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Expanded graphite is one among the widely growing industry in graphite applidagsn.

of the research carried ihis field are industrial based and patented to commercialize them.
The expanded graphite hasnumber of applicationshich results inthe marketdemand

Even though there is a huge demand in the market, the number of producers of expanded
graphite are less compared to the market demand. This is due to the patents made by the
leading expanded gphite producers.

This research work gives a detail description of designing a manufacturing process for
expanded graphite based on the observation from patents and design a continuous production
line for the manufacturing proceddhe report coverswo important part of theesearch

overall patent analysis anghvestigationon eight raw materialfrom different company

From the patent analysis the design for manufacturing expanded graphite is completed with
a line production design and with the analyis@m the laboratory experiment the best
suitable raw material is selected. Based on the overall result, a manufacturing process to
expand exfoliated graphite is designed and a sample workstation with 50 m X 20 m is
considered to establish a model line pretibn. Also among all the eight samples, product
name 9580300 TKi2 with companyQingdao Xinghe Graphite co., Lislselected based on

the density analysis.
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1 INTRODUCTION

The need to create @oduction plantegins with design of the manufacturing process.
Designinga desired manufacturing process for a specific application with a special raw
material property is a challenging task. There is maximum probaibilggoductionfailure

if anyone of the parameters are not properly balanttthe systemThisfailure can result

in incredible loss to the investors and compalmysmall scale industries to design a
manufacturing process it is essential to understand the market of their pr&dsed.on

the market analysis the production capacity of the plash¢tisrmined. Basically, designing

a production plant need clear requirements and guidance from both manufacturing

technology and market situation.

The main purpose of the master thesis work is to design a manufacturing process to produce
expanded grapte sheet. Expanded graphite have a number of applications in both domestic
and industrial field. The challenging part of expanded graphite is to convegtaphbite
particles into expanded graphitsheet. This complex manufacturing process is taken
undestudy and designed stage by stage to achieve the final prétiiginitial designon

the manufacturing process will contribute to establish a production deaufing to an
estimationof a production plantThe entire production process is aimed to be as simple as
possible to build, so basicline production process capable to manufaclifi@ ton of raw
materials per yeais targeted The dimensions of the graphite sheet eoasideredas
600X550X15 mm withdensity of 0.06 g/ccThe production plant is considered to be
designed inside a 50 m X 20 m workspace.



1.1  Graphite

Carbon is polymorphic in nature generally exists in three major forms as diamond, graphite
and fullerenes. Graphite is one among theartgnt forms of carbon. The word graphite is
derived from an ancient Greek word fAGraphe
in graphite involve sphybridization also known as trigonal hybridization makes it different

from diamond (sphybridizatian). Graphite consists of carbon layer having a covalent and
metallic bonds within each layer arranged in an AB sequence. A weak van der walls

i nteraction as a -arbaéadlik elach tarbonntayed. @Hiscarkon layere d

in graphite structw are known graphene layers. Thgurel below represents the graphite
structure in which within each individual layer atoms are arranged in hexagonaley hon
comb shaped patterns. (Chu2@p2 p. 1475)

Carbon atom

0 Van der Waals force
(Weak bonding force)
Covalent bonding

_— (Strong bonding force)

Figure 1. Crystal structure of graphit€hung 2002).

The inplane metallic bonding present within the layers make the graphite a electrical and
thermal conductor. On the other hand, the weak van der Waals forces between the layers
makes the graphite a poor electrical and thermal conductoemdicular to the layers this
perpendicular direction is also known as theli@ction. Due to this reasons graphise i
anisotropic in nature. (Churp02 p. 1475)



1.1.1 Graphite structure

When examined the graphite structure further, the stable hexdgtiital has a 1.42 A of
interatomic distance between carbzarbon atoms and 3.35 A of interlayer distance between
graphene layers. The overall crystal density of graphite is 2.266.¢Bnaphite structure
consists four valance electrons in which onlgthelectrons of carbon form regular covalent
bondsibommdls. The remaining one electron or
bond structuresSpain1981, p. 119)

