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Summary. The micropore volume of  N-containing activated carbon was increased and the average radius o f  supermicro- 
pore was extended by treatment with methylol  melamine  urea solution. 

The theory of  volume filling of  micropores (TVFM) 2 is 
applied for describing the physical adsorption of  gas in 
micropores. The adsorption for micropores (radius < 5-6 A) 
and supermicropores (5-6 < radius <15-16  A according 
to T V F M  is expressed by the two-term equation3), 

a = W01/p * exp [ -  (A/fl E01) 2] + W02/~ * exp [ - (A/fl E02)2], 
where a is the amount  adsorbed; p * is the molar  volume of  
an adsorbate; W01 and W02 are the micropore and the 
supermicropore volumes, respectively; A is the decrease o f  
free energy of  adsorption; E01 and E02 designate the charac- -0.80 
teristic energies of  adsorption in micropores and supermi- 
cropores, respectively; and fl is the similarity coefficient. 
In the previous paper 4 it was demonstrated that the N-con- -1.20 
taining activated carbon (N-CAC) prepared with methylol 
melamine urea (MMU)  solution had the highest adsorption 
capacity for hydrogen sulfide at pressures up to about 400 --g -1.60 
Torr among the 20 kinds of  N-CACs.  N-CAC would be of  Z 
great value for a large scale utilization because of  the 
effects of  its molecular  sieving nature 5 and its surface polar -2.00 
nature 5. The present investigation was undertaken to de- 
scribe the difference in porous structure between the raw 
activated carbon and the N - C A C  prepared with M M U  -2400 
solution on the basis of  the results of  application of  the 

two-term equat ion to the experimental  isotherms of  hydro- 
gen sulfide on them. 
Materials and methods. The purity o f  hydrogen sulfide gas 
was indicated to be 99.9%. The physical properties of  raw 
activated carbon (No. 1) and N - C A C  prepared with M M U  
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Figure 1. Adsorption isotherms of hydrogen sulfide on activated 
carbon. Open symbols and closed symbols denote the experimental 
data of adsorption on activated carbon Nos 1 and 2, respectively. 
The equilibrium amounts adsorbed at different equilibrium pres- 
sures were determined within an error of 0.5%. Pe is the equili- 
brium pressure of hydrogen sulfide. 

Figure 2. Application of the Dubinin-Radushkevich equation and 
the two-term equation to the experimental adsorption isotherms of 
hydrogen sulfide. A Activated carbon No. 1; B activated carbon 
No.2; a, the amount of hydrogen sulfide adsorbed (ml/g); A, the 
decrease of free energy of adsorption. 
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Parameters of the two-term equation, structural constant, inertia radius, and characteristic size of micropores and supermicropores 

Activated carbon No. Micropores Supermicropores 
W01 E01 B1 R'I Xl W02 E02 'B2 Ri2 x2 
(ml/g) (cal/mole) (10 6 K 2) : (~) (/~) (mUg) (cal/mole) (10 r6 K -2) (~) (/~) 

1 0.2642 6737 0.46 5.35 4 . 6 9  0.2108 3815 1.44 9.44 8.29 
2 0.2923 6921 0.44 5.21 4 . 5 7  0.1780 312t 2.15 1t.54 !0.13 

solution (No. 2) are as follows: specific surface area by N 2 
gas, 949.6, 892.8 m2/g; pore volume, 0.5186, 0.5039 ml/g; 
true specific gravity, 2.16, 2.18 g/ml; element analysis, H: 
0.62%, C: 96.69%, N: 0.87%; H: 0.38%; C:87.82%. N: 4.31%; 
pH of an aqueous dispersion, 6.5, 6.7. The preparation of 
N-CAC with 25% (w/v) MMU solution and the procedures 

�9 7 . 6  for adsorption were described in previous papers ' . 
Results and discussion. The adsorption isotherms at 3 dif- 
ferent temperatures (fig. 1) showed that the amounts ad- 
sorbed on No.2 were larger than those on No. 1 over the 
whole range up to 400 Torr. The Dubinin-Radushkevich 
(D-R) equation 2 

a = W0/~t ~ exp[-  B(T/fl) 2 log 2 (ps/p)] 

and the two-term equation were applied to the adsorption 
isotherms (fig. 2), where B is the structural constant, p J p  is 
the reciprocal number of the relative pressure, and T is the 
absolute temperature. The fact that the D-R plots showed a 

2 6 deviation from linearity at the ranges ofA < 7x 10 (No. 1) 
and A 2 < 5 x 106 (No. 2) seems to indicate that these activat- 
ed carbons possess heterogeneous pores, that is, micropores 
and supermicropores with a flattened shape as suggested by 
Huber et al. 7, Izotova and Dubinin 8, and Perret and Stoeck- 
li 9. The micropore volume (W01) and the supermicropore 
volume (W02 ~ were estimated by extrapolation of the in- 
tercept to A = O of the upper line and the lower line, 
respectively, obtained by the least-squares method (fig. 2). 
E01, Bl, E02, and B 2 were calculated from the slopes of the 
straight lines in~ffgure2UFncrease i n t h e  m i c r o p o r ~ u m e  
and decrease in the supermicropore volume of No.2 as 
compared to those of No. 1 (table) were produced by 
treatment with MMU solution. The inertia radius R i of a 

9 flat-shaped pore is expressed byRi= ~ T h e  rela- 
tionship between the inertia radii (Ri) of micropores and 
supermicropores and their characteristic sizes (x) is ex- 

pressed by the equation 3 x= 0.878 R i. The characteristic size 
expresses the linear dimension which is of importance for 
the properties of micropores, and it is an average value of 
radii which correspond to the characteristic points of the 
adsorption isotherm 3. The results that No.2 was almost 
equal !n x 1 to No. 1 and that No. 2 was longer than No. 1 by 
1.84 A in x 2 indicate that only the average radius of 
supermicropores was extended by treatment with MMU 
solution. It may be suggested that an increase of about 11% 
in micropore volume of No. 2 results not from an extension 
of micropore radius but from a numerical increase of 
micropores with the same radius as that of No. 1. 
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Summary. Lymphocytes from malnourished children subjected to UV-irradiation were found to have a diminished entry 
into the proliferation pool and an increased cell-cycle duration in phytohaemagglutinin (PHA) treated cultures. 

Protein energy malnutrition (PEM) is a disease due to 
inadequacy of proteins or calories in the diet and is known 
to cause a number of functional changes in children 2. At 
the cellular level the disease is characterized by a prolonga- 
tion of the cell-cycle duration and a diminished blast 
transformation and DNA synthesis in lymphocyte cultures 
treated with PHA 3'4. Studies in our laboratory have been 
directed at understanding the possible presence of an 
increased 'spontaneous' and induced mutagenic environ- 
ment in cells from children with severe PEM. We have 

recently reported that in lymphocytes from malnourished 
children UV induces more chromosome aberrations than it 
does in those from normal children controls 5. In the present 
study, the inhibitory effect of UV on cell-cycle progression 
in PHA treated cultures of lymphocytes from malnourished 
children is reported. 
Materials and methods. Six children suffering from severe 
PEM, diagnosed as having either kwashiorkor or kwashior- 
kor-marasmus, and 5 normal healthy children were investi- 
gated. The clinical and biochemical characteristics of symp- 


