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ABSTRAK

Cecair petroleum gas (LPG) digunakan untuk peralatan pemanasan dan juga
untuk kenderaan. Pada masa kini, penggunaan LPG sebagai bahan api alternatif untuk
kenderaan adalah meluas. Akan tetapi, terdapat beberapa masalah yang timbul apabila
menggunakan LPG pada kenderaan. Oleh itu, penyerap carbon digunakan di dalam
tangki LPG untuk menambah muatannya. Di dalam projek ini, laporan memfokuskan
tentang pembangunan dan persediaan penyerap carbon dengan menggunakan kaedah
yang baru dan dibandingkan dengan kaedah yang sebelumnya. Kaedah yang baru tidak
menggunakan sebarang gas dalam pembakaran kerana kosnya yang mahal. Oleh itu hasil
keputusan daripada kaedah yang baru akan menentukan samada prestasi penyerap
carbon adalah lebih efisien atau tidak serta menjimatkan apabila diaplikasikan dalam
tangki LPG. Malangnya, keputusan yang diperolehi menunjukan kaedah yang lama lebih
baik dalam penghasilan penyerap karbon berbanding kaedah yang baru. Oleh yang
demikian, kaedah yang lebih baik perlu digunakan untuk menghasilkan penyerap karbon

yang baik dan cara penyediaanya ringkas lagi menjimatkan.



vi

ABSTRACT

Liquefied Petroleum Gas (LPG) is used as a fuel in heating appliances and
vehicles as well. Nowadays, the use of LPG as an alternative fuels for vehicles are
widely. But somehow, there are several problems arised when applying the LPG for
vehicles. So, in order to overcome such problems, the carbon adsorbent is being used in
LPG tank for increasing the storage capacity. In this project, the report is more focuses
on development and preparation of carbon adsorbent by using the new method compare
to the current method by the current research. The result will determine the performance
of carbon adsorbent in LPG tank of which method is more efficient and more saving
when applied to LPG tank. The new method is not using any gas in the process as it is
costly. Therefore, the performance of carbon adsorbent can be obtained after the results.
Unfortunately, results had shown that the current method performed better in producing
carbon adsorbent compared to the new one. For the recommendation, it is suggested that

a better, simple and more saving method have to be applied.
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CHAPTER 1

INTRODUCTION

Carbon adsorbent is also known as activated carbon. The active carbon is a
material with an exceptionally high surface area. One gram of activated carbon has a
surface area of approximately 500 m’, typically determined by nitrogen gas adsorption,

and includes a large amount of microporosity.

The active carbon can be produced in different process from a variety of
carbonaceous source materials such as coconut shells, coal, walnut shell, palm date pits,
nutshell and oil palm shell. The two different processes include physical reactivation and

chemical activation.

Normally, the activated carbon is used in gas purification, metal extraction, water
purification, medicine, sewage treatment, air filters in gas masks and filter masks, filters

in compressed air and many other applications.



1.1 Background research

In order to reduce air pollution, many countries had used LPG as an alternative
way replacing natural gas and petrol as a fuel in their vehicles. The use of LPG is more
economic because it is simply to prepare and easy to use as the LPG is not using the

high pressure tank compared to natural gas.

Many researches are being done to improve the use of LPG in the automotive
industry. One of the current researches is to develop LPG and methane gas storage as the
alternative fuels for vehicles based upon the carbon adsorbent. Carbon adsorbent or
active carbon is used as a gas storage media for LPG is an alternative way to overcome
the disadvantages of pressurized vessel such as high pressure flammable gas content,

dimension of gas tank and other dangerous aspects.

The current research of using the carbon adsorbent in LPG is successfully worked
as the carbon adsorbent has a potential to adsorb the gas based on its characteristics. For
this project, the objective is to develop and prepare a carbon adsorbent that can be used
in LPG tank for increasing the storage capacity. In terms of that, different techniques
and preparation procedures are being used to investigate the effects on the pore
structures development on carbon because it is important in gas adsorption and

desorption processes.
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1.3 Problem Analysis

Liquefied petroleum gas (LPG) is used to replace the petrol because of the fuel
cost is rapidly increase nowadays. Using LPG as a fuel for vehicles give more
advantages than the others fuel. This is because the LPG is more economic and is not

using high pressure tank.

In application for the vehicles, a small tank for LPG storage with high capacity is
needed. In order to increase the storage capacity in small LPG tank, carbon adsorbent is
used. Carbon adsorbent has a potential to adsorb LPG due to its characteristics. Carbon
adsorbent was prepared by the process of carbonization and activation on previous

research.

Even the process is capable to produce carbon adsorbent in high adsorption
capacity; the process is occurs in high temperature and using N, and CO, gas. Heating at
high temperature take a long time to get the product and the use of N, and CO, gas have

to be control to obtain the specific flow rate and CO; is costly.



1.4

Scope

Objective
e To develop and prepare a carbon adsorbent that can be used in LPG tank for

increasing the storage capacity.

Scopes
¢ Design and develop an experimental rig for preparing carbon adsorbent
¢ Design and develop an experimental rig for testing carbon adsorbent in LPG tank

e Determine the performance of a carbon adsorbent in LPG tank



CHAPTER 2

LITERATURE REVIEW

2.1 Activated carbon

Carbon adsorbent is also known as activated carbon. The activated carbon is a
material with an exceptionally high surface area. One gram of activated carbon has a
surface area of approximately 500 m’, typically determined by nitrogen gas adsorption,

and includes a large amount of microporosity.

Figure 2.1 Activated carbon

Figure 2.2 Close up of sample activated carbon

(Source: www.wikipedia.com)



http://en.wikipedia.org/wiki/Image:Aktivkohlerp.jpg
http://www.wikipedia.com/

2.2 Source material

The activated carbon can be produced in different process from a variety of
carbonaceous source materials. The potential natural precursors for carbon adsorbents

include coconut shells, coal, walnut shell, palm date pits, nutshell and oil palm shell.

2.3 Production

There are two different processes in producing the activated carbon. It can be
produced using one of the two following processes:

1. Physical reactivation: The precursor is developed into activated carbons using
gases. This is generally done by using one or combining the following processes:

e Carbonization: material with carbon content is pyrolysed at temperatures
in the range 600-900°C, in absence of air (usually in inert atmosphere
with gases like nitrogen)

e Activation/oxidation: raw material or carbonized material is exposed to
oxidizing atmospheres (carbon dioxide, oxygen, or steam) at temperature
above 250°C, usually in the temperature range 600-1200°C.

2. Chemical activation: Impregnation with chemicals such as acids like phosphoric
acid or bases like potassium hydroxide, sodium hydroxide or salts like zinc
chloride, followed by carbonization at temperatures in the range 450-900°C. It is
believed that the carbonization / activation step proceeds simultaneously with the
chemical activation. This technique can be problematic in some cases because,
for example, zinc trace residues may remain in the end product. However,
chemical activation is preferred over physical activation owing to the lower

temperatures and shorter time needed for activating material.



Carbonization

Figure 2.4 Activated coconut

(source:www.wikipedia.com)
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2.4 Classifications

Activated carbons are complex products which are difficult to classify on the basis
of their behavior, surface characteristics and preparation methods. However, some broad

classification is made for general purpose based on their physical characteristics.

2.4.1 Powdered activated carbon (PAC)

PAC is made up of crushed or ground carbon particles, 95-100% of which will
pass through a designated mesh sieve or sieve. The size of this form is less than 1.0mm
with average diameter 0.15 and 0.25mm thus they present a large internal surface with a
small diffusion distance. Commonly, the PAC is not used in a dedicated vessel, owing to
the high head loss that would occur. PAC is generally added directly to other process

units, such as raw water intakes clarifiers and gravity filters.

Figure 2.6 PAC

(source: www.wikipedia.com)

2.4.2 Granulated activated carbon (GAC)

This form of activated carbon has a relatively larger particle size than the
powdered activated carbon. These carbons are preferred for all adsorption of gases and
vapors as their rate of diffusion are faster and presents a smaller external surface. GAC

are used for water treatment, deodorization and separation of components of flow system.


http://www.wikipedia.com/
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Figure 2.7 GAC

(source: www.wikipedia.com)

2.4.3 Pelleted activated carbon

It is consists of extruded and cylindrical shaped activated carbon with diameters
from 0.8 to Smm. factors that it mainly used for gas applications are of their low

pressure drop, high mechanical strength and low dust content.

2.4.4 Impregnated carbon

Porous carbon containing several types of inorganic impregnate such as iodine,
silver, cation such as Al, Mn, Zn, Fe, Li, Ca have also been prepared for specific
application in air pollution control especially in museums and galleries. Silver loaded
activated carbon is used as an adsorbent for purifications of domestic water.

Impregnated carbons are also used for the adsorption of H,S and mercaptans.

2.4.5 Polymers coated carbon

Polymers coated carbon is a porous carbon that is coated with biocompatible
polymer to give a smooth and permeable coat without blocking the pores. This carbon is
useful for hemoperfusion treatment technique in which large volumes of the patient’s
blood are passed over an absorbent substance in order to remove toxic substances from

the blood.


http://www.wikipedia.com/
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2.5 Characteristic of activated carbon

The main important characteristic of carbon adsorbent is its high porosity.
Generally, its physical characterization is more important than chemical characterization.
The microporous structure of the carbon adsorbent can be characterized by standardized
techniques. The most important physical characteristics include pore volume, pore size

distribution, and surface area.

The surface area of a sorbent can be determined by BET method. Adsorption data
for nitrogen at the liquid N, temperature, 77K are usually used in the method. The
Brunaur-Emmett-Teller (BET) equation is used to calculate the amount of N, for

monolayer coverage.

In characterizing the pore volume, both total pore volume and its distribution over
the pore diameter are needed. The total pore volume is usually determined by helium
and mercury densities or displacements. Helium is used because of its small atomic size
and negligible adsorption gives the total voids whereas mercury does not penetrate into

the pores at ambient pressure and gives interparticle voids.

