Chapter 3
Methodology and Process Design

In this chapter, the designation of an UVO surface treatment system and
method, particularly, for continuous fiber-reinforced composite manufacturing was proposed.
In order to verify and evaluate the effectiveness and feasibility of the designated system for
applying in the industrial, the experjh,_

logy for studying the effects of UVO
process on the mechanical prop

the UVO treatments of the{iﬁ

Those batch processes are fime ce

s also included. A disadvantage of

[cfﬁl 121@ are non-continuous process.

reliable. In contrast, for mass

production of the composites jisiS prefer: uous process such as pultrusion and
filament winding. There i8"a | fordevels entally friendly as well as
cost effective and robus ‘gﬁ be used over a range of

polymeric surfaces. It is

were epoxy matrix and por thylene terephthalat rns.@asic knowledge and specific
data of the materials are detasled below.
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XDH-125, respectively. The resin is a low viscosity modified epoxy. It has a very good wet out,
degassing properties, and an excellent adhesion to reinforcement. EPOTEC YD-582 with the
hardener XDH-125 is ambient temperature cure system. This system can be used in wet lay
up lamination, resin transfer molding (RTM), pultrusion, filament winding and etc. Typical data

of the resin and hardener are shown in tables below [54].
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Table 3.1 Typical properties of EPOTEC YD-582

Property Test method Unit Specification
Appearance - - Clear Liquid
Epoxy Equivalent Weight DIN 16945/4.15B (89) gleq 18045
Viscosity at 25 °C JISK 7233 (86) cPs 1500+200
Color ASTM D-1544 (89) Gardner MAX. 0.5
Density TEC-AS-P-004 glcm3 1.15-1.16

Table 3.2 Typical properties of EPOTEC XDH 125

Property Specification
Reactivity \‘\ / Standard
Appearance Pale Yellow
Viscosity at 25 °C "’-n.. 233 cPs 250450
Density at 25 °C [EC : ~ glem’ 1.07-1.08

Table 3.3 Typical Handlingpfopguties @i EROT \h‘}j}l 25 mixture

Property o £ 44 E na‘w Value

Resin : Hardener Ratio . 311

Pot Life @25 °C (100 g Mix) [j: min 20+2
Gel Time with 1-8 Layers of GlassfFabiie @ 5°C E \ 135415
Time to Achieve Good Strength Mith 4-8 La {5} * ) mi 210+30
Glass Fabric @25 °C Y T

Exothermic Temperature - 85+5

Glass Transition Temperature, T,

Post Curing Condition to Acl w C

@40°C 18
@60 °C Hour 9
@380 °C

ﬂUﬂ?ﬂﬂ'ﬂﬁWMﬂ‘i
Q‘W’W&Nﬂim NN Y
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3.1.2.  Polyethylene Terephthalate (PET) Fiber

The fiber samples used in this study was PET yarn for sewing thread. Each
filament had an average diameter of ~ 10 um. All the fiber samples were not attempted to
clean nor dry before use in the UVO treatment process. Figure 3.1 shows SEM micrograph of
the PET spun yarn used in this study.

f i
Figure 3.1 EMmjmraf%uﬂe PET spun yarn
Gt
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3.2 Methodology

o < .
Prior to the process and equipment n !gxpenmental methodology
must be clarified. To obtal reproducible and reliable results ;Tr'pd to meet an agreement of
T

hypothesis and conclusions,d,the experimental design must be systematic and respect to

=9 r
scientific method.ﬂhiz’ f ? ?jeﬂ mﬁhW\ﬁJ ﬁﬂ?sized on mechanical
properties of resulted composites (PET/epoxy), not on the fiber itself (PET). One more criteria
. . € . . .
to specify, eﬁquﬁ)ﬁf ﬁ‘ﬁ mmhﬁlw ﬁ ﬁhﬁﬁg scale up for
industry. Figure'3.2 represented th w thodolégy:
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VO treatments on the tensile
properties and physical ap versal testing machine (UTM)
and scanning electron micro ere b ore and after UVO treatment).
The tensile test was also carrie vith-dfie as-receivéd matrix (epoxy) to compare the tensile

properties of the material whether opm ated with the fiber.

o WO treatments, the reaction
conditions for each of the Wt lents.

ﬁfﬁi‘ﬁiﬁw 4]} ﬁﬁﬁ"“e“‘s -
ﬂﬂn ronme itrogen flow rate was
sccm (standard cubit centimeter per, minute) or 10 sgfh (standard cubic

9 RARIN I U N1 IN 1A

e UV/Oy: The ozone was absent in the reactor. The dry oxygen flow rate was
4720 sccm.

