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ABSTRACT

The oak and pine charcoal were used to develop the inner packaging material for maintaining the
freshness of vegetables and fruits, and to investigate the possibility in the application for inner packaging.
The effects of the charcoal type, species, particle size, and grammage on the adsorption efficiency of
ethylene gas were studied. White charcoal has superior ethylene gas adsorption performance to those of
black charcoal. Pine charcoal was superior to oak charcoal in the ethylene gas adsorption. Higher gas
adsorption was obtained by the higher grammage sheet. The difference in the adsorption efficiency was
not significant between ONP and KOCC.
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1. Introduction

In the case of most vegetables and fruits, the
emission of ethylene gas begins right after harvesting
and continued during storage and transportation. The
ethylene gas emitted from harvested vegetables and
fruits cause the loss of commercial value and possible
storage period significantly. The loss of commercial
value is due to the over-ripening, discoloration,
staining, and aging etc. Low temperature storage
method and MA (modified atmosphere)storage
method were developed and have been applied to
maintain the freshness of vegetables and to improve
the storage period by the control of emission and/or

adsorption of ethylene gas (1-5). The porous activated
carbon, activated silicate, potassium permanganate,
natural zeolite, etc. were also used to remove ethylene
gas directly (6). The charcoal was also tried to remove
ethylene gas by the adsorption for the improvement of
storage period of apple, but the long-term effect was
not obtained (7).

Potassium permanganate was very effective to
remove ethylene gas, but there were many problems to
handle chemical and disposal of waste. Although the
charcoal has high specific surface area of 200-300
m?/g, the efficiency was not good enough.

Therefore, the crashed and screened fine charcoal

powder was incorporated into pulp sheet (8-11). This
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study was carried out to investigate the possibility
whether the charcoal sheet and/or pulp mold can be
used to remove ethylene gas for the maintaining the
freshness of vegetables and fruits.

2. Experimentals

Wastepaper such as ONP and KOCC were used
instead of pulp to reduce the raw material cost. KOCC
and ONP were disintegrated with laboratory
disintegrator and pulper. The refining is not applied
because the improvement in fiber bonding and strength
properties were not so much significant in this case.
The oak and pine charcoal were pulverized and
fractionated into 60-80, 80-100, and 100-120 mesh
fraction to investigate the effect of particle size on the
adsorption of ethylene gas. Cationic PAM is used as a
retention aid. The difference in adsorption efficiency
of ethylene gas by white and black charcoal, and the
effect of grammage were also investigated.

3. Results and Discussion

The KOCC sheet without the addition of charcoal
adsorbedonly 3.4% of ethylene gas injected for 11 hrs,

160

Ewl| & A A —A
=
g 120 DM{]
o %
o 100 |
2 s} @\\\@mw-\m@w
£ - —
% 60} ——
=i 40 | |A—Control [ Black60/80 |
.% | —8—Black-100/120 —o— White-60/80 |
£ 20 | e White-100/120 |
) | . S o
m 0 i i 1 1 1

0 2 4 6 8 10 12

Contact time(hrs.)

Fig. 1. Effects of oak charcoal type and particle
size on the ethylene gas adsorption of
KOCC charcoal sheet.

while the white charcoal KOCC sheet showed much
higher ethylene gas adsorption efficiency (about
52-59% of ethylene gas injected) than KOCC sheet and
black charcoal sheet (ca. 26-31%) as shown in Fig. 1.
The reason why the ethylene gas adsorption of white
charcoal is superior to black charcoal can be seen in
Photo 1 and Photo 2. One can see the white charcoal
particle gave larger specific area than black charcoal,
although the performance was compared for same
particle size fraction.

Smaller charcoal particles gave higher ethylene gas

adsorption efficiency than larger charcoal particles in
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Photo 1. SEM of oak white charcoal KOCC

sheet (100-120 mesh fraction, 500x).
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Photo 2. SEM of oak black charcoal KOCC
sheet (100-120 mesh fraction, 500x).
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Fig. 2. Effectsof particle size of black oak Fig. 3. Effectsof grammage and particle size on
charcoal on the ethylene gas the ethylene gas. adsorption of KOCC
adsomption of KOCC charcoal sheet. charcoal sheet.
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Fig. 4. Ethylene gas adsorption of ONP charcoal
sheet.

both white and black charcoal (Figs. 1 and 2). This
result means that the larger specific surface contributed
significantly to the improvement in ethylene gas
adsorption. However, there are some limitations to use
smaller charcoal powder because the dewatering
during papermaking (wire and wet press part) is very
difficult, and more retention aid is required to get
higher retention of charcoal particles. Therefore, it is
required to find the optimum balance among the
ethylene gas adsorption, energy consumption for water
removal during papermaking and productivity.

The higher grammage of KOCC charcoal sheet gave

Fig. 5. Effects of specieson the ethylene gas
adsorption.

better ethylene gas adsorption efficiency (Fig. 3). In the
case of ONP sheet, the addition of oak black charcoal
also improved the adsorption of ethylene gas
significantly (Fig. 4).The oak and pine white charcoal
were pulverized and collected the 120-140 mesh
fraction to investigate the effect of particle size on the
ethylene gas adsorption performance. The
disintegrated KOCC was used to make the sheet. The
pine white charcoal gave better ethylene gas
adsorption performance than oak white charcoal (Fig.
5). The difference in gas adsorption might be due to the
change of porous structure and surface properties
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Photo 3. SEM of oak white charcoal KOCC
sheet (120-140 mesh fraction, 500x).

originated from species.

4. Conclusion

The addition of charcoal powder improved the
ethylene gas adsorption greatly whatever the charcoal
type, species, and particle size. However white
charcoal was superior to the black charcoal in the
contribution for the improvement of ethylene gas
adsorption. Smaller charcoal particle gave better
ethylene gas adsorption performance, but there are
some limitation caused by the productivity and higher
energy consumption in water removal during
papermaking. Pine charcoal gave higher ethylene gas
adsorption performance than oak charcoal. This result
might be caused by the different porous structure and
surface properties originated from species.
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