2.6 Surface properties for adsorption

The unique surface property of activated carbon is that its surface is nonpolar or
only slightly polar as a result of surface oxide groups and inorganic impurities. This
unique property gives activated carbon the following advantages:

1. It is the only commercial sorbent used to perform separation and purification
processes without requiring prior stringent moisture removal such as is needed in
air purification. (It is also useful in aqueous process).

2. Because of its large accessible internal surface, it adsorbs more nonpolar and
weakly polar organic molecules than other sorbents do. For example, the amount
of methane adsorbed by activated carbon at 1 atmosphere (atm) and room
temperature is approximately twice that adsorbed by an equal weight of

molecular sieve 5A.
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3. The heat of adsorption or bond strength is generally lower on activated carbon
than on other sorbents. Consequently, stripping of the adsorbed molecules is

easier and results in lower energy requirements for regeneration of the sorbent.

Figure 2.8 Close up of carbon surface and pores magnification increases left to right

(source: www.wikipedia.com)

2.7 Description of Production process

Active carbon is mainly exclusive prepared by the pyrolysis of carbonaceous raw
material at temperature lower than 1000°C. The preparation involves two main steps:
carbonization of the raw material at temperatures below 800°C in an inert atmosphere,
and activation of the carbonized product between 950 and 1000°C. All carbonaceous
materials can be converted into active carbon although the properties of the final product
will be different, depending upon the nature of the raw material used, the nature of the

activating agent and the conditions of activation process.

During carbonization most of the noncarbon elements such as oxygen, hydrogen,
nitrogen and sulfur are eliminated as volatile gaseous products by the pyrolytic
decomposition of the source raw material. The residual elementary carbon atoms group
themselves into stacks of aromatic sheets cross-linked in a random manner. The mutual
arrangement of these aromatic sheets is irregular and therefore leaves free interstices
between the sheets which may become filled with the tarry matter or the products of
decomposition or at least blocked partially by disorganized carbon. These interstices

give rise to pores that make active carbons excellent adsorbents.


http://www.wikipedia.com/
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The char produced after carbonization does not have a high adsorption capacity
because of its less developed pore structure. This pore structure is further enhanced
during the activation process when the spaces between the aromatic sheets are cleared of
various carbonaceous compounds and disorganized carbon. The activation process
converts the carbonized char into a form that contains the largest possible number of
randomly distributed pores of various shapes and sizes, giving rise to a product with an

extended and extremely high surface area.

2.8 Adsorption process

Due to the unsaturated and unbalanced forces, the solid of carbon has tendency to
attract and retain on its surface molecules and ions of other substances with which it
comes into contact. Thus, when the solid surface comes in contact with a gas or a liquid,
the concentration of the gas or liquid is always greater on the surface of the solid than in
the bulk gas or liquid phase. The process by which this surface excess is created is called
adsorption. The balance of the forces is partially restored by the adsorption of the gas or
the liquid on the surface of the to which it is attached is known as the adsorbent. The
adsorption capacity is determined mainly by the dispersion component of the van der

Walls forces.

Depending upon the nature of the forces involved, the adsorption is of two types:
physical or van der Walls adsorption, and chemisorption or chemical adsorption. In the
case of physical adsorption, the adsorbate is bound to the surface by relatively weak van
der Walls forces identical with molecular forces of cohesion that are involved in the
condensation of vapors into liquids. Chemisorption, on the other hand, involves
exchange or sharing of electrons between the adsorbate molecules and the surface of the
adsorbent, resulting in a chemical reaction. The bond formed between the adsorbate is
essentially a chemical bond and is thus much stronger than physical adsorption. Other
types of adsorption that takes place in a given adsorbate-adsorbate system depends on
the nature of the adsorbate, the nature of the adsorbent, the reactivity of the surface, the

surface area of the adsorbate and the temperature and pressure of adsorption.
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Adsorption efficiency decreases over time and eventually activated carbon will
need to be replaced or reactivated. Isotherms are empirical relations which are used to
predict how much solute can be adsorbed by activated carbon. The most well known
isotherms are the Freundlich, Langmuir, Frumkin and BET. Below is a purely empirical
formula valid for gaseous adsorbates of the first isotherm due to the Freundlich and

Kiister (1894):

=kxPn

3 [ <

Where,

X = adsorbed quantity

m = mass of adsorbent

P = pressure of adsorbate
k,n = emperical constants
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2.9 Liquefied Petroleum Gas (LPG)

LPG or LP Gas is the abbreviation of Liquefied Petroleum Gas. This group of
products includes saturated Hydrocarbons - Propane (CsHg) and Butane (C4H,¢), which
can be stored or transported separately or as a mixture. They exist as gases at normal

room temperature and atmospheric pressure.

It is called Liquefied Petroleum Gas because these gases liquefy under moderate
pressure. They liquefy at moderate pressures, readily vaporizing upon release of pressure.
It is this property that permits transportation of and storage of LP Gas in concentrated

liquid form.

LPG comes from two sources. It can be obtained from the refining of crude oil.
When produced this way it is generally in pressurized form. LPG is also extracted from
natural gas or crude oil streams coming from underground reservoirs. 60% of LPG in the
world today is produced this way whereas 40% of LPG is extracted from refining of

crude oil.

Ideally products referred to as "propane" and "butane" consist very largely of these
saturated hydrocarbons; but during the process of extraction/production certain
allowable unsaturated hydrocarbons like ethylene, propylene, butylenes etc. may be
included in the mixture along with pure propane and butane. The presence of these in
moderate amounts would not affect LPG in terms of combustion but may affect other

properties slightly (such as corrosiveness or gum formation).

Figure 2.9 LPG cylinder tank

The characteristics of LPG are as follows:



The characteristics of LPG are as follows:

e Itis colorless and cannot be seen

e Itis odorless. Hence LPG is odorized by adding an odorant prior to supply to the
user, to aid the detection of any leaks.

e It is slightly heavier than air and hence if there is a leak it flows to lower lying
areas.

e In liquid form, its density is half that of water and hence it floats initially before
it is vaporized.

e [t is non-toxic but can cause asphyxiation in very high concentrations in air.

LPG expands upon release and 1 liter of liquid will form approximately 250 liters

of vapor.

LPG is used as a fuel for domestic (cooking), industrial, horticultural, agricultural,
heating and drying processes. LPG can be used as an automotive fuel or as a propellant
for aerosols, in addition to other specialist applications. LPG can also be used to provide

lighting through the use of pressure lanterns.

The advantages of LPG are as follows

e Because of its relatively fewer components, it is easy to achieve the correct fuel
to air mix ratio that allows the complete combustion of the product. This gives
LPG its clean burning characteristics.

o Both Propane and Butane are easily liquefied and stored in pressure containers.
These properties make the fuel highly portable, and hence, can be easily
transported in cylinders or tanks to end-users.

e LPG is a good substitute for petrol in spark ignition engines. Its clean burning
properties, in a properly tuned engine, give reduced exhaust emissions, extended
lubricant and spark plug life.

e As a replacement for aerosol propellants and refrigerants, LPG provides
alternatives to fluorocarbons, which are known to cause deterioration of the

earth's ozone layer.

16
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The clean burning properties and portability of LPG provide a substitute for
traditional fuels such as wood, coal, and other organic matter. This provides a solution to
de-forestation and the reduction of particulate matter in the atmosphere (haze), caused

by burning the traditional fuels.

Table 2.1 The properties of LPG (Source: e-Ipg.com)

Property Units COMMETTE | CRmmErt! Mixture 50% each
Propane Butane

Specific gravity of
Liquid at 15 deg C 0.504 0.582 0.543
(Water=1)
Specific gravity of
Vapor at 15 deg 1.5 2.01 1.75
C(Air=1)

Vapor pressure at 38 Kg/sg.cm 13.8 26 8.0
deg C ' ' .

Boiling point at atm Deg C 42 9 +910-42
pressure
Ignition temperature in  Deg C
air
Latent Heat of Btu/lb
Vaporization

495-605 480-535 480-605

184 167 175
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2.10 Review from current research

The current research focuses on the experimental investigation of carbon adsorbent
produced from oil shell as a raw material. These carbon materials can be used for
catalyst supports and adsorbents because of its prominent characteristics such as high
surface area, relatively uniform pore size, ordered pore structure and good thermal and

mechanical stabilities.

The use of oil palm shell as a carbon feed stacks gives more advantages include
high density, availability as renewable resources, low cost, low ash content and capable

of producing activated carbon of high adsorption capacity.

Next, the research had been proceeded to develop a liquefied petroleum gas (LPG)
and methane gas storage media for vehicles based upon the carbon adsorbents. The
purpose of using the carbon adsorbent as a gas storage media for LPG methane gas are
as an alternative way to overcome the disadvantages of pressurized vessel such as high

pressure flammable gas content, dimension of gas tank and other dangerous aspects.

2.11 Preparation of carbon adsorbent in previous research

In order to prepare carbon adsorbent, the apparatus are consisted of a reactor, tube

furnace, suction blower and some accessories.

First of all, the oil palm shells were crushed and sieved into a size of 250-450 um
separately. About 40g of each formed particles were fed in the reactor. The char was
prepared at 10°C/min of the heating rate in between 300°C up to 800°C and was

maintained for 60 minutes in 1.51 I/min of N, flow.

Next is to prepare activated carbon from the char products by using the
carbonization and activation process. These process is carried out in a laboratory scale,
single step fixed bed reactor which blanketed by tube furnace where the pyrolysis
process take place. Nitrogen gas is used to obtain an inert atmosphere in the reactor and

CO; gas is used to activate the sample. A suction blower is used to remove volatile
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matter as well as other gases during the process. Optimization of the activated carbon
can be achieved by varies peak temperature, heating rate and residential time of the
sample. For application, a carbon adsorbent test bed is used to observe the adsorptive

and desorptive capacity of hydrocarbon gas at carbon adsorbent.

