Chapter 2

Literature review

. ) . — 7 A
Alumina substrate * is classified as one of the new ceramics. It is also called as
advanced ceramics. It consists of aluminum oxide and is classified as the following two
categories.

1. Functional ceramic — Substrate, capacitor, ICs packaging, soft and permanent

tool,Z&ic material and refractory for kiln
_J

'!—

magnet, piezoelectric a

2. Structural ceramic -

furniture.

Alumina substrateﬁ < , , general include substrate for
thick film with alumina 6%, on-glazed. substrate for thin film with alumina
content of 99.5 and upwa stratey Qala ‘mg application.

The desired : ctric constant, high electrical
resistivity, high thermal ivit) ) "’_‘ k cal strength and high dimensional

sheet thickness and provides

permits increases inj ot siz
superior dimensional s ablllty

ﬂummmwmm

Fig 2.1 Alumina substrate



2.1 Alumina

Alumina is most widely used material for substrates, and is produced from Bayer
process. Bayer process e begins with bauxite ore. Bauxite is a natural resource
consisting of hydrated aluminum oxide, kaolin clay, hydrated iron oxides and titanium
dioxide. The bauxite is digested with caustic soda to dissolve aluminum into solution.

Other un-dissolved matter is filt

/ filtrant solution is precipitated to yield

aluminum trihydrate. The trih [ ce alumina as shown in Fig.2.2
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received alumina. The alpha alumina#is contaminatgd mostly by silica,siron, titanium and

socuriile spisd Fak bk dbigine ged bick=d % fohamiars ar

determiaed in the precipitation step by rate and manner of trihydrate precipitation and

absorption of contaminants.
The other technique to increase the purity of alumina is precipitation the
trihydrate from specially refined solutions. The precipitation rate can affect indirectly to

the calcining conditions and phase purity.



Since trihydrate agglomerates are converted to alpha alumina by rotary
calcining, the uniformity of phase conversion is directly affected by agglomerate shape.

Rapid precipitation is produced by the addition of many nucleating sites or
seeding can result to trihydrate agglomerate shape and grown by accretion and
coalescence lead to irregular cluster which can not be mixed easily in rotary kiln during

the calcining step. Otherwise, Slo gcipitation from few nucleating sites produces

control grain size a - al alumina. Furthermore, the trihydrate
decomposition is affe ge of aluminum and closed

pack oxygen irons duri ng The st 1atic er process is shown in Fig. 2.3

Impurity(solid) + -\l( 3)3(sotid) = NaOQH(soln) —=—Na—(8! ue I(OH) ™ (soln) + Impurity(solid)

L
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Fig.2.3 Schematic diagram of Bayer process =



The agglomerate and chemical impurity of alumina powder influence
sinterability, electrical characteristics. Therefore, characteristics of alumina powder
should be evaluated by the following methods

1. Chemical composition, impurities and crystal structure: X-ray diffraction, X-ray
fluorescent analysis, atomic absorption and etc.

2. Particle form, size, size diStrl ution and specific surface area: Observation by
microscope, varlous

k particle size distribution, various

measurements for §Q rface a

3. Agglomerate ener

: Varlous measurements of powder

density, contac

Following th is classified for many
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2.2 Sintering of alumina

Sintering ©is essentially a removal of pores between the starting particles and
making dense in the compact. The sintering of alumina in this experiment is solid state
sintering, which involves the diffusion of material transport. Diffusion consists of

movement of atoms or vacancies along a surface or grain boundary or through the

volume material.
The driving force g is the difference in free energy or
chemical potential betwe rticles and the point of contact

between adjacent particle rom mechanism of transport of

. .
material by lattice diffusicaffrom the 0 \~§‘o\ een two particles to neck region.
The schematic of solid stai€ sintering:i _:__ \

DECREASED 'ARTCOLES
. OONDED PORE $1ZE DECREASED

Fig. 2.4 Schematic diagram of solid state sintering o



AL = 20ya’D* ** 5,25
—-— T
] [ ] (2.1)
0

[2kT

Where AL/LO is the linear sh

I ge (equivalent to the sintering rate), Y the
surface energy, a’ the atomlic. ume f' o sing vacancy, D the self-diffusion
coefficient, k the Boltzma n co ture, r the particle radius (assuming
equal size spherical starting

Equations for @ sintering are similar. In each
case the rate of shrinkage dncieases incr _ \perature and with decreasing

particle radius and de
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Fig.2.6 Log plot of the effect of temperature and time



Fig.2.5 illustrates the effect of temperature and time. Fig.2.6 shows the log plot of

the same data. The slope of the log AL/L0 versus log t line is approximately two fifths for
solid state sintering.