Figure 2. Crystal structure of graphit€hung 2016, p. 556

The arrangement of a standard graphite structure is shownkhigtive 2 The arrangement

of graphene layer in /-A manner is clearly visible. Each carbon atom in the hexagonal
arrangement has threevalent bond connected to the nearest carbon atom.tofale
distance between one-B-A arrangements is 6.70 A. Transmission electron microscopy,
neutron diffraction, convergent beam electron diffraction andayXdiffraction are the
methods used to study the structure and arrangement of graphite atorns.mdithods are
mostly research oriented which needs highly professional skills to operate. When there is a
change in raw materials and process parameters, the microstructure of the graphite possesses
a major difference. This microstructure property wasppsed when the graphite is
examined with a light microscope level at a magnitude 100 to 500. The structure of graphite
is thermodynamically more stable form of carbon at atmospheric presSpan1981, p.

119)



1.1.2 Properties of Graphite

Graphite has ainique property of not decreasing the strength when the temperature is
increased. Graphite materials have a good compressive strength but a low tensile and flexural
strength. When strength wise compared carbon graphite is much more superior to electro
graphite. Graphite is brittle in nature by reinforcing it with resins or metals the strength of
the graphite can be increasddle to its brittleness, there is a major possibility of slip
between layers and results in material fracture. In testing ASTM C695 is a standard test used
to test graphite specimen. The flexural strength of graphite is measured by two methods
either thregpoint bending test or four point bending test depending on the American standard
or European standard. ASTM C651 is a general testing method used to measure the flexural
strength. Graphitbave an ultimate tensile strength of -68 MPadepending on itdrittle

nature. Standard test ASTM C565 is used to measure Tensile strength of the material. (Poco
graphite2015 p. 1519.)

Graphite having higher density will have higher strength ratio with improvement in hardness
and other properties. ASTM C559 is a ri¢atest to measure density of the graphite. In
addition, Research and developmé&nfnalytical services Laboratory instruction (TDI)
4.1.1.1 (Appendix B) is also used. The Density of the natural graphite material-&.2309

g/cn? and crystal density dhe material is 2.266 g/cinPorosity is a factodepending on
density. If a graphite having density of 2.26 g /cm3 is considered, 16% of bulk volume of a
piece of graphite is either open or close pores. The most widely used method to measure the
porosityof graphite material is mercury porosimetfiyoco graphite 201%. 8-10)

Based on the density and porosity of the graphite hardness of the material can be estimated.
Therefore, when the material has high density the hardness of the material inoeetse d
its closely packed structure. Due to gra
methods are less capable. In general, there are two methods in ASTM standard to measure
the hardness of graphite namely C886 Sclerosbapenessnethod and C748 Réwell
hardness method. (Poco grapt@@ds p. 1:13)
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1.1.3 Production of graphite

E China

m Brazil

= North Korea
H India

m Canada

u Turkey

m Russia

B Srilanka

m Others

Figure 3. Global natural graphite productioArfdrew 2016 p. 42.

The Above showirigure 3represents the global production of natural graphite in percentage

by different countries estimated for 2014. Due to the development in the electric cars and
green technology leading companies focus more towards graphite material. According to the
researh, global production of graphite has increased from 100,000 tons per annum to 1.2
megatons per annum. This growth estimati ol
countries, China is the leading producer of graphite in which 67% of the graphitdwaed n
graphite in the form of flake and amorphousndrew2016 p. 42)

According to the survey, China has a rapid growth in the graphite production making it the
number one since 2000. Proceeding China countries like India, Brazil, Canada and North
Korea gives their contribution of 28/% of the graphite production. Sri Lanka produces a

high quality vein graphite but their contribution is only 0.5% of the global production. Brazil
being the second largest producer of graphite produces 90,000 tpaeadrighite. On the

other hand, India produces flake graphite between ranges 25,000 tpa to 170,000 tpa. Due to
Chinabés electronic economy growth, the den
(Andrew2016 p. 42)
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Figure 4. Global graphitgroduction Vs Steel productioAidrew2016 p. 49.