Temperature for carbonization and activation process can affect the initial porosity
development of char characterization results. Previous result indicates that more
volatiles matters were released due to the weight changes and new microporosities have
been developed at higher temperature. The higher activation temperature, the greater
surface area of resultant activated carbon and this can increase the ability to adsorb more

LPG gas.
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CHAPTER 3

METHODOLOGY

3.0 Introduction

Methodology is defined as the analysis of the principles of methods, rules and
postulates employed by a discipline. It is also defined as a particular procedure or set of
procedures that refers to more than a simple set of methods. In this project, the

methodology is includes of the following flow chart below:

Collecting information

v
Design concept

v
Selecting materials

v
Design and fabrication

A 4

Testing

v

Problem analysis and
solution

Figure 3.1 Methodology chart
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3.1 Collecting information

All the information about the production and adsorption process of activated
carbon has been searched from internet and books. The information is important to guide

in designing the new method of producing the activated carbon.

3.2 Design

Design an experimental rig for preparing and testing carbon adsorbent in LPG tank
for fabrication process and comparison on current method of production activated

carbon thus to determine the performance of a carbon adsorbent are needed.

3.2.1 Design Concept

The current method of producing carbon adsorbent is done by using the
carbonization and activation process. Material with carbon content is pyrolysed at high
temperatures and use N, and CO;, gas to obtain an inert atmosphere and activate it
respectively. However, the process of heating material to high temperature take a long
time as well as to cool it down to get the product. Meanwhile, the use of N, and CO,

gas is costly.

In order to avoid the use of N, and CO, gas and heating on high temperature, the
new method has been designed to compare with the current method. The new method is
using a compression concept where it does not use any N, and CO, gas on high

temperatures when pyrolysis process occurs.

Theoretically, whenever compression process is occurred it will subject to the high
pressure. The high pressure will cause the temperature inside the reactor increase due to
the Pressure’s Law principle. Pressure’s Law related to pressure versus temperature

whereas it is proportional when the volume of gases are constant.
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Figure 3.2 Current designs for conventional method
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<4—— Top part

E Sieve 1

_____ Sieve 2

Tube furnace ——p

< Reactor

Plate

A

Hydraulic
jack

Figure 3.3 New designs for compression method

3.2.2 Part of design

Top part is designed as to allow the compression process. The parts of top include
the top itself and the sieve 1. Arrow shown in figure 3.4 below is the part where sieve 1

covered with sieve plate located.

<+— Ton fixed

< Sieve 1

ﬁ Sieve Sieve plate

with pores

Figure 3.4 Concept design of top part



24

Reactor is the part where pyrolysis process occurs. This part includes of body of
reactor, sieve 2 and plate at the end of reactor as shown in figure above. Plate at the end
of reactor is designed to allow hydraulic jack to push up the reactor body as to make it

compress and touch the top part.

<«——Reactor

———————— «—— Sieve 2

Plate

ﬁ Plate to allow jack
push up the reactor

A

Figure 3.5 Concept design of reactor

3.3 Design and fabrication

Before fabrication process, the previous size of reactor and furnace tube has been
measured as a reference to make a new design. Solid work software is used to design all

the parts. All the designs for compression method are shown by figures below.
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Figure 3.10 Sieve is located below top part surface

Figure 3.11 Sieve is located inside the reactor

3.4 Selecting material

Material from stainless steel is used for reactor and the sieve is also made from
stainless steel. These types of material have been choose because it has high thermal

conductivity and appropriate for process involving high temperature.

3.5 Testing

Testing process was done and the result has been achieved and comparison
between previous method and present method can be obtained. All the preparation to

produce carbon adsorbent is as below:
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3.5.1 Experimental rig for preparing carbon adsorbent

In this project, there are 2 methods of experimental rig for preparing carbon
adsorbent. One of the methods used the old design and another one method used the new

design of reactor. Both of the design is using different techniques.

3.5.2 Preparation of Carbon Adsorbent Using the Conventional Method

The first stage is preparing the samples of oil palm shell. Oil palm shells are
crushed and sieved into a size of 250-425 um separately. The granular formed are being
used. About 50 g of the samples were fed into the reactor. Next is to prepare the carbon

adsorbent from oil palm shell using below experimental rig.

Figure 3.12 Sieve of size 250-425 pum

Figure 3.13 Sample of granular



Figure 3.14 Sample of particles

Figure 3.15 Sample of powder

The experimental rig for preparing carbon adsorbent consists of:
Reactor (current design)

Tube furnace and heater

Suction blower

Nitrogen and carbon gas tank

Control meter of gas flow rate

Other accessories

Cylinder test bed

LPG tank

® NS kWD =
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Figure 3.16 Current design of reactor

Figure 3.17 Suction blower

Figure 3.18 Nitrogen and carbon dioxide gas tank
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Figure 3.19 Control meter of gas flow rate

The procedures of preparing the carbon adsorbent are as below:

1.
2.
3.

About 50 g of sample were fed into the reactor.

The furnace and suction blower is switched on.

The nitrogen gas tank is opened into 200 bars and the flow rate of N is
adjusted at 1.5 I/min.

Furnace is being set for 700°C at 10°C/min of heating rate.

N, was injected to the reactor for an hour. After an hour, N, was maintained
at 700°C of temperature and the flow is closed after 60 minutes.

Next, the carbon dioxide tank was opened into 7500 bars and the flow rate
of CO;, is adjusted at 0.4 I/min.

CO;, was injected to the reactor for an hour. Then, the gas is maintained at
correspond temperature and the flow is closed after 60 minutes.

The temperature is turned to 30°C and the sample is being cooled.

Finally, the sample is being weighed.
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Figure 3.20 Process of using the conventional method

Figure 3.21 Sample is being weighed

3.5.3 Preparation of Carbon Adsorbent Using the Compression Method

In this method, the carbon adsorbent was prepared without using both nitrogen and

carbon dioxide gases. As was mentioned before, this method is using the compression

concept. The granular formed are also being used and about 50 g of the samples were

fed into the reactor. Next is to prepare the carbon adsorbent from oil palm shell by using

below experimental rig.

The experimental rig for preparing carbon adsorbent consists of:

1.

2
3.
4

Reactor (new design) 5. Force gauge
Tube furnace and heater 6. Other accessories
Suction blower

Hydraulic jack
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Figure 3.22 New design of reactor

Figure 3.23 Hydraulic jack

Figure 3.24 Top plate

The procedures of preparing the carbon adsorbent in this method are as below:

1. About 50 g of sample were fed into the reactor.

2. Reactor is admitted into the tube furnace and by using the hydraulic jack; its
position has to be made sure at a middle of furnace and the top part is contact
to the plate.

3. The force gauge is located between the jack and reactor. Reading at initial

state is being taken.
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The furnace and suction blower is switched on.

The temperature of furnace is set at 300°C and the process was maintained
for 2 hours after the temperature has been reached.

The temperature is turned to 30°C and the sample is being cooled.

Finally, the sample is being weighed.

If the top part is no longer contact to the plate due to the weight reduction of
sample, jack must be lifted until the top part hit the surface of the plate in
order to let it compress the sample. Readings of force are being taken.

The experiment is being repeated with 400°C and 500°C of temperatures.

Figure 3.25 Process using compression method

Figure 3.26 Top view of the process using compression method
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Figure 3.27 Location of force gauge

3.5.4 Preparation of Testing the Performance of Carbon Adsorbent in LPG tank

After preparing the carbon adsorbent with both methods, all the samples are being
tested by using Cylindrical Test Bed (CBT) to determine the its adsorption and
desorption capacities using the gravimetric method when introduced by a certain gas.
The device in this experiment consists of:

1. Cylinder with 30 mm inner diameter and 150 mm length

2. Pressure gauge, which is attached to the cylinder
3. Digital balance in the range of 0.0 — 3000.0 grams
4. Vacuum generator to vacuum the cylinder

5. Gas feeder which is LPG

The first step undertaken was to determine the amount of gas in the empty cylinder
by weighing the cylinder before and after feeding the gas. Next was to fill the cylinder
with carbon adsorbent (sample of 300°C, 400°C, 500°C and 700°C), and to determine
the amount of gas adsorbed in the carbon adsorbent by weighing the cylinder before and
after feeding the gas. In this experiment, the LPG was feed into the cylinder at 2 bar

(gauge) and 24.8°C (air conditioned room temperature) condition.
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Figure 3.28 Cylindrical test bed on the digital balance

Figure 3.29 LPG’s tank that used in adsorption test

3.6 Problem analysis and solution

In this project, there are many possibilities had been identified.. The possibilities of
the project are as below:
1. The compression method is not efficient
2. New design is not suitable

3. Possible to generate any gases when heating process such as oxygen (O,)

Solutions for the problems above is to well prepared the experimental rig for this

project and make some adjustment on the design until a satisfy result is achieved.
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CHAPTER 4

RESULTS AND DATA ANALYSIS

4.1 Experiment 1: Preparing the Carbon Adsorbent Using Conventional Method

The table 4.1 below showed the weight of samples after the pyrolysis process at
temperature of 700°C with used of nitrogen and carbon dioxide gases. The process is
being repeated with 5 samples in a same weight which is 50 g. It is noticed that, after the
process all the samples had experience in weight reduction. All samples had almost
similar weight change rate except for sample 1 that might be less much caused of the
increasing of pressure gas supplied to it eventually, thus had rejected the sample

outwards reactor and left insufficient amount.