It is apparent from the examination of equation 2.1 and Fig.2.5 and 2.6 that

7)temely important, but the control of time is

- more rapidly and at a lower

control of temperature and particle Si

less important.
Finer-particle siz
temperature than coars he uatlon but highly important to
the final properties, a the particle shape, and the
particle size distributio n the green product, it will be
very difficult to elimina 'ty di sintermg. Agglomerates are a common

source of non-uniformity, ' n alsoresult ol ring shape forming due to gas

Particle shape ¢ 7 i ' 00 high a concentration of elongated or
flattened particles can result in Brid: jorming, producing a large or irregularly
shaped pore that is fffic _

Particle .‘c{-—%g: al are all of one size do not
pack efficiently. Theyﬁrm 0 ores ami high volume percentage of
porosity. Unless very L*uform close packi 09 was achieved during compacting will

undergo a hnﬂ%m«w H%ﬁ Wm Wcant porosity. For very

fine particle (S0Q1°A) this may be accsptable and may result in very unlform properties.
YR R TT IR TN TR = -

submicfon upward. Better overall packing can be achieved during compaction, but

isolated pores due to bridging and agglomerates are usually quite large and result

either in porosity or a large grain size after sintering.



2.3 Influence of additives

2.3.1 Effect of MgO

(8)

Magnesium oxide is a solid solution additive in the sintering of alumina.

Magnesia is added to increase the densmcatlon rate during sintering directly through

enhancing the diffusion coeffici ility directly through surface diffusion,

On the other hand, MgO d n growth during sintering through
lowering the surface diff

Magnesium oxide alse o s ndary roughening that leads to

o b\
4 A4
important in the sinteringgprocess fthat can \\\ mks or as diffusion paths for
lattice vacancies. ThdS thg'configuratio ’\ daries will have an important

effect on the rate of sin

(18)

prevention of abnormal _grainsgow e grain boundary is very

y changes the configuration of

r Grain uiq .v
. . ¢'=£5; 4
grain boundaries relate {@'tha pores ; ‘, : =dly increase the shrinkage rate

as the grain size decreases lmp "':'h /- add illMincrease the sintering rate if they

increase diffusion rate but sf“’ﬁ a»_' intering rate s by impeding grain

boundary movement:

s

100 Hll"‘*

% Density ‘0
xﬂnmumnmm‘
i es 250 ppm MgO
60 1600°C. air
0 8 16 24 32 40 48

Sintering Time (h) )
Fig.2.7 Sintered density for undoped and 250 ppm-MgO doped alumina as

a function of sintering time at 1600 °C ©
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Fig.2.7 shows that MgO can increase the densification rate of alumina. The

densification rate (°P) depends on the diffusion coefficient responsible for densification

as shown by the sintering model (2.2)

°p = CD/G’ (2.2)

elevant diffusion coefficient, G is the grain

Where C is a constant and D |

size exponent, n is 3 for lattice d . d densification and n is 4 for grain

‘ | g. It is used for preventing

abnormal grain growth @iri ing ;.!\\\
point densities, and for ligaiti in size. \

Inhibition of grai h by inclusio nerally been on refinements of

>s to be swallowed to limit end-

strengths.

Zener's original concep ich thelde lusion residing at the grain boundary

produces a dragging force due -':,.,..

energy of the junction/inclusion system
- AA 2 .'r;_-, -

when the inclusion resides

o —

In the alumi V‘———--——f

l_: O, were strongly bimodal at
temperature = 1600& where grain  grow contr@ (normal grain growth) was

achieved for ZrO, contenifse= 5 vol%. Microstructure of composites exhibited controlled

gl v &L—‘N&é} VARV PR AT Rec trt e 200, grins

were primarily located at 4-grain junations.