The above showfigure 4is a comparison between global graphite produdtiotonnes

and steel productian millions of tonnesUnited States geological survey in associated with
world steel associan has estimated from 1995 to 2014 about the production ratio.
According to the survey, steel production holds an upper hand compared to graphite
production but when the percentage of increase in graphite production compared to itself
there is huge develapent in it. The improvement in alternative battery technology is one of
the contribution of such a growth in the graphite productivonrld demand for natural
graphite can be directly associated with industrial growth. Countries like China, North Korea
andBrazil are the leading countries in global graphite production and export. On the other
hand, countries like U,SChina, Germany, Japan and India imports 250,000 tpa
(approximately) of graphite based on global trade in 2014. In this import and expkgt mar

of graphite material. China is the leading exporter of graphite in all time. Where U.S is the
leading importer of graphite with 50,000 tpa to 70,000 tpa over the past 15 years. According
to the data collected by UN trade it is noted that Sri Lankaekjsrted 4,000 tpa of vein
graphite on an over price of 1,600 US$ per témdfew2016 p. 43)
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Until 2005, thepricefor the flake graphite remained the same but after 2005 to 2008; there
was a gradual raise in tipeice In 2009 due to GFC (Graphifieer composite), there was a
sudden droand a pause in price growli natural flake graphite but after the improvement

in the technology therice of flake graphite hits the maximum during 2011 and 2012.
Recently, the excess production and market demrakes the price as same as during 2008.
The price of the flake graphite is based on the size of the graphite particle. The price of the
flake graphite will be higher if the size of the graphite flake is larger with higher purity. The
price range for 7Bnicron product is about 500US$ per ton. Where for big graphite flake
size of greater than 300 micron diameter and a purity level of 94% the price range of the
material is 2,000US$ per ton. The flake graphite used in lithambatteries are uncoated
spheri@l shaped and they are currently at a price range of 3,000US$ per ton but this price
has decreased during 2015. On the other hand, the price of the coated spherical graphite
price is a bit high compared to uncoated graphite. They have a price rang@0df) 8P per

ton. In the production of graphite, there is a risk factor of over production involved in country
like Chine. Andrew2016 p. 43).

1.1.4 Consumption of graphite

According to a survey conducted by USGS (United States geological survey) in 2003 with
information collected form 79 companies and plants in US. It states that the usage of graphite
has changed during the past 20 years. This is because graphite hasegroped suitable

for industrial application. Electrical and thermal conductivity, Higérmal resistance,
inertness and lubricity are some of the notair@phite propertiesDue to its properties,
graphite has applications in batteries, fuel cellsam@ries and lubricants. In addition,
Graphitedbs are the primary materials i n n
Modern technol ogies 1 mpl ement psufueecellfamdr m o
batteries(Olson2003 p. 33.1-33.10)

According to a survey conducted by USGS (United States geological survey) in 2013. There
is steady growth worldwide in the consumption of graphite. This increase in consumption is
the result of the improvement in global econamgraphiteand a industral growth in the

use of graphite. Even though China produced the majority of the graphite in 2012. It is still

a decrease in production when compared to
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environmental policies. On the other hand, the develapwfehigh technology application

like thermal technology and aeldaching techniques enables the future production of pure
graphite materials. This development also leads to the development in material aspect like
carbon fiber composite, electronics fdiiction material and special lubrication application.

The growth of flexible graphite isighin this particular periodf 2013 (Olson2013 p. 68,

69)

According to a survey conducted by USGS (United States geological survey) in 2017. The
consumptia of graphite in 2016 is primary in applications like brake lining, foundry
operation, lubricants, refractory application and steel making. The import percentage of
graphite is 70% in flake form and high purity, 29% amorphous and 1% lump and chip
graphite During this year, China produced about 66% of world graphite and consumed 35%
among them. There is decease in graphite production in Canada and inckéasearfrom

the early 2015.@Ison2017, p. 74, 75)

Forecast world flake graphite demand
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Figure 5. Battery and notbattery demandfgr aphi t e f or 20téast ( O6Dr

The above showhRigure 5represents the forecast made by United States geological survey
USGS.The demand for graphite in both battery and-hattery application is estimated for