Table 4.1: Weight of samples at 700°C after pyrolysis process

SAMPLE | TEMPERATURE (°C) WEIGHT (g)
1 700 5.57
2 700 14.18
3 700 13.30
4 700 13.27
5 700 14.28

Figure 4.1 below has shown the graph of weight changes for all samples before
and after the process. The weight changes after the pyrolysis process indicates that when
temperature is high, the weight loss will be increase due to the most of the volatile

matters in sample.
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Figure 4.1 Graph of weight changes for samples in conventional method
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4.2 Experiment 2: Preparing the Carbon Adsorbent Using Compression Method

Table 4.2 below showed the weight and the force of the samples at different

temperature which is 300°C, 400°C and 500°C. In this experiment, no gases had been

supplied and the process is using the compression concept. From the analysis, at 300°C

of temperature has 1.1 N forces applied thus produce 23.4 g from 50 g of carbon

adsorbent. Different for temperature at 400°C and 500°C which has more force applied

with 1.6 N and 1.95 N respectively. At temperature of 500°C had experience much in

weight reduction compared to others two. This mean that at high temperature, more

force is applied due to the reduction of weight sample.

Table 4.2: Weight and Force of samples at different temperature

SAMPLE | TEMPERATURE | MAXIMUM | WEIGHT (g)
(°C) FORCE (N)
1 300 1.10 23.4
2 400 1.60 17.7
3 500 1.95 15.5
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Figure 4.2 (a) is a graph of force against the temperature. The temperature at
500°C has higher force applied. Next is at temperature of 400°C with force applied 1.6
N and the lowest is at 300°C with 1.1 N value of force. This indicates that the force will

be increase whenever the temperature is greater.

2,5
1,95
2 9
1,6
Z 151
§ 1,1
L o1 ——
0,5 1
0
300 400 500
Temperature (°C)

Figure 4.2 (a) Graph of force against the temperature in compression method

Figure 4.2 (b) is a graph of weight samples against the temperature after the
process occur. The highest weight remains after the process was at 300°C with 23.4 g
while the lowest weight remains after the process was at 500°C. This means that, less

temperature will burn off fewer samples thus remain more amount of carbon adsorbent.
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Figure 4.2(b) Graph of weight against temperature in compression method
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Figure 4.2 (¢) is a graph of weight changes at different temperature. In this process,

weight loss will be increase at higher temperature as shown in the graph below. At

temperature of 500°C, the weight of sample experience more weight loss after the

process. This is happen due to the method used as the process is not using the nitrogen

gas to obtain an inert atmosphere in reactor. Without the gas, the burning process will

occur and therefore more samples will be burn off and remain less weight.
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Figure 4.2 (¢) Graph of weight changes at different temperature in compression method

4.3 Experiment 3: Testing the Performance of Carbon Adsorbent in LPG tank

Table 4.3 showed the weight of gas adsorbed for various sample due to the
different temperature. At temperature of 300°C, gas had adsorbed by carbon adsorbent
with 0.5 g at room temperature of 24.8°C. While for the sample of 400°C, the gas had
been adsorbed with 0.7 g at the same temperature of sample 300°C. By increasingly of
the temperature sample in this process, the gas adsorbed had been increased either. This
has been improved when the carbon adsorbent is processed at temperature of 500°C and

700°C where the weight of gas adsorbed for both sample are 1.0 g and 1.8 g respectively.
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Table 4.3: Weight of gas adsorbed for various sample due to the different temperature

SAMPLE ROOM WEIGHT | WEIGHT of | WEIGHT of
(°C) | TEMPERATURE of CYLINDER GAS
(°C) SAMPLE | CONTAINED| ADSORBED
o) SAMPLE
AND GAS (g)
300 24.8 10.3 963.9 0.5
400 24.8 10.3 963.8 0.7
500 245 10.8 964.6 1.0
700 27.0 10.2 964.8 1.8

Weight of empty cylinder: 952.8 g

Weight of cylinder after feeding gas with maximum pressure of 2 bars: 955.2 g
Weight of feeding maximum gas: 955.2 g—952.8g=24¢

Weight of gas adsorbed = (Weight of cylinder with sample and gas) — (Weight of

cylinder with sample)

For example;

Weight of cylinder with sample of 500°C and gas = 964.6 g

Weight of cylinder with sample of 500°C =952.8 g+ 10.8 g=963.6 g
Weight of gas adsorbed =964.6 g—963.6 g=1.0g

Figure 4.3 (a) below is a result of adsorption process for the samples of both
method. From this figure, the graph showed that, the highest of weight gas adsorbed for
compression method is at the higher temperature which is 500°C in this case. But for the
temperature at 300°C, the weight of gas adsorbed is less than the highest temperature.
For the bar of conventional method which is at 700°C, gas is adsorbed with 1.8 g which
is the highest weight of gas adsorbed among the method used. This indicates that, the

higher temperature of the process the more gas will be adsorbed.
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Figure 4.3 (a) Graph of weight for gas adsorbed against different temperatures.

Figure 4.3 (b) below shown the graph of weight change for all samples either in
pyrolysis or compression process. From this figure, the highest of weight loss is at
700°C of temperature which is from pyrolysis process. In the other hand, weight that
remains after that process is less for 14.28 g. While the lowest weight loss in this graph
is at 300°C which is remain the weight of the sample with 23.4 g. In this case, the
process is using the compression method. Even the sample had less weight loss compare
to the others, another comparison can be made between the highest temperatures in

different methods.

From the pyrolysis process, the temperature at 700°C has weight of sample with
14.28 g compared to the temperature at 500°C from different process which has 15.5 g.
Even the weight loss at 700°C is more than at 500°C; the value has not much different. It
is predicted that if the temperature of sample from compression method will be extend
the weight loss also will be higher same as or greater than the sample from pyrolysis
process. This is because more samples will be burn off caused of no nitrogen gas to

control the burning and thus the weight loss rapidly.
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CHAPTER 5

DISCUSSIONS

From this experimental result, both of conventional method (pyrolysis process) and
compression method are being compared. There are lots of different between these two
methods either from the design and preparation of the carbon adsorbent or the results

that had been achieved.

The conventional method that involves the pyrolysis process has used the nitrogen
and carbon dioxide gas as the catalyst of the process. Nitrogen gas is used to obtain an
inert atmosphere in reactor. The reaction between the nitrogen and the sample mostly
carbon will prevent from exists of an oxygen gas thus to encourage burning process.
This might cause the weight loss of the sample of carbon adsorbent. Besides, the carbon
dioxide is used to activate the sample. Although the catalysts assist in the process,

sometimes it is hardly to control the flow and the gas is quite costly.

In this process the char was prepared at 700°C. In the case of high temperature, the
weight loss will be increased due to the burning of volatile matter that produces ash.
Even the carbon adsorbent are prepared at high temperature, the characteristic of the
carbon adsorbent will be greater. Carbon adsorbent will adsorb more gas at high
temperature. This thing happens due to the new microporosities have been developed as

more volatile matters were released.

The next method of preparing carbon adsorbent is the compression method. This
method is simply prepared because it is not using any gases. The concept is to compress
the sample along the process with differences temperature. As the first method, this
method also experiences weight loss of carbon adsorbent. As well as the method was

prepared at high temperature, more burning process will occur. It is observed that
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flaming is occurred during burning of carbon adsorbent at temperature of 500°C (see
figure 5.1). This thing happens due to no gases supplied to control the burning as what
the first method did. Moreover, weight loss in this method will be increase. More force
also will be applied so that the samples keep compressed. It is noticed that, the carbon
adsorbent produced in this process were also adsorb more gas at high temperature. At
high temperature, the carbon adsorbent will develop more pores thus it has capability to

adsorb more gases.

Furthermore, it is observed that the ambient temperature of surroundings is one of
the factors that influence the rate of adsorption process. The lower the temperature, the
greater gas is being adsorbed. The performance of carbon adsorbent in adsorption
process can be determined by testing large amount of carbon adsorbent in cylindrical test
bed so that the weight of gas adsorbed is clearly identified. The use of digital balance to

weight the gas is less precise and cause the results of testing was not appropriate.

Figure 5.1 Flaming occurred at temperature 500°C by using the compression method
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CHAPTER 6

CONCLUSION

Basically in this project, the process of preparing a carbon adsorbent has been
achieved. The performance of carbon adsorbent can be identified through its preparation.
There are two process of preparing carbon adsorbent in this project which is using the

conventional method and the compression method.

The conventional method is the method that involves the pyrolysis process by
using the nitrogen and carbon dioxide gases. This method was prepared the char at
higher temperature which is at 700°C. While the compression method is simply
prepared without uses any gases. This method was prepared at differences temperature
which is at 300°C, 400°C and 500°C. From the results of preparing carbon adsorbent
with both methods, it shows that greater adsorption gas is contributed by the adsorbent
that was prepared at higher temperature. This means that carbon adsorbent was
adsorbed more gases at 700°C of conventional method and at 500°C of compression
method. This is happens because of more pores have been developed and encouraged the

adsorption gas.

Even both process were successfully prepare the effective carbon adsorbent, results
show that the conventional method is better than the compression method. This is
because more gas has been adsorbed by the carbon adsorbent prepared from the
conventional method. Moreover, the char that was prepared by conventional method is
better than the other method. The particles are also looking finer and smoother. This
might be caused of the process that has been control by the gases. In order to achieve the
greater adsorption of gas, the temperature in compression method has to be extended.

Somehow, the sample was burning off badly at temperature of 500°C and it is
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unpredictable to observe what will happen if the temperature being extended. So as a
conclusion, the conventional method is being preferred to produce the carbon adsorbent

that can be used in LPG tank.

Based on this project, there are several recommendations for the next researches.
The recommendations are as follows:

1. Design and develop more effective experimental rig for preparing better carbon
adsorbent.

2. All form of samples must be tested to determine the adsorption capacities of the
samples.

3. Produce more sample of carbon adsorbent in order to achieve better results in
experiment

4. Prepare carbon adsorbent from various waste materials such as coconut shell.
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U.S. Department of Energy e Office of Energy Efficiency and Renewable Energy

Just the Basics

Liguefied Petroleum Gas

Although it is a fossil fuel,
liquefied petroleum gas

can help enhance the energy
security of the United States
and other significant emis-
sions benefits. Commonly
called propane, it is the most
popular alternative fuel in
the world.

