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Abstract: Walnut, pistachio and chestnut shells are wonderful precursors for activated carbon. Due to the country’s
tremendous output and consumption of the nuts, a huge amount of nut shells are produced in China every year. In this
study, activation temperature, activation time, impregnation ratio and zinc chloride activator concentration for high qual-
ity activated carbon formation are investigated experimentally by the methylene blue adsorption method. Copper ion
adsorption is also analyzed. Chestnut shell is the most suitable material for activated carbon preparation. With 357mg/
g methylene blue adsorption value, that is 2.6 times as the China’s national standard. All three types activated carbon
show the highest copper ion adsorption when the concentration of copper sulfate is SOppm, and the maximum adsorp-
tion capacity is 1.06mg/g.
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1. Introduction

According to the China Statistical Yearbook, walnut plantation area in China was 1.667million square hectares with
about 0.21 billion walnut trees, and the yield of walnut was 5 hundred thousand tons in 2006; it ranked the first in the
world". The walnut shell takes about half of the weight of the walnut; waste disposal problem are created when these
shells are thrown out. Xie et al. find that walnut shells are good raw material for activated carbon production due to the
relatively high carbon content and less ash production'.

Similar with walnut, the production of Chinese chestnut in 2009 was 1.62million tons, taking up 76.5% of world
production, ranking first in the world for decades”. Large numbers of chestnut shells have been discarded, burnt and
decomposed; polluting the environment and causing fire. Chestnut shells, containing 34.35% carbon and 6.5% ash ,
are rich renewable carbon resources. Chen et al. also reported that the chestnut shell activated by zinc chloride with
0.04~0.14cm’/g of average pore total volume and above 1500m’/g of the specific surface area. Chestnut was also a suit-
able material to produce activated carbon'".

In addition, pistachio is a kind of popular snack in China due to the rich in vitamin, fiber and mineral elements,
but low in fat and calorie. According to the Iran Daily, the Chinese have been the top pistachio consumers worldwide
with an annual consumption of 80,000 tons™. From 2005 to 2008, China produced 34,000ton, 36,000ton, 38,000ton and
40,000ton; rank the fourth of the world'”. However, there is no related research about pistachio shell activated carbon,
and this project wanted to study the potential ability for pistachio shell activated carbon production.

The above three shells are the suitable raw materials for activated carbon production. If the huge waste of these
shells have been reused, it will not only reduce the land space for landfill and the waste of resource, but also recycle the

solid waste material for environmental pollution treatment.
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2. Methodology

In the experience, the waste material walnut shell, pistachio shell and chestnut shell are chosen as the raw material,
and zinc chloride is used as activator for activated carbon production. The method is based on the Study on Preparation
on Activated Carbon from Excess Activated Sludge and its Application: the optimum preparation conditions were set by
activation temperature 550°C, time of activation 60min, concentration of ZnCl12 40%, the ratio of solid to liquid 1:2. So
the impregnation ratio gradient of material to activator has been set up: 1:1.5, 1:2, 1:2.5 and 1:3. The ZnCI2 concentra-
tion gradient was: 10%, 20%, 30% and 40%. The activation temperature was: 350°C, 450°C, 550°C, 650°C. While the
activation time gradient was: 30min, 60min, 90min and 120min. The absorbability of the activated carbon was deter-
mined by methylene blue adsorption. The method is based on the GB/T 12496.10-1999 (Test method of wooden activat-
ed carbon—determination of methylene blue adsorption).

After the suitable conditions were determined, the good adsorbed activated carbons were found, then the researcher

processed to use these kinds of activated carbons to study the copper ion adsorbed capacity.

3. Result

For the best activation temperature determination, the temperature gradient was set: 350, 450, 550 and 650°C,
while the other conditions were the same. Activation time was 60min, concentration of ZnCI2 was 40%, and the ratio of
solid to liquid was 1:2. According to this method, and for the best activation time determination, the time gradient was
set: 30, 60, 90 and 120min, while the other conditions were the same. Temperature of activation was 550°C, concentra-
tion of ZnCI2 was 40%, and the ratio of solid to liquid was 1:2. According to this method. Besides, for the best activator
concentration determination, the concentration gradient was set: 10%, 20%, 30% and 40%, while the other conditions
were the same. Temperature of activation was 550°C, time of activation was 60min, and the ratio of solid to liquid was
1:2. Yields and methylene blue adsorption influenced by impregnation ratio.

For the best impregnation ratio determination, the impregnation ratio gradient was set: 1:1.5, 1:2, 1:2.5 and 1:3,
while the other conditions were the same. Temperature of activation was 550°C, time of activation was 60min, and the
concentration of the zinc chloride was 40%.

Three types of the raw materials have been used to do the parallel tests which produce activated carbon by each
group of the condition respectively. For Type 1, the activation temperature was 550°C, activation time was 90min, acti-
vator concentration was 30% and the impregnation ratio was 1:2.5. For Type 2, the activation temperature was 450°C,
activation time was 30min, activator concentration was 40% and the impregnation ratio was 1:3. For Type 3, the acti-
vation temperature was 550°C, activation time was 60min, activator concentration was 40% and the impregnation ratio
was 1:3.