* UVIO2+03: The incoming oxygen gas to the reactor was pretreated in the
ozone generator so it had significant quantities of ozone. The dry oxygen flow
rate was 4720 sccm.
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e UV/air: The unconditioned air was fed to the reactor. This regime was used to
study the feasibility to reduce operating-cost of the process. Since in air
oxygen gas content is approximately 21 %, the flow rate of air feeding was

reduced to 2360 sccm or 5 scfh.

e UV/airtO3 The incoming air to the reactor was pretreated in the ozone

generator. The air flow rate wr 2360 sccm.

To determine the &T X ime_or rate of surface modificatior,, the
samples were treated for 2, 5, and ™10 minutes un@e conditions. The reactor was
‘elimifate-any effects attributed to unstable

\ ! Q\Kctor was allowed to stabilize
Ds) Ir the Exposure times and stable

designed to operate in conti
conditions in the reactor
before introducing the sa

condition in the reactor w:

Since, in thig'st y, oa&ﬁ

JIJ. Sl

g |
Composnes of treated and untreated fibers were fabricated by pouring the

mixture of epo 1?: was done by carefully
align the fibe Xﬂﬂuﬁﬁnﬁn w Ej ;Tae‘iun‘ace, which can be
occurre er m stéifless steel mold.
Fabncaga ﬁ ﬁ)ﬁ\lﬁu b ilﬁﬁiﬁ%lﬁ ah%Jto avoid aging
effect. The resulted thermosetting-matrix composite must be stored until curing was completed
(7 days), then the tensile properties can be tested. Tensile test of the composites was followed
the ASTM standard method number D638M-91a. The tensile test of the fiber samples was

followed the ASTM standard method number D3379-75. However, further details of the

experiment procedure will be discussed later in the next section.
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3.3 Process Design and Construction

After literature survey was completed (cf. 2.12), during the early stage of the
design, the process flow diagram of the overall process has to be established to show the
sequence of equipments and unit operations. To simplify visualization of the unit operation,
Figure 3.3 presented the schematic of the qualitative flow diagram of the UVO process.

02_,_

N2__>_

gxhausted gas

' Outlet sample

Figure 3.3 ScheMatig'of thelqualita ng diagran OﬁheUVOprocess

Inlet sample

Fved -h’ :

In addition to the w’d’agtgm,
process must be planned before d@‘ﬁ@p

(computer aid design) and three:ﬂ@g} ol g software are useful techniques for

making rapid and accq@p Iayout In this pr{);ecM?z (AutoDesk Inc.) and 3ds
max 5 (AutoDesk Inc.) Wate used for determining the approprie

ate location of the equipments
and facilities. The first sgwaré

beneficial for three dimensiop E.a_rrangement of tQ_e)process (in this project the latter was not

used for sca|ed-(ﬁ~w ﬁ@d%ﬂm Wﬂﬁrﬂ)‘ﬁodeling and enable to

specify a charactétistic of material to the drawing, such as metal and glass which the 2D

L R e

As shown in Figure 3.5b, fibers (2) were introduced from fiber creels (1)

uctural, and electrical design. CAD

o scalﬁirawmg while the latter was

through the fiber guide (4) prior to enter into the reactor chamber (6) by pulling mechanism (8),
and then stored in the spools (9). Gases (O2 and/or N2) were introduced from the gas tanks (3)
passing through an ozone generator (5) to generate ozone and then to the reactor chamber.

Exhausted gases were allowed to exit the chamber via the exhausted outlets (7).
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(a) 3 (b) .

R
and Model created by the AutoCAD® 2002 software.
awing, of the reactor chamber and (b) rendered model
0 lids (more defails-of the equipment design and

Figure 3.4 2D and 3D scalé
(a) The veiwports display
shown the scaled reacto
sizing were shown in the ne

Figure 3.5 A schematic rearrangement of the equipments created by the 3ds max® 5
software.  (a) The viewports display of rearranged equipments with in UVO process of this
study and (b) rendered model of overall UVO process.
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3.3.1 Equipments Design and Construction

In accordance with objectives of the experiment, an ultraviolet-ozone surface
photo-oxidation system included;

(1) sources of ultraviolet light

(2) reaction chamber
”f} and delivering ozone to the reaction

(3) ozone generator
chambe’;ﬁ
(4) pulling or c.'\tm ing samples in and out of the
——

reactl

) mom 0. tamperat ment unit, pressure gauge,

(6) picture mo icating a.composite dumbbell-shaped

Each compone , it ¢ i' Sign e ired careful consideration of
materials (chemical resistance,/physicai properties;Jieflectance to UV), geometry (ozone
concentration, temperature and UV mgﬁi;_ e lients);.operating conditions (fiber speed, gas

e e
flow rates) as well as safély factors.

