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ABSTRACT
Three different concentrations, 0.5g/100em?*, 1.0g/100cm?* and 1.5g/100cm® of ures and

melamine respectively, were used for the physical modification of saw-dust using batch equiki-

bration method. The results show that there was increased adsorption with time and concen-

tration for the systems considered. However, the results show that the quantity of melamine

.adsorbed by saw-dust was greater than that of urea under the same conditions. The shapes of

the curves for all the adsorption processes studied were similar to the Langmuir Isotherm type

(L~curve) depicting a monolayer adsorption.  Also the uptake of melamine and urea by saw-

dust was found to be affected positively by temperature. This increase in adsorption with

increase in temperature was encouraged by the swelling phenomenon associated with saw-

dust. This observation is evident from the adsorptive capacities of the adsorbent at various

temperatures.  The mechanism of adsorption could not be completely defined but is believed

to be mediated through physical (van der waals) as well as hydrogen bonding.

INTRODUCTION

‘The adsorption of bioactive substances on
polymers has been investigated by various re-
searchers especially in the areas of pharmacy
and medicine. The adsorption of
chloropromazine hydrochloride by wool,
erythrocytes by tissues was reported by Besson
etal'. Saleh and Nasipuri® studied the adsorp-
tion of benzoic acid on sulphadimidine.
Porubcan et al.* studied the mechanism of ad-
sorption of chindamycin and tetracycline by
montmorillonite. and the adsorption of certi-
fied dyes by starch has been investigated by
Zograft and Mattocks'. The adsorption of me-
dicinally active compounds by various types
of adsorbents has been reported by other in-
vestigators*'°. In all these investigations. the
adsorption isotherms of the various systems
have been studied. The classical approach in-
dicates the quantity of compound adsorbed.
the rate and other physical parameters.

In all the above. hewever. not much work
has been done on the adsorption of bicactive
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substances on polymers with emphasis on ag-
ricultural application as it relates to fertilizer.
Several workers have worked on bioactive
substance/polymer combinations, with those
researches being soley based on the chemical
modification of polymers to obtain slow re-
lease or sustained release system without due
attention to the physical modification of these
polymers with their attendant properties.

The purpose of this work was to investi-
gate the adsorption of such high nitrogen con-
taining bioactive compounds as urea and
melamine which possess one of the necessary
nutrients for plant growth on such biodegrad-
able natural polymers as saw dust. and to de-
termine the effect of concentration and tem-
perature on the adsorption.

It was felt that studies concerned with plant
nutrient affinity for biodegradabie polymer
substrate would be of valuc 1o those concerned
with this problem cspecially in third world
countries where inorganic fertilizers are re-
peatedly applied to the soil. It is envisaged
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RESU LTS AND DISCUSSION
Adsorption rates .
“The experimental results showcd thdt the
ddsorpnon of either urea or melamine on saw
..dust was not very fast since equilibrium was
attained between (6 and 24 hours. As such
-an equilibrium t:ne of 24 was adopted for
" the three differcnt ‘concentrations. used. Tn
‘ c_ombarisoh, further analysis of the results
- showed that 28.13%, 45.75%, and 56.25% by-
‘weight of urca wore adsorbed by 10g saw-dust .
‘while 35.56%. 54.38% and 59.12% by weight
of melamine were adsorbed by the same
weight of saw-dust respectively at this equi-
librium time (Fig. 1 & 2)... N
From the resuls above, it could be seen
- that increased adsorption: of melamine and
urca occurred with time and concentration.
Also there was lincarity in the relationship
'bcl\v\'ccn percenitage adsorbed and time of ad-
sorption for botl, sysicms below 2 hours; un-
der this time, the [.5g/ l;()()cﬁr‘ concentration
_had the greatest siope and hence the highest
percentage adsosbed. '
it was observed that thc
mclamine adsorbed was greater than the
amount of urca adsorbed by saw-dust under
the same conditions including concentrations.
This could be attributed to the respective solu-
bilities of the adsorbates. 1t has been found
that the rate of adsorption from solutions de-
pends to a large extent on the solubilities of
the solutes in solution.' Thus, more soluble

Furthermorc.

salts arc {ess adsorbed than the less soluble’

ones. This is in agreement with the observa-
tions of Sawsan El-Masry et al.’® on the ad-

sorpiion of atropine and hysoine on magne-.

sium trisilicate and the work of Khalil' on the
uptake of digoxin and digitoxin by some ant-
acids.

Also, owing to the heterogeneous nature
of cellulose (Saw-dust), the results of modifi-
cations carried out in aqueous medium are ex-

pected to be affected by pore size, the crystal-

line - amorphous ratio, the degrees of orienta-
tion. and the size of the crystallites. However,
it is believed that more of the reactions occur
in the amorphous regions of cellulose.'” Cel-
lulose reacts as a trihydric alcohol with one
primary and two secoﬁdzuy hydroxyl groups
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- per glucose unit. These three reactive hy-
dro’.\yl groups act as binding sites for adsor-
- bates by formation of addition compounds in
the case of surface reaction like sorption.'’
Also because of the structure of cellulose (saw-
dust), it is known to undergo both heteroge-
neous and homogeneous hydrolysis.
Heterogencous hydrolysis reactions arc
known to take place with hydroxyls of the two
types (primary and secondary), and the reac-
tion is tapochemical (micellar/heterogencous).
The quality of the submicroscopic structure
determincs the rate of reaction. In this type of
reaction, the rate of reaction decreases as the
reaction progresses to regions of high lateral
order. There is an initial rapid rate which
gradually decreases to a levelling-ofi’ stage.
This has been seen to occur with our systems.
Although the adsorption process of urea
and melamine on saw-dust cannot be said to
have been adequately undcerstood. it is be-
licved that attachment of the adsorbate mol-
ecules onto the adsorbent involves van der
waals bonding which is a physical udsorplion
process and also hydrogen bonding,x \\/ﬁich is
illustrated in chemical equations (a) and (b).

