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Chapter 1 Foreword

As is known to all, nanomaterial science and engineering has become a hot area which attracts
researchers around the world. However, contact angle is often involved in surface modification of .
The contact angle is the angle created by the tangent line of gas-liquid interface and the tangent line
of solid-liquid interface at the point where the solid-liquid-gas meets one another after a drop of
liquid meets the horizontal surface of a solid.

JC2000D Contact Angle Meters represent a series improved on the basis of JC2000C and is intended
mainly for measuring contact angles of liquids toward solids, i.e., the wetting of liquids to solids, and
also for measuring contact angles of other phases to liquids. This series can measure contact angles
of various liquids to various solid materials, even pellets formed by powder. It provides significant
support for research and production in petroleum, printing and dyeing, medicine, painting and
mineral dressing.
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Chapter 2 Principles
2.1 Defection of Contact Angle

When freely placed in a space not affected by any force field, a drop of liquid is presented as a ball
due to surface tension. When the drop contacts a solid surface, its final shape is determined by the
relative size of its cohesion and the adhesion between the drop and the solid. When a drop of liquid is
placed on a solid surface, it can automatically spread over the surface or change to be another shape
that forms a certain contact angle with the surface, as shown in Figure 1.

Yo
vapor
liquid
AR
. i
solid
v

Figure 1. Contact angle

Assuming that the force between two interfaces can be presented as the interfacial tension imposing
on the interaction direction, when the drop is in an equilibrium, sum of components of these
interfacial tensions along the horizontal direction should be zero, namely,

Vsia =VsiL +V14€080 (1)

where ys/4, y4 and ¥ s/ are solid-air, liquid-air and solid-liquid interfacial tensions; 0 is the angle
formed by liquid-solid interface and the tangent line of the liquid surface (Including liquid), called
contact angle, between 0° and 180°. The contact angle is an important measure to reflect wetting
relationship between a matter and a liquid. 6=90° is the line between non-wetting and wetting,
0<90° means wetting exists while 6>90° no wetting exists.

2.2 Wetting

In thermodynamics, if free energy (G) of a solid-liquid system can be lowered after a the solid
contacts the liquid, there is wetting between the solid and the liquid. The degree to which free energy
is lowered is called wettability, in Ws,L. There are three types of wetting: adhesional wetting,
spreading wetting and immersional wetting. Figure 2 describes the three kinds of wetting.

solid : *® fﬁ
interface 'f
|_solid E@
%
£]
I i

Figure 2 Three kinds of wetting

(1) Adhesional wetting

If the initial 1m? solid surface and 1m? liquid surface disappear to form a 1m? solid-liquid interface,
the WAg for this process is :
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WASL=7ys/a+yL/A-YsIL 2)
(2) Spreading wetting
When a drop of liquid spreads over a Im? solid surface, the initial Im? solid surface and the drop
(whose area can be ignored) disappear to form a 1m? liquid surface and a 1™ solid-liquid interface,
the WS, for this process is :
WSs/L="vs/A-YL/A-YSIL (3)
(3) Immersional wetting
When a 1m? solid surface is immersed into liquid, the 1m? solid surface disappears and a 1m? solid-
liquid interface forms, the W's. for this process is :
WL =ysa-ysi “4)
For the said three kinds of wetting, how to obtain Ws if ys/a and ys cannot be measured?
Discussions are given as below:
(DAdhesional wetting
Take (1) into (2), we have: Ws1 =7y1/a(1+c0s0) (5)
For liquid surface tension Y1/ is known, only contact angle 0 is needed to obtain WAg..
(2)Spreading wetting
Take (1) into (3), we have: WS/ =y1/a(cos0-1)

For cos<1, W51<0. As we know that Ws. represents the reduction of free energy, but the said
formula means there must be a spontaneous process that causes free energy to increase or keep
constant. Apparently, this does not observe the second law of thermodynamics. This is because of the
wrong application of formula (1), which only applies to the equilibrium state. The drop of liquid and
the solid surface do not reach the equilibrium state if the drop automatically spread to cover the
entire solid surface; in this case, formula (1) cannot be taken into formula (3). It should be noted that
spread wetting should not be regarded as a case when 6=0°. Spread wetting means there is not
contact angle, but 6=0° means there is a contact angle, which equals to 0°.

