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Thermal Properties of Medicinal Crystals in

the Mixture of Porous Powders
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Montmorillonite PILM

aluminosilicate layer
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Fig.1-1. Schematic Model of Montmorillonite and Pillar
Interlayered Montmorillonite{PILM)
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Fig.1-2. Powder X-Ray Diffraction Patterns of Sodium
Montmorillonite and PILMs

(A),sodium montmorillonite; (B),PILM200; (C),PILM4QO;

(D),PILM600. The. numbers on the diffractograms indicate
interlayer distances (}) calculated from Bragg's
equation.
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Table 1-I. Specific Surface Area of Sodium
Montmorillonite and Various PILMs

Measured by the N, Gas Adsorption

Method
Specific surface area, m?/g
sodium montmorillonite 46.1
PILM200 179.6
PILM400 144.8

PILM60Q 191.2
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Fig.1-3. DSC Curves of the Physical Mixtures of 40%
Benzoic Acid and Either 60Z Sodium
Montmorillonite or 60Z PILMs

(A),1st run; (B),2nd run. (a),benzoic acid alone;
(b),montmorillonite-benzoic acid: (c),PILM200-
benzoic acid; (d),PILM400-benzoic acid; (e),PILM600-

benzoic acid. Heating rate, 4K/min.
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Table 1-II. Enthalpy Change(AH) of the Fusion of
Benzoic Acid in the Mixtures of 40%
Benzoic Acid and Either 60% Sodium
Montmorillonite or 60% PILMs

AH (J/q)
1st run 2nd run
Calculated 56.7 56.7
Sodium montmorillonite 41.5 40.2
PILM200 37.5 1.0
PILM400 25.2 0
PILME00 | - 36.6 35.1
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Fig.1-4, Powder X-Ray Patterns of the Mixture of 10%

Benzoic Acid and 90%7 Sodium Montmorillonite
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Fig.1-5. Powder X-Ray Patterns of the Mixture of 102
Benzoic Acid and 907 PILM40Q
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Na-Montmerillonite PILM400Q
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Fig.1-6. IR Spectra of the Mixtures of 10Z Benzoic Acid
and Either 90Z Sodium Montmorillonite or 90Z PILM400

(A),benzoic acid; (B),sodium benzoate
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Fig.1-7. IR Spectra

(A), freshly prepared physical mixture of 40Z benzoic acid
and 607 PILM400; (B),after DSC measurement of the physical
mixture of 407 benzoic acid and 60% sodium montmorillonite;
(C),after DSC measurement of sample (A); (D),after DSC
measurement of 407 benzoic acid and 60% PILMG0O.

A1l spectra were taken in KBr disks.
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temperature  : 37°C

. 120 F sample weight : 300 mg
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Fig.1-8. Releasing Patterns of Benzoic Acid frem the Mixiure of
10°/. Benzoic Acid and 90°/. Sodium Mantmorilionite
O :the mixture stored for Sdays at RH 0% , 40°C
® : the mixture stored tfor Sdays at RH73°/. .40°C
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Fig.1-11.  Decomposition Kinetics of Aspirin in the Mixturs

of 5% Aspirin and 957 Sodium Montmorillonite at
40°C

(0),RH 0Z; (a), RH31.37; (e),RH79Z.
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Fig.1-12.  Decomposition Kinetics of Aspirin in the Mixture
of 52 Aspirin and 95% PIlMs at 40°C

(A),PILM200-aspirin; (B),PILM400-aspirin; (C),PILM
600-aspirin. (O),RH 07; (a),RH 31.37; (e),RH 797.
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Fig.1-13. Powder X-Ray Diffraction Patterns of the
Mixture of 5Z Aspirin and 95Z PILM200 at 40°C

(A), immediately after mixing; (B),after the storage
for 3 day at RH 07; (C),10 day at RH 0%; (D),3 day at
RH 31.37; (E),10 day RH 31.37%; (F),3 day at RH 797;:
(G),10 day at RH 797.
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Fig.2-2.  DSC Curves of CPG120-Benzoic Acid Systems
(a),benzoic acid 107; (b),benzoic acid 20Z; (c),

benzoic acid 307; (d

acid 507; (f),benzoic acid 60%; (g),benzoic acid 70Z.