What Is Liquefied
Petroleum Gas?

More than 350,000 light-and medium-
duty vehicles travel the nation’s high-
ways using liquefied petroleum gas
(LPG or LP gas), while over 4 million
vehicles use it worldwide. LPG is a
mixture of several gases that is gener-
ally called “propane,” in reference

to the mixture’s chief ingredient.

LPG changes to the liquid state at

the moderately high pressures found
in an LPG vehicle’s fuel tank.

LPG is formed naturally, interspersed
with deposits of petroleum and natural
gas. Natural gas contains LPG, water
vapor, and other impurities that

must be removed before it can be
transported in pipelines as a salable
product. About 55% of the LPG
processed in the U.S. is from natural
gas purification. The other 45% comes
from crude oil refining. Since a sizable
amount of U.S. LPG is derived from
petroleum, LPG does less to relieve

the country’s dependency on foreign
oil than some other alternative fuels.
However, because over 90% of the
LPG used here is produced here, LPG
does help address the national security
component of the nation’s overall
petroleum dependency problem.

What Are the Emissions
Benefits of LPG?

Propane vehicles emit about one-third
fewer reactive organic gases than
gasoline-fueled vehicles. Nitrogen
oxide and carbon monoxide emissions
are also 20% and 60% less, respec-
tively. Unlike gasoline-fueled vehicles,
there are no evaporative emissions
while LPG vehicles are running or
parked, because LPG fuel systems

are tightly sealed. Small amounts of
LPG may escape into the atmosphere
during refueling, but these vapors are
50% less reactive than gasoline vapors,
so they have less of a tendency to
generate smog-forming ozone. LPG’s
extremely low sulfur content means
that the fuel does not contribute
significantly to acid rain.
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a regulator/vapor-

izer that changes liquid propane to a
gaseous form and an air/fuel mixer
that meters and mixes the fuel with
filtered intake air before the mixture is
drawn into the engine’s combustion
chambers. Also included in conversion
kits is closed-loop feedback circuitry
that continually monitors the oxygen




Just the Basics: Liquefied Petroleumn Gas

content of the exhaust and adjusts the
air/fuel ratio as necessary. This device
communicates with the vehicle’s
onboard computer to keep the engine
running at optimum efficiency. LPG
vehicles additionally require a special
fuel tank that is strong enough to
withstand the LPG storage pressure of
about 130 pounds per square inch.
The gaseous nature of the fuel/air
mixture in an LPG vehicle’s combus-
tion chambers eliminates the cold-start
problems associated with liquid fuels.
In contrast to gasoline engines, which
produce high emission levels while
running cold, LPG engine emissions
remain similar whether the engine

is cold or hot. Also, because LPG enters
an engine’s combustion chambers as

a vapor, it does not strip oil from
cylinder walls or dilute the oil when
the engine is cold. This helps LPG-
powered engines to have a longer
service life and reduced maintenance
costs. Also helping in this regard is
the fuel’s high hydrogen-to-carbon
ratio (C3Hg), which enables propane-
powered vehicles to have less carbon
build-up than gasoline- and diesel-
powered vehicles.

LPG delivers roughly the same power,
acceleration, and cruising speed char-
acteristics as gasoline. It does yield

a somewhat reduced driving range,
however, because it contains only
about 70-75% of the energy content
of gasoline. Its high octane rating
(around 105) means, though, that

an LPG engine’s power output

and fuel efficiency can be increased
beyond what would be possible

with a gasoline engine without
causing destructive “knocking.”

Such fine-tuning can help compensate
for the fuel’s lower energy density.

Fleet owners find that propane costs
are typically 5% to 30% less than
those of gasoline. The cost of
constructing an LPG fueling station

is also similar to that of a comparably
sized gasoline dispensing system.

Fleet owners not wishing to establish
fueling stations of their own may avail
themselves of over 3,000 publicly
accessible fueling stations nationwide.

How Safe Is LPG?

Propane is an odorless, nonpoisonous
gas that has the lowest flammability
range of all alternative fuels. High
concentrations of propane can
displace oxygen in the air, though,
causing the potential for asphyxiation.
This problem is mitigated by the
presence of ethyl mercaptan, which

is an odorant that is added to warn

of the presence of gas. While LPG itself
does not irritate the skin, the liquefied
gas becomes very cold upon escaping
from a high-pressure tank, and may
therefore cause frostbite, should it
contact unprotected skin.

As with gasoline, LPG can form
explosive mixtures with air. Since

the gas is slightly heavier than air,

it may form a continuous stream that
stretches a considerable distance from
a leak or open container, which may
lead to a flashback explosion upon
contacting a source of ignition.
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A method of producing activated carbon comprising the steps of a)

pyrolysing corn derivatives to generate char and b) activating the char to
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Parent Case Data:
This application claims the benefit of U.S. Provisional Application No.
60/389,478, filed Jun. 17, 2002, under 35 U.S.C. § 119(e).

Claims:
The embodiments of the invention in which an exclusive property of
privilege is claimed are defined as follows:

1. A method of producing activated carbon comprising the steps of: a)
pyrolysing corn derivatives in the presence of an inorganic particulate heat
supplying material at a temperature of between about 460° C. to about 560°
C. and a weight ratio of the inorganic heat supplying material to the corn
derivatives from about 12:1 to about 200:1, for a duration of about 0.03 to
about 2 seconds, to produce char, and b) activating said char using steam at
a temperature of between about 500° C. to about 1000° C. and a steam to
carbon ratio of about 0.4:1 to about 7:1 for a duration of between about 10
to about 90 minutes, to produce activated carbon.

2. The method of claim 1, further comprising a pelletization step wherein
said char is mixed with a binder selected from the group consisting of
starch, molasses, coal tar, natural resin, wood based natural resin, corn
based natural resin or a combination thereof.

3. The method of claim 1, wherein said pyrolysis is performed for a
duration of about 0.7 seconds.

4. The method of claim 1, wherein said steam is at a temperature of about
800° C. to about 1000° C.

5. The method of claim 1, wherein said steam to carbon ratio is about 0.4:1
to about 1.7:1.

6. The method of claim 1, wherein said activating comprises a duration of
between 30 to about 90 minutes.

7. The method of claim 1, wherein said corn derivatives comprise corn
kernels, off grade corn kernels, corn cobs, corn fiber, corn hulls, corn
stover, corn steep liquor, gluten, starch or any combination thereof.

8. The method of claim 7, wherein said corn derivative comprises a dried
mixture of corn steep liquor and corn fiber produced during the wet milling
of corn.

9. A method of producing activated carbon comprising the steps of: a)
pyrolysing corn derivatives in the presence of an inorganic particulate heat
supplying material at a temperature of between about 350° C. to about 560°
C. and a weight ratio of the inorganic heat supplying material to the corn
derivatives from about 12:1 to about 200:1, for a duration of about 0.3
seconds to about 2 minutes, to produce char, and b) activating said char
using steam at a temperature of between about 500° C. to about 1000° C.
and a steam to carbon ratio of about 0.4:1 to about 7:1 for a duration of
between about 10 to about 90 minutes, to produce activated carbon.

10. The method of claim 9, wherein said char, activated carbon, or both are
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acid-washed.

11. The method of claim 10, wherein said acid wash comprises soaking in
an acidic solution followed by dewetting.

12. The method of claim 11, wherein said acidic solution comprises
hydrochloric, sulfuric, nitric, acetic, formic or pyroligneous acid solution.

13. The method of claim 12, wherein said solution comprises between
about 0.2 to about 5% (v/v) acid.

14. The method of claim 13, wherein said acid is hydrochloric acid,
sulfuric acid or a combination thereof.

15. The method of claim 11, wherein said dewetting is performed by
centrifugation, vacuum drum, filtering or a combination thereof.

16. The method of claim 11, wherein said acid wash is followed by rinsing
with water.

Description:

The invention relates to methods of producing activated carbon and to
products produced according to the method. More specifically, the present
invention relates to a method of producing activated carbon from corn,
corn fiber, corn derivatives and corn fiber derivatives and to products
produced according to the method.

BACKGROUND OF THE
INVENTION

Activated carbon is well-known in the art for its ability to remove
impurities from solutions. Further, many processes have been described to
produce activated carbon. For example, WO 01/49604 discloses a process
for preparing activated carbon from urban waste. The process comprise
sorting the waste to remove foreign materials, reducing the size of the
waste particles, drying the waste under anaerobic conditions, pyrolysing
the waste at a temperature above 110° C. to obtain a powdery charcoal
product, agglomerating the charcoal product, carbonizing the agglomerated
particles at a temperature above 110° C., activating the agglomerated
particles by subjecting the particles to steam and CO 7 at a temperature in
the range of about 750° C.—900° C., purifying and rinsing the particles in
an aqueous acidic solution and subsequently with water, and drying the
activated carbon particles. The process allegedly produces activated carbon
having a low ash content, high pore volume and improved hardness over
other activated carbons known in the art.

RU 2122547 discloses a pyrolytic process that uses agricultural wastes
such as straw, corn husks, millet, rice, and cotton to produce activated
carbon. Pyrolysis is performed at 650° C. to about 950° C. under a
reducing gas atmosphere. Subsequently, the pyrolysis product is treated
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with steam at a temperature above 500° C. at a steam to material weight
ratio of (0.01-0.05):1.

WO 00/00429 discloses a process for preparing activated carbon from
urban waste. The process comprises the steps of sorting the waste to
remove foreign materials and reducing the size of the waste. The waste is
dried under aerobic conditions at a temperature of about 100~150° C. and
partially pyrolyzed at a temperature of about 140—400° C. The product is
subsequently granulated and the granules are carbonized under anaerobic
conditions at a temperature of about 120-500° C. Subsequently, the
granules are activated by steam and combustion gasses at 750-900° C.
Finally, the activated granules are purified by rinsing in aqueous HCL
solution and dried.

