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SY NOPSIS

A bout 40-70S’c o f  the  app lied  urea fertilizer is lost to the env ironm ent, causing serious 

po llu tion , Controlled-release technology is useful in  increasing the  efficiency of fertilizer 

urea as well as in  check ing  env ironm ent polU ition. Four laboratory-level controlled-release 

urea fertilizers were fo rm ula ted  based on polym ers w hich are soil condilioners an d  then 

evaluated for the ir slow-release property. Urea was coated w ith  the copolymer o f acrylamide 

an d  d iv iny lbenzene/N .AT-m ethylenebisacry lam ide/tetraethyleneg lycol diacrylate or pen- 

tae ry th rito l triacry la te  a n d  sealant m ateria ls (wax and  polystyrene). Urea coated w ith  co­

po lym er o f  acry lam ide-tetraethy leneglyco l diacrylate was found  to be hav ing  a belter slow- 

relea.se property am ong  the systems prepared. ® 1996 .lohn Wiley & Sons. Inc.

JNTRODUCTION

The rate of food production needs to be further in ­

creased to keep in pace with the world population 

explosion for which fertilizers are to be applied in 

large quantities. Nitrogen is the most vital nutrient 

for the crops. Among the nitrogenous fertilizers, the 

most widely used one is urea, because of its high 

nitrogen content (46%) and comparatively low cost 

of production .How ever, the efficiency or plant 

uptake of urea is generally below 50%. The losses 

are due mainly to surface runoff, leaching, and va­

porization.®"^ The lost urea causes very serious en­

vironment problems.® One of the methods to effec­

tively check these losses is to encapsulate fertilizer 

urea granules with polymers. These materials do not 

allow free dissolution of urea in a soil solution; in ­

stead, water may diffuse through the polymer mem­

brane and cause the urea to dissolve, which, sub­

sequently, comes out through the polymer. These 

tyiies of slow- or controlled-release fertilizers have 

many advantages over the conventional type, such 

as a sustained supply of minerals for a longer time,
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thus increasing the fertilizer use efficiency and de­

creasing application frequency and environmental 

pollution.’ '*

Application of polymers in agriculture is a grow­

ing field of in te re s tA cry lam ide  polymers find ex­

tensive application in tackling several problem soils 

to make them cuhivable. Polyacrylamide, when ap­

plied to soil, interacts with clay particles and be­

comes linked to it through irreversible bonds. Being 

nontoxic to plants and animals, it is widely used as 

a soil conditioner. Polyacrylamide has been found 

effective in increasing infiltration and reducing run- 

olf and erosion. When applied through irrigation 

water, polyacrylamide increases irrigation efficiency 

also. Thus, it creates a favorable soil condition for 

plant growth. Moreover, it is not affected by soil 

microbes, but becomes degraded in soil by mechan­

ical breakage. Polystyrene is used here as a sealant 

material for coating and has also been reported to 

be a good soil conditioning material to improve air 

permeability.
We attempted to incorporate urea fertilizer into 

polyacrylamide, but the desired slow-release prop­

erty as well as its free-flowing nature were not 

observed for the product. To impart properties 

like rigidity and proper hydrophobic-hydrophilic 

balance, crosslinked polyacrylamide using divm- 

ylbenzene (DVB). N./V'methylenebisacrylamide 

(NNMBA), tetraethyleneglycol diaciylate (TrEGDA),
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ajid pentaer>thrytol triacrv'late (I»ETA) as crosslinking 

agenis was prepared and used for a coating to fomiuiat^ 

controlled-release urea fertilizers.

Our object was to prepare controlled-release urea 

fertilizers using polymeric soil conditioners. Here, 

we discuss the lab-level preparation of four con­

trolled-release urea fertilizers based on acrylamide 

copolymers and an evaluation of their slow-release 
behavior.

E X P E R IM E N T A L

Laboratory-level Preparation o f Polym er-coated 
U rea Fertilizers (PC U F)

Polyacrylamide crosslinked with DV B /N N M BA / 

TTEGDA or PETA were used as the coating ma­

terials for fertilizer urea. Among the crosslinking 

agents, DVB is rigid and hydrophobic in nature. 

TTEGDA is very flexible and hydrophilic and 

N NM BA  is in between DVB and TTEGDA in these 

properties. PETA is a trifunctional hydrophilic 

monomer and was included in the study to determine 

the suitability of the peculiar three-dimentional net 

structured copolymer that it forms with acrylamide 

as a coating material. Wax and polystyrene were 

used as sealant materials for the coating. The poly­

styrene used here is the expanded type, widely used 

in the packing industry, usually known by the name 

■'thermocol” (TO) and we used the waste TC which 

seldom finds any use.