3.3.1.1 Selection g0 s;m;tion of Lamp Control Unit

There are several %ﬁs of uItravlléW:t source j] mercially available in

the market. The ﬁ upng lamps which are fall in to

three main categon

AADIMSINANUGLL. ...

0.987 atmosphere)
(b) Medium pressure: operate at about 1 bar at room temperature
(c) High pressure: operate at about 100 bar at room temperature
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To select an appropriate lamp to use in the experiment some specifications
such as emission spectra (which are different for low, medium and high pressure lamps),
intensity of emitted radiation, working temperature, life time, size and construction are required
for consideration to meet an agreement of the design objectives.

The output of the low-pressure mercury vapor discharge lamp is limited to
various lines in the emission spectrum of mercury. The main lines are at 184.9 nm and 253.7

nm. The line at 184.9 nm is the most mey , it is freely allowed by the selection rules.
However, it is less intense than KZ&B* ide ihe lamp, owing to absorption by the
quartz envelope. In some casamm 184.9 nmﬁblocked by phosphor doping.

AIthough M 7.

with mercury. Due to its lo of drhenco ision or'some other perturbing factor are
not aid in emission proce ‘

bility but it does in fact occur

lljnot m the selection rules, since it
ow

often employed as source
the low-pressure mercury lamp mi
This 253.7 nm radiation is the m tsj'girﬁ"antly in

L2 *"'EFF
There are two chuef types of iow-prewe

cathode and cold cathode:Hot=cathode & need a hig

ry arcs. These are hot

temperature for electron
emission. These thermioﬂ: lamps have the ¢ tage t@ the electrodes are in part

consumed during start-up. In dcontrast the coId-caglee electrodes are not consumed and they

therefore have Iovﬁ uﬂ W Wﬁ Wﬁ%ﬂﬂ?ose hot-cathodes.

is project, the Phillips TUV TL-30W-Jow-pressure mere ’Erj lamps were

T QUK T BYEE L abs

monochrontatic emission at 253.7 nm, this wavelength has enough energy that can expect

are almost

some bond ruptures to be caused in non-photo-initiated irradiated systems (if the molecule
absorbs the radiation), in particular with a high-intensity. Moreover, the lamp has a cheap price
compared with another UV sources, therefore this lamp model is suitable for our economically
UVO surface modification process. '
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Phillips TUV TL-30W low-pressure mercury lamps consist of a tubular glass
envelope, which can filtered out the 184.9 nm ozone-forming line. Electrodes of the lamps are
hot-cathode type. Four lamps were used in this study to increase the intensity. The
manufacturer's stated warranty for useful life of the lamp is 8000 hours to 85% of the original
253.7 nm output irradiance. In Figure 3.6, a photograph, dimensions and its emission
spectrum of the Phillips TUV TL-30W lamps were shown.

I inl " a R
0 3655 4047 4358 546.1 5780
Wavelength in nm.
(b)

(a)D
Figure 3.6 PhoP@l uaE.I im&tm ir(ma&ldaﬂojin millimeter (mm) (c),

of the selected Phillips TUV TL-30W Iames

ARIANN I UANAINYIAY
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Emission is started from low-pressure mercury lamp by applying a voltage
across the two electrodes causing ionization of the starting gas. This produces current flow
and develops into an electric arc. The working voltage depends on tube length and is
generally of the order between 240V and 200V AC.

Mercury vapor tubes do not obey Ohm'’s law. They have a voltage/current

characteristic which is negative and non-linear. As the arc intensity increases, so the electrical

y ol, the ever increasing current would
inevitably destroy the tub. F : t-wattage ballast unit comprising
predominantly positive series i as'sed Qh tube.

The emittM ay ive to current density flowing

resistance goes down and, without i

through the arc. In the ¢ jucing the 253.7 nm line, the

All of lamp controlled dévi d Starters were install in an

solated from the UV lamps located in"reactor chamber. Insulated
electric wire and ,conpect ‘\ﬁe e m inside. the reactor with the
controller box. In%mﬂe wmlj:lﬂ) box, ac glr:jﬁj\ﬁguraﬁon diagram of
the UV lamps unit were illustrated. ¢

ARTANN I NN INYAY

aluminum box which was
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Aluminum Box
(Opened Top)

Ballast

Connecter

Starter

B: Ballast
S: Starter

9w

Figure 3.7 (a) Controller box, (b) lamp controlled devices included switches, ballasts and
starters and (c) configuration diagram of the UV lamps unit.
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3.3.1.2 Reactor Chamber Design and Construction

After selecting the UV source, reactor chamber was the next to be designed.
In this work, the reactor chamber where all the reactions taking place must be functioned as:

1. Gases vessel: to isolate system from external environment, keeping a
stable and controllable condition (temperature and pressure) of the
reactions