RN UNAINE AR Hoir v

sufﬂcner?tly uniform to hinder the growth of all AL,O, grains. This condition was observed
for compositions containing < 2.5 vol% ZrQ,, where the inclusions did not fill all 4-grain
junctions. For this condition, the grain size was inversely proportional to the volume
fraction of the inclusions. Grain growth control (no abnormal grain growth) was achieved
when a majority (or all) 4-grain junctions contained a ZrO, inclusion, For this condition,

the grain size was inversely proportional to the volume fraction of the inclusions.
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2.4 Forming of thin ceramics

The process of forming thin ceramic has been developed and patented following

the demand in the electronic industry, divided into 2 major processes.

I

1. Extrusion

2. Tape casting or doctor blade

For the process, parameters an ocess are described in this chapter.

s Y =
Extrusion i

2.4.1 Extrusion ;
s a_plas
cohesive plastic materi ,. ha di The properties of materials are
flow ability and wet stre
extrusion include str gy ; iIch as hollow furnace tube, honeycomb
catalyst supports, tr é [ Ib r. lal agnetic ceramics, electrical
porcelain insulators, tile » trusion is also used to produce a

de-aired plastic material of €ontfolied volt ing or jiggering operation.

One sample of extru,sw&y howanir
A il

THUE R
ELIL NANYIAY

ig.2.8

- :
7C RisNn, SEALS
4
= =Y 1 7B INCH DIAMETER Dit
B
m—-‘
=
= TOF SETAINER
\ N
~ P

Fig.2.8 Extrusion device o
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2.4.1.1 Formulation principles il

The formulation of this process is designed for making the consistency of batch
relate to the plasticity and wet strength of material which depend on the mechanical
properties of particulate-solvent system and mechanical properties of binder phase
A) Powder

The important parameter is starting powder. For non-plastic ceramic powder

(largely all non-clay powders), onsidered parameter above 5 LAm may

Mg in water has a low degree of

flocculation due to weak v als for es.-/At high solids loadings this may lead to

present problems in ba

dilatancy. For powder ' 3 distr but «». below 1LLm, extrusion problems are
generally not so se ‘ \\\ e particles is higher and the
permeability is Ioweri

In general, 0 to a dispersed system if the
mechanical properties of providing the plasticity and wet
: é‘ h gher strength at a given solids
loading and has a longer ".f*.::_.... : tems that depend on the mechanical

properties of the solid p ase A ste f may be preferred if the

e

mechanical prope ;'-":':'-‘"-":_""':""""'"" “"'“;‘- ty and wet strength for the
system. m

B) Additives

Addltﬁ (ucm 71 EJ %ﬂywm Frﬁ’rsant flocculants and

lubricants. Bin@érs have at least 2 roles in this process
wu’ﬁhe solvena pEase ’g V] EJ r] a EJ
They may also act as dispersant or flocculants and lubricants. Typical binders

are listed in Table 2.2 and 2.3.
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The most popular binder for extrusion included Methylcellulose, polyethylene
oxide, polyvinyl alcohol, sodium carboxy methylcellulose (also known as cellulose gum),
alginate, ethyl cellulose. The characterization of binder that should be considered is
rheology, burnout behavior and green strength properties. Most binders are available in
a variety of viscosity grade The high viscosity grade is composed of high molecular

weight and exhibit viscoelastic behavi y be advantageous if a high springback,

which is a term used to descri # nd of a material after subjected to
pressure during forming i n&d phenomena in extrusion, die

pressing and pressure W |
Complete bind/ itice \ ﬁ\ re of high quality ceramics.

In air there is general ' /

the residue remaining after

Binder type f iy, — ctrochemical Biodegradable
g | v

*.,, — q Yes

Gum arabic

Lignosulphonates - Yes
Dextrins m Non-ion! Yes
Poly(vinyl pyrrolhdorie) VI_ to L Non-ionic No
Poly(vinyl alcohol) @ . VLtoM @ Non-ionic No
o ALY IRENINEENT
Starch Yes
Polyfethylene hune) Lto Cationic No
Meth Yes
2y, clNipr R R TR R
methylcellulose “{to VH Anioni. Yes
Poly{ethylene oxide) Mto VH Non-ionic No
Alginates Mto VH Antonic Yes
Natural gums Hto VH Vanes Yes

“Adapted from [3]

*Viscosity grades are defined as the concentration of binder 1n aqueous solution required to give
a solution viscosity of 2 Pas.