Assuming that a solid contacts a vapor whose pressure is going up to absorb the vapor. when the

pressure reaches Po, saturated vapor pressure, there is an extreme thin liquid on the solid surface.
F

[TdmPp
According to Gibbs adsorption equation that, reduction of surface free energy =RT ©
R
[Tdnp
Thus, W5 =7ys/a-ya-ys =RT ¢ (6)

(®Immersional wetting

Remove the y1/a in formula (6), e have W's.:
B
[Tdmp
WL =ysa -ysi. =RT © (7
It is known from formula (5) that when 0=0°, cos0 =1 and W”s, =2y, reduction of free energy
reaches the maximum, it is regarded that the solid is completely wetted by the liquid; when 6 =180°
i, cos@=-1, WAsL=0, reduction of free energy is 0, it is regarded that the solid is totally
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unwetted by the solid. They are two ideal conditions because in practice, there must be a certain
force of attraction between a solid and a liquid.

2.3  Measurement of contact angle

For an ideal flat solid surface, the a drop of liquid reaches the equilibrium on the surface, there is

only once contact angle that observes the Young's equation. But in fact, the surface of a solid is not
ideal, which leads to a delay in the formation of contact angle and thus makes it difficult to repeat the
measurement of a contact angle. It is, however, possible to have data with an acceptable repeatability,
with deliberately treated surface, in particular, the surface of polymers. The aim of preparing and
treating a surface is to obtain a smooth and clean surface that is ideal. The specific procedures for

this aim depend on samples, which are not detailed in this manual. The following are some common
methods for measurement of contact angles and they are designed for contact angles of air-liquid-
solid systems. Some of them, however, are also applicable to liquid-liquid-solid systems once

slightly modified.

1. Goniometry

Goniometry is one of the most common methods for measurement of contact angles, as shown in
Figure 3(a, b). The contact angle is directly measured by projecting the drop of liquid on the solid
surface, or the bubble formed by the solid which is immersed into the liquid, onto a screen, and then
directly measuring the angle formed by the tangent and the liquid-solid phase interface.

e

(a) sessile drop (b) sessile bubble
Figure 3 Goniometry schematics diagram

If vapor of the liquid is absorbed on the solid surface, which affects free energy of the solid surface,
the sample should be placed in a seal container with an observation window and the measurement
should not be proceeded until the system reaches an equilibrium. The advantages of this method
include: less samples, simpler instrument and easier measurement. In addition, this method provides
an accuracy of about +1°.

2. Height method

If the droplet is so small that its deformation caused by gravity can be ignored, the droplet can be
regarded as a part of a ball, as shown in Figure 4. In this case, the contact angle can be measured
through measuring the height with the following formula:

tan —=—
2 d ®)
where, h is the droplet height and d is diameter of the droplet's bottom. This method applies to a
droplet whose size is smaller than 10“*mL. If the contact angle is less than 90°, this method also
applies to a slightly larger droplet.
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I
&

Figure 4 Height method schematics diagram

Goniometry can also be used to measure a contact angle formed by a droplet on a fiber by placing a
straightened fiber in the sample tank and have it projected on a computer screen to directly measure
the angle between the droplet and the fiber surface. If the droplet is small enough, the contact angle
can also be measured through height method and calculated with formula (8).

In reality, almost all solid surfaces are not ideal, contact angle delay more or less occurs to all
interfaces. For this, both advancing angle and receding angle need to be measured. In the case of
sessile drop method, the contact angle can be measured by increasing the droplet volume. The
contact angle measured by increasing the droplet volume is advancing angle, as shown in Figure 5(a);
and that by decreasing the droplet volume is receding angle, as shown in Figure 5(b).