U.S. Pat. No. 6,251,822 discloses a method of making activated carbon of
various pore size distributions. The method comprises carbonizing
activated pitch, wherein the softening point of the pitch is less than about
250° C. and activating the pitch to produce activated carbon. The patent
also teaches that a catalyst metal may be employed to produce
mesoporosity in the activated carbon.

U.S. Pat. No. 6,030,922 discloses synthesizing activated carbon from
sludge such as biosolids. The treated material is subjected to chemical
activation, light and humidity treatment, pyrolysis and physical activation
to produce an activated carbon having a high surface area and
microporosity.

Although the all of the documents referred to above disclose a method of
producing activated carbon, the products produced by these products will
differ widely in terms of their physical structure and absorption
characteristics, as these characteristics are dependent on the type of
starting material and its condition, and the processing conditions which are
employed to produce activated carbon. Thus, the activated carbons may
exhibit marked variation in their hardness, ash content, porosity, and
binding/absorption capacity. Further, variations in binding/absoprtion
capacity may be observed for one or more specific compounds or elements.

There is a need in the art for novel methods of producing useable products
such as activated carbon from corn derivatives and from waste by-product
streams such as corn fiber and other corn derivatives.

It is an object of the present invention to overcome disadvantages of the
prior art.

The above object is met by a combination of the features of the main
claims. The sub claims disclose further advantageous embodiments of the
invention.

SUMMARY OF THE
INVENTION
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The invention relates to methods of producing activated carbon and to
products produced according to the method. More specifically, the present
invention relates to a method of producing activated carbon from corn,
com fiber, corn derivatives and corn fiber derivatives and to products
produced according to the method.

According to the present invention there is provided a method of producing
activated corn carbon comprising the steps of a) pyrolysing corn
derivatives to produce char and b) activating char to produce activated corn
carbon.

The method of the present invention as defined above may comprise the
steps of

. o a) pyrolysing corn derivatives at a temperature of between
about 460° C. and about 560° C. for a duration of about 0.03
to about 2 seconds to produce char, and;

o b) activating the char using steam at a temperature of between
about 500° C. to about 1000° C. and a steam to carbon ratio of
about 0.4:1 to about 7:1 for a duration of between about 10 to
about 90 minutes, to produce activated corn carbon.

In an embodiment of the present invention which is not to be considered
limiting, the pyrolysis is performed for a duration of about 0.7 seconds,
and the steam is at a temperature of about 800° C. to about 1000° C.
Preferably, the steam to carbon ratio is about 0.4:1 to about 1.7:1 and the
duration of activating is between about 30 to about 90 minutes.

Also provided by the present invention as defined above, the corn
derivatives may comprise corn kernels, off grade corn kernels, corn cobs,
corn fiber, corn hulls, corn stover, corn steep liquor, gluten, starch or any
combination thereof. For example, but not to be considered limiting, the
corn derivative may comprise a dried mixture of corn steep liquor and corn
fiber produced during, but not limited to, the wet milling of corn. However,
any corn product whether natural or processed may be employed in the
method of the present invention.

Also provided by the present invention is a method of producing activated
carbon comprising the steps of

. o a) pyrolysing corn derivatives at a temperature of between
about 350° C. and about 560° C. for a duration of about 0.3
seconds to about 2 minutes to produce char, and;

o b) activating the char using steam at a temperature of between
about 500° C. to about 1000° C. and a steam to carbon ratio of
about 0.4:1 to about 7:1 for a duration of between about 10 to
about 90 minutes, to produce activated carbon. The pyrolysis
process employed in such a method may be considered a slow
pyrolysis process, and such processes are meant to be
encompassed in the method of the present invention.

Further, according to the method of the present invention as defined above,
the char, activated corn carbon, or both may be optionally acid washed in a
solution comprising hydrochloric, sulfuric, nitric, acetic, formic or
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pyroligneous acid. Preferably, the acidic solution comprises between about
0.2 to about 5% (v/v) acid. Following acid washing the char or activated
carbon or both may be subjected to a dewetting process, such as, but not
limited to centrifugation, vacuum drum, filtering or a combination thereof.
Further, the char, activated corn carbon or both may be rinsed with water.

Also provided by the present invention is an activated carbon produced
according to the method as defined above. The activated carbon may
comprise one or more of the following characteristics:

° o (a) an iodine number between about 200 and about 1200,
preferably about 600 and about 1200, more preferably about
800 and about 1200 and;
o (b) a BET number between about 200 and about 1200,
preferably about 600 and about 1200, more preferably about
800 and about 1200.

Also provided by the present invention is a method of removing one or
more impurities from a mixture comprising the steps of:

° © a) contacting the mixture with activated corn carbon produced
according to the method as defined above to produce a
partially purified mixture, and;

o b) isolating the partially purified mixture from the one or more
impurities.
The mixture may be, but is not limited to a solution or a gas
mixture, and the one or more impurities may comprise one or
more proteins, color pigments, small molecules, minerals, or a
combination thereof. The small molecules may comprise, but
are not limited to HMF, furfural or a combination thereof.
Further, the minerals may comprise, but are not limited to
calcium, magnesium, sodium, potassium, iron, copper, silicon,
manganese, zinc, phosphorus, sulfur, chlorine or a
combination thereof.

The present invention also provides a method as defined above which is
part of a process such as, but not limited to, water purification process,
ground water remediation process, air purification process, sugar and syrup
decolorization process, waste water purification process, air pollution
control process, or combination thereof.

Also provided by the present invention, the method as defined above may
further comprise a pelletization step wherein the char or activated corn
carbon is mixed with a binder such as, but not limited to starch, molasses,
coal tar, natural resin, wood-based natural resin, corn based natural resin or
a combination thereof.

This summary does not necessarily describe all necessary features of the
invention but that the invention may also reside in a sub-combination of
the described features.

BRIEF DESCRIPTION OF THE
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DRAWINGS

These and other features of the invention will become more apparent from
the following description in which reference is made to the appended
drawings wherein:

FIG. 1A shows a flow diagram of a typical corn wet milling process.

FIG. 1B shows a flow diagram for the isolation of corn fiber and other corn
components from a wet milling process.

DESCRIPTION OF PREFERRED
EMBODIMENT

The invention relates to methods of producing activated carbon and to
products produced according to the method. More specifically, the present
invention relates to a method of producing activated carbon from corn,
corn fiber, corn derivatives and corn fiber derivatives and to products
produced according to the method.

According to the present invention, there is provided a method of
producing activated carbon from corn derivatives. The method comprises
the steps of a) pyrolysing corn derivatives to produce char and b) activating
char to produce activated corn carbon. Other processing steps may also be
present before, or after the steps of pyrolysing, activating or both. For
example, but not wishing to be limiting, the char may be acid-washed after
the step of pyrolysing and prior to activation, or the activated corn carbon
may be acid-washed after the step of activating. Further, both the char and
the activated corn carbon may be acid washed in the method of the present
invention.

By the term “corn derivative” it is meant any product derived from comn,
for example, but not limited to corn kernels, off grade corn kernels, corn
cobs, corn fiber, corn hulls, corn stover, corn steep liquor, gluten, starch or
any combination thereof. Further, corn derivative is meant to comprise
products derived from corn in their natural state as well as products that
may be partially or wholly processed, for example, but not limited to corn
products produced during the wet milling of corn as described in Corn
Starch 9th Edition Copyright 1994 Corn Refiners Association, Inc and
Corn Wet Milled Feed Products, 3rd Edition Copyright 1989, Corn
Refiners Association, Inc., which are herein incorporated by reference. An
example, not meant to be limiting, of a corn wet milling process is shown
in FIG. 1A. Corn derivatives that are produced during wet milling may be
processed and isolated as shown in FIG. 1B (from Corn Chemistry and
Technology by Stanley A. Watson and Paul Ramstad, published by the
American Association of Cereal Chemists Inc, which is herein
incorporated by reference). However, these figures are not meant to limit
the invention as described herein in any manner as a variety of methods of
obtaining corn derivatives are known in the art and these methods are fully
contemplated by the present invention. In a nonlimiting embodiment of the
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present invention, corn derivatives such as comn starch may be used
independently or with filler. In an alternate embodiment which is not
meant to be considered limiting, corn derivatives may comprise a dried
mixture of corn steep liquor and corn fiber produced during the wet milling
of corn. In such a manner, the present invention may be employed to
recycle waste products produced from a process, such as, but not limited to
a wet milling process.

The corn derivatives that are employed in the method of the present
invention preferably comprise a moisture content of between about 0.4 to
10 wt %, more preferably between about 4 to 10 wt %, still more
preferably about 5 to 7 wt %. Methods of determining the moisture content
of such products are well known in the art and may be easily practiced by a
person of skill in the art. Further, a person of skill in the art will recognize
that corn derivatives comprising a moisture content above a preferred
range may be dried using conventional methods known in the art to reduce
the moisture content of the derivatives. Also, the corn derivatives may
further comprise additional characteristics, for example, but not limited to
one or more of the characteristics listed in Example 1, Table 5. Howeyver,
the method of the present invention also contemplates using corn
derivatives with characteristics that are different from any one or all of the
characteristics shown in Example 1, Table 5.

The corn derivatives may be pyrolysed using any pyrolysis process known
in the art. Without wishing to be limiting, an example of a pyrolysis
process that may be employed by the method of the present invention is
described in U.S. Pat. No. 5,792,340 which refers to rapid thermal
processing of feedstocks. Alternatively, slow pyrolysis may be employed in
the method of the present invention, for example, but not limited to the
rotary kiln method of Calciner, which is herein incorporated by reference.
In an embodiment of the present invention, the corn derivative is pyrolysed
at a temperature of between about 460° C. and about 560° C. for a duration
of about 0.03 to about 2 seconds, preferably about 0.7 seconds. Further, the
pyrolysis process may be performed in any reactor, for example, but not
limited to a sand transport reactor or a fluidized bed reactor as described in
U.S. Pat. Nos. 5,792,340; 5,853,548; and 5,961,786 which are herein
incorporated by reference. The solid char which is produced by the
pyrolysis of corn derivatives may be activated to produce activated corn
carbon, while the liquid product produced by pyrolysis may be used as a
bio-oil or pitch for a variety of purposes including, but not limited to
heating oil, diesel oil, or natural resin. Further, the char may be mixed with
a natural resin binder to enable pelletization of the activated corn carbon.
In an alternate embodiment, the solid char may be used as a fuel source.