2. Lamp holder: for holding UV lamps into certain position
3. Samples guidance: m‘?ww in continuous form so that the samples

can etaun@nwonm
4Sh'?d'ﬂﬂ c:"wz{ t diation leak d
. Shielding refletance no stray radiation leakage an
efficiently \ light .;\o iﬁékae@ctiveness of the process

Concep ign were fallen into two aspects, material

and operation functions. e mate@l used to construct the reactor

chamber required some Spéci enﬁc\al resistance, i.e., it should be
possess adequate chemical ion caused by ozone, high reflective

reactor geometry must perform a Ctmshnt UVe ity during operation, high productivity or

high production rate as.\ ﬂell as safefy‘féf operaﬁ&m;%er id design programs were used
=" .ﬁ-\j

In this weik 3.175 milimeters (0.125 inchesuhick stainless steel sheet (type
304) was chose ﬁ ec stainless steel possesses
excellent omdahﬁcﬂ 5 mﬂﬁwgtl i]gﬁi ectlon to UV radiation of
about 60% [55, p. 49] The chamber was constructed by, rolling and welding the stainless steel

st i bahe o el e et 624 o () e te tenin s

1000 mm (39.37 in.).

again in drawing and designing-ofthe-parts

The eight holes drilled flanges were made and welded to both ends of the
tubular for attaching the tubular with lids. To avoid any existing of dead-zone in the chamber,
two hemisphere shaped lids were made by pressing stainless steel sheet. The lids were also
drilled into 8 holes. Doughnut-shape rubber seals were attached to the lid's flange to prevent
gases leakage. Nuts and bolts were used to attach the flanges to both ends of the tubular part.

Two stands were attached to the tubular chamber to keep the chamber in horizontal.
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Interior of the tubular part and lids were polished to give a higher reflection to
UV light. Lamps holders were located inside the chamber to fix all four UV lamps in horizontal
and also perpendicular to each other. Each hemisphere lid was drilled a very small hole (@=1
mm) on the top, these holes were used for introducing the continuous fiber into and out off the
chamber.

Introducing of gases species was split by using three inlets located at the
middle and 20 cm from both ends of the tubular chamber, whilsi the gases were allowed to exit
the chamber through the two small drilling holds on the lids. The inlet gases were spitted into

94 flows along the reactor chamber by flow nozzles, The gases species were forced to pass

through the center of the reactor.chamber, whereth iples were mounted in during passing
through the chamber, to gi vereasing of gases molecule to the sample’s

surfaces.

the temperature sensor. Fi ang 9 shownl drawings and photographs of constructed
reactor parts.

AUEINENINYINT
AMIAN TN ING Y



Figure 3.8 Design of the reactor chamber (not drawn to scale). (a) Cross-section front view
and dimensions in millimeters of the reactor, (b) side view of the reactor (no lids included).

(c) lids, and (d) three-dimensional model of the reactor.

@ 10 mm gas inlet

& 10 mm pressure gauge
socket

10 i eléclric connection
stand

tubular chamber

lid

UV lamp

seal rubber

< 1 mm drilled hold

& 8 mm drilled hold

& 8 mm drilled hold

< 5 mm temperature sensor
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Electric
connector’s
socket

Nozzles

Lamps Holder

Lids

Figure 3.9 Photographs of constructed reactor chamber.
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3.3.1.3 Ozone Generation Design and Construction

Ozone is an allotrope of oxygen, comprising a molecule of three oxygen atoms
(Os). It is highly unstable and a strong oxidant, which makes it useful for water purification,
room sanitation, equipment sterilization, food preservation [58] and, of course, surface
modification, as it spontaneously oxidizes many compounds. The physical properties of ozone
were listed in Table 3.1. Ozone has a half-life of only about 22 minutes at ambient temperature
(and about 2 hours in water) [59], and at higher temperatures the rate of ozone decay is

accelerated. Ozone cannot be stored fﬂ‘)’f}: | purposes. This is also an advantage, as
ozone rapidly decays away to safe-lgvel )

Its readlness

kgs-aznnuowerful oxidizing agent capable

tenalswuctlon for equipment to contain
‘_._Glass, sa‘ess steel, aluminum, polyvinyl
acceptable [60].