Verylow (VL) >10wt%

Low (L) 3two10wt%

Medium (M) 1to3wt%

High (H)* 03to1wt%

Very high (VH) <03wt%



Table 2.3 Non-Aqueous binders for extrusion -

Type Solubihity Manufacturers

Acrylics Ketones, alcohols, DuPont, Rohm and Haas,
(PMMA, PMA, glycol ethers, and Polyvinyl Chemical Industnies

PBMA, PEMA) some hydrocarbons
Butyral Wide
(PVB)
Cellulosics
(ethyl, methyl,
acetate, butyrate)
Poly (ethylene
oxide)

(PEO)
Pyrrollidones
(PVP)

Styrene

{PS)

Monsanto

"// ow, Eastman Kodak,
cules

lax"' mCarbldc

Pitch

Silicone
resins

Waxes, oils,
gums, resins

; ‘ J ndustrnal
“Bennet,

emic !' Publishing, Inc., 1975)
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In thlsﬂw%%ﬂI%%f\Wﬁ @ﬂeﬁj to be the binder. It is

polymer, whichiis prepared by the reactlon of methyl chloride and propylene oxide with

g RVREATO I "’l""ﬂ 4L 115 Lot

by varyithe degree of substitution and molecular weight

Methylcellulose ™

is widely used as binder in ceramic fabrication such as

injection molding, pressing, isostatic pressing and especially in extrusion with beneficial

properties such as water soluble, surface active (wetting of ceramic powder), nonionic

(no interact with dispersants and emulsifiers), water retention, clean and predictable

burnout (> 225 °C), lubricity, nontoxic and thermal gelation.
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2.4.1.2 Mixin

Mixing s the most critical step in extrusion batch formulation and affect to the
forming, handling, firing and in the final part. The purpose of mixing is to produce a
uniform extrusion batch with many methods including brute force, filter pressing and
some form of slurry mixing followed by drying.

The brute force approach typically, uses a high intensity mixer such as sigma

and binder solution is loaded into the

mixer and the extreme mecHanical actior : owder and binder together. The

The filter pressing ! t y. the mixing of slurry with high

solid loading. And the lag , sed C i a fluid suspension by mixing

2.4.1.3 Extrusion process -4.". i 12
The extruder is a_m ;‘ﬁﬁfvagﬁ,ﬁ_{ , material through a die by applied
pl'eSSUfe. There are. L‘-.l'bll-llvlm —— el
e Y

Piston extruder nd die. It is inherent batch

process, after the extrd ion mix is loaded into the barrel and press through the die. The

defects ére g(@ mﬁj’rﬂ “r?w ﬂprquﬁyplcally piston is used

for technical

B 9 sl by o [y

mill or other mixer such as sigma blade mixer associate with extruder. The potential
capacity of an auger extruder is enormous and can be as high as 100 tons/hour.
Therefore, it is used in industry.

In the present ("), the patented process for substrate forming, square entry die

system that can form the material at the thickness down to 0.2 mm is used.
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The flow mechanic of extrusion bodies is described by plastic rheological model

as shown in Fig.2.9

a - Dilatant plastc
b - Bngham
i ¢ - Shear-tenning plasic
d - Perfect plastc
The Bingham - pla oy s wid osenved éxperimentally, and provides a
useful starting point for many ﬁ;- ----- al- ses. The shear thinning and dilatant
plastic bodies are refine on Binaham \edf thinning is often observed

for bodies in which $hé SCosity binder phase. In case
of the anisotropic parﬂes that the hig degree of rll the greater alignment of the
particle and lower the resistance of flow of adhedy. For the high viscosity, there will be a

wvong csrel®] SHEI I H NS UGS TES e s e oo

dilatant plastic ?observed at high solid loading and.also poor mixing, ,

ARIANN I UNNINEa Y
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2.4.1.4 Extrusion defect Lk

The important defect in sheet extrusion process is classified as follows :
1. Insufficient strength

The yield strength of extruded sheet depends on liquid content, content of
binder and colloidal particle.

