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Thesis Title Estimation of Surface Tension for Polymer Blends
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ABSTRACT

This research presents the method to estimate surface tension of polymer blends. The
measurement has been developed using mathematical equations to estimate the surface tension as
a function of temperature and ratio of polymer blend.  This research also developed the
equipment for measuring the surface tension of polymer blends at high temperature using pendant
drop method and computer-aid image processing. The computerized program was developed to
estimated surface tension based on the Laplace — Young equation.

This research developed the equipment for measuring surface tension of polymer blends
between natural rubber/polystyrene (NR/PS) and natural rubber/ethylene vinyl acetate copolymer
(NR/EVA). The experiment was carried out over a temperature rang of 185 — 205°C under N,
atmosphere to prevent thermal decomposition due to the high temperature. The sample of
polymer blend was then investigated thermal properties by TGA and DSC. The TGA results
showed the percent lost weight of each blend ratio was less than 1.5 %wt at temperature ranging
from 180 to 210 °C. The DSC results showed no phase separation occurred during measurement.
The estimation of surface tension can be obtained by using the quadratic equation which was
a function of temperature and ratio of polymer blends. The estimated surface tension of NR/PS
blends were 23.6 to 29.3 mN/m and 19.5 to 28.7 mN/m for NR/EVA blends. The surface tension
of polymer blends increased when increasing NR ratio from 0- 70% and decreased with

increasing temperature.
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ﬁumﬁ‘i’:ﬂuﬁumsm%ﬁwmmwNm‘ﬁ;sﬁﬂmnn1sﬁﬂmﬁmszn:hwmui‘m-mauﬂm
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A d - = ! ‘ %
$1)3] Y e musammwwmmm“lumu Dispersive Component
d - 4 Q2 a d‘ “ .; ' =1 ] . .
yd, A9 AMTIAININNATUIZNT19U9L- 18 TudIU Dispersive Component
[l i a 4 d 4
Dispersive Component fio muﬁmmsiﬁagmzmwﬂumqmawmum - YDANAIN
INAVHIUDIVINTANTNANUUUYD
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Owens 182 Wendt 1@UIIN30AMHOIsEn v Y-veurad luldinavuninadiu
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[ a ' a o 1 )
Fowks Lﬂuf)'l'lﬂ'luﬁQﬁﬂﬂ’)ﬁlﬂﬂllﬂuﬂﬂamﬂﬁNﬁllﬂfla‘i)’lﬂ Nﬁi’Jij‘lJﬂ\‘lﬂ'lLlidﬁQN'J‘llﬂi‘l
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310 2.15 dnvz s vveanoadag 5]

a ' o an -
VINNNAINE Tns Ildvesgnoaludetidamuuiuny x wag z unsowouly

5 4 5 g of
g1lveaflandu p(x,2) Famunsaetineldninaumsdaii [s)

as B X
dx
— = COS (2.12)
ds ¢
dz
—— =sin (2.13)
ds ¢
Tavtieu lvvouivanonyaseavoaviva s
X=Z=S=¢=0
Ll P (2.14)
X B
1 x
B- T . 2.15)
ak,,. ad (smgﬁ}mx

/ Y
a=_[—— (2.16)
Apg

WD Ap= WAANVDINMIUNUIUUVDIND AL HANLAZDINIA

@ e o [
¢ = yuduraIns Indveanoaiag (pam)
" e A Vv 4 2
g = AUV UILBIN NN THUD219903 1an (m/s)
y = USIAIRIVITAR (mN/m)

B - Shape parameter

) - ” 3
x,zuags Whigllimisovesiiie «, - uaz s daaasluzalii 2.15 Famrlden
x=X.a,z=Z.a,s=3S.a (2.17)

4 4 o
Tagiaums 2.11) - (2.13) Wugdnilsvesaunsanlon-63 (Laplace — Young Equation)

¥
dm5uNIfiveeglnoatin 1AZINANYUZNINIENINYBITUNT (2.14) — (2.16) Wz FUNAITTY
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_ Z(S - §X¢ - a) (2.18)
(n—-1)SD,SD,
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n= wmvedoya
SD,,SD = AMUTOAVUIIATTIUVDI X LD y AWAIAY