The process disclosed in U.S. Pat. No. 5,792,340 (which is herein
incorporated by reference) involves fast thermal processing (such as fast
pyrolysis, rapid cracking) of carbonaceous materials (feedstock) using
rapid mixing and heat transfer. The heat is transferred to the feedstock
from hot inorganic particulate solids which are accelerated and then
injected into the reactor through one or several streams, and impinge on
one or several feedstock streams. The mixing section therefore combines
the hot inorganic particulate solids and carbonaceous feedstock in a dense
turbulent central stream in the mixing zone. Solids are accelerated at the
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base of and throughout the mixing zone to enhance turbulence and mixing.
A distinct, turbulent, mixing zone achieves extremely rapid, effective
mixing of an inorganic particulate feedstock with a solid inorganic
particulate heat carrier and a non-oxidative transport gas. Direct turbulent
contact between the solid heat carrier and the feedstock provides very high
heat transfer rates and effective particle ablation which are required for
depolymerization and devolatilization reactions that provide maximum
total liquid yields.

Without wishing to be limiting in any manner, rapid thermal processing
involves:

. o a) introducing a primary stream of carbonaceous material and
a secondary stream of upwardly flowing inorganic particulate
heat supplying material into a mixing section in the relative
absence of oxygen, the ratio of the mass of inorganic heat
supplying material: mass of carbonaceous feedstock from
about 12:1 to about 200:1;

o b) maintaining the stream of carbonaceous material in contact
with the secondary stream of heat supplying material through
the reactor section to cause transformation of the
carbonaceous material to a product stream;

o ¢) separating the product stream from the heat supplying
material by separation means at the exit of the reactor section
such that the average residence time of contact between the
carbonaceous material and the heat supply material is less than
2.0 seconds and the temperature of the products is reduced
after exiting from the reactor section to less than 300° C. in
less than 0.1 seconds; and

o d) recycling the heat supplying material to the mixing section.

The inorganic particulate heat supplying material may be sand, sand and
catalytic solids, alumina-silica catalyst or other inorganic catalyst; the ratio
of the mass of inorganic heat supplying material: mass of carbonaceous
feedstock is between about 12:1 and about 200:1, the heating rate of the
carbonaceous material in the mixing section and reactor section is greater
than 1000° C. per second; the average residence time of the carbonaceous
material and the primary products in the mixing section and reactor section
is between 0.03 and 1.8 seconds, the temperature in the reaction section is
between 350° C. and 1000° C., the rate of carbonaceous material reaction
(biomass throughput) is greater than 800 Ib/hr sq. ft. of reactor
cross-section, the product stream liquid yield from wood or wood-derived
biomass is greater than 65 wt %. Other rapid thermal processes as
described within the '340 patent may also be employed in the pyrolysis step
of the present invention. Further, slow pyrolysis processes may also be
employed in the method of the present invention.

Activation of the corn char may be performed by any activation process
known in the art, for example, but not limited to, as described in WO
01/49604, WO 00/00429, U.S. Pat. Nos. 6,251,882 and 6,030,922, which
are herein incorporated by reference. In an embodiment of the present
invention, the corn char is activated by steam at a temperature between
about 500° C. and about 1000° C., preferably about 800° C. and about 950°

5/6/2008 11:12 /



C. using a steam:carbon ratio of about 0.4:1 to about 5:1, preferably about
0.4:1 to about 1.7:1 for a duration of about 10 to about 90 minutes,
preferably about 30 to about 90 minutes. Other conditions may include
activation at temperatures between about 500° C. to about 1000° C. or
between about 800° C. to about 1000° C. The product produced by the
activation of the char is activated corn carbon.

The char produced from pyrolysis of corn derivatives may be optionally
acid-washed after pyrolysis and before activation in an acidic solution such
as, but not limited to hydrochloric, sulfuric, nitric acid, acetic, formic or
pyroligneous acid solution. Similarly, the activated corn carbon may be
optionally acid-washed in the same manner. In an embodiment of the
present invention, which is not meant to be limiting, the char produced via
pyrolysis, or the corn carbon produced by activation may be acid washed
while it is at a temperature in the range of about 100 to 200° C. In an
alternate embodiment, the char, corn carbon or both may washed at room
temperature. The acidic solution may comprise between about 0.2% (v/v)
to about 5% (v/v) acid in water. In an embodiment of the present invention,
the acidic solution comprises between about 1% to about 5% (v/v) HCI or
other acid in water. However, acidic solutions outside this range are also
contemplated by the present invention. Preferably, the water is
substantially pure, that is, it contains low levels of impurities. Examples of
such water include distilled, deionized or both distilled and deionized
water.

After the char or activated corn carbon is acid-washed, it is dewetted by
any process that is known in the art, for example, but not limited to
filtering, vacuum drum, centrifugation or the like. Without wishing to be
bound by theory, acid-washing of the char, activated corn carbon or both
may reduce or remove undesired inorganic components. Further
acid-washing may adjust the pH of the char, activated corn carbon or both.

Activated corn carbon samples produced according to the method of the
present invention were tested to determine their iodine number and for
their ability to remove protein, colour and HMF from a variety of test
solutions. The results of the tests are shown in Tables 1, 2, and 3 below.

TABLE 1
Protein Removal by Activated Corn
Carbon Produced

According to the Method of the
Present Invention

Protein Removal Protein Removal
Sample 1 (+1% Sample 2 (+5%

HCL HCL

acid wash) acid wash)

Iodine number

722 743
Treatment Level 1 % Removal % Removal

0.00% — —
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0.10% 11 12

0.25% 18 17

0.5% 24 23
1.00% 27 25
1.50% 29 27

Table Footnote:

! treatment levels refer to the amount of carbon used per syrup. For
example, a treatment level of 1% employs 1% activated corn carbon to
99% syrup.

TABLE 2
Color Removal by Activated
Corn Carbon Produced

According to the Method of
the Present Invention

Color
Color Color Removal
Removal Removal Sample 1 Color
Sample 1 Sample 1 (+5% Removal
(+1% HCL (+5% Sulfuric  Virgin

HCL acid
acid wash) acid wash) Sample
wash)
Iodine
number
Treatment 722 743 1000 1000
Level % % % %
Removal Removal Removal Removal
0.00% — — — -
0.10% 34 21 48 55
0.25% 44 27 75 80
0.50% 52 44 87 89
1.00% 64 54 92 94
1.50% 67 57 93 97
pH 1 42 39 — —

Table Footnote:

I pH refers to the pH of the syrup after treatment

TABLE 3

HMF Removal by Activated Corn
Carbon Produced

According to the Method of the
Present Invention
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22

HMF Removal HMF Removal
Sample 1 (+1% Sample 2 (+5%

HCL HCI
acid wash) acid wash)
Treatment level % Removal % Removal
0.00% — —
0.10% 41 35
0.25% 78 67
0.5% 87 82
1.00% 93 92

1.50% 94 99

As indicated by the results shown in Tables 1, 2 and 3, activated corn
carbon produced according to the method of the present invention may be
characterized by an iodine number between about 200 and about 1200,
preferably about 800 and 1200, more preferably about 900 and 1200.
Further, in two of the samples, the pH of the syrup following treatment is
between about 3.9 and 4.2. Also, as shown by the table listing results
regarding protein removal, the activated corn carbon is capable of
removing between about 10% and about 30% of proteins for treatment
conditions of between 0.10% and 1.50% as employed herein. Thus, the
activated corn carbon samples of the present invention may be used to
remove protein from a variety of solutions.

The results listed in Tables 2 and 3 further indicate that the activated corn
carbon samples of the present invention may be employed to remove color
and/or small molecules such as HMF and the like from solutions. Thus, the
activated corn carbon produced by the method of the present invention may
be employed to improve syrup color and reduce or remove undesirable
components, such as protein, HMF and small molecules from solution.

Samples of activated corn carbon produced according to the method of the
present invention were compared to other activated carbon samples known
in the art. Referring now to Table 4, there is shown results of tests
comparing the activated carbon sample produced according to the method
of the present invention and CarboChem DC 50 (GAC) and Norit (PAC)
activated carbons known in the art.

TABLE 4

Comparison of Activated |

Corn Carbon (ACC) !

produced ‘

according to the method of '

the present invention versus ‘

powdered and granular

activated carbons known in

the art.

Impurity CarboChem ACC  ACC
(1% (5%
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I proaucing acnvareg caroon ~ rawin 7 1 7yvov

Measured DC (GAC)  Norit Hcy ! ) HCI 1 )
(PAC)
Color Abs. 0.113 0.04 0296 0217
(415 nm)
HMF (ppm) 1.09 0.35 0.19 0.17
Furfural(ppm) <0.05 <0.05 <0.02 <0.02
Protein (ppm) 150 138 109 106
Sodium 308.96 296.1 234.07 235.01
Copper 0.04 0.05 0.03 0.03
Silicon 12.52 12.64 9.56 94
Silicon-total 14.82 11.93 10.7 10.8
Zinc 0.52 0.58 0.47 0.64
Phosphorus 26.28 26.9 2341  21.08
Sulfur 158.4 135.88 101.89 101.22

Table footnote:

Protocols employed 1% carbon use to 99% syrup. The lower the value
reported, the more efficient the removal.