4

(a) advancing angle (b) receding angle
Figure 5 Measurement of advancing angle and receding angle

To avoid droplet vibration and deformation that is possibly caused by increasing and/or decreasing
droplet volume, tip of the capillary tube that is able to change droplet volume is inserted into the
droplet during the measurement process because tip inserting does not affect the contact angle
reading.

Many factors determine and influence wetting and contact angle. For example, nature of and
impurities in the solid and the liquid, additives, toughness of the solid surface, unevenness, surface
contamination, etc. For a given solid surface, addition of surfactant into the liquid can often improve
the wetting; and as the contact time between the liquid and solid increases, the contact angle tends to
be smaller and become stable, a result caused by absorption on interfaces by the surfactant.

2.4 Measurement of surface tension

The idea of studying surface (interfacial) tension through pendant drop method was proposed in late
19th century. The first study with practical value was not performed until Andreas et al in 1937, they
compared five methods and proposed to measure dimensional parameters of the pendant drop with
surface selection. Andreas makes:

¢ ©

(10)
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where d. is the largest diameter of the pendant drop, ds is the diameter of the circle whose
appendicular distance with the pendant drop bottom equals dc, as shown in Figure 6, and B and b are
shape factor and size factor in Bashforth-Adams equation.

Kl |

Figure 6 Pendant drop method diagram

The formula for calculating the surface tension is:

(dl _dv)gb2 (dl _dv)gdc2

B B (11)

where djand dv are liquid phase and vapor phase densities. Thus, with dc and ds measured with the
projection method and H obtained in other ways, the surface tension can be calculated. Andreas et al
1

found that A is somehow related to S. They measured d.and ds of conductive water pendant drops
of various sizes and shapes and calculated S. Next, given surface tension of conductive water (25°C,
1 1

72.0mN/m), they calculated /7 value with formula (10) and made // —S data list. This is the first
list of parameters used for pendant method, an empirical result whose accuracy is restricted by the

accuracy of surface tension of the conductive water they used. Later, Bartell, and Nicederhouser and
1

Fordham independently calculated the theoretical /7 value and S value with numerical solution to
1

Bashforth-Adams equation and made the /7 —S lists with a step of 0.001 for a range from 0.670 to

1.002. In relation to the two lists for the entire range, their results are identical until the fourth
1

decimal place, indicating the high accuracy. Then, Stauffer gave the /7 —S list from 0.3 to 0.66
through theoretical calculation and therefore expanded the application scope of pendant drop method.
1

Table 5 of Appendix 3 gave the 4 —S list from Fordham and Stauffer.

Pendant drop method is advantageous because it is a complete equilibrium and facilitates the study
of liquid surface aging. The crucial point for successful use of this method lies in stability of the
pendant drop and vibration prevention. According to a large number of measurements, Ambwani et
al believe the relative error of surface tension obtained with this method is limited to 0.15%.
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Chapter 3 Instrument Structure

3.1 Technical indicators
1. Measurement methods: Goniometry, height method, fitting analysis, and imaging analysis.
2. Measurement range: 0~ 180

3. Measurement precision: 0.1 °or 0.5%

4. Temperature range: Room temperature: heating platform with electric-controlled temperature is an

optional (room temperature ~120°).

5. Image magnification: 55pixel/mm~~315pixel/mm;
6. Solid sample size: 70x100mm,;

7. Dimensions of the main unit: 500%320x400mm

8. Total power: 220V 200W (including the computer);

3.2 System components
3.2.1 Hardware

Contact angle measurement meter (main unit platform), manual 3D platform for samples, precise
sample feeder, CCD camera, continuous variable magnification system, manual CCD inclination
angle, and mobile platform, as shown in Figure 7.

Figure 7 Manual 3D platform for samples, precise sample feeder, CCD camera.
One CCD USB cable, as shown in Figure 9.

Figure 9 USB cable

One computer that matches contact angle measurement meter.