"o a = Y v oa o o d )
nnmdulszansanudunusn ldi lddwaaumamanusuveansinldnn

. SD,
= i (2.19)
SD.
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a = ¢-bs (2.20)
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272 ﬁuﬂs:ﬁw%msﬁﬂﬁqmwgﬁmﬁ ( Isothermal compressibility coefficient )

K = ——i(@) (2.24)
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@319 2.1 LAAIA1 Molar parachor (Ps) YBINBAMBI¥TIAAINY [ 10]

Polymer Ps
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Polystyrene 250.9
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Polyoxyethylene 98.0
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Polyepichlorohydrin 174.2
Polyfumaronitrile 171.2
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M3 0.3 HANSAMIUMIA /(Y™ 1y nazy, -

(cosO+1)/2,/y* YDIWDAWBTHAY NR : PS

d
viavosvounad | o /yd) 7,00+ D/ 27y
0:100 | 30:70 | 50:0 70 :30 0:100
i 1.53 980 | 943 | 963 | 1150 | 10.82
iwaulnanea 0.81 682 | 676 | 676 | 721 6.90
nales0a 0.94 670 | 7.59 | 6.77 7.88 6.73

4 = a 1 Y = o = =
msnﬁ n.4 Hﬁ‘“ﬂ\?llill'lﬂw'lﬁﬁ:ifilJ‘lﬂﬁﬁBﬂ’llﬁdﬂdN']ﬂﬂ\l‘“ﬂﬁmﬂiNﬁll (ﬂﬂﬂﬂﬂﬂqmﬂﬂﬂ 25

DI UBAIFU)
BATIAIUNDADI HETYy F F
S Y., (mN/m) Y., (mN/m) Vs (mN/m)
0:100 2.87 4.48 28.34
30:70 4.07 3.53 29.01
50: 50 3.07 425 27.51
70 : 30 2.29 6.01 41.41
100 : 0 1.70 5.90 3771
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gNOANIBINANIZTHIN NR : EVA

4 - J v @ e a o
ﬂ'l'ﬂ\‘l‘ﬁ .5 HAYDITUATIIDSAWADMYUTUHTUYDINDAINDINTY

FAVDA 24 AnudurausInefmeswau NR : EVA
NATDUATIN

MIazay 0:100 | 30:70 | 50:0 | 70:30 | 0:100
1 1120 | 583 | 81.0 | 705 | 53.0

2 1120 | 565 | 795 | 69.0 | 525

3 1120 | 563 | 785 | 66.0 | 52.0

4 1120 | 555 | 780 | 655 | 515

» 5 1120 | 555 | 780 | 655 | 545

! 6 1100 | 553 | 768 | 650 | 53.0

7 1100 | 553 | 765 | 645 | 53.0

8 1100 | 545 | 760 | 64.0 | 50.0

Aundy 1113 | 559 | 780 | 663 | 525

Auflsaunasgu 1.0 1.1 1.7 2.3 1.4

1 680 | 465 | 450 | 523 | 40.0

2 67.0 | 455 | 43.0 | 523 | 405

3 67.0 | 450 | 430 | 520 | 395

4 66.0 | 448 | 410 | 518 | 43.0

5 66.0 | 435 | 405 | 513 | 43.0

onaulnanea

6 66.0 | 435 | 400 | 503 | 39.5

7 66.0 | 43.0 | 400 | 495 | 39.0

8 660 | 41.8 | 400 | 495 | 43.0

Aundy 66.5 | 442 | 416 | 511 | 409

Aufloananasgu 0.8 1.5 1.9 12 1.8
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R v A TURTUBINDAIBTHEY NR : EVA
FUATITATDY NATDUNITIN
0:100 | 30:70 | 50:0 | 70:30 | 0:100
1 89.0 | 750 | 685 | 650 | 58.0
2 880 | 708 | 68.0 | 645 | 575
3 880 | 690 | 68.0 | 645 | 56.0
4 870 | 695 | 675 | 643 | 615
. 5 86.0 | 69.0 | 663 | 64.0 | 60.5
NALIEDI0N
6 860 | 710 | 650 | 638 | 58.0
7 860 | 735 | 635 | 638 | 595
8 850 | 738 | 63.0 | 635 | 585
Aundy 86.9 714 | 662 | 642 | 58.7
ANDAVUNIATIU 1.4 2.3 2.2 0.5 1.8

M3190 7.6 HANSAIIUMIA /(Y™ /7 Az Y, - (cosO+1)/2/Y! YDINDAWDIHAUNREVA

¥, -(cos@+1)/2y!