25 years. The forecast made is coasity 1.7% growth rate per year based on the data
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collected from 2000 to 2014. The battery grade graphite is the growing economy due to the
improvement in electrical transportation (green energy). About 65% natural to 35% synthetic
graphite of a yield abdu0.4 tons of battery use graphite per tons of flake graphite. In
addition, between the years 2012@25.The growth of graphite is estimated to be 250,000
tpa and among the entire graphite 180,000 tpa is used in the manufacturingoof Li
batteries. (@ Dr i sc o | | 2016

1.1.5 Application of graphite

Other
T%

Lubricants
1%

Refractories
29%

Specialist
12%

Batteries Foundries &
19% crucibles
2%

Figure 6.Appli cat i on of grza)hi te (O6Driscol]l

The aboveshowRi gur e 6 I s a rrepsegeats tieelperdentagedod goaphites ¢ o
used in different appl i catyear@0l5. Basddlon thkadtaa 6 s
collected refractories play a major role in graphite application followed by crucibles and
foundry application. When comparing the application of batteries for the past 5 years it has
increased from 9% in 2012 to 19% in 201%cArding to a survey collected by Benchmark
Mineral Intelligence, Due to the development in pure electric vehicle and storage market the
demand for graphite in lithiusion battery will increase by 200%. Spherical graphite and
synthetic graphite are 98% wksé graphite application it is estimated that by 2020 the
demand for these graphite will be 250,000 tpa also there is a possibility for the market to
reach a demand of 400,000 tpa with no supply restrictions. In addition, as a feedstock
material for thisspherical graphite material by 2020 about 360,000 tons of flexible graphite

is in need which is almost double theescompared to 201% O6 Dr 20%63 o | |
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1.2  Graphite intercalation compounds

Graphite materials form compounds when reacted with chemidails compounds can be

classifies into three major groups namely intercalation compounds, surface compounds and

substitutional

compounds.

When the chemiceé

be the formation of surface compounds. In this surfacepound formation, the absorption

occurs on the planar surface. This surface is completely perpendicular textiseand

carbon plans edge atom. The edge atoms are more active due to the presence of the free

valance bonds. The intercalation compoundsveidely used for industrial application. In

the intercalation compounds, the chemicals are in the interplanar intesstég of the

graphite crystal.The intercaldion compounds are of two types, covalémtercalation

compound andbnic intercalatiocompoundIn the graphite carbon arrangement, the strong

O bonds are

wi t hin

t he

car bon

|l ayers and t

In this arrangement the intercalation compounds enters the system and tries to expand the

interplanar speing between the carbon layer without completely destroying the graphite

crystal arrangement. The different type of intercalation compound results in different types
of bonding between the carbon atorf@hung2016, p. 555,556)
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Figure 7. Example of graphitetercalation layersEnoki et al. 2008

The above showhigure 7represents the arrangement of intercalated graphite material. After

the intercalation there are exponential stages representing the number of graphite atoms

entrapped between numbers of intercalated compounds. Most of the intercalation

arrangement is similar teigure The graphene layers and intercalated compound layers are
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arranged in the sandwich manner. Both the covalent intercalated compounds and lonic
intercalatél compounds have the same form of structural arrangements. This entrapping of
intercalation compounds into the graphite lattice planes leads to a category of ekfoliate

graphite flakes.

1.2.1 Exfoliated graphite

When graphite combine with intercalation compdsi in presence of heat, the normal
graphite material expands several hundred times its own volume. This expansion occurs in
the cdirection of the graphite material, due to the graphite nature and tendency of the
intercalation vapor the expansion is camcated in edirection more. There is a shear force
created between the graphite layer and intercalation compound making a crack in the layer
in which the intercalation in entrapped into the graphite material. The exfoliation process of
graphite can be revsed when the intercalation entrapped in the graphite does not burst along
with moderate cooling. The exfoliated graphite has a common name warm. This name is due
to the reverse process, the graphite gets longer indireation. Exfoliated graphite hav
application in biomedical because ofmitgcro porosityThewarmshaped flakgraphite are
compressed together to form a flexible graphite sheet. It is indicated that no specific binder
is needed for the interlocking of graphite warms. The exfoliatgohipe, which burst during

the intercalation, is more likely preferable one to make flexible graphite shbetgsheets

can ke formed in any shape and can be easilybased on requirementt is commonly

used in gasket applications and thermal management sy$@&msg2016, p.555557).