The recommended configuration of computer, if provided by the user, are at least as below:
Pentium 4 or higher CPU;
USB 2.0 port;

2G or larger memory;
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5G or larger disk space;

High performance integrated graphics card like ATI, NVIDIA, Intel
3.2.2 Software

Operating system

Win7/Winl0

Included software

Contained in the CD supplied with the product are:

Instrument application software;

Drive program that goes with the equipment;

Instrument instructions and user manual.
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Chapter 4 System Installation
Section 1 Software installation

The computer supplied with the contact angle measurement meter sold by the Company has system
programs installed and software installation CD provided. The following steps should be followed
for a computer provided by the customer or for re-installing the system:

4.2.1 CCD drive software

The CCD drive is located in the CD/chemistry/USB drive directory. Without the CCD drive installed,
the CCD cannot work.

(1) Installation of CCD drive program

In relation to a CCD that is connected to the computer for the first time, a message will pop out from
the computer that a new hardware is found and the hardware's drive program is required to be
installed, as shown in Figure 10.

EAFOELRS
R B FT B R

5

Windews FHEITEITEYL. BB
Update FEL FESEMIFEIERL T
SFHTLE.

EIEFER AR

Windows A LUZERES] Windows 1

O, HE—ik
O R IE— ST

Figure 10 Find new drive wizard

The following are steps for installation of the hard drive in a win7 system

Click "cancel" button. Click "browse the computer to search hard drive software" option. Open the
"instrument program/chemistry/USB drive/ mercury camera\", as shown in Figure 10, and click the
MER_Setup cn 151130.exe.
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ﬁ! Setup - Daheng MER-5eries Devices — x

Welcome to the Daheng
MER-Series Devices Setup Wizard

This will install Daheng MER-Series Devices17.03.16.01 on
your computer,

It is recommended that you dose all other applications before
continuing.

Click Mext to continue, or Cancel to exit Setup.

Figure 11 Drive program installation 1
Click "next" on the screen as shown in Figure 11.

ﬁ! Setup - Daheng MER-Series Devices —

License Agreement
Flease read the following important information before continuing.

Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

Copyright (Z) 2015-2016 Daheng Imavision

THIS SOFTWARE APPLICATION IS ADVERTISING SUPPORTED AMD IS PART OF
THE RADIATE NETWORK.

IT WILL USE YOUR INTERNET CONMECTION TO DELIVER. ADVERTISMENTS AND
OTHER

DATA. PLEASE READ THE LICENSE AGREEMENT BELOW FOR MORE
INFORMATION,

EMD-USER. LICENSE AGREEMENT FOR THIS SOFTWARE

@I accept the agreement
(7)1 do not accept the agreement

< Back Cancel

Figure 12 Drive program installation 2

Click "I accept this agreement" option and "next", as shown in Figure 12.
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ﬁ'_-z—,! Setup - Daheng MER-Series Devices —

Select Destination Location
Where should Daheng MER-Series Devices be installed?

Setup will install Daheng MER.-Series Devices into the following folder.

To continue, dlick Mext. If you would like to select a different folder, dick Browse.

aheng Imavision MER -Series Browse. ..

At least 34. 1 MB of free disk space is required.

Figure 13 Drive program installation 3

The screen shown in Figure 13 will pop out. Do not change the default path. Click "next".

ﬁEﬂ Setup - Daheng MER-Series Devices —

Select Components
Which components should be installed?

Select the components you want to install; dear the components you do not want to
install. Click Mext when you are ready to continue.

Demao 13.6 MB
APL DI 5.1MB
GenICam 14.7MB
Tools 0.2MB
[] GigE Vision Camera 1.5ME
[Jusez.0 camera 0.7 ME
USB3 Vision Camera
[] 5amples 10,1 MB

[] bocument 5.5ME

Current selection requires at least 83.8 MB of disk space.

Figure 14 Drive program installation 4

The screen shown in Figure 14 will pop out. Do not change the default path. Click "next".

12/50



POWEREACH®

ﬁ'_?;! Setup - Daheng MER-Series Devices —

Select Start Menu Folder
Where should Setup place the program's shortouts?

[
|;| Setup will create the program's shortouts in the following Start Menu folder.
[~

To continue, dick Mext. If you would like to select a different folder, dick Browse.,

| aheng MER -Series Devices Browse...

