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Title Determination of moltens poly-olefins surface tension using computer-aided

image processing of a pendant drop

Student Nattapon Udomchaipanich 1D:45010244
Thesis Advisor Dr. Surat Areerat
Report for Bachelor's Degrec of Chemical Engincering

Department of Chemical Engineering
Faculty of Engineering

King Mongkut’s lnstitute of Technology Ladkrabang

Abstract

The main objective of this senior project is to develop an apparatus for measuring
surface tension of molten poly-olefins at high temperature by using Pendant drop
computer-aided image processing method, and also to develop the computerized
calculation program for using with the apparatus which makes the measurement easier,
faster and better accuracy for applied in the industry.

From this study, the simple surface tension measuring apparatus was built up
which consists of VDO Camera and microscope lense. This apparatus is available to
measure surface tension of molten polymer at temperature range 100 to 200°C.
Together with, in-house written computer program to estimate surface lension was
developed based on Laplace-Young equation. In the experiment, to verify both in-
house program ability and the measuring capacity of apparatus the measurements for
3 polymer samples such as PP, PE and PS were conducted.

The Verification mainly aims to obtain measuring capacity and the proper sample
weight. Moreover, the temperature effect on surface tension measurement for PP and
PS were studied.

From the apparatus verification and experimental results, it was shown that the
in-house written program is available to estimate surface tension from pendant drop,
the measurement capacity is within the range 20-35 mN/m. the proper sample weight
is about 6-7 mg. For the effect of temperature on measurement, the reduction of
surface tension could be obtained by temperature increasing. The relable
measurement could be observed at temperature ahout 200°C for PP and PS.
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Module (1)53M1AA11/5Global)
Module 1-1

Option Explicit

Global slope As Double

Global intercept As Double
Global Gla As Double

(lobal n As Integer

nInputF (misasumswandaya)
Private Sub about_Click(}
aboutdrop,Show
End Sub
Private Sub exit Click()
Unload Me
End Sub
Private Sub NextB_Click()
RegressInpF.Show
Me.Hide

End Sub

RegressinpE(n111a131dmMs, §, x, 2)

Dim 1 As Integer

[»im SigmaX As Double, SigmaY As Double
Dim xbar As Double

Dim ybar As Double

Dim sx As Double

Dim sy As Double



Dim r As Double
Private Sub Command! Click()
aboutdrop.Show
End Sub
Private Sub about_Click()
aboutdrop.Show
End Sub
Private Sub exit_Click()
Unload nlnputF
Unload Me
End Sub
Private Sub Form_Load()
Fori=1To 10
Xtext(i).Visible = False
Y Text(i), Visible = False
CX{i).Visible = False
CY(i).Visible = False
Inputl(i). Visible = False
Next i
n = Val(nInputF NumberTB. Text)
Fori=1Ton
Xtext(i).Visible = True
Y Text{i).Visible = True
CX(1).Visible = True
CY(i).Visible = True
Inputk{i).Visible = True
Next i
End Sub
Private Sub new Click()
Unload nlaputF
nlnputk.Show

Unload Me



End Sub
Private Sub NextB Click()
SigmaX =0
SigmaY =0
Fori=1Ton
SigmaX = SigmaX + Val(Xtext(i). Text)
SigmaY = SigmaY + Val(Y Text(i). Text)
MNext 1
xbar = SigmaX / n
ybar = SigmaY /n

sx =10

Fori=1Ton
sx = sx + ((Val(Xtext(i). Text) - xbar)} ~ 2)
sy = sy + ((Val(YText(i). Text) - ybar) ~ 2)
r=r+ (Val{Xtext(i}. Text) - xbar) * {Val(Y Text(i). Text) - ybar)
Next i
sx = 8qr({sx) /(n- 1))
sy = Sqr{(sy) / (n - 1))
r=r/({n-1)*sx *sy)
slope = r * (sy /sx)
intercept = ybar - (slope * xbar)
Me.Hide
Form4.Show

End Sub

Formd(#inndldanizminanea)
Dim apex As Double

Dim zz As Double

Dim xx As Double

Dim x0 As Double



Dim z0 As Double

Dim 1 As Integer

Dim j As Double

Dimind As Integer

Option Explicit

Public Function arcsin{fx As Double) As Double
arcsin = Atn{fx / Sqr(-fx * fx + 1))

End Function

Private Sub about Click()
aboutdrop.Show

End Sub

Private Sub Form_Load()
cl.Caption = Round{slope, 4)
¢2.Caption = Round(intercept, 4)
Me.xval.Caption = RegressInpF.CX(2). Text
Me.z.Caption = RegressInpF.CY(2}. Text
Me.angle.Caption = RegressInpF.Y Text(2). Text
End Sub
Private Sub Commandl Click()
IT IsNumeric(angle.Caption) Then
If IsNumeric{xval.Caption) Then
If IsNumeric{z.Caption) Then
If IsNumeric(denpoly. Text) Then
H IsNumernc(t. Text) Then
apex = xval.Caption / Sin({angle.Caption) * (3.14 / 180))
c2apex.Caption = Val(z.Caption) * apcx
clc2apex.Caption = Val(c1.Caption) / Val(c2apex.Caption)
oncapex.Caption = -1 / Val{c2apex.Caption)
b.Caption = ({-Val(clc2apex.Caption)} + Sqr({((Val(c1¢2apex.Caption) ~ 2) - (4 *