! Indicates that the samples tested were acid washed following pyrolysis
as described in the Examples. Color was measured by BRA (Corn
Refiners Association) approved spectrophotometer at 450 mu wavelength.
HMF and furfural were measured by HPLC method. Protein was
measured by Antek combustion method. Metals were measured by ICP
for metals method.

As shown by the results of Table 4, the corn carbon samples produced
according to the method of the present invention were comparable or
outperformed powdered and granular activated carbon samples known in
the art, with respect to the removal of specific impurities. Without wishing
to be limiting in any manner, the activated carbon product of the present
invention exhibited increased HMF removal, protein removal and mineral
removal.

The present invention also contemplates activated corn carbon produced
using rapid thermal processing or slow pyrolysis, wherein the activated
corn carbon exhibits characteristics as defined above. The present
invention also provides activated corn carbon samples that are
characterized as having an adsorption value (iodine number) of between
about 200 and about 1200 mg/g, preferably about 600 to about 1200 mg/g,
more preferably about 800 to about 1200 mg/g and a pH value of about 4.5
to about 5.5. Further, the activated corn carbon may be characterized as
having a BET number between about 200 to about 1200, preferably about
600 to about 1200, more preferably about 800 to about 1200. The BET
number reflects the extent of the pore surface area within the matrix of an
activated carbon and may be employed as a preliminary indicator of the
activity level, based on the principle that the greater the surface area, the
higher the number of absorptive sites available. Methods for calculating
the BET number are well known in the art, and can easily be determined by
a person of skill in the art.
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The activated corn carbon that is produced in accordance with the method
of the present invention may be processed into granular, powdered or
pelleted formulations. For example, but not to be limiting in any manner,
the activated carbon may be mixed with a resin or binder, such as, but not
limited to a starch, molasses, or wood based natural resin as is known in
the art, or corn-based natural resin produced by the pyrolysis processes as
described herein. Such mixtures may permit pelletization of activated corn
carbon of the present invention.

Without wishing to be limiting, the activated corn carbon of the present
invention may be employed in the filtration of liquids or gases. As
disclosed herein, the activated corn carbon removes impurities, such as, but
not limited to proteins, color pigments, small molecules such as HMF,
furfural and the like, and minerals, such as but not limited to calcium,
magnesium, sodium, potassium, iron, copper, silicon, manganese, zinc,
phosphorus, sulfur, chlorine, etc. Specifically, but not to be considered
limiting, the activated corn carbon maybe used for sugar and syrup
decolorization, water purification, ground remediation, waste water
purification, air purification, air pollution control, gas and vapor adsorption
or any combination thereof. Further, the activated carbon produced
according to the present invention may be employed in other processes
known in the art.

The following description is of a preferred embodiment by way of example
only and without limitation to the combination of features necessary for
carrying the invention into effect.

The above description is not intended to limit the claimed invention in any
manner. Furthermore, the discussed combination of features might not be
absolutely necessary for the inventive solution.

The present invention will be further illustrated in the following examples.
However, it is to be understood that these examples are for illustrative
purposes only, and should not be used to limit the scope of the present
invention in any manner.

EXAMPLES
Example 1

Characteristics of Corn
Derivatives Employed in Pyrolysis

The corn fiber and corn gluten feed (examples of corn derivatives) used for
pyrolysis are dried to comprise about 5% to about 7% moisture by weight.
Analysis of the corn fiber and corn gluten feed indicated characteristics as
shown in Table 3.
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TABLE 5

Representative
Characteristics of Corn
Fiber and

Corn Gluten Feed
Determined Prior to

Pyrolysis

Characteristic

Bulk Density 25° C. (kg/m > ) !

Moisture Content (wt %) 2
Ash Content (wt %) 3

Lignin (wt %) 4

Cellulose (wt %) >
Hemicellulose (wt %) 3
Wood Extractives (wt %) 6
Carbohydrate (wt %) 3
Carbon (wt %) 7

Hydrogen (wt %) 7

Nitrogen (wt %) 7

Sulfur (wt %) 8

U.S. Sieve # +1/4-14 (wt %) °

U.S. Sieve # +14-35 (wt %) °
U.S. Sieve # +35-50 (wt %) °

Table Footnotes:

I American Society for Tests and
Materials (ASTM D1298-85);

2 ASTM D3173;
3 ASTM D3174;
4 Pulp and Paper Technical

Association of Canada (PAPTAC)

J8 19,

5 Technical Association of the
Pulp and Paper Industry (TAPPI)
T 249;

Value

about
100-400

about
0.4-7.1

about
0.5-0.6

about 2.7
about 35.8
about 35.9
about 3.4
about 71.7

about
45.45

about 6.48
about 1.54
about 0.2

about
0-83

about
16-100

about
0-29
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6 TAPPI 264;

7 ASTM D 5291;
8 ASTM 5142;

9 ASTM 5709.

Example 2

Parameters for Pyrolysis of Corn
Derivatives

Pyrolysis of corn derivatives may be performed in a sand bed reactor or a
fluidized bed reactor, for example, but not limited to as described in U.S.
Pat. Nos. 5,792,271, 5,961,786; and 5,853,548; which are herein
incorporated by reference. Pyrolysis was performed at a temperature of
between about 460° C. to about 560° C. for a duration of about 700
milliseconds and a condensing temperature of between about 46° C. and
100° C., preferably about 50° C. and 100 ° C. The pyrolysis process yields
about 73% liquid and between about 7% and about 14% char by weight.

Corn derivatives pyrolysed according to the processing conditions
described above yielded about 73 wt %, but may yield in excess of 75% in
industrial processes. The non-optimized maximum concentration of the 7
most predominant chemical compounds in the liquid product was about 33
wt %. Without wishing to be bound by theory, this is equivalent to a yield
of about 24% of the pre-pyrolized corn derivatives if a liquid yield of about
73% is assumed. The yield of hydroxyacetaldehyde (HA), a chemical
indicator, was about 7.5 wt % of the corn derivatives (about 10 wt % of the
liquid) and the yield of levoglucosan was about 6 wt % (7.7 wt % of the
liquid).

Products produced by Pyrolysis Conditions as defined above are shown in
Table 6.

TABLE 6

Product Yields
Produced from
Pyrolysis Operating

Conditions
Total Total
recov- recov-
Liquid Liquid Gas Gas Char Char ery ery
(as (as
(as fed) (maf) (o4 (maf2 fed) (maf) (as (maf)
70.8— 69.3— 10— 105~ 72- 7.2-934- 93.1-
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72.7 71,5 166 174 135 135 972 978
Table footnote

I As fed refers to the condition of the corn derivatives fed into the rapid
thermal processing reactor system and corresponds to about 5-7 wt %
water and about 0.75 to 1.0 wt % ash.

2 maf refers to moisture/ash free wherein the moisture and ash are
mathematically removed from the feedstock to determine the effect of
only the organic content of the feed.

Char yields were in the range of about 7 to about 13 wt % of the feed
material. Further analysis of the char produced by pyrolysis indicated a
heating value of between about 27 and about 28 MJ/kg. This suggests that
the char may be used as a fuel or upgraded to activated carbon by
activating the char.

Example 3

Activation of Char Produced from
Pyrolysis

Char produced from the pyrolysis of corn derivatives was activated
according to numerous process conditions as shown in Table 7.

TABLE 7

Activation
Conditions for the
Production of

Activated Carbon
Avg. reactor Residence
Char temperature Steam:Carbon Time
Sample # Feedstock* (°C.) Ratio (minutes)
18 a 880 1.7:1 90
19 a 804 0.4:1 30
20 a 822 0.4:1 30
21 a 807 0.4:1 60
22 a 839 0.4:1 60
23 b 802 0.7:1 60
24 b 845 0.6:1 60

*(a) refers to pyrolysed corn char that is subsequently activated; (b) refers
to pyrolysed corn char that is treated by acid wash flotation as described |

in Example 4 and subsequently activated as described above. l

Table 7 shows representative conditions employed to activate pyrolysed
corn char. Table 7 is not meant to be limiting in any manner and variations
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of the reactor temperature, steam:carbon ratio and residence time, alone or
in any combination from the values listed are also meant to be
encompassed by the present invention.

Example 4
Acid Wash Flotation of Corn Char

Char from pyrolysis of corn derivatives is obtained as described in
Example 2. A known amount of char is combined with 1% or 5% (v/v) HCI
in water in a 1:1 weight ratio, and mixed with a drill for between 2 to 3
minutes. The mixed char is allowed to settle overnight (about 16 hours)
and subsequently filtered through a Whatman #40 filter paper and rinsed
with about 500 ml of distilled water. The rinsed char is dried until the char
exhibits a water content of less than about 5% by weight. The acid-washed
char may the be activated, for example, but not limited to, as outlined in
Example 3.

All references cited above are herein incorporated by reference.

The present invention has been described with regard to preferred
embodiments. However, it will be obvious to persons skilled in the art that
a number of variations and modifications can be made without departing
from the scope of the invention as described herein.
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of the reactor temperature, steam:carbon ratio and residence time, alone or
in any combination from the values listed are also meant to be
encompassed by the present invention.

Example 4
Acid Wash Flotation of Corn Char

Char from pyrolysis of corn derivatives is obtained as described in
Example 2. A known amount of char is combined with 1% or 5% (v/v) HCI
in water in a 1:1 weight ratio, and mixed with a drill for between 2 to 3
minutes. The mixed char is allowed to settle overnight (about 16 hours)
and subsequently filtered through a Whatman #40 filter paper and rinsed
with about 500 ml of distilled water. The rinsed char is dried until the char
exhibits a water content of less than about 5% by weight. The acid-washed
char may the be activated, for example, but not limited to, as outlined in
Example 3.

All references cited above are herein incorporated by reference.

The present invention has been described with regard to preferred
embodiments. However, it will be obvious to persons skilled in the art that
a number of variations and modifications can be made without departing
from the scope of the invention as described herein.
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