A

b

of initiating violent chemica

ozone must therefore be

tion ‘of, oxygen atoms (O1) on oxygen
n be achieved by applying electrical,

he o% molecules. Most optical methods use

wandnad 4

T

of wavelength at 185. 9»_1m which converfs 6xygen W(?) into active oxygen (01) and

ozone (O3) molecules. ! C >
concentrations which areﬂ._l'p many cases or a pqgcular application. In addition,

Ultraviolet UV lamps are bulgyég that an uItraviqg ozone generator cannot be very compact.

kT AT,
o R TS A Y e

electrodes The structure of a corona discharge device, two conductors separated by a

dielectric (gas) is similar to that of a capacitor. The corona discharge, which appears as a
bluish-purple glow, is due to the ionization of the insulting gas between the electrodes. This
discharge occurs when the field potential gradient of an altemating current exceeds the corona
start or threshold voltage and continuous until the voltage is reduced or stopped. The field
potential gradient is the voltage per unit length along the conductive part of the device.
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For producing ozone, an oxygen containing gas is supplied as the insulating
gas between the conductors (i.e. into the corona field). This causes some of the oxygen (Oo)
molecules bond to split, freeing two ionized oxygen atoms which create ozone when colliding
with other oxygen molecules and/or with other ionized oxygen atoms. It is usually necessary
for the oxygen containing gas to be dried, and it is also advantageous for the gas to be cooled.
The most readily available gas for this purpose is air. However, a more concentrated source of
oxygen can also be used. The ozone/gas mixture discharged from corona discharge ozone
generators normally contains from 1% to 3% ozone (by weight) when using dry air, and 3% to

6% ozone (by weight) when using hlgh@\v ’?;/as the feed gas [59].

Table 3.4 Physical properties ubhimo 22 ,._.-—

Molecular weight 7.998 g mole!
Boiling point f 7. “N:H'ﬁ-c
Melting point '/ W o TG 2C
Density, gas at 0 °C, 760 mmHg ( A A4 kg m3
Density liquid 135 &
Maximum in the absorption Spec r :

region

1 ppm by volume in air at 25

included between the two elec odeg-‘oﬂ:ond@ prevent shorting between the electrodes
and to intensify the electric field.- J'hﬁ.,sohg Mma be plastic, ceramic, or glass, for
example. The solid dﬁ{e} S gappea or spaced from atieasione of the electrodes to allow

ed gas to roug egion. For structural simplicity, in
many devices the solid dii ns l

for space for the air or

ctric aligns or runs along one of t

from the other. ﬂ uﬂ’iﬂﬁm%}qﬂﬂqﬂﬁ

Oheé drawback of coropa discharge units is that whe&air is used as the

et G ) £ O3yt | T e of s e, |

(78% in ait) may ionize and break into singlet atoms which react to form nitric oxide (NO),

e conductors while being spaced

nitrogen dioxide (NO) or nitrous oxide (N20). Formation of these compounds inhibits the
ozone generation process. This potential problem is heightened when there is a substantial
amount of water vapor in the air and when the applied electrical voltage is very high.
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In this work, three corona-discharge ozone generators were used (shown in
Figure 3.10). The generators are cylindrical-type with outer diameter of 30 mm. The feeding
gas was forced to flow parallely through the identical axial of two cylindrical electrodes. Al
three ozone generators were connected parallely. Feeding gas from gas tank was split into
three equal parts which flow to the generators. The ozone-contained gas mixtures were then
combined and split again into three inlets of the reactor chamber.  Electricity and tubing

connections diagram of the ozone generators is illustrated in Figure 3.11.

Oxygen- - 1\ \» %
contamedl \
gas

Oxygen-contained gas

Electric wire

Electric wires &

Figure 3.10 The & 30 millimeter cylindrical ozone generator.
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Oxygen-contained gas-
' SRR --Q High Voltage
220VAC Sutiv
Frequency

Ca “O  Generated

.............. -Q High Voltage o

220VAC F‘""u":ﬂ‘
[ @ SoR——" o) G‘:q Y

220VAC
0‘ ..............
Ozone-
contained
gas
i
Figure 3.11 The diagr. on of electricity and tubing

¥ i_ ey
Oxygen/ozone gas mixture from th?im \erators was allowed to flow through two
e .a"-‘..-* =

Erlenmeyer flasks contﬂ\mg 400 mi of 2% aqueous solution in each of

_ &nd of tubing in order to get
e can @ absorbed by Kl solution. Both
Kl solution flasks were cor)p%_ted in a series %that unabsorbed ozone from the first flask

e s 1 B 4 A, o g s

bubbled in the Kl $élution at a flow rate of 20 scth (standard cubic foot per hour) for 3 minutes.

The rea m m&j m vrm @( on using sodium
thiosulphale so uhon@quaﬂon 3 e amount of ozone uc generators could

be calculated by the consumption of sodium thiosulphate solution.

small bubbles of ozone sq;i H-'ét 3 large |

2Kl + O3 + HO —— [ + O2 + 2KOH

3.1
lo + 2Na2S;03 ——»  2Nal + NazS4O0s =)
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Titration of the ozonated Kl solutions required acidification the 40 ml of the
solution with 1 ml sulfuric acid (H2SOs). After acidification, the iodine in the Kl solution was
immediately titrated a 0.2 N sodium thiosulphate solution. This process was followed by the
addition of 1 ml of the starch indicator solution to the tritrant just before the end point was
reached. The consumption of sodium thiosulphate is needed to calculate and determine the
ozone concentration. The assembly for a Standard lodometry Method for ozone product-gas
measurement is shown in Figure 3.12.