Figure 8. Expanded worm graphit€€pung 2016, p. 555
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1.2.2 Application of expanded graphite

In this section the application of expanded graphite is ioreed with respect to scientific
research articlesExpanded graphite is used as flame retardant for both research and
construction applicatiorA researclpublished in 199provesthat expanded graphite works

as a flame retardant when added with ethylergylenediene terpolymer. In this research

it is concluded that the expanded graphite bulk formed after the boraditegl as a heat
resistant. (Chuang et al. 1997.)

Expandedyraphite is used tariprove the thermal conductivith reseach published in 2007
provesthat the addition of expanded graphite and carbon fiber in stearic acid improve the
thermal conductivity of the acid without further reduction in the latent heatgg@apacity

of the acid. (Karaipekli et aR007)

Expanded graphite is used as catalysts for chemical readioesearch publisheid 2009
proves that thermally expanded graphite combined with bimetallic catalysts exhibits high
catalytic activity. Tis high activity of the materials cause synergetic effect to the bimetallic

reactors enhancing the chemical reaction. (Bian 2009

Expanded graphite is used as electrode for multipurpose applic#ioesearch published
in 2009 prove that expanded grayge is used as matrix material along with acid solutions
to treat textile waste water. The result concludes that the expanded graphite materials helps

in degrading organic pollutants in textile waste wdtéong et al. 2009.)

Expanded graphite is used an absorbentA research publisheth 2017 provs that
expanded graphite combined with calcium chloride to form absorbent bed with improved
specifications. The addition of expanded graphite to the system helps to maintain the specific
cooling power andaefficient of performance in the bed. (Zhang et al. 20h7addition to

this applications expanded graphite have domestic and commercial applications.
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1.3Background research

In the case of Exfoliated graphite, maximum number of research is carried towards patent
making. Most of the patents are either related to a company or an individual with a corporate
background. Almost 85% to 95% of the patents are registered under Stated patent

office. The first patent with respect to expanded graphite was published in the year 1915
followed by that serious of patents are registered until 2017. Over this 102 years the growth,

development and manufacturing methods for exfoliatephii@as evolved drastically.

1.3.1 Patents based on continuous production process

The first patent considering continuous production process of expanded graphite was
published in 1968 with patent number 3,404,061 and title Flexible graphite material of
expartded particles compressed together. In this patent, various possibilities of how expanded
graphite can be compressed and implemented in application form is discussed. According to
the claim in the patent, graphite particle expand up to 200 times the bgigiphite particle

size with a dimension of 80 times the size of the particle in ¢ direction is compressed in the
absence of binder with at least one of the surface is embossed and coated with an adhesive.
A sandwich shaped laminar structure is createl thie arrangement of superposed graphite
sheet layers. A combination of graphite composite with a layer of paper and graphite
sandwich structure is also manufactured. The expanded graphite used in the patent for
experiment has a density of 0.0800 g/c1t045 g/cc and the particles should be able to
pass through a 200 meshes (Pat. US 3404061A968)

The below showrFigure 9represent the main design of the manufacturing process. The
particle graphite is treated with oxidizing mediums to form a pogaphite particles which

is subjected to water and rinsed well. In a higher thermal environment the oxidized graphite
particle exfoliate forming expanded graphite. Once the expansion process is done the
graphite is subjected to a coating of binder oresdre. The calendaring operation is done at
the end of the entire manufacturing process to obtain a required end product. An additional
coating, embossing and lamination is done directly on the flat surface of the flexible graphite
sheet.(Pat. US 3404061A968.)
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Figure 9. Manufacturing of flexible graphitehget(Pat. US 3404061A 1968).

Even though the patent claims absence of binder in the process. Some of the examples
included in the patent have thermosetting synthetic based phenolic resins. In addition, the
sandwich structured graphite layers are embedded with fiber glass mateeitatce the
strength of the material. Three basic manufacturing concepts are explained in this patent in
which the one represented in the beléigure 10is a feasible model. The production line
includes a combination of conveyor and adjustable rollessipport the input parameters.