Figure 15 Drive program installation 5

The screen shown in Figure 15 will pop out. Do not change the default path. Click "next".

ﬁ'ﬁl Setup - Daheng MER-5Series Devices —

Select Additional Tasks
Which additional tasks should be performed?

Select the additional tasks you would like Setup to perform while instaling Daheng
MER -Series Devices, then dick Mext.

Additional icons:

[] create a desktop icon

Figure 16 Drive program installation 6

Click "next" on the screen as shown in Figure 16.

13 /50



POWEREACH®

ﬁ'_-z—,! Setup - Daheng MER-Series Devices —

Ready to Install

Setup is now ready to beain instaling Daheng MER-Series Devices on your
computer.

Click Install to continue with the installation, or dick Badk if you want to review or
change any settings.

Destination location: P
C:\Program Files'\Daheng Imavision\MER.-Series

Setup type:
Custom installation

Selected components:
Demo
APLOI
GenlCam
Tools
UISB3 Vision Camera

< Back Install Cancel

Figure 17 Drive program installation 7

Click "next" on the screen as shown in Figure 17.

ﬁl Setup - Daheng MER-Series Devices —

Installing
Please wait while Setup installs Daheng MER.-Series Devices on your computer.,

Extracting files...
C:\Program Files\Daheng Imavision\MER -Series\APIDI\Win32\DxImageProc.dl

Cancel

Figure 18 Drive program installation 8

A program bar will be displayed, as shown in Figure 18.
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ﬁ! Setup - Daheng MER-Series Devices -

Completing the Daheng
MER-Series Devices Setup Wizard

Setup has finished installing Daheng MER -Series Devices on
your computer. The application may be launched by selecting
the installed icons.

Click Finish to exit Setup.

Figure 19 Drive program installation 9

Click "finish" on the screen as shown in Figure 19.

If the drive is properly installed, there will be a graphics processing unit in the device manager under
the control panel.

If the drive program is either not installed or installed incorrectly, there will be a graphics processing
unit-USB device together with a yellow exclamation point in the device manager under the control
panel, as shown in Figure 20.

. [ln ED0060001010
Figure 20 An unknown USB device found in device manager.
Repeat the CCD drive software installation steps in 4.2.1 to complete installation.

4.2.2 Installation of series port drive software

@ FTDI CDM Drivers *

FTDI CDM Drivers

Click ‘Extract’ to unpack version 2, 12,04 of FTDI's Windows
driver package and launch the installer.

wwww ftdichip com

| Extract | Cancel |

Figure 21 Installation of series port drive program 1
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Device Driver Installation Wizard

Welcome to the Device Driver
Installation Wizard!

This wizard helps you install the software drivers that some
computers devices need in order to work.

To continue, click Next.

< Back Mext = Cancel

Figure 22 Installation of series port drive program 2

Device Driver Installation Wizard

Licensze Agreement

b To continue, accept the following license agreement. To read the entire
% agreement, use the scroll bar or press the Page Down key.

IMPORTANT NOTICE: PLEASE READ CAREFULLY BEFORE
INSTALLING THE RELEVANT SOFTWARE:

This licence agreement (Licence) is a legal agreement between you
(Licensee or you) and Future Technology Devices Intemational Limited
of 2 Seaward Place, Centurion Business Park, Glasgow G41 THH,
Scotland (UK Company Mumber SC136640) (Licensor or we) for use of
driver software provided by the Licenson(Scftware).

~

BY INSTALLING OR USING THIS SOFTWARE YOU AGREE TO THE v

(®) | accept this agreement Save As Print
() | don't accept this agreement

< Back Next > Cancel

Figure 23 Installation of series port drive program 3
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Device Driver Installation Wizard

The drivers are now installing... .

=7 L

Please wait while the drivers install. This may take some time to complete.

< Back Mext > Cancel

Figure 24 Installation of series port drive program 4

Device Driver Installation Wizard

Completing the Device Driver
Installation Wizard

The drivers were successfully installed on this computer.