From
ozone
generators
Figure 3.1 : rp fe nd ] ometry Method
By using these "v 5, rates of ozone generation were

approximately 4.2 mg/m_ig and 25 E;g/mm vfi\en
used as feeding gases,./espective

€ géneration rates and gas flow
rates the concentration oBzon in fee .88 rr@ (6.12 x 106 molecules /cm?3)

and 1.78 mg/l (2.13 x 106 molesules /cm3), respectively.

ﬂ‘lJEJ’Q‘VlEJ‘V]‘ﬁWEJ’]ﬂ'ﬁ
ammmmwnwmaﬂ
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3.3.1.4 Pulling Mechanism

Since pultrusion is the only common continuous composite manufacturing
technique [21]. It is the most cost-effective of all methods for mass producing composite. The
prototype UVO process was designed to apply in pultrusion. The mechanical pulling action was
designed and utilized to engage the process. This unit functioned as fiber feeder to the UVO
process. As the fibers were pulled from the fiber creel into the UVO reactor, the pulling speed must
be able to adjust in order to examine the roles of exposure time.

Figure 3.13 illustrates in ism of the process and its components.
The pulling force was accomplish y ' ) which drives two rollers (a) to pull
fibers from the creels. Pulling spe j ing DC voltage over the motor using an
electronic circuit (d) and rotati e , made from soft and smooth

materials to prevent any effect it s treated surface.

efatit adjusting knob (e) and linear
pulling speed, a calibration cu af ns ulling mechanism into the process.

fibers in the UVO reactor fon surface tre: m and 10 min, which were
corresponding to the linear s;ejed at 0.5 m/min, 0.2 m/mln and 0.1 m/min, respectively. Therefore

::s::(::,::;e speed gif TJ ?J nqg \V]ag]w Wﬂbe] ﬁtzj to scale 44, 12 and 6,
AR ANNIUUMIINYINY
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From UVO reactor

b wt _;ro_ﬁper spool

Fibers

(@) Rollers

(b) Motor

(c) Belt

(d) Drive control circuit
(e) Speed adjust knob
(f) “42 V DC transformer

Figure 3.13 The pulling mechanism of UVO process.
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Therefore the temperature measureme'?ﬁr:umi-
- ‘,..-f..",‘?f'..,'-

: gauge, and rotameter (gas flow meter)
were required to include in t’lﬁ sys,tem. BN —
i i

| | £
The temperature m j composed of three major parts:

temperature sensor, transmitte Temperature sensor is made of a

semiconductor materﬁﬁﬁﬁmﬂﬁmmgj ﬁiﬁ The sensor chip uses
the principle that the elect anges with temperature.
Voltage signal from the sensor was sent to’the transmittercircuit where a’vﬂage signal was

clotted ariofrc o debtical crehidind] The Bl cren

was sent to the
seven-segment% display that shown the temperature in digit.

The temperature sensor was mounted at the middle of the horizontal reactor
chamber. The signal from sensor was sent through wires to the transmitter circuit which was
installed in a plastic box. At the front side of the transmitter box a temperature display was
mounted as well as the 9 volt DC supply connector and on/off switch.
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The accuracy of the temperature measurement unit is + 0.5 °C. However, after
installation of the unit into the UVO system, a temperature calibration with a conventional
thermometer was performed before any operation. Figure 3.15 illustrates a schematic diagram and

some photographs of the temperature measurement unit.

To monitor pressure inside the reactor chamber, a spring pressure gauge was
used. Its principle is that the pressure force is balanced by the movement of a spring. The position
of spring can be related to the process pressure. In this system, the pressure gauge was mounted

at the exhaust gas outlet. Another function of ure gauge is, for safety purpose, to prevent

any increasing of pressure which may ea \ nage Vlamps inside the reactor chamber.

The last monitoring devis ihe rotamele this system, two rotameters were
used to regulate the flow rates oithe inle Og, prior to entering into the reactor
5.0f the rotameters. These knobs
functioned as needle valves {@" regulats the e flows. \ 16 and 3.17 illustrates some

ﬂ‘lJﬂ’Wlﬂ'ﬂﬁWﬂ']ﬂ‘i
’QW'W&NT]?EU NN Y
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Digit display

888 C

(@) Temperature
sensor

(b) Transmitter circuit

(c) Digit display

(d) Onloff switch

(e) DC supply
connector

() Cover box

(9) Signal wires

pesratus measurement unit.
i ..JI'L

&l

Figure 3.17 Rotameters: front-view installation (left) and back-view connections to gas tanks
(right).