. . (15
2. Crack and lamination s

Crack and lamination f lifferential springback and differential
drying shrinkage. |
3. Blister
It causes by the air® r o\ in the liguid under pressure due to the
incomplete de-airing. Y/
4. Periodic surface laminatio
It occurs from the Poogly 5 ical ingder high extrusion pressure.
5. Curing :
It causes from dirt ensional distc e to differential drying shrinkage.
-’%

=l . '

ﬂ‘L!El’JVIEWIiWEI’]ﬂ‘i
Qﬂﬂﬂ\ﬂﬂ‘immﬂﬂﬂ&l’laﬂ
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2.4.2 Tape casting

Tape casting 9 is also known as doctor blade and knife coating that is well
known in many industries, including paper, plastic and paint manufacturing. It has been
used for forming large-area, thin, flat ceramic or metallic parts by casting the slip on the
moving carrier behind doctor blade, which used for control the flatness and wet

thickness. Other variables that come i consider include reservoir depth, speed of

lﬁ

carrier movement, viscosity of f doctor blade. The wet film of slip

passes into a drying ch evaporated from the surface,
leaving a dry tape on the ¢

Tape casting ‘ ct because small quantities
can be processed easi pressing those have some

limitation in making very

(N |
Doctor blade

Carrier film

iy

Fig.2.10 Schematic diagram of the manufacturing process of green sheet by doctor blade .
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2.4.2.1 Materials for tape casting process s

A) Powders
Powders are the most important ingredients in batch formulation for tape
casting. After binder removal and final consolidation, the powders are the only portion of

the batch left, and define the properties of the part produced.

In the process, it is es rting powders be well characterized.
The important parameters

distribution, surface area,

1. Particle size distributi

The particle size ' and_partic {~ 3€

\

e important parameter for the
properties of tape. T _- of green tape during fabrication
process and also imp \ purpose for breaking down the
agglomerates to achieve cel c_t

D
2. Surface area

The surface-.area of powder is a measure of its siz€; s ape and the presence of

i \' ‘
voids that open to the :- g E -rlv que using the adsorption of

a monolayer of a gas- uch as nitroger? on the powder urface. The surface area of
powder is al i nic additives such as
surfactant anmﬂroc Haemmmais weight per weight of
powd ézjnteract with to
prvide t Heﬁﬁﬁ §ﬁiﬁoﬂﬁe’j§ ﬁtgjvje lar true of tape

casting in the total powder area is directly proportional to the amount of organics. The
surface area is significantly affect the sintering temperature versus fired density

relationship.
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B) Solvents

The solvent is used to distribute powder and the other ingredient
homogeneously throughout the slip to create a uniform mixture. Other ingredients to be
distributed may include binder, plasticizer, lubricant, release agent, flattening agent,
Vthixotrope, wetting agent, dispersant and etc.

The organic solvent is widely used and called as solvent-base casting as

oppose to aqueous or water-based ing. Over the years organic solvents have

C) Defloculants and dispersan

Defloculant is an ac Hitive tha ystem to keep particle apart. The

role of a deflocul ’m
v X
1. To separatethe p eman coat them individually.
2. To increase %Ohds loading in the powder suspension in order to maintain

V'ﬂsﬁﬂﬂ’aﬁ‘ﬁ‘ﬂ INYINT

To @écrease the amount of solvent in the powder suspensmn in the term of

TR 6

To burn out cleanl

The purpose of the dispersant is to disperse primary particles and hold them in a
homoyeneous suspension by two methods, steric stabilization (separation of particles
by coating on one particle that prohibit the another particle contact with it) and

electrostatic stabilization as shown in Fig.2.11.
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LI% L 87s A XIS d Viemag
slaqil-gguer - siaailizchien

Fig.2.11 Mechani

(Left- e|( iliza tenc stabilization)

They also act to i i ent. i e agglomerates. Specimen

achieves higher pac e dispersants and defloculants

are shown in Table.2.4.

!'\JH = i v
.:’.5, i

Table 2.4 List of Dispesants/Defloculants use: ape casting *°

Some Reported.Dispersants/Deflocculants usec 1 fo Tape Casting

Polyisobutylefe®® s/

Linoleic acid®® . 2 nlicﬂ

Oleic acid Dibutyl amin

Citric aci Substituted lmndazohnes

et AN INIREINA

Lanolim fatty acuds Aliphatic rocarbons®

Salts of polvaCryhc acids 2-amin@s=2-methyl-1 mgpanol“'
FRTE YR AR ERTR D

Corn oil Sodium sulfosuccinates®

Safflower il Ethoxylate®”

Linseed oi! Phosphate ester™

Glycerol trioleate Glycerol tristearate

Synthetic waxy esters Many proprietary chemicals
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D) Binders
The binders are used in production of green ceramic tape that probably the

most important processing additives of the system. The binder has the greatest effect on

such green tape properties as strength, flexibilty, plasticity, laminatability, durability,

toughness, printability and smoothness.

