegum HV 30 Thix. in Plast. 161.96 -13.8
22-1 13% MGD in 20 Thix. in Plast. & settling 31123.0 +29075.4
22-2 0.25% Veegum HV 30 Thix. in Plast 32891.0 +32715.3
23-1 12% MGD in 20 Thix. in Plast. 37.146 -2009.9
232 0.125% Veegum HV 30 Thix. in Plast. 387.0 +211.3
24-1 13% MGD in 20 Thix. in Plast. 613.74 -1433.9
24-2 0.5% Xanth. gum 30  Thix. in Plast. 488.56 +312.8
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Table VII— Continued

Sample Description Temp.

Area of Hyster- Diff. between

No. of Sample (°C) Flow Type esis Loop(Pa/s) Loop Area
25-1 13% MGD in 20 Thix. in Plast. 436.25 -1611.4
25-2 0.25% Xanth. gum 30 Thix. in Plast 397.93 +222.2
26-1 13% MGD in~ 20 Thix. in Plast. 256.13 -17915
26-2 0.125% Xanth. gum 30 Thix. in Plast. 120.73 -55.0
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