), benzoic acid 407; (e),benzoic

Heating rate, 4K/min.
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Fig.2-3. DSC Curves of CPG240-Benzoic Acid Systems
(a),benzoic acid 10%; (b),benzoic acid 20%: (c),
benzoic acid 307; (d),benzoic acid 40%; (e),benzoic
acid 50%; (f),benzoic acid 60%; (g),benzoic acid 70%.
Heating rate, 4K/min.
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phase 1: crystal

phase 2: disordered structure

phase 3: amorphous or adsorbed
on the pore walls

phase 2 U phasel

L

! 1
350 370 350
T/K

phase 1 phase? phase3

Fig.2-7. DSC Curve and the Model Structures of Benzoic

Acid-CPG System
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Fig.2-8. Relationship between Total Amount of Benzoic Acid
added to the CPGs and Calculated Amounts of the

Thres Phases_

(a),CPG120 mixture; {b),CPG240 mixture; (c), CPGI000
mixture. o: phase 1, Tst run; A: phase 2, Ist run;
O: phase 3, st run; @: bhase 1y 2nd run; a: phase 2,
2nd run; m: phase 3, 2nd run.
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Ist run 2nd ‘run
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Fig.2-9.  DSC Curves of Benzoic Acid 20Z Mixed with the
CPG120-CPGI000 Mixtures
(a),CPG120:CPGI000 = 2:8 ; (b),CPG120:CPG10Q0
(c¢),CPG120:CPG1000 = 4:6 ; (d),CPG120:CPG1000
Heating rate, 4K/min.
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Weight fraction of CPGI20 to CPGi20-CPGIO00 mixture
Fig.2-10.  Weight Percent of Benzoic Acid Adsorbed on

o

CPG120 in the Mixtures of the CPG120-(PG1000
and Benzoic Acid by DSC Peak Area
benzoic acid 207
o cé]cu]ated from the 1st DSC runs

® : calculated from the 2nd DSC runs ‘
The broken Tine shows uniform existence of benzoic acid in

the CPG120-CPG1000 mixtures.
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Weight fraction of CPGI20 to CPGI20-CFGI000 mixture
Fig.2-11.  HWeight Percent of Benzoic Acid Adsorbed on
CPGIZ20 in the Mixtures of the CPG120-CPG1000

and Benzoic Acid by UV Method
benzoic acid 207

CPG120 : 80/120 mesh

CPG1000 : 200/400 mesh
The broken Tine shows uniform existence of benzoic acid in

the CPG120-CPG1000 mixtures.
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Suricce area fraction of CPGI20 to CPGIZ0-CPGIO00 mixture

Fig.2-12. Weight Percent of Benzoic Acid Adsorbed on
CPG120 4n the Mixtures of the CPG120-CPG1000

and Benzoic Acid by UV Method
benzoic acid 20Z

CPG120 : 80/12Q mesh

CPG1000 : 200/400 mesh
The broken line shows uniform existence of benzoic acid in

the CPG120-CPG1000 mixtures.
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Fig.2-13.- Weight Percent of Benzoic Acid Adsorbed on

CPG120 in the Mixtures of the CPG120-CPG1000

and Benzoic Acid by UV Method
benzoic acid 5%

CPG120 : 80/120 mesh

CPGT1000 : 200/400 mesh
The broken line shows uniform existence 6f benzoic acid in

the CPG120-CPG1000 mixtures.
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Fig.2-14.  Weight Percent of Benzoic Acid Adsorbed on

CPG120 in the Mixtures of the CPG120-CPG1000

and Benzoic Acid by UV Method
benzoic acid 5%

CPG120 : 80/120 mesh

CPGT000 : 200/400 mesh
The broken line shows uniform existence of benzoic acid in

the CPG120-CPG1000 mixtures.
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PILM Sample Preparation

1. Na-Montmorillonite 2. Pillar Interlayered Montmorillonite
3% suspended (PILM)
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Table

Mean Pore Diameters and Surface Areas
of Various CPGs

CPG Mean pore diameter Surface area

(A) (m2/q)

CPG 75 70 207

CPG 120 116 155

CPG 170 ) 169 161

CPG 240 226 S7A

CPG 350 - 347 68.4

CPG 500 546 431

CPG 700 - 729 249

CPG1000 962 26.1
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