All activated carbon produced from the parallel test has used for copper ion adsorption. The best copper ion con-
centration was been found in the pretest whose copper ion concentration was set (20ppm, 50ppm and 100ppm). Under
this concentration, the copper ion adsorption by the activated carbon from the parallel test and brought from the market

have been studied

4. Discussion

The yield of the activated carbon, ranging from 41.09% to 66.85%, decreases with the increasing activation tem-
perature according to the results. The weight of activated carbon gains declined dramatically when temperature between
350 and 550°C, while it decreases slightly after 550°C. Yuan et al. (2010)7 points out that, because of the increasing
carbon loss with the raising temperature, the productivity of activated carbon decreased with the increasing temperature.
According to the previous study, pyrolytic reaction for activated carbon constituted depolymerization and polyconden-
sation reaction. The previous reactions were mainly depolymerization, decomposition and deaeration, which produced

a large number of volatile substance. With the increase of time, the volatile substances increased, so the solid material
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remain less. When most of the volatile substances have been separated, some macromolecule thermalized to micromol-
ecule even gases, and some micromolecule polymerized into macromolecule. Meanwhile, small part would go through
polycondensation. During this period, the weight would decrease slowly.

Compared to yield and different raw material, the chestnut shell base activated carbon is produced most rage
from 50.59% to 66.85%, while pistachio shell produces less in the same activation temperature range from 41.09% to
54.18%. It shows that, chestnut shell produces more activated carbon than that of walnut shell and pistachio in the same
activated condition.

The yield of the same raw material base activated carbon is no obvious change with the increasing activation time
except the activated carbon producing at 90min, which the walnut shell activated carbon ranges from 46% to 48%, pista-
chio shell of that ranges from 42%to 44% and chestnut shell ranges from 49% to 51%. Besides, chestnut shell produces
most activated carbon while pistachio produced less at the same condition. However, suddenly high yield happens when
the activation time is 90min. It may be due to some errors during the experiment that cause the high yield, or 90min is
the optimum time for shell base activated carbon production.

The result of the methylene blue adsorption indicates the best activation time for walnut, pistachio and chestnut
shell activated carbon processing is 90min, 30min and 60min respectively; and the amount of methylene blue adsorbed
is 125.02mg/g, 160.74mg/g and 178.60mg/g respectively. For walnut shell activated carbon, the methylene blue ad-
sorption starts to rise at 60min, then reaches and stays at the point of 125.02mg/g. However, for pistachio shell, it con-
tinually fells between 30 to 20min. In addition, the adsorption of chestnut shell activated carbon firstly increases and
reaches a crest at 60min, then drops to and keeps stable at the point of 125.02mg/g. The carbonized raw material have
not been activated completely and the methylene blue adsorption increased with the time increases to reached the zenith
at the previous of heating, but if the activation lasts for long time, the micro pore form by the reaction between carbon
skeleton and oxygen will become mesopore or Marco pore, as a result the specific area and the value of methylene blue
adsorption decreases.

The methylene blue adsorption built up with the increasing zinc chloride concentration, except the walnut shell has
little drop when the concentration was 40%. The optimum zinc chloride concentrations for both pistachio and chestnut
shell activated carbon are 40%, while 30% for walnut shell. It is generally accepts that, zinc chloride is a dehydrogenat-
ing agent which creates the hole by promoting the dehydrogenation and aromatization of the cellulose during the acti-
vated process. Besides, the zinc chloride can prevent the formation of tar. Thus, the pore structure will be formed after
zinc chloride has been washed away'™. The higher concentration, the more zinc chloride and the stronger function, so
larger value of the methylene blue adsorption can be observed.

However, the methylene blue adsorptions for all of them increase slowly with the increasing impregnation ratio.
The maximum adsorption for both pistachio and chestnut shell activated carbon achieve when it immersed in 1:3 zinc
chloride solution, but 1:2.5 was for Walnut shell. The influence of impregnation ratio is similar to the influence of zinc
chloride concentration, while higher ratio means more chloride in solution before the adsorption reaching the maximum

value.

5. Conclusion

Due to the results of pretreatment, chestnut shell is the most suitable material for producing activated carbon com-
pared to other shells with higher yield and the optimum methylene adsorption. According to the prior study, the best im-
pregnation ratio, the activator concentration (zinc chloride concentration), activation time and activation temperature for
walnut, pistachio and chestnut shell activated carbon is 1:2.5, 1:3, 1:3, 30%, 40%, 40%, 90min, 30min, 60min, 550°C,
450°C and 550°C respectively. Under these improved method, all methylene blue adsorptions of three types activated
carbons have exceed the first grade of the national standard, which is 135mg/g. Chestnut shell activated carbon shows
2.6 times higher adsorption capacity than the national standard. It means that these activated carbons could represent

good adsorbility for macromolecule. Certain copper ion adsorbility can be found in all activated carbons provided from
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the parallel test when the copper sulfate concentration is 50ppm, but it is lower than the commercial activated carbon.

According to the FT-IR result, both pistachio and chestnut shell activated carbons have certain functional groups such as

C=0 and C-O-C, contributing to the adsorption capicity. However, to improve the copper ion adsorption, further study

is needed such as activated carbon modification by some special chemicals.
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