91

3.3.1.6 Casting Mold

The mold designing was originated by an idea of simple but precise in
dimensions. In this study, epoxy was used as the continuous phase, matrix, and polyester yam
as the discontinuous phase. Epoxy is thermoset polymer that can be cured in room
temperature and special ambient is not necessary. Cold casting, the easiest and simplest
method of polymer fabrication, was selected as the method for fabricating the test specimen.

Prior to designing the casti

mold, it is necessary to select a method for
testing. In this study, tensile prop p posite were interested. Since the test
specimen geometry should be s easy icate, the ASTM D638M test method was

used as a basis to fabrica i nsile testing. Unidirectional and
tensional arrangement of ﬁg nasitel were additional criterions for designing mold, to
achieve these goals the sample ki be gh %‘ ugh. The pictures-frame type
mold was selected to desigi boratory, has no need of high
production rate, and abl \ ansile specimen. In this work, the
thickness of specimens is 10
Figure 3.18 illustrates the A

mold designing.

ss allowed for this test method.
and its dimensions used as basis of

20

§
-
-
o))

J U 4 50 Pl 10
- ARIAINTUNEI
9 ) |
Figure 3.18 The dimensions of ASTM D638M type MI specimen for tensile testing (unit in
millimeter).
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The pictures-frame type mold was CAD-designed and 3D illustrated as shown
in Figure 3.19. Nine pieces of “picture” were designed to assemble parallely to each other
within the “frame”, the space between two adjacent pictures is 10 mm which is equivalent to the
narrow section of the test specimen in Figure 3.18. Together with pictures and frame, this mold
gives eight cavities for filling the mixture of resin and hardener. At each cavity, both sides of
the “frame” were designed to have an array of sixteen drilling holds within the narrow section of
the specimen, 10 mm x 10 mm, for aligning of yarns. The diameter of drilling holds was
igned to prevent large amount of resin leakage.

Stainless steel type 304 ‘ terial for making of the casting mold.
The pictures were shaping act A &Iy accurate in dimensions. The

rectangular frame was made

designed to 1 mm, these small holds were |

ecified dimension; the two longer
sides were drilled to have gi olds at the position respect to the
narrow section of the spei' / ' elded together to get the frame
as designed. Figure 3.20 -:,_-,-. ‘ e pictures-frame mold and assemble
method for resin castin specimen,  This, fabricating technique resulted a

composite specimen cont X v e of PET fiber.

AUEINENTNYINT
ARIAN TN INY Y
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Picture

Frame

150 |160

Figure 3.19 CAD-designed and 3D illustrated of the pictures-frame casting mold
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Picture

Array of drilling
holds

Step 3: Carefully align the pictures into their posmonsﬁ
cavities for pouring the mixture of resin. Seal the-dﬂfm'gdds

and gaps between frame and Té! sheetto preventresin , ﬂ
leakage. The mixture of resin ant was then pouring: ‘

into the cavities.

I W
Step 5: Put the clamped mold mto a large plastic bag. Connect
the bber tube to the conn ted on the lid to suction.

I INYAY

Step 6: After 24 hours, unpack the plastic bag and
clamps for demolding.

Figure 3.20 Photographs of the pictures-frame mold and assemble method for resin casting of
the testing specimen.
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3.3.2 Process Construction

After all equipments (UV light sources, reactor chamber, ozone generators,
pulling mechanism, and monitoring devices) were constructed, the next step is connecting and
arrangements of the equipments to start an operation. The process layout mentioned in
section 3.2 was helpful in this step. Some equipments, however, were arranged differed from

the layout.

Tubing and electrical wiring were main tasks in this step. Two different types

e used for tubing. The first tubing was
used for flexible-required locations in th o at the connections between the
ozone generator and the ing was used at the high pressure
connections, e.g. from gas ( the rotameter to flow junction.

The flow pattern of gasegifi' tha/Pracess is show 3.21 where solid lines and dotted

U lqu e ndrimmsD=
AR RTITIINTIA L

For wiring, there are four equipments needed for electric supply; UV light

o]
o]

lamps and their control unit, ozone generators, pulling mechanism, and temperature
measurement unit. Insulated wires, junction, and connection were used in this entire process.
In case of wiring inside the reactor chamber, wires was covered with aluminum tape to protect
any effects of reactive species as well as UV light in the reactor which can cause uncertain

condition.
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Introducing of yarn and setting up of pulling mechanism were the next steps
after tubing and wiring. Resulting from preliminary test, number of yarns to be pulled in each
run was twenty four yarns, which gave a surface modification rate of the process as 12, 4.8,
and 2.4 m/min corresponding to the retention time of yarns in reactor of 2, 5 and 10 min,
respectively. The yam creels were installed into rack as illustrated in Figure 3.22. All twenty
four yams were grouped and pulled into the reactor chamber, through a small hold, by the
pulling mechanism located another side of the reactor chamber.' At the exit of reactor chamber

the group of yarns was split into four groups to comfort the fabrication of tensile specimen.