ery important ingredient in tape casting slip.

i1,

cost, strength, T, or abili 0-modifly T, Tfihg*atmosphere of powder, ash residue,

From the above, the binder. i

-.,

Therefore the binder should be ¢ owing these factors, solubility, viscosity,

burnout temperature and by-pie . The group-of binders that is most widely used is
Vinyl, Acrylics and Cellulg , \
Table 2.5 List of binders

Reported Binders Usg

ViNYL

Polyvinyi alcohot

Polyvinyl butyral

Polyvinyl chioride

Vinyl chloride—Acétate | lulosé
Iluiose

2 /I methyl cellulose
uJ

acetate—Butyvrate
ocellulose

ACRYLIC B
Polyacrylate esters
Polymethyl methacndaie

Polyethyl mﬂ uﬂq ﬂ E]qnjw El’]n‘j

OTHER AQUEO s BINDERS

Petr

pm\"ﬂlﬁﬁﬁﬂ‘iﬁu WHINEA Y
Ethvl(r e oxide poivmier Ethy!, methvl, hvdrexyvetin!
Polypropylene carbonate hydroxypropyl methyvl, above
Polytetrafluorcetviene (PTFE) Emulsions of:

Poly-alpha-methyl styrene Acrylics, latex

Poly isobutylene Polypropyicne carbonatc

Atactic poly(propviene)/Poly(butene)  PVB, waxes
Polyurethane
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D) Plasticizers

The purpose of the plasticizer is to enable the tape to be bent, without crack.
Most of the polymeric binders used for forming tape will form a relatively strong, stiff and
brittle sheet if no plasticizer is used. Later forming and assembly needs require the
ability to punch, cut, roll, or laminate the dry tape. The role of plasticizer is to allow a

hole to be punched in the tape without shattering or cracking the tape. The plastcizers

PHTHALATES

Dioctyl

Butyl benzyl —— (poly)Propylene

Mixed esters 42/ = Ty 2ne

Dimethyl B ol [Gibenzoate

OTHER . x ‘
ElhyllOMH gl ]
Glycerine (Glycerol) ' )

Tri-n-butyl’phosphate

mmm JNINYINT

Trie resyl phosphate

q RN INgae

* Humidity acts as a plasticizer for water soluble polymers.
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2.4.2.2 Tape casting process

A) Slip preparation
Ceramic powder, solvent and additives will be fully mixed following the designed

formula to achieve the desired properties of tape.

1. Dispersion milling

The first step in the |

: sij,ng slip is dispersion milling by

mixing the powder with ¢ u‘-'-vn or defloculant to eliminate the

agglomerates, disperse ‘ ~. he efficiency of dispersant in the

-.

slip. The important fac ng is %solid loading following

(2.3)
% Solids = Powde (2.3)
It depends on th ity o ‘ Dartic 8 size and dispersant effectiveness.
Normally, it should be in the ra GG '?G"' r the excellent dispersion. The mixing
time should be in the range of 4 ho ‘:._‘-

_ >3

2. Plasticizer and binde

After the dlspersmn milling process is complete@ e plasticizer and binder are

m‘ﬁfﬂ‘ﬁ"ﬁ*ﬁifﬂ?wm‘ﬂ‘i
3 S"“"”{W] A TUHANANE DAL, v e

entrained during the milling and mixing process. Air bubbles cause defects in the tape

casting product. Pinholes (small hole left by air bubbles) are the most common defect,

and these can lead to crows, foot cracking (crack radiate from the pinhole) upon drying.
Other defects attributable to air bubbles, especially in thin tape, are elongated

streaks or thin spots in the tape in the casting direction.
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The most common technique for de-airing a slip for tape casting is to use a
partial vacuum accompanied by gentle stirring or agitation. Agitation tends to lower the

viscosity in a pseudoplastic slip and therefore it makes the air removal easier.

B) Tape Casting

The tape casting slip will be transferred to casting head. The pressure is applied

Fig.2. 19 Sehematic diagram.of tape casting process 9

ﬂUEI’JVIEWI?WEI’]ﬂ‘i

The further process is to dry thle green tape for removal the liquid solvents while

S Y LL LI R T T

ventilatign zone"” of drying for continuous process.
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