Driver Name Status

w” FTDI CDM Driver Packa... Device Updated
w* FTDI COM Driver Packa... Device Updated

< Back Cancel

Figure 25 Installation of series port drive program 5

é USE Serial F'c.urt{CGM'I:I
i/ USB Serial Port (COM4)
Figure 26 Installation of series port drive program 6
4.2.3 Operating software installation

Click the JC2000setup.exe in "x:\chemistry/instrument program/contact angle/contact angle
program\" in the CD.
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%, JC2000 Setup

Welcome
Welcome to the installer for JC2000 1.2.

It iz strongly recommended that you extt all Windows programs
before cortinuing with this installation.

If you have any other programs running, please click Cancel,
cloge the programs, and run this setup again.

Otherwise, click Next to continue.

it [ Neds 1 Cancel

Figure 27 Installation step 1

Click "next" on the screen as shown in Figure 28.

¥, JC2000 Setup ¥
Ptz /T
License Agreement =3 I 4.

Please read the following license agreement cansfully. 5 I ! - ]

Insert your license agreement text here. .

(®) | agree to the terms of this license agreement
(7 | do not agree to the terms of this license agreement

| <ok | [ ety | [TCeed ]

Figure 28 Installation step 2

Click "I accept this agreement" and then "next" on the screen as shown in Figure 29.
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¥, 1C2000 Setup X

User Information
Enter your user information and click Nexd to continue.

MName:

|‘|"I.|"|ndow5 Uzer |

Compary:

< Back - Next > Cancel

Figure 29 Installation step 3
Fill out name and company and then click "next" on the screen as shown in Figure 30.

%, 12000 Setup *®

- :
(T8 A

o~

The software will be installed in the folder listed below. To select a different location, either type in a
new path, or click Chanage to browse for an existing folder.

Installation Folder
Where would you like JC2000 to be installed?

Install JC2000 to:
d:\powereach Change...

Space reguired: 1.12 MB
Space available on selected drive: 484.77 GB

<Back E Net > Cancel

Figure 30 Installation step 4
The screen shown in Figure 31 will pop out. Do not change the default path. Click "next".
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"_:' JC2000 Setup *
Sl TR T
Shortcut Folder ! 1
Where would you like the shortcuts to be installed? i .
The shortcut icons will be created in the folder indicated below. f you dont want to use the default
folder, you can either type a new name, or select an existing folder from the list.

Shortcut Folder:
|sc2000 -

(®) Install shortcuts for cument user only
(") Make shortcuts available to all users

<Back - Next > Cancel

Figure 31 Installation step 5
The screen shown in Figure 32 will pop out. Do not change the default path. Click "next".

&%, JC2000 Setup %
TR T

Ready to Install ! i
You are now ready to install JC2000 1.2

The installer now has enough information to install JC2000 on your computer.

The following settings will be used:
Install folder: d:\powereach

Shortcut folder:  JC2000

Please click MNext to proceed with the installation.

< Back Nt > Cancel

Figure 32 Installation step 6
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B, 12000 Setup

Installation Successful
The JCZ000 1.2 installation is complete.

Thank you for choosing JC2000!

Please click Finish to exit this installer.

= Bonl Finish Cance!

Figure 33 Installation step 7

Click "finish" on the screen as shown in Figure 33.

Then copy the JC2000 directory to the root directory in hard disk D. Then click on JC2000en.exe to
enter the operating program.

4.2.4 Monitor setting

Click right button of the mouse on the desktop —>attributes—>selection setting; in the color quality
column, select "maximum 32 bit" and in the screen definition column, select "1600 x 1200" pixels or
higher (depending on graphics card and monitor).
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Chapter S System Use
5.1 Start

Operate JC2000.exeto start the application program of contact angle measurement meter. The
program's main screen is shown in Figure 35.

5! JC2000D Contact Angle 201909 _En

File Option Surface energy

(‘1 Q‘i - # CAM DB GO | Ouw In Up Down Turn Zero | St

Figure 35 Main screen of the application program of contact angle measurement meter
5.2 Description of sampling module

[ The large rectangular area on the left side of the screen is for image display. Click "live"
button to see the current image taken by camera.