In addition, there is also a supply to coat chemicals in the out surface of the final product.
The binder or the bonding agent is mixed with the expanded graphite in before the
calendaring phase to get an even mixture. Inolydi heater in the operational phase is
optional, incase to activate the binder bonds the heater isedqBiat. US 3404061A 1968.)

Side walls |J\,\ P
l_ -

Flexible graphite

Figure 10. Manufacturing of flexible graphite she@at. US 3404061A 1968)
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After technical development in tipgoduction phase second patent based on the continuous
production process was published in the year 2002 with patent number US 6,432,336 B1 and
title Flexible graphite article and method of manufacturing. In the patent, a continuous
production method impnting resins are designed. The patent claims that the graphite
particles are mixed with intercalated compounds to form intercalated graphite. When this
mixture is subjected to a temperature of minimum 700°C the intercalated graphite expand
forming exfoliae d gr aphi teds. This particles are ¢
self-supporting mat of expanded graphite. After the initial compression resins are sprayed
on the top surface of the continuous graphite mat and passed through a heating saction lat
through final compression where the density and the thickness of the material is maintained
not more than 25.4 mm. In this process, ceramic fiber particles with a length of 0.15 to 1.5
mm is added along with the intercalated grapbefore expansionPgt. US 6432336 Bl

2002) The below showirigure 11represent the entire process in a nutshell.

Graphite flakes vessel

hi
Liquid intercalating I
agent vessel 1 [; Intercalation enhancers (additives)

Reactor

Collecting vessel

Water
n/out

Chemicals (additives)

Dryer
21
Wash tank

(r_... _________________________________
Separator

additives |

Resin impregnated mat =

o0 000 ;

Rollers Oven heater

Figure 11. Overall manufacturing process witercalated graphit@Pat. US 6432336 Bl
2002).
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Based on the above mentioned patent from the year 2002, tneopatents with different
inventor based on the same manufacturing method and implementing different claims were
published during the years 2005 with patent number US 2005/0189673 Al, title Treatment
of flexible graphite material and method thereof an@c2@ith patent number US 7,108,917

B2, title Variably impregnated flexible graphite material and method. During the upcoming
years the application of exfoliated graphite manufacturing was focused towards fuel cell
application due to the increase in thedarction of electric vehicles. In the year 2008 a patent
from inventor Aruna Zhamu developed a manufacturing process for the production
exfoliated graphitelékes for fuel cell application with patent number US 2008/0279710

Al. TheFigurel2below represats the overall idea about the concept of manufacturing.
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Figure 12. Biaxially compressed manudturing processRat US 2008/027971Q008).
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The patent claims that, using this method electrically conductive material is manufactured.
The norexpanded graphite particles are mixed with different possible binders like polymer,
ceramic, metal, glass, etc. This mixture is blended along with expgrajetite flakes from

3% to 60% by weight. Overall mixture is subjected to a viable temperature for expanding
the graphite particles. After the expansion stage, the flake graphite along with the mixture of
binder are compressed with a pressure of 35 K@d5oMpa. Due to the second expansion
temperature binders added are activated and when subjected under pressure graphite flakes
and binders interlock with each other forming a strong composition. In this method the
compression is done uniaxial, biaxial, anexial in order to make the composite with low
anisotropic naturgPat. US 2008/0279710 2008.)

After this uniqgue way of compression method four more patents were developed based on
the compression technique during the year 2009 and all the fourspatequblished on the

same year. The titles of the patent are Method of production less anisotropic flexible graphite
with patent number US 2009/0057940 A1, Recompressed exfoliated graphite articles with
patent number US 2009/0061191 A1, Continuous pitomlucof exfoliated graphite
composite compositions and flow field plates with patent number US 2009/0072448 Al and
Process for producing laminated exfoliated graphite compo®tal compositions for fuel

cell bipolar plate applications with patent numb& 2009/0151847 Al. The patents have
common first and second inventors Aruna Zhamu and Jinjun Shi. In all four patents the
inventors have designed different possible approach towards the entire process of
manufacturing graphite composite composition fottdsg application. Each patent the
approaches have a different change and improvement. As the patents evolve the continuous
manufacturing process in the patents are also altered based on the end requirements. Some
of the examples of the continuous manufaaig process is mentioned in the beligures