UAVBWDUNAD | (M [yl
0:100 | 30:70 | 50:0 | 70:30 | 0:100
Wi 1.53 12.54 | 1220 | 9.43 10.93 10.82
wnaulnanea 0.81 783 | 765 | 7.79 7.26 6.90
G RELD) 0.94 833 | 732 7.69 7.88 6.73

MINN 0.7 WoV0TINUBWBITUNARBA M IAIRIVEINEAWE S HAU(MATBUN QNI 25

DIFUF AT )

BATIAIUNDADT ATy . .
VY. (mN/m) Yo (mN/m) 7y (mN/m)
NR : EVA
0:100 221 6.72 50.12
30: 70 1.49 6.91 50.04
50 : 50 5.58 2.19 37.34
70 : 30 5.13 5.13 35.81
100:0 1.69 5.90 37.71
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o ] o a = ¢ [V
ﬂ?ﬂﬂ1~1ﬂ"ﬁﬂ‘lﬂ?ﬂlﬂﬁhlﬁ@ﬁﬂﬂ?‘“ﬂﬂﬂﬂﬁﬂla‘iﬂﬂ'N“l]‘lﬂﬂNﬂ?iﬁ‘lﬂﬁ’lW'ﬂQ

¥ '
o ' - o a gy @ a "
‘lumsmu’Jmmusaﬁqmmngﬂmﬂm L'Sllﬁ‘ll‘i]"lﬂﬂ”li’lﬁﬂTW'l‘i11!lﬁﬂ§:§'ﬂ'i’lﬁ‘ﬁﬂ~'i‘l-‘lUﬂ
:::;:1” o ' v = a o as ] = ~
TﬂUiu‘l’luuﬁﬂﬁﬁ’)BUN ﬂﬁﬂ'lﬂ'luiﬁﬁﬁﬂ’}iiﬂﬂ’d”l‘i‘ﬂ'ﬂﬁm'ﬂiHﬂuﬂ’JBUN NR:PSN40:60 "

QUNNI 180 DIAUTATYA

a o ' o do Wy >
MiNn V.1 ﬂu]ﬂlsa:aﬂﬂmzzﬂﬁ]Q‘n??ﬂﬂ‘n]ﬂﬂ‘l““ﬂﬂu]

ANEIANLLIE . -
¥ aw x (UaRWAT) | z (HAAWRAT) | Nududa ¢, (99A0)
VEAUN .S (HARINAT)
0 0 0 0

0.244 0.244 0.033 16.4

0.399 0.391 0.083 248

0.554 0.526 0.155 325

0.734 0.662 0.272 43.2

0.914 0.787 0.404 53.2

1.097 0.875 0.562 65.7

nnanda ldin liimsdmuou el oaoeoFadumeniainnusuvens iy

£
uazyAAAINY y Y030 s gnInyuduRauazanuo Ml veaih (s)

70 . —— e - : e it

60 -
¢=58.308 s + 0.8465

40 - R® = 0.9982

YuAuda (ava)

0 T ‘ —
0 0.5 1 156
anuumamunEuTasepluoaTndvasna(Nadwasg)

3N v.1 maiaduieviaumsiduasivesns v

P w ' o 4 o b ' o w
v Idmanugunsmuasayadauny y Fadmualiitdum ¢, uag ¢, amdidy

NNauMIvoIns 1 la

ﬁ = 58.308 (v.1)
ds
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s ¥
llﬂg‘il']ﬂﬂllﬂ"ﬁﬁ'll]fl’l‘lf—ﬁﬁﬁlgf}u‘lﬁl‘uﬂvﬁlﬂ.lﬂ

g _ 1 _z (v.2)
ds B a

¥

unumoyanyanlndiuyaseavensamnngaluaums (v.2) Tavluiiiifie =0.033 mm

w1
58308 = oS00 (1.3)
B a
MIA1a 910
1. &= (1.4)
a sing
UNUAT x = 0.244 mm LD sind = 0.282 Tuaums (v.4) 1214
— = 0.865B (1.5)
a
11 (@.5) Tdunuam luaums (v.3) w214
58.308 = —;—— 0.03818 (1.6)
B x (v.6) udavagyiniez’la
0.0381B% +58.308B—-1 = 0 (v.7)