° Toolkit above the display area contains operating buttons, which are detailed as below:

Cﬁ] E-III *Adjust video sampling area: adjust the video display area upward,
downward, leftward and rightward

CAlActivate image: click this button to have the image displayed activated for the next operation.

mmmmFreeze image: click this button to free the image displayed for the next operation.

DB Database: Before a test, the user can set test parameters in the database.

Click data button to enter the database screen.
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etisteo K JE TE _JE_JE_ I _IE

F-DB Database

Record |0 User I Sample I
Gount |0 Reagent I Note I
Record0K |
Database
1D Record|User GountTSarng le |Dated AdvCA RCA -
231 24 NULL 10 |NULL 2018/09/8. 17 0 i
232 |24 |NULL 11 |NULL 2018/09./1140. 445937 |140..
I 233 |24 [NuLL 12 [NULL 2018/09./|144, 181249 [144,

235 |24 |NULL [14 |NULL  |2018/09.|140.018682 [140..
236 |24 |NULL _[15 |NULL |2018/09/|145.925518 [145."
237 |24 |NULL _[16 [NULL |2018/0%/
238 |24 |NULL _[17 |NULL _ |2018/09/[0 0

=)
(=)

. I 1
i . o With this button, the user can select to add or create a record after the original
record.

In the case of creating a new record, the operator, sample name, test reagent and other necessary
information must be completed.

Record |13 User £ L

it e | | pErEE—T s

After all information is provided, click record done button. Thus, the subsequent data will be added
to the database.

Also, it is possible to add a record by selecting an existing record.

Click 12SS record and click record done button. Thus, the subsequent data will be added to the
database.

G(is a test button. Click this button after the sample is fed to automatically measure the contact
angle.

| Out In Up Down | Left Hight | Fromt B

These are buttons used when corresponding control accessories are provided.

23 /50



POWEREACH®

Out In ULis used when an automatic sample feeder is available.

are used when an electric-controlled displacement platform is available.

Turn  Zero |are used when an electric-controlled rotation platform is available.

are used when the transient memory is activated.

5.3 Menu description

File Option Surface energy

File menu is shown in Figure 36.
 Fm—

Save EMP
Open BMP

Figure 36 File menu options

The above 3 options are: "save BMP", "open BMP" and "open LIS file". Generally, only one frame
is sampled in contact angle measurement test; so after the image is frozen, click on "save BMP" to

save the image. Then, open the image for analysis.
"Open LIS file" is used for analysis after a transient photo-taking.

Setting menu is shown in Figure 37.

-~

Setting

Reagent On Timer

Drop ¥ |D. i wl Total 120 =
Needle ¥ |1DD ul lnw. 10 g
Meedle L |5D mm b e s

Speed |2 mm. % Total a0 frame
Times |3 pEF S 10 frame

Figure 37 Setting menu options

"Setting" option in the menu is used for setting parameters. When the "setting" option is chose, a

dialogue box as shown in Figure 37 will pop out.
Reagent setting is used for setting contact angle for automatic feeding.

The drop volume can be set as needed between 50 ul and 0.1 ul.




POWEREACH®

The needle (sample feeder) is 50 ul or 100 ul.
The needle length is 50 mm.

Sampling speed

Cyclic feeding times

Timer analysis

"Total" is the total time set for analysis. "Interval" is the time between two analyses. For example,
Figure 37 means the analysis is performed at an interval of 10 seconds and a total of 30 seconds is
provided for information storage.

The "Total" in "Instant" (which means total frames for instant analysis) describes the total frames
stored. The frame speed is measured at times per seconds. Storage time=total frames/frame speed.

[ Baseline . .. . . . .
If the automatic analysis is not accurate enough, this option can be ticked to provide

helping lines to increase the accuracy of automatic analysis.

Contact angle

* Dnce

[ Freeze

" On Timer

L S R—

The picture below describes the modes available for contact angle analysis. There are four methods
provided. The default method is single analysis (once).

F . . :
| _Erevre is used to freeze the image after the analysis.

The other three methods are on timer, instant and continues positioning.