Val(oneapex.Caption)) 1)) / 2



a.Caption = (1 / apex) / Vai(b.Caption)
Gla = a.Caption
denatr.Caption = (1 /(0.082 * (Val(t. Text) + 273.15)))
am.Caption = {Val(a.Caption) * (10 ~ {-3}})
dendiff.Caption = (Val(denpoly.Text)) - Val(denair,Caption)
surfaceten.Caption = (Val(am.Caption) * 2) * Val(dendiff.Caption) * 9.8
[f surfaceten.Caption <= 50 Then
' MsgBox apex
'MsgBox c2apex.Caption
‘MsgBox clc2apex.Caption
'MsgBox oneapex.Caption
'MsgBox b.Caption
'MsgBox a.Caption
'MsgBox denair.Caption
"MsgBox am.Caption
"MsgBox dendiff.Caption
‘MsgBox surfaceten.Caption
Form5.Show
Me.Hide
Else
MsgBox "Data input error or Out of range"
End If
Else: MsgBox ("Invalid temperature input”)
End If
Else: MsgBox {"Invalid density of sample input”)
End If
Else: MsgBox (“Invalid z input")
End If
Else: MsgBox ("Invalid x input”)
End If
Else: MsgBox ("Invalid contact angle input”)

End If
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Load Form5

Form35.Picturcl.ForeColor = QBColor(()

Form3 Picture].Cls

x(d=90

20=0

j=1

ind =0

Do While ind =0
If {{j * stope) / Gla) > 1 Then

j=j-0.02
Else
ind=1

End If

Loop

For xx =0.02 Tao j Step 0.02
zz = (((-Gla) * Cos(aresin({xx * slope) / Gla})) / slope) + {Gla / slope)
FormS.Picturel.Line ({2500 + (x0 * 2000)), (2800 - (z0 * 2000))-((2500 + (xx * 2000)),

(2800 - {zz * 2000}))
Forms.Picturel.Line ({2500 - (x0 * 2000)), (2800 - (20 * 2000)))-((2500 - (xx * 2000)),
(2800 - (zz * 2000}))

Form5.Picturel.Line (0, 2800)-(5000, 2800)
Form3.Picturel.Line (2500, 0)-(2500, 3000)
Form3s.Picturel.Line (3500, 2700)-(3500, 2900)
Form3.Picturel.Line (4500, 2700)-(4500, 2900)
Form3.Picturel . Line (1500, 2700)-(1500, 2900)
Form3.Picturel.Line (500, 2700)-(500, 2900)
Form5.Picturel.Line (2400, 2300)-(2600, 2300)
Form5.Picturel.Line (2400, 1800)-{2600, 18(0)
Form5.Picturel.Line (2400, 1300)-(2600, 1300)
Form5.Picturel.Line (2400, 800)-(2600, 800)
x0 = xx

20 = zz



Debug Printx & " " & 2
Next xx
Form3 Picture] .ForeColor = QBColor(1)
Fori=1Ton
FormS5.Picture].Circle ({2500 + Val{RegressInpF.CX(i).Text) * 2000), (2800 -
Val(RegressInpF.CY(i).Text) * 2000)), 40
Form3 Picture].Circle ({2500 - Val(RegressInpF.CX(i). Text) * 2000), (2800 -
Val{RegressInpF.CY(i). Text) * 2000)), 40
Debug.Print RegressInpF.CX(i). Text & " , " & RegressInpF.CY(i). Text

Next i

End Sub

Private Sub New_ Click()
Unload RegressInpF
Unload nlnputF

Unload Me
ninputF.Show

End Sub

Forms$ (M1 1619000 IH7)
Dim sclvar As Double

Dim sc2var As Double

Dim avar As Double

Dim bvar As Double

Dim surfacetenvar As Double
Dim densamvar As Double

Dim denairtvar As Double

Option Explicit



Privaie Sub about_Click()
aboutdrop.Show

End Sub

Private Sub Exit Click()
Unload RegressinpF
Unload Form4

Unload nlnputF

Unload Me¢

End Sub

Private Sub Form Load()
Me.pjname.Caption = nInputF .pjname.Text
sclvar = Form4.cl.Caption
sc2var = Form4.c2.Caption
avar = Form4.a.Caption
bvar = Form4.B.Caption
surtacetenvar = Form4.surfaceten,Caption
densamvar = Form4.denpoly. Text

denairtvar = Form4.denair.Caption

Me.temp.Caption = Form4.t. Text
Me.densam.Caption = Round(densamvar, 4)
Me.denairt.Caption = Round{denairtvar, 4)
Me.scl.Caption = Round(sc1var, 4)
Me.sc2.Caption = Round(sc2var, 4)
Me.a.Caption = Round(avar, 4)

Me.B.Caption = Round(bvar, 4)
Me.surfaceten.Caption = Round(surfacetenvar, 4)
'Picture]. ForeColor = QBColer(0)

%0 =10

'zZ0=0
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Forx=0.02To I Step 0.02

' z=(((-Gla} * Cos(arcsin{(x * slope) / Gla))) / slope) + (Gla / slope)

" Picturel.Line ({2500 + (x0 * 1000)), (1500 - (20 * 1000))-((2500 + (x * 1000)), (1500 - (z *
1000)))

x0=x
'ozl=2z
" DebugPrintx&"," &z

'Next x

End Sub

Private Sub New_ Click()
Unload Formd
Unload RegressInpF
Unload nInputF
nlnputF.Show
Unload Me

End Sub

Private Sub print_Click()
PrintForm

End Sub
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