' o “ ' 4 o P = o
i B uanh lumuTuaumsv.4) ionis a §sfmaum y =40 mN/m figungii 185°C
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Fsmslyanulsunsu luarvfadenugly

: o ' o i ¢§ ] 1 o :l”
ol 19mmaia Tsunsuezwomiae dagiin n.1 Falszaeudivdiuaieg Aail

A o

Stabus Input Value Time
Name [Psi5s - b R “__l Surface Tension
! P — 17.357
! Temperature | 195 Density [W"" Sop ! 3
i Live Video Preview Captured Video | Btmap 00:32:30 17.3579
{ iy Coprn D0:32:00  13.463
} 30  secishot : 00:31:30 14.3879
00:31:00 16259
Sop | |00:30:30  15.6351
i e J |oo:3:00  15.6004
|
i Snap Sl
¥ Increment flename after sach caphure  Caphure =
™ Roadfrom oge i lstCwhred  WiZEG  ResCamw | i R I

3N A1 wamwamsMuIuA IR

@IUN 1 Status ADAIUVDINITUAAITD U NS TOUARNUNADITA 10
v - Yy A A " w EY) | ' 3
Li“]umummm“lwgmmsaewauﬂaﬂuﬂamagma'ln HAZIAAIVDY QAL ANIUL VD

0 - d
nans minlildieudesziinihaufouiiuindagy a2

[ Errourd ai
No video capture device was detected on your system.

This sample requires a functional video capture device, such
as a USB web camera. Video capture will be disabled.

[« 1]

3 a2uansdennuududewiio Idireudondosiale

89U 2 Input Value Aodamveamssumsunn UsznovTdw dauvesmsumdan i

s 1

T lumsdnam 18un gungil Annumuiivmmizvesas s hlfsdmvesnmsaaie I

o

¥
s

MINANDY F10AZIDUALAIL
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- Name ¥om3inaaea
- Temperature  ldmgumnaiinl¥lumsnanns
- Density MUY sH ¥l unmInaans

aIUN 3 AodINYBINISUAAINANINN 1A11NNABITA T8 (Live Video Preview) Lag a4y

uanan 1w 1891 153UAIM (Capture video / Bitmap)
@IUN 4 Time ADAIUYBINITHAAIA IUMINATDY

g 5 dauvesmsmruaigazidoalunmssunin Uszneudan
a - ' a‘lv LU a
- Increment filename after each capture Hmﬂanman“lumuuwﬁ‘lummuwn'lﬂamwnn
:{ o s L | L | o " oas =)
Amninmstunm vin liidenwztumsatiuin Indnmluivunmay
g =) -~ 9 U J [ ~ [3
- Read form image file vinaaa@enlv lUsunsneiua19n’Wa Bimap Msrimua
o
unu'laiale
- ' ° A d 4 ay ¥ o A o Ao d
- Capture ApaUMHUANNU AR 1dnmsiunm wiesmuadlufisivua ng
awiidesn i ilsunsueu iiondniden Read form image file
Y LAl - as
- Last Capture ¥ Iwaaigan Taanmstunin
U = =) a e o [
- Reset Counter fDtju3iyn Idiimsisuiudin IndninwIn
v P TR @ Ve ar . ' o
aaui 6 Jui1FlumsdaIqinsunm (Snap  stil ) wazdruvesnsimun

szoznaizIilmsiunm 1 IHTuA MmN A5F (Auto Capture)