Yarns were then collected into fiber spools.h! ," f/

2

- e

- -
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e
>

l I|IIIII|-I||I|III-|IIIIIIII-}‘

L L

=
— .
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—.'-« «‘

Pull direction

SRR

Figure 3.22 Drawing of the rack of yarn creels (up left), and schematic of introducing of
yarns into reactor (up right). Photographs of constructed fiber creels rack (bottom).
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Next and last step before starting the experiment was to evaluate the starting
conditions of the process. There are two conditions that have to ensure that they were reached
the equilibrium state, temperature and gas species. In another words, this step is to find an
optimum time before introducing yams into the reactor for modifying their surfaces.

Temperature inside the reactor chamber was influenced by the heat generated
by UV lamps, gas feeding flow rate, and surrounding temperature. Since the flow rate of gas
species was fixed at the same rate all over the experiment regimes (10 scfh) as well as the
gas feeding temperature which was a constant at room temperature (~ 37 °C).
Heat produced due to the UV la % e only factor affecting the temperature
inside the chamber. To fi ndﬁwa Jo ﬁ@'constant temperature, changing of
temperature inside reacto
3.23 shows the plot of t

mps were switched on. Figure

: Ntime after the lamps switched

on.

temperature (C)
& 8 & 3 &
1 1 1 1

8

»
[

8

w
UI

ﬂummm'swmm
Flgure 3.23 The interior témperature after.lamps was turned on.

ARIANNIUARIINE IR Y

From Figure 3.23, the inside temperature reached constant value (~70 °C)
after approximately 17 mins. About 1-2 °C decrease of the inside temperature was observed

after feeding gas species. The temperature, however, was recovered to the constant
temperature again within 7-8 min.
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The equilibrium state of gas species was reached after feeding was started
more than 1 min (this value was calculated by assumption base on gas species were behaved
as incompressible fluid). This can be concluded that time to reach an equilibrium state is about
25 min. In practice, the experiment should run after this period of time to ensure that the
steady state of the continuous process was performed. At this point the process was ready for

running the experiment. Figure 3.24 is shown the constructed process and its components.

a) reactor chamber

b) ozone generators

c) UV lamps controller

d) temperature
measurement unit

€) pressure gauge

f) electric wires

g) rotameter

h) compressed gas
supply tanks

i) yarn creel racks

j) pulling mechanism

k) gas inlet

AUSAINENTNYINT
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3.4 Characterization and Testing
3.4.1 PET Fiber

The surface-treated PET fiber samples were analyzed by SEM/EDX and
tensile testing. SEM micrographs of fiber surface morphologies were obtained on JEOL JSM-
5800 LV. The microscope operated at 15 kV accelerating voltage. Prior to SEM observations,
all samples were sputter coated with gold.

EDX spectra were tal v FORD ISIS 300 x-ray energy dispersive
analysis system, which was attacha@ m@t In this study EDX study was used as
preliminarily examine the o@ntsm th@ce region of the samples. EDX
samples were attached on I.TJed_E ,,._h-?p!lbnned without coating of the yam

\aas average values from three different

samples. Oxygen cont
positions on a fiber surf

The tenSile
500 according to ASTM
samples were equipped with"

e

results were taken as the average values of 5

T
_..-_-'_,..v:_g:-;r_“ VA

34.2 Compo§igSpecimen
"T-r
Tensile ‘ljts of the comp 1 re carried out on a universal

OYD 500 equipped with a 10 kN"load cell, according to ASTM

D638M-91a. The{cross- gﬁp r% | Aensi cimens was 5 mm/min.
For the tensile tﬂﬂﬂss trirj cfrwre xzizjiﬁhﬁ GEN software (bundled
with the testi chine),. The ulti te'tensile str rain_at break{*and toughness of the
composflé;:l sﬁi:irﬁﬁ acﬁmﬁn%ﬁﬁmaj Ej.aTsﬂltoughness of the

materials was estimated using trapezoidal numerical integration. All the results were taken as

testing machine Model

the average values of 5 samples.

The surfaces of the fractured PET-fiber/epoxy composites specimens under
tensile tests were examined using a scanning SEM JEOL-58000LV. Prior to SEM observations,

all samples were sputter coated with gold.
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