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ABSTRACT

The purpose of this study was conducted to develop the slow-released N fertilizer(SRNF) using of waste paper
cellulose. Properties of trial product was investigated. Contents of nitrogen, phosphorus, and potassium in trial
product were showed 26%, 0.04% and 0.01%, respectively. The contents of Cr, Cu, Pb and Zn were showed
17.4ppm, 259ppm, 12.2ppm and 60.0ppm in the trial product, respectively. However, As and Cd was not detected.
Nitrogen of SRNF could be released 60.4% within 12hr after dissolution in water. However, the releasing velocity
was thereafter remarkably delayed, showing 75% after dissolution for 72hr.
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Introduction

Various attempts were carried out to develop slow-
released nitrogen fertilizer{SRNF) for the last half a century.
In Korea, first study on the development of SRNF was not
conducted by Seong et. al.(1986) until 1970. They had
reported that two sulfur coated urea(SCU) fertilizer had
exhibit an about 20% fertilizer reduction effect. They had
also suggested that the grain yield of rice was not affected by
the use of two SCUs. However, the industrial production
and the practical application were limited by technical
problems. Thereafter, latex coated urea(LCU) fertilizers were
developed but also not supplied for farmers because of the
lack of uniformity and the expensive price(Kim, 1974; Shin,
1988)
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Ureas and other urea form fertilizers as SRNF also had
been applied to turf grasses, garden trees and upland crops.
Albeit these forms are relatively inexpensive, they have a
disadvantage in the quality regulation and the application to
paddy field(Seong, et. al. 1990). On the other hand, it was
reported that paper waste sludge like as news papers,
magazines and packing boxes was produced over one
million ton. Wood industrial factories have reused them as
raw material for the production of fiberboard. Chang et.
al.(1992) have studied on the utilization of ripening sludge
fertilizers mixed with sawdust, hog manure and urea to
recycle the paper waste sturry containing over 60% organic
matters. Allan(1991) and Bailey et. al.(1994) have also tried
to improve the utility through an infiltration technique of
organic matter and synthetic resin into fibrous cell wall. In
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this study, we report that urea could be incorporated into
waste paper fibers and thereafter slowly released to soils
and degraded to be optimal condition to uptake for crops.
Furthermore, we have improved a SRNF using waste paper
slurry.

Materials and Methods.

Fig.1 shows the production process of SRNF. Briefly,
wasted papers were mixed to obtain pure pulp shurry in 1~
2% alum(AlSOs - 18H20) solution at 30 to 40T using a
defibrator. After fiberboards were produced from print ink-
removed pulp slurry in 12inx 12in deckle box, they were
dried at 100+5C in a dry oven. Urea saturated solution
was fully impregnated to fiberboards and then dried at 75+
5T in a dry oven. The resulted fertilizer materials were
finally manufactured under 100psi at 50T through a
thermal press and then uniformally sliced. Total N-contents
of finally made fertilizers were measured by Kjeldahl method
and the contents of other ions like as P, K, Ca, Mg, As, Cd,
Cr, Cu, Pb and Zn were done by fertilizer analyzing method
in National Institute of Agricultural Science and
Technology(1996) using ICP(Varian IBERTY-Series I,
Australia).

The water dissoluting N was collected in a 500m! plastic
cylinder in which 10g SRNF were put and mixed 300m! with
distilled water. The water was sampled 0, 5, 6, 12, 24

Fig. 1. Schematic repregentation of process of trial product

and 72hr after reservation at 30T in water bath. After
filtration, the N-contents were measured by Kjeldahl
method. The surface ultrastructures of waste paper and
urea were observed by 500 to 4,000 fold magnitude using

scanning electron microscope(Hitachi S-4100).

Results and Discussions

1. Chemical components and structure of
SRNF

The contents of chemical components were shown in
tablel. The contents of N, P and K were respectively 26%,
0.04% and 0.01%. Toxic metals like as Cr, Cu, Pb and Zn
were detected but the contents were considerably lower
than the standards of Korean Fertilizer Regulation. As and
Cd were not contained. The structures of urea fertilizer and
SRNF in this work were shown in photol. Urea fertilizers
were small round forms in which nitrogen were included
46%. SRNF were flat forms of which magnitude 0.5X0.5%
0.2cn on the basis of length xwidth x thick. N-content of
SRNF was 26%.

2. Ultrastructure of waste paper fiber and
SRNF

The ultra structure of waste paper fiber and urea
impregnated SRNF observed 500x and 4,000 x under

Refining and Beating of Recycling N Washing of Pulps and Manufacturing N Drvin
Papers (Waste Newspaper) of Fiberboard Tying
l
) . . Impregnating of Urea
Trial Product < Drying & Pressing < into the Fiberboard

Table 1. Chemical properties of slow-released N fertilizer using waste paper(SRNF)

N P K Ca Mg As

Cd Cr Cu Pb Zn

%

mg kg'!

26 0.04 0.01 0.55 0.16 ND

ND 174 259.0 12.2 60.0
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Urea(46% : N)

SRF(26% : N)

Photo. 1. Urea and slow-released N fertilizer using waste
paper(SRNF),

SEM(Photo2). Vacant spaces was located within the inner
side of waste paper fiber whereas the urea depositions were
clearly observed in inner side of SRNF resulted from the
binding of urea to polar -OH group of fibrous cellulose.
Allan(1991) and Bailey et.al(1994) had developed a
impregnation technique through which fertilizing materials
were filled into the capillary spaces derived of the
degradation of lignin and hemicellulose consisting pulp.

3. Underwater dissolution of SRNF

Fig.2 shows the change in dissolution rate of SRNF from
which a releasing velocity could be determined. Our results
indicated that N of SRNF could be released 60.4% within
12hr after dissolution in water. However, the releasing

Rate of T-N of trial product(%)
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Fig. 2. Change in dissolution rate of total nitrogen(T-N)

in the slow-released N fertilizer using waste
paper(SRNF)

~-111-

“

WFB impregnated with urea

Waste fiber board(WFB)

Photo. 2. Structure of slow-released N fertilizer taken by
a scanning electron microscope(SEM).
(upper: x500, down: X4,000)

velocity was thereafter remarkably delayed, showing 62%,
64% and 75% after 24, 48 and 72hr dissolution,
respectively. According “Korean Standards for Fertilizer
Regulation”, the underwater dissolution rate ought to be
lower than 25% at 30T for 24hr. Thus, the dissolution rate
of SRNF 62%, was slightly higher than standard for Korean
Fertilizer Regulation.
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