4 L] Al - d‘ o ' -ﬂy " é
@i 7 dnnaasinsafsmian I nnnsdas Tavludauiisan gy Clear &

a J " - " = U as o
¥ lumaindoimhanildfuaasdoyasussdain uazifulunstuiin Idmanissnnadae
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Thermal Gravimetic Analyser (TGA)

20 Sample: NR:PS (100:0)

o Bt HT e P8 10008 07T g
Mo 3050040 88000 K20

1 0s®IrC MorCamn K2 80.0 i
4 ®00800CBOrCENN 02800 mmn

Siep 244848 %

Swep 565289 %
4.1331 mg

T T T T T T

100

S T e e e o T St Rt
250 300 350

+
400 450

JUN 4.1 mamsnaae UM AaUR IV INDABTHEY NR:PS (100:0)

LR
N 3
Step 219820 %
80 -1.9936 mg
4
80
Step B.4B35%
\‘ 0.7694 mg
70-]
80|
50
404
4 Swp S8.3643%
1 8.2002 mg
20
70| Sample: NR:PS (70:30)
| Bt HT_MPE (70301, 0080 mg
| M 30004 88002 r20
] 0L0TC RO Cimin K 0.0 i
+ oWOEOTC 000 Thnn 02 800 mitrin
L S e e S e e e e e e LA e T T -
50 100 150 200 250 300 350 400 450

UM 92 HAMINATDUMI TR IWAIVDINDADIHEY NR:PS (70 : 30)
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1o Sample: NRPS (50:50)

4 M0M0CCHOCEN K 0D
| SMOMSOIT MOCCimn 03800 min

| ey 11 s 5050 6 00 g

Step 504051 %
59056 mg

e r——a

Ty
&0 100

——y—

3N 43 wamsnaTeuMsaMIAIvEINBAID WAL NR:PS (50 : 50)

Sample: NR:P8 (30:70)

Bampae: HT-76548 HTS G701, 12 8008 mg

ran

WOL0CTMOCCAM M 00

800.0460.0°C ZWOTA O 0.0 it
—TT T

Slep 99,3626 %
12,8767 mg

T
50 100

d' o =
gll‘ﬂ 1.4 NﬁﬂﬁﬂﬂETEJ‘I.Iﬂ"l'iﬁﬂ'ltlﬂ'J“lIENWﬂflmﬂ{HﬁH NR:PS (30 : 70)
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4
0

4 36.0.600°C 30,00 Cin.
o B000MG0CHOrCn 02800 M

EBarple. HTDTIVE0 MILEVA (7030, 3.4542 g
asoa

M 80,0 b,

LI L e o o T
50 100 150

UM 4.5 wamsnaaoumMsaaIAIvDINEALBIHIY NREEVA (70 : 30)

0

Sampie: NR:EVA {50:50)

Step 225631 %
-1.8T75 mg

3N 4.6 wanmismaToUMs AR IYDINBADI HAY NR:EVA (50: 50)
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50—

704

50 -

20

o B (TOAD MR EVA (27T A5 my
e 30 0000 88002 R0

1 NOMMUCHNrCmMN 2600 mhen

- oXosueC morcen  OF mowon

50 100 150

L B B e e e e e o B B S o o
250

Step -23.3084%
£.8503 mg

Sampla: NR-EVA (30:70)

UM 17 wamsnadeuMsaMIUAINBIWBABTHAY NR:EVA (30 : 70)
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Differential Scanning Calorimeter (DSC)

e HT D280 NEUDS (10

T CZB443 RIS [100/). D4 00,2008 OF 10.48
Mot Da. 250 con K20

002M00C WOCChn NI 800 min

2,

C DCTIR K2 600 i
WOMLIT DOTCH KGR0 mn

3N 4.8 HamsnadeuTTANIIAILTPUYBINDAMDIHAL NR: PS (100 : 0)

Exparimars. HT (08440 WP, (00, 04,05 2008 06 1021
Moot D200 G+ KD

0290 0°C V0Cardr 53 80,0 miiin
WO.040 FC FATChew 72 0.5 miben
MO0 OC MOTCaw 3T 500