The free-radical solution polymerization tech­

nique was used for the preparation of polymers used 

for the coating. The monomer, viz., acrylamide (2.21 

g). and the crosslinking agent (DVB, 0.38 mL/ 

NNM BA, 0.23 g/TTEGDA, 0.41 mL or PETA, 0.50 

mL) were dissolved in chloroform (25 mL) contain­

ing the initiator azobisisobutyronitrile (0.1 g). Fer- 

tilizer-grade urea granules {25 g) of approximately 

1 mm size were added to the solution. The temper­

ature was raised to 40°C using a water bath while 

the contents were constantly stirred. The resultant 

net structured polymer encapsulates the urea gran­

ules. As this process continues, wax (1.00 g) and TC 

(I.OO g) were dissolved separately in a minimum 

quantity of chloroform and the solutions were added. 

Stirring and heating were continued and the solvent 

wa.s completely evaporated and condensed out. The 

coated product was dried in an oven. The dried 

product was recoated using same amount of mono­

mers and sealants following the same methodology.

Slow-release Behavior of PCUF

The PCUF samples were estimated for their urea 

content by crushing a known weight of the sample 

and extracting the urea in water quantitatively. The 

extract was estimated for the urea content.

An experiment was conducted to assess the loss 

of urea by leaching from the prepared coated fertil­

izers. PCUF samples equivalent to 200 mg N were 

placed on top of the soil column (1 kg, 2  mm) in a 

PVC tube of 90 mm diameter and were covered by 

a thin layer of soil. Before starting the experiment, 

the soil was preequilibrated by passing the O.OIM 

CaCU solution through it for 3 days. The soil samples 

were leached using the O.OIM CaC^ solution (100 

mL) on the 1st, 2nd, 7th, 14th, 2lst, 28th, and 45th 

day after the addition of PCUF. The leachate was 

collected and estimated for NH 4— N and urea-N. 

Blank and control experiments, viz., with no fertil­

izer and with uncoated urea, respectively, were also 

carried out.

An incubation experiment was also carried out to 

study the slow-release behavior of PCUF in soil. 

PCUF equivalent to 20 mg N was well mixed with 

soil (100  g. 2 mm) and kept in a plastic beaker prop­

erly covered and incubated for different periods at 

28°C. Throughout the experiment, the soil was 

maintained at 50% water-holding capacity by 

weighing and adding distilled water if necessary, pe­

riodically. Control and blank experiments were also 

carried out. The soils were extracted using the O.OIM 

CaCl2 solution after each incubation period (2, 7,14, 

21, and 28 days) and estimated for N H j— N and 

urea-N.‘^

All experiments were carried out in triplicate and 

the results were analyzed using two factorial com­

pletely randomized designs. N H j — N was estimated 

by the Kjeldahl method of distillation and urea-N 

was estimated by the poro-dimethylaminobenzal- 

dehyde colorimetry method."'''

RESULTS AND DISCUSSION

The urea contents in dillerent PCUF samples are 

shown in Table 1. The results of the leaching studies

T able I  U rea C on tent (%) o f  P C U F  Systems

P C U F  Systems Urea C ontent (%)

D V B 84.1

N N M B A 88.1

T T E G D A 81.6

P E T A 82.7
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Table II  Total N  (%) Leached from  P C U F  and  C on tro l Systems

Time (days)

1

2
7

14

21

28
45

22.9

23.1

22.2

24.0

24.4

23,3

8.7

3.1

Systems

20.0
20.8
20.9

7.0

23.3

20.3

25.4 

13.3

1,6
0.3

41,6

5.5

1.3

0.8

0.4

are given in Tables II and III. Table II represents 

the total N (% ), therefore, the N H 4* —N  + urea- 

N. leached at different time intervals from the PCUF 

samples and uncoated urea-applied soil systems. 

More than 80% of the applied N was leached out 

from the uncoated urea by the 2nd day, and on 7th 

day, the amount of leached N had drastically de­

creased; on subsequent days of the study, it also 

continued decreasing (Table I I) . This is expected 

in the case of the conventional use of urea or any 

other chemical in the uncontrolled form to a system. 

Here, the fertilizer N content leached increases and 

decreases very sharply within a very short period of 

7 days. The behaviour of all PCUF are significantly 

different from the control, and in all cases, the 

leached total N on the 1st and 2nd days is much 

lower than that of the control, and on the 7th 

day, the coaled fertilizers, viz., DVB, NNMBA, 

TTEGDA, and PETA systems, leached 22,2, 23.3, 

20.9, and 25.4% of total N against a significantly 

lower amount of 5.5% by the control (Table I I) . On 

subsequent days also, a considerably higher amount 

of total N leached out from the different PCUF sys­

tems than from the control. Among the PCUF, the

TTEGDA system shows a better slow-release char­

acter than do all the others. In the TTEGDA system, 

the initial release of urea is gradual and reaches a 

maximum and, thereafter, it decreases very slowly, 

a typical behavior of slow-release systems. From the 

TTEGDA system, the total N leached was signifi­

cantly lower up to the 14th day and. thereafter, it 

is significantly higher till the 45th day than in any 

other system (Table I I ). Here, an effective fertilizer 

N concentration in the system remains for a much 

longer period; hence, pollution can be checked as 

well as the efficiency improved. There is no consid­

erable difference among the DVB, NNMBA, and 

PETA systems in the amount of N leached on all 

days of the experiment. However, the PETA system 

leached a significantly higher amount of total N on 

the 7th and 14th days than did the DVB and 

NNM BA  systems. Table III represents the cumu­

lative total N (% ) leached from the different PCUF 

and control systems on different days of the exper­

iment. It clearly shows the slow-release property of 

all the PCUF. A significantly lower amount of cu­

mulative total N content is noted for all the PCUF 

on all the experimental days than for the control.