The end product of the line manufacturing process is a bipolar flexible graphite plate but
there are many major change in the compression technique. In all the process the flexible
graphite sheets are eith@ailled to a winding roller or cut into rectangular or square sheets
based on the dimensions needed. The flake graphite worms are compressed in more than one
direction to get better results. Some of the process include separate resin sprayer and
preheatingzone to activate the implemented resins. In two of the process a special roller

known as embossed roller is used to obtain better results.
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Top view

Figure 15. Continuous line manufacturing with resin impregn&at(US 2009/0072448 Al
2009).
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Figure 16. Continuous line manufacturing thiresin impregnat@Pat. US 2009/0072448 Al
2009).

In the progress of the manufacturing concept, most of the manufacturing probabilities based
on compressing the exfoliated graphite worms are mentioned. Based on these patents a clear

understanding regarding the continuous manufacturing procelstined.
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1.3.2 Patents based on glass addition

The reference of impurities in patents with respect to expanded graphite are focused to add
strength to the end product. Also, in some cases it helps to withstand an appropriate high
temperature. Basically, the impurities or additives are mixed witfidke graphite based

on the end product specification. In cases where performance is not focused, chances of
adding cheap recycled polymers are high. The addition of glass based impurities in flexible
graphite application is referred first in 1968 by JamdeShane in patent 3,404,061 with title
Flexible graphite material of expanded particles compressed together. Further development
of technology have changed the type of impurities and methods to add them into the flexible
graphite system. The patent nuentb,902,762 in the year 1999 by R.A. Mercuri with the

title Flexible graphite composite proposed a concept in which glass fibers are embedded with
the surface of the compressed expanded graphite sheets to improve the permeability of the
graphite sheet tthe resign impregnated in it. It is claimed that glass or ceramic fiber with a
length of 0.15 to 1.5 mm, capable to withstand 1370°C is embedded into the two planar outer
surface of the compressed resign coated expanded graphite sheet. This addedefibers ar
completely norreactive to the expanded graphite pé&scPat US 5902762 AL999)

Flexible .%:}Phite sheet Planar surface

‘Ceramic fiber particle

Figure 19. Section of a ceramic embeddgdphite shegPat. US 5902762 A 1999).

The abovd-igure 19shown above represent the concept of the patent. In whecheramic

or glass fibers are embedded into the expanded graphite sheet. Furthermore, based on the
same concept two more patterns from the same inventor with patent numbers 5,885,728 and
6,087,034 are published. All the three patents belongs to UCABofarechnology
Corporation, Ohio, US.
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1.4  Objective

The objective of the research work is to understand the principle of compressing the
expanded worm graphiteto expanded graphite shedtased on which a manufacturing
process can be designdthe mairfocus wint in the research is construct a Hoeduction

for manufacturing expanded graphite shéetaddition,minor details in the manufacturing

process like binderand additives are also taken under study.

1.5 Research problem and question

Thedevelopment in green technology with sustainable energy source has made a dramatic

i mpr ovement in the field of battery techn
modern high tech batteries and also in other domestic plus industrial applicati@megult

of such technological growth the demand for expanded graphite is increasing every year.
Even though there is a strong demand in expanded graphite material, the numberd&dexpan
graphite producers are less. The producers of expanded grapieitehite high demand

market as an advantage control the price rate of expanded gr&uhitee demand of the
product isstill not satisfied. This is a huge problem which is taken into account.

Based on the research problem the research questionsiriikertcount are, what is the
current market survegn expanded graphiteyhat is the solution to manufacture expanded
graphite sheetand howcan the demand for expanded graphite satisfied. The follcaving

the formulated research questions for the mebed he scope of the project is limited only

to acid treated expanded graphite material. The research include quailiatived and
alsoquantitative methods for data collection estimating a possible manufacturing process
and analyzing the feasibilityf @ new production plant for expanded graphltee results

from the research will benefit small scale industries planning for new production plant to

manudacture expanded graphite sheet.
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2 MATERIAL AND METHOD S

In material and methaldthe manufacturingrocess of expanded graphite is described step

by step based on the understanding from the background research. The production line for
manufacturing expanded graphite sheets are described process by process to geétwa clear
about the lingoroduction Finally, a sample plant layout is designed for certain assumed
parameters from the production procé3gerall from this section an idea of manufacturing

process and production of expanded graphite can be understood.