Glass Transition

ﬂ' ares <
31."11 1.9 Hﬁfﬂi"ﬂﬁﬂB‘UﬁH‘lJ?I'YI'Nﬂ’]111%'811‘UBQWBEIEIJﬂ§Nﬁ3J NR: PS (70 : 30)



e BT Adial N

Exparymare HT (234408 WUPS [S050) 54062008 00 008

Glass Transition
Midpolnt  78.83 °C

Coolrg
T
240

2
8
g
8
H
g
&
8
B

.|
-

Exparirant: 14T G440 NIUPE (30770, 25,00 2006 14 1341
Matiud D40 250 ovh F30
002MTC 0 0CaN  K2EOD

Glass Transition
Onset 1587 °C
Midpoint  78.16 °C

3N w11 wamsnadeuauiAmenuiouvomeaesHay NR: PS (30 : 70)
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Expmart. WT CIL449 MRS (0100} 20.08.2008 1348 12
Vot D40 240 cvh K20
0O M G 00
Z00M0TT DT D LD i 151 scan
T T -
fr/‘—_\——”ﬂ'\
r

[

Glass Transition
Onset  90.98 °C
Midpoint 84.61 *C

Gless Transition

Onsst  97.51°C
Midpoint 88,80 *C

U7 412 wamsnaaeuauiAMIANLToUYBIWDAB WY NR: PS (0

1 100)
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Estimation of Surface Tension for Polymer Blends

uns iianeaman wadlsznin JouTun digna gaudomily  uoz qimd o135mi

madndmnsrund nuzimnirumead sonfumaTulainszsouduimunmsmanizds

w1
unnayge
F
unanuiiiurueiinisdssyiudusedsfivoanedmesnry  Inowauirunisnundamnadin
Ysznasusadaifiduisffufugungiuarsasduvemedweinmy unzniauuniesilodmivldiam
ussRsdvemedweinauiiqungige  AwiimiswnmmeaveamarTasnis1¥asufinnesvislunis
. . | . . z
Uszwnonn dwiuldsunsuinannvummnsodnounusfsinnmmroaveavalld  Tnoldoumsiugu
veanma-ts
5 - - o - -
nnnamInaassrsardiuaieiie Tausedsiafigungiiqge muisaiafusedeiaveanede iy
TEMINENIT VIR Ho A InTuluyegungil 185 - 205 esmaier  unzmsdszinamussddh 1A Tee
. . - - s Lo - - 1
UszynalfrumIngmsnauuy Quadratc  muzaléinneussdsfmiduiaiduiugungiuay §asdiuves
- v . - - - < - y = & d - - '
wodweoinou1d Taenuiwssdsdvesmedeinauluua hlumudu  illotudandiuvessasssundluyn

- - - J
0-70% unsussAsTIvemoAweinmiannudogumgigedu

Abstract

This paper present the estimation of surface tension for polymer blends. The measurement has
been developed using mathematical equations to estimate the surfaoé ‘tension as function of temperature
and blend ratios. The computer-aided image processing method of pendant drop was used to measure and
calculate the surface tension of polymer blends at high temperature. ~The computerized calculation
program was developed which based on the Laplace — Young equation. These apparatus and in- house
software can be conducted to the industry which accomplished the easier, faster and better accuracy
measurement. From this study, the simple surface tension measuring apparatus was built up. This
apparatus is available to measure surface tension of polymer blends between natural rubber grafted styrene
(NR-g-St) and polystyrene (PS) at various NR-g-St blend ratios from 0 to 100, and measuring temperature
range 185 to 205°C. Estimation of surface tension for NR/PS blends was carried out by applying the
quadratic mixing rule.  The proposed equation enables us to estimate surface tension as function of
temperature and blends ratio. It was found that surface tension of NR/PS blends increases within the
range of containing NR up to 70%, and surface tension decreases when measuring temperature is

increased
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1. umi

139A4A7 (surface tension) SuuminiAatia
wilsweamedwesidanudgiuedaun iipenn
musadsdnzudrdmuadnuarmseonuuy uax
quamyosndniual Dausandudeyadimiy
AIzUAUMIKAALEE YugUnmaAn Snviadavenis
anudfuvemodefnaudaudmeeviniu 11480
Fro(1] Fodumsdausadsiaveamedived Suiu
FEmsimmsmihun1$lumsaiuquaunimyeaiis
wardAnindalugammnssyld mavauiineia
uzafafafazainiaaidauns Iduofuduir 348
Y3z Temiuoz uisordiuszynd 1§lumsnlvgu
aszuumIHaalugammnssunedwed 1A

