As
CHAPTER 4 A

FABRICATION OF MICROFLUIDIC PAPER-BASED AVICAL

DEVICE (uPAD)

4.1 Experimental .\d,
Y.
4.1.1 Materials \ Yb’
E -

Materials used to fabricate pPA SMS S 3 commercially sourced

paraffin wax and Whatman ceIIquse ba gradQ at‘& hy paper sourced

from Sigma Aldrich, USA. Fl M fa‘tg})qated uPADs performed

using distilled water obtaine earc or or

’ l
) s 17} s
4.1.2 Fabrication @’\DS \|§
The pa s were patterned with intended design

(inlet, Outledhl, an b ri \V'ltle‘j?encﬂ The hydrophilic channel of the uPADs
h

e pap }reated& th paraffin wax to form the hydrophobic barrier.

Upoﬁhmg the paraffin wa@étment onto paper, the paper was dried for 5 minutes.

N

were fo

hed fabricated uPADs is shown in Figure 4.1.
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4.1.3 Flow rate assessment of uPAD\j ? O
uPADs fabricated in this s%w re b\?‘ext volumetric flow rate

)

evaluation. In-house prepare@led w t6 Arr@re the flow through the

channel of the uPAD. The \T ric lowr siwere ulated using classical Lucas-
|
Washburn equation, st% quaticy J2 Q,o.

7
“ig
g

E\ t= time for liquid to travel from inlet to outlet

w=  dynamic viscosity
0 The variables investigated in this study were the width of the channel and the

volume of liquid used in the inlet region. In order to study the effect of the width of the
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channel on the volumetric flowrate, the fabricated uPADs with channel widths of 1.0,
3.0 and 5.0 mm were used. 10 ul of distilled water was used to observe the floww
along the channel. On the other hand, to study the influence of the volu@quid
used, only fabricated pPADs with channel width of 5.0 mm were ﬂ*r testing.
However, the volume of distilled water was varied at 10, 20, 30, 40 and/50 pul. The flow

of distilled water was observed from the initial wetting of thi Mgion to overall

wetting of the outlet region, and the time taken for the fl fully wet the outlet

region was taken and recorded. .\d
4

4.2 Results and discussions i \

4
1y
Oﬁ”zq(

4.2.1 Flowrate from differing volyees of ana \
i o . :
Differing the volumes%yte dls d lowrate as higher fluid
che
N

o
=4

volume increases volumetric flowrate the ct of differing volumes of
analytes can determing th imum Iamp vbll@vith highest flowrate to ensure
g s
epict

rapid analysis. The r&lto %@ p Figure 4.2.
l ~
& 40

44



50

3.0 @ flowrate I
. - m- contact angle a
; L7 L 45
254 v
~~ -40 5
‘o ()
= 204 g =
= . . 2
2 P 35 2
@© i ]
S 151 L S
o e L S
= J L/ 30 O
1.0 /
// .\\.\
o —, [ '
054 o
T T T T T
10 20 30 40 50

r T T 20
volume (ul) B '\d
\ ‘

Figure 4.2: Effect of varying volumes of liquid onto'the flowrate on p li) ir@xaon
to the contact angle ofgliqui A

4
\ \/‘Z~
Figure 4.2 shows the effect of varying,the yolu tquid or@xv flowrate on
iput re@? From the figure,

uPAD in relation to the contact angle e liguid on t
increasing volume of liquid Iowere(@jlowrate ' @PAD. Using 10 pl of
S

water yielded flowrate of 2.836%, whifé usi u£(/ ater yielded flowrate of
0.6713 ul s’*. The changes %Mate Iva%wze‘% he changes of contact angle
of fluid on the input regi t'showed that inb N@er volume of liquids reduced the
4 ¢ &
wettability of the inp%;gion,l \aw rtray (L_by the increasing contact angle, 6 of
liquid upon intreducethonto the' 'regith;‘?dguyen and Wereley (2002) and Song et
¢
al. (2018) h %ariz that nécter}?e of the fluid in the input region dictated the
2 k. S
Wettabi% e fluid int celtatose fibres of pPAD. Zero contact angle (6 = 0°)
indigated,complete WGtt&bIht@Yhe input region. Thus, increasing the contact angle

r the wettability of the input region. Due to reduced wettability, liquid dropped
3 the input region spread through the channel at lower rate.
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4.2.2 Flowrate from differing channel width
In the uPAD architectural design aspect, channel width can affect the fw
of the fluid through the channel. Increasing channel width can both c@ and

increase the flowrate as the channel width influenced the flowrate luid. The

statement is supported by Figure 4.3, resulting from the study. ?
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Figure 4.3: Effect of channel wid flowrate qquid \PAD in relation to the
pressure diff& between inp andA t region
N

Figure 4.3 shov% ct of clann Wldtb@i the flowrate of liquid on uPAD.

4

4
It was shown that the,flowrate 1.90 Gﬁ’ s from 0.1707 pl s when 100 ul

of water used to,me e it

plummeted ttgy%

Fluctuation the flowr :Wer@used by narrow channel (width = 1.0 mm)

throtg-}&VﬁPAD with 3.0 mm channel width, then

!
of Uﬁf!‘;éjon uPAD with 5.0 mm channel width.
N

Yv
cong@j the flow of fluid, tm%\resulting low flowrate of fluid through the channel.
\

% r, using uPAD with wide channel (width = 5.0 mm) also caused the flowrate to
g

: reatly. Referring to Hagen-Poiseuille equation, stated in Equation 7, cross
ctional area of the channel was one of the factors influencing the flowrate and velocity

of the fluid flowing through the channel (Ostadfar, 2016). Other parameters namely
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length of the channel and viscosity of liquid used fixed to be constant as both parameters

can affect the flowrate greatly. Y
lq. 7

where; AP = pressure change Y.
R= channel radius \,
l"lf =
L=

dynamic viscosity
path length

The previous study showed flowrate of the Ii@f uég{d&atly from

L ]
the channel width of the uPAD as shown by Lucas-Washburn equation (Equation 6).

K

However, the study only covered the effect of the chagnel width'on the flowate of the
W NV

fluid without the influence of the pressure, differences \een thei{pgt'and output

region as Lucas-Washburn equation dd in su dif%gces as one of the

‘% 0 uq 0}
&
N K\
4.3 Conclusion Yv , N
l
From the studhcted, t;r%‘kj;ateég‘%e fluid was influenced by both

variables; volume N used and"the chan idth. As a result, the lowest volume
N

t flowrate of 2.8361 ul s, meanwhile the

of fluid used OEND was %O al]ga&()gn
te

factors in the equation.

’ _ |
fluid waSyl. 144&{1 when using channel width of 3.0 mm. The

highest fl%
flowrafl he fluid sﬁo to'be d@sed as increasing the volume of the fluid caused

N
of the uPAD to b‘efazcreased. The flowrate of the fluid also shown to be

thp\
%ted as varying channel widths was used in the study, due to the fluctuations of

Ossure changes.
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