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Studies on the Measurement of Heat of Adsorption of
Acids on Polyamide by Flow Method.

Mitsuo Kimura, Tetsuo Tanicucur and Toru Smmizu

(Received Oct. 12, 1972)

The heat of adsorption of mineral acids on polyamide powders A~D (sample
A~D have different amounts of amino end group) were measured with applic-
ation of the thermal detection type automatic recording liquid chromatography
as a flow type micro calorimeter. The heat of adsorption was obtained by
total variation of temperature (peak area) which corresponded to overall
calorific values in the thermal detection column with caloricorrector unit and
adsorption amounts which obtained isothermally at contact time on flow method
(ca. 30~60 min). Measured values of heat of adsorption are influenced con-
siderably by experimental temperature, concentration of acid, state of the
amorphous region of polyamide and others. These values (~4H°c) are plotted
with ¢ (=({H),;/(S)s) and these at saturated adsorption (—4H°c¢.1) are ob-
tained by extrapolation to §=1. Good agreement is obtained among the values
of —4H%:¢.; for different samples A~D. As the temperature increases (30~
50°C), —dH°c.¢-; values of HCI, HBr and HI increase. Proposed values of
—A4H%:.9., are (HCI) 8.2 (30°C), 8.9 (40°C), 10.4 (50°C), (HBr) 10.3 (30°C),
11.3 (40°C), 12.4 (50°C), (HI) 12.2 (30°C), 13.5 (40°C) and 14.8 kcal/mol
(50°C). It is assumed that thess differences by acids used depend on differ-
ences of the heat of adsorption of anion (Cl-, Br- and I-) to protonated
amino end group (—NH;*) on polyamide.
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Fig. 2. Detection Column for Calory
Corrector Unit.
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Fig. 3. Chart of Adsorption and Desorption of HBr on Polyamide (40°C).
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Table 1. Measured Values of HCI at 40°C

PA (H)e | (HYs (sYs (S)r | Qoos | —4H° | —d4H°.0=y | —du°r | —4H°r| 4S°
mol/1 mol/g mol/g mol/g cal/g | kcal/mol | kcal/mol | kcal/mol kcal/mOI cal/; n&:};
2X1073.41x107 0.412 12.2
3X10743.98x1078 0.422 10.6
4X10744.40X 1079 0.444 10.1

A 6.64X107%7.12X 107 8.9 10.6 7.8 5.4
8X10745.31X1079 0.499 9.4
1X107%5.55X107¢ 0.507, 9.1
2X107%6.06X1079 0.554] 9.2
2X10741.31X107® 0.055 4.2
3X107%1.68X107° 0.082 4.9

B | 5X10742.02X1075/3.15X107%5.18X10"%  0.115| 5.7 8.6 10.4 7.8 5.8
8X10742.29X 1075 0.141 6.2
2X10782.77X 1075 0.203, 7.4
2X10740.90X1075 0.070, 7.8
3X10741.10X10°® 0.084 7.6

C | 5X10741.27X10751.75X1075/3.37X107%  0.094 7.5 9.0 10.6 7.0 5.1
8X107%1.39X 1078 0.110; 7.9
2X107%1.58X1078 0.135 8.5
2X10741.50X 107 0.082 5.5
3X10741.83X107® 0.107 5.9

D | 5X107%2.02X10752.60X1075/4.40X 1078 0.127 6.3 8.8 11.0 - 7.0
8X10742.17X1075 0.152 7.0
2X107%2.42X 1075 0.196 8.1
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Fig. 6. Relationship between —4H° and @
at 40°C (HCI).
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Table 2. Measured values of HCI on PA-A.

Temp| [(H]s (HYy (SYy (S)r Qobs | —4HO | —dH%.p-y | —du°r | —4H°r| 4S°
(°C)| mol/l | mol/g | mol/g | mol/g | cal/g fkcaljmoll kcal/mol |kcal/mol [/ Cal/‘ggé'.
3X10744.27X107Y 0.385 9.0
4X10744.62X 107 0.422| 9.1
30 | 8X10745.48X107%6.60X107%7.17X10™ 0.469 8.6 8.2 10.5 7.3
1X10-%5.69X 10" 0.476 8.4
2X10786.12X 107 0.511 8.4
40 (See Table 1) 7.12X 1075 (See Table 1) 8.9 10.6 7.8 5.4
3X10743.75X 10" 0.489  13.0
4X10744.22X107Y 0.511] 12.1
50 | 8x10745.23X107%6.83x10757.19X10"5 0.585  11.2 10.4 10.7 1.0
1%107%5.51 X 1075 0.596  10.8
2X10786.11X 10" 0.647  10.6
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Fig. 7. Relationship between —4H°; and 6
on polyamide A at 30°C, 40°C and
50°C (HCl1).
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Table 3. Measured values on PA-A at 40°C

. (Hs (HYr (Sls Qovs | —dH°; | —4H°c.p-y | —du°r | —4HC1 4S°
Acid mol/l1 mol/g mol/g cal/g |kcal/mol | kcal/mol |kcal/mol | kcal/mol |cal/mol-deg.
HCI (See Table 1.) 8.9 ] 106 | 7.8 5.4

1.5X10743.28X 1075 0.414 12.6
3 X10744.52X10"° 0.560, 12.4
3.5X10744.77X 1078 0.592] 12.4
HBr | 4 X10745.03X10757.09X10°% 0.623  12.4 11.3 10.8 10.6 ~1.6
5.5X10745.48 X105 0.691 12.6
1X107%6.09% 1078 0.727 11.9
2 X10786.56X 10" 0.731 11.1
3 X10745.28X10® 0.715{  13.6
g |4 X10715.69x107 7.14x104__ 1% 138 13.5 11.5 12.5 ~6.4
9 X10746.42X10"° 0.935  14.6
2 X107%6.80X 1075 0.900 13.2
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Table 4. Comparison of measured values on PA-A,

Temp —d4H%.9-1 —du®r —4dH°; 4S°
Acid
Cc) kcal/mol ratio kcal/mol | kcal/mol| ratio |cal/mol-deg.
30 8.2 1.0 10.5 7.3
HCI 40 8.9 1.1 1.0 10.6 7.8 1.0 5.4
50 10.4 1.3 10.7 1.0
30 10.3 1.0 10.8 1.6
HBr 40 11.3 1.1 1.3 10.8 10.6 1.4 -1.6
50 12.4 1.2 10.8 -5.1
30 12.2 1.0 11.4 —-2.6
HI 40 13.5 1.1 1.5 11.5 12.5 1.6 -6.4
50 14.8 1.2 11.5 -10.5
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