Table I I I  C um ila tiv e  T ota l N  {%) Leached from  P C U F  and  Contro l Systems

Systems

Time (days) D V B N N M B A T T E G D A p r r A Control

1 22.9 24.0 20.0 23.3 42.4

2 45.9 48.3 40.8 43.6 84.2

7 68.1 71.7 61.7 68.9 89.8

14 76.4 80.3 68.7 82.2 91.1

21 80.5 83.4 74.5 87.1 91.8

28 82.0 84.9 78.4 88,6 92,1

45 82.3 85.6 81.2 88.9 92,3
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Ainonp the four E>CUF. the TTEGDA system had 

a lower amount of a cumulative total N value 

throughout the experiment than that of the otherf?. 

Among the other three PCUF systems, there ie no 

significant ditference in ihe cumulative total N con­

tent on the 1st and 2nd days of the experiment. 

However, in the DVB system, a significantly lower 

value for cumulative total N is noticed with the 

NNM BA system from 7th day and with the PETA 
system from U th  day.

The incubation study also clearly reveals the 

slow-release property of the four PCUF systems. 

Figure 1 represents the N H ,;— N (% ) in soil with 

the different PCUF systems and the control. At all 

incubation periods, a significantly lower value of 

N H ; — N was noticed in all PCUF than that in the 

control, suggesting a slow-release property for them 

{CD = 3.2). Except on the 28th day, on all other 

experimental days, the soil with the TTEGDA sys­

tem had a significantly lower amount of N H ; — N. 

On the 2nd, 7th, 14th, and 21st days, the 

N H ;— N content of the soil with the DVB system 

is significantly lower than that of the soil with the 

N NM BA  systems. Moreover, it significantly differs 

from the PETA system on the 2nd. 7th. and U th 

days. Therefore, the release of urea from the 

TTEGDA system is gradual and slower than in the 

DVB system, which, in turn, is slower than in the 

PETA and N NM BA  systems. The soil with the 

PETA system had a significantly lower amount of 

N H ;— N content than with the NNM BA  system 

on the 2nd, 7th, and 14th days; however, there is no 

significant difference on the 21st and 28th days. 

Figure 2 gives the values of urea-N at different in ­

cubation periods of the soil with the PCUF and con­

trol systems. By the 7th day, there was no urea re­

maining in the control experiment, while a signifi­

cantly higher amount of urea was present in the soil

F igure

systems.

U rea-N  {%) in soil w ith  P C U F  and  control 

» D V B ; + N N M B A ; .  T T E G D A ; □ P E T A

Time (days;

• 0V8 + NfWSA » TTESP* 0 pcw A CONTROL

F lB u re  1 N H .' N  (% ) in  soil w ith  P C U P  an d  control 

sy.stems.

with all PCUF systems at all incubation periods (CD 

= 2.2). The fast conversion of urea to the NH| form 

in the uncoated urea is established again here. 

Moreover, the soil system will be having a very high 

N H ;— N concentration soon after the application 

of uncoated urea, due to which many undesired side 

reactions can take place or the loss of urea takes 

place and efficiency will be lowered. In the soil with 

the TTEGDA system, a significantly higher amount 

of urea-N is present up to the 21st day than with 

other PCUF systems, and even on 28th day, about 

10% urea remains. Among the other three PCUF 

systems, the DVB system had a higher amount of 

urea-N up to the 21st day. The soil with the PETA 

system had a higher amount of urea-N than did the 

N NM BA  system on the 2nd, 7th, and U th  days of 

the experiment. Thus, the slow-release behavior of 

the different systems are in the order TTEGDA 

>  DVB > PETA > NNM BA.

CONCLUSrON

Acrylamide copolymers, which are widely used as 

soil conditioners, can be used as a coating fertilizer 

urea to impart slow-release behavior. Urea does not 

inhibit or interfere with the copolymerization re­

action of acrylamide and DVB /NN M BA/TTEGDA  

or PETA. The products formulated are controlied- 

release in nature. The polymerization reaction and 

the coating were carried out simultaneously so that 

an elticient and even coating could be obtained and 

the product was nonsticky in nature. The slow-re­

lease property is maximum for the TTEGDA system 

and, hence, greater than for the other PCUF systems 

studied. The laboratory-level product can be further 

improved by employing sophisticated coaling de-
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