(a) Urea attachmant b cellslose/sawdust by hydrogen bonding
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The influence of temperature on adsorption

Data Treatment:- The variation in the uptake
of urea and mclamine at varying concentra-
tions and fixcd temperatures with time is
shown in Figures | and 2. In nearly all cases,
adsorption cquiliorium was achicved between

16 and 24 hours. Evidently, the degree of

adsorption of these adsorbates was found to
be dependent on concentration and tempera-
ture.

Thesc adsorption data were respectively
“subjected to Langmuir and Freundlich’s treat-
ment. According to the modified Langmuir

cquation:
¢, C, 1
—_— =t T (hH
y Y, by,

where v is the araount of adsorbate adsorbed
per gram of adsocbent at cquilibrium concen-
tration. C_. of the adsorbate at 4 given tem-
perature while y_ is the amount of adsorbate
that 1g adsorbeni can take up when a mono-
laver coverage is complete. with b being the
ratio K /K, and is constant. K and K, are the
rate constants for the forward and backward
rcactions respectively. The values y, and b
for the various isotherms in Figures 3 and 4
can be scen in Table 1 :

Also Freundlich’s adsorption isotherm
cquation gives

X
Log _[\/—[ =Log K+ l/mlogC ... (2)

X is the amount of solute adsorbed by a given
mass M of adsorbent whilc K represents the
amount of adsorbate per unit weight of adsor-
bent and at unit adsorbate concentration while
n. dertvable from the slope, represents the
amount of adsorbate adsorbed for a given con-
centration change. The Freundlich’s Iso-
therms for the various systems are shown in
Figurés Sand 6. The values of K and n for the
various Isotherms are shown in Table 1.
From the result shown in Figures 3-6 and
Table 1. it could be scen that the values of y .
the adsorptive capacity of the adsorbent for
the adsorbate. illl-ll'CzlSCd with increase in tem-
perature for ncarly all cases with Langmuir
isotherm.  Also the valucs of b related to the
binding force benween the adsorbent and ad-
sorbate increased with increasing temperature
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except for the case of urea adsorption on saw- -
dust at 40°C. At ambient temperature for in-
stance. the valuc of ym for urea on saw-dust
was 5.88 x 102 mg/mg while that at 40°C was
25 x 102 mg/mg; however withamelamine on
saw-dust, the values of y, at ambient and at
40°C were 7.33 x 10-and 12.50 x 10 mg/mg
respectively. “Also comparing the values of
y, for the adsorption of urea on saw-dust with

the adsorption of melamine on saw-dust. it

- could be clearly seen that melamine had stron-

ger affinity for saw-dust than urea (Table 1)..
With'the Fré;’undlich’s isotherms, almost
the same trend y‘\'as observed. The values of
K. adsorptive c#pacities. increased with tem-
peratuse for all cases investigated (Table 1).
At ambicnt temperature the value of K was
higher for the adsorption of urea on saw-dust
than it was for melamine on saw-dust but at
the higher temperatures of 30°C and 40°C the
values of K for the adsorption of melamine
on saw-dust became higher than those of urea
on saw-dust. The increase in K value with
increase-in temperature for Freundlich’s ad-
sorption isotherm agrees with that of
Langmuir, ' :
Also the value of n decreased with increase .
n temperature for the adsorption of area on’
saw-dust whereas it increased with increase -
in temperature for the adsorption of melamine
on saw-dust as in the case of Langniuir. ad-
sorption isotherm. This observation could be
explained withvth’c folldWing reason.
Although it has been proved that adsorp-
tion processes are exothermic reactions and
as such adsorption should decrease with in-
crease in temperature due to the negative en-
tropy of activation', this observation has not
been found to be so in this case. It is believed
that little adsorption took place at room tem-
perature due to the strong solute solvent-in-
teraction. It is known that urga and melamine
are hydrophilic substances as a result of their
carbonyl and amino groups. This property
makes them to form hydrogen bonds with
water molecules and, consequently, adsorp-
tion from solution is rendzred mofe difficult.
With increase in temperature, it is likely that
these bonds are broken making the solute
available for adsorption onto the adsorbent.



This. .1dsorpuon of thc solute onto the adsor-
‘ _bcnl is-cnhanced at higher temperatures by
the fact that the solute and the adsorbent arc
like nuﬂeria_ls and as soon as the solvent-sol-
‘utebonds are broken the adsorbent affinity for
: adsorbalc increases makmg, it possible for

more adsorbate to be adsorbed onto the ad--

-sorbent”, Also urca and melamine are known
o bé‘_c:-ui'o‘nic agents. Thesc cations are known
to-adsorb readily at cell membrane structures
~in a non-specific mdnncr |cadmg to ccll ly-

sis?,

Another lmporldnt fdctor that might be
responsible for the increase in adsorption with
increase in temperature is the swetling phe-
nomenon of saw-dust. It has been established

.from previous work that saw-dust swells in
water exhibiting high swell index?. This
swelling phenomenon is enhanced by incrcase
in temperature which enables the pores of the
cellulose material to open up for more : adsorp-
tion rather than capillary condensation or
multi-layer formation to take place'”. From
the above observation it could be seen that the
adsorption of urea and melamine onto saw-
dust is an eandothermic process. This obser-

vation is in agreement with the work of R. E.

White ct al.2 on *he reaction of soluble phos-

phate with solid soils.
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