2.1  Manufacturing of expanded graphite

Theinitial stage in manufacturing expanded graphite is to treat the graphite particles with
acid. Which is otherwise known as exfoliating the unexpanded graphite paBiatesl on
character of the treated acid the nature of exfoliation of graphitelpartin be influenced.

After the exfoliation of graphite is over it is heat treated to expand into warm shaped graphite
flakes. The expansion ratio of graphite to expanded graphite also depends in nature of the
treated acid. Finally the expanded warm gitgpls processed to sheet forithe below

shown Figure0 represents the basic operations in expandgzthgeamanufacture.

Phase 2
Phase 1
Graphite Exfoliated Expanded Expanded
. | —— . —R* . o — .
particle graphite graphite graphite sheet

Figure 20. Expanded graphite manufacturing process

In the manufacturing of expanded graphite, there are two phases involved. One is the reactor
phase, where the graphite is mixed with intercalation compounds and expansion process
takes place. The second phase is production phase where expanded grapipkas® 1 is
continuously feed into the pressing (calendaring) machine to form flexible sheets of

expanded graphite.
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2.1.1 Phase 1: Reactohpse

The reactophasas the starting point of the entire exfoliation process. The graphite material
IS mixed with intercalation compound and subjected to heat inside the reactor to start the
expanding process. The temperature of the reactor is maintained as per the retuiteanen
reactor part operates either by external heating process or by internal heating Bassabs.

on the patent number US 6,432,386s observed that the average temperafarethe
thermal expansioprocesgo expand the acid treated graphg@0CC for a time period of

1 minute.

Unexpanded
Grinding » Oxidation > Washmg Drymg »|Expanding—» Expanded
Graphite

Figure 21. Overall view of Phase 1. Expanding process

As theFigure21 represents the graphite flakes are grinded initially to reduce the size of the
graphite flakes. The particle of the graphite is reduced te®8 size, which is considered

as the standard mesh size for exfoliation process according to US patent number 1,137,373.
The grinded graphite particles are mixed with acids (Intercalation compound) to oxidize.
Using water, washing process is carried torckbe residue acids from the oxidation process.

The excess water is removed by drying process where heat leaving a roasting action on
graphite. In theend acid treated unexpandgdaphite particles are expandeased on the

acid ratio addedluring the exfoliation proces3his expanded graphite are woshaped

and collected togethéo performpressingoperationto achieve phase b our research the

raw material considered from companies are already acid treated, so the phase 1 begins from
thermal expansion of exfoliated graphite particlasorder to have a complete idea about

the phase 1 the entire procesexplained.
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2.1.2 Phase 2: Productigrhase

The Productiorphaseof the expanded graphite is the final phase before the prakftet.

the graphite particles are expanded, the worm shaped graphite flakes are collected to a feeder,
which is connected to a pressing machine with the help of a conveyor belt. The overall
operational setup is as shown belBigure22. In some cases the expanded worm shaped
flake graphite are not collected instated feed directly to the calendaring machine with the
help of conveyor belts.

Figure 22. Overall view of phase 2: Production phase

The Production phase of the expanded lgitaghas a series of manufacturing process. A belt
driven conveyor connects all thadividual process in an orderly manner. Once the
expansion of exfoliatedraphite production is over, theopperfeeds the stored warm
graphite to the conveyor leading #ocalendaring machine. Here the graphite flakes are
pressed to form a flat expanded graphite sbettickness 15mmin the end, the long sheet
from the calendaring machine are cut into desired lergjtdsnension 600X550 mnThe

cut pieces are measuragrecord the weight and then is furtlpgassedo packaging The
expanded graphite sheets are handled with daeeto their low mechanical stiffnettsere

is a possibility of sheet getting damag@&eavo rollers rotating in opposite direction to each
othe perform calendaring of expanded graphiféhe distance between the rollers is the
thickness of the expanded graphite sh&he example of the calendaring operation is as

shown in the belowrigure24.

Figure 23. Cdendaring procesgat. US2009/0057940 Al 2009).

















































