Rotenberg uaznme (2] 1Anaassinnusia
Aunzyududaszniniaveveslnaningunsed
auuias Tasdfudgeounmisardars-ie (Young-
Laplace) WilanumuzauTavl$iSanmmasneaies
fign  luvwsi Anastasiadis uazAmy [3) WUssA
nngUnmiaTevesginoavealna Faldigunn
davauazaunisandaiz-is . wissgnaldly
aouRamnd v ldmusen)Jeuifouglsndugy
Taseinvesmondt 1dnngUnmuazmumsmary-da
¥ dmiumidsznussaasiiveamediueirmy
Yoshihisa waznwe (4] 1AUsruimAmsidsfiives
wodlefHauIENI1a Poly (ethyl acrylate) ; (PEA) fiu
wodiuefiFadinanisu poly(vinylidene  fluoride-co-
hexafluoro acetone) ; (Poly(VDF-HFA) Tnu1435dayu
dudtmuazquoumdd T lumsnifusefaiaves
woRweikmy Wizt Wdududeiiy
1311 Poly(VDF-HFA)

2. nquffiiedes
2.1 nénms
- -_ - - U
msJausieAIf0ITnistwn iy Unen
YOUANAIBINEMANNITAAVDATY (IOHUAYDIMTBY
] I »
TumneMirdosszdusafinseiidononluvusiiu 3

- - - . ¥ oo
IWIIAD  LTIAIAT (surface tension) 13 alvlugravealan

(gravity force) UATUIIADUAT (Buoyancy force) BU
& & o .
diensinoine davia 3 ussilezogluannizaunga
Aaaslugui o

Tenslon

Buoyancy | Gravity
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UM 2 dovazginvemendag
I mAand 1 Ins Iddvesginoalumesiiiniy
uWaunu x uog z runsolonluglvesiandu pxz2)

&4 - v -
Famnsoeivwldvinaunissail (5]

4 _2_, sing "
ds B X

%-cosé 2)
%:sinﬂ 3)

TasiiRou lvveuivafengavenvesnoaing

X=Z=S=¢=0
sing 1
it 4
Y 3 (4)
1 x
B=—r , ko = 5
K gpex ha [siné]w ®
Y
= |— 6
a = (6)

o ap = wavBanTIIMUIVYD IMBAE T
UAZOINIA (kg/m’)
¢ = yududnInsIndvemoniog (pam)
¢ = Anuisaduiisamnnnusafudreveslan
@

7 = UIIRIAIVOITIR (mN/m)

x,zuazs gl l¥misovesiitn x,z uaz sds

-
uamaluzuii 2 m1den
xa=Xa,z=2Z.a,5=5.a

oumsh m -0 |ﬂu1ﬂ1¢dwamumsmﬂnw-é’q
(Laplace - Young Equation) thniunsdiveagunon
voammdniunndnyuz jUindldnnnnanes
unzaNUMILMuYeIneReiFa 18 nonmsfrabds
[6] szemnsomIA IR 14

2.3 MIANNUHIANNHU LU YDINBRIND SN

vinmumivesalars-da luadedi 22 iferis
MIAIUIUNIAITIANAIADINTIVANINUMUU YD
wodweinmy  MdAeddinfusinuuuniv
voanpAweidaedn Reulwiadeiidunisuang
FEmsdszmasinnumunnivveanedivefnoulan
1oy pv 7 9imodmDIgNIY Taoia luwedied
wrruRanyarnamenmveaoaiinnmiuignia
e musodszgnal¥anuduiuiinodeaty
PVT . woanodwedgumuunlfsrnamininny
wuivveawedwesnand [7] nnanuduuives
PYT daftfie Anwdu (P)USimsiume (v) uaz
gaungil (T) d"mi'u-uaa‘lnnﬁaq"luﬂmamnqn‘lum:
manniuezRnsan viduiedduiy 7 uas p
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