Click | Senioibutton to see an advanced setting dialogue box.
E-Setting

w E-reagen
| E-XYplat

v E-Roll

—

Choose the module that goes with the machine configuration. Please resort to the engineer for the
machine configuration. Other parameters may not be changed without permission.
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5.4 Use steps
5.4.1 Testing

Connect the instrument (optional)—place the sample—connect the database (optional)—feed the

sample—save image (optional)—measure the image—record

Figure 38 Test process
Steps
Open JC2000en.exe

EA 1C2000D Contact Angle 201909 _En

File Option Surface energy

Lti Q‘d - ‘ CAM DB GO | Out In Up Down Turn Zero | St

**1f an automatic module is purchased, please choose the correct module in advanced setting and
then click "connect".

E-Setting
v E-reagen 1C20000_Mer_En
| E-XYplat
JQC06S5 OKI GMXB0 1
v E-Roll

**This step is skipped if the module is not purchased.

#Click CAlbutton to activate the image.

DE L

#Click DB database button to set database connection.

#Place the sample in the sample platform.
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#Click right button of the mouse to draw an analysis box to increase the analysis accuracy.
Gontact angle

* QOnce
[~ Fresze

" On Timer

# Set F I P contact angle analysis mode. The default method is single analysis
(once).

*If an automatic feeder module is available, click G'I: button; the contact angle will be
automatically measured after the sample is fed.

**]f the feeder module is not available, please feed the sample manually. Ensure the drop is on the
sample, then click G Ltest button to automatically measure the contact angle.

The baseline position can be adjusted to increase the analysis accuracy. This should be completed in
the option setting.
re I
File Option Surface energy

(ti Q‘d - ‘ = DB GO | Out In Up Down Turn Zero | St

EA 1C2000D Contact Angle 201903 _En

# After the analysis is completed, the contact angle will be displayed on the
| Record | Count | Sample | G

screen.| a -~ n . al

#Click DB button to enter the database to find relevant data.
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Contact angle da‘tabase. SeaeE » > - - - - - -

El-DB Database

- 1255

13NULL

-3 New record
Record |13 User |NULL Sample IHULL
Gount [2 Reagent |NULL Note  [NULL

Database |

#If the automatic measurement is not accurate enough, alternative measurement methods are
provided on data screen.

Image path+filename ]D:KJDEDDDKBMP‘-‘EDWD‘HM13DDD. bmp

Record 113 Count |0 Adv. GA |40, &6 Lett CA [

374 pﬂint] Protractor ] Geometry ] 5 point fitting Image analysis l

Image analysis Baselinel 0 400 |
Choose a record. Choose a corresponding method and click "start" button.

5.4.2 Goniometry

Click the goniometry button to enter the main screen, as shown in Figure 36. Click "start" button.
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Figure 36 Main screen of goniometry method

Protractor precision: 0.1~0.5, the smaller the value is, the higher the precision is.
Measured angle: Display measuring tape

W: The measuring tape is upward

S: The measuring tape is downward

A: The measuring tape is rightward

D: The measuring tape is leftward

Clockwise rotation<: The measuring tape rotates leftward.

Anticlockwise rotation>: The measuring tape rotates rightward.

Protractor: It displays the measured angle 6 and the contact angle is 2 X (90-0).

The measuring tape is displayed when the angle is measured. The measuring tape angle is 45°, and
then have the measuring tape meets the drop edge, as shown in Figure 37.
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Figure 37 Goniometry method

Then move the measuring tape downward to the top of the drop, as shown in Figure 38.

Figure 38 Goniometry method

Then rotate the measuring tape such that it meets left side of the drop to obtain the degree of left
contact angle, as shown in Figure 39.
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Figure 39 Goniometry method
Click "ok" button next to the left contact angle.

Alternatively, it is possible to have the measuring tape meet right side of the drop to obtain the
degree of right contact angle.

Figure 39 Goniometry method

Click "ok" button next to the right contact angle. Then, average value of the two contact angles will
be calculated.

Click "save" button to save the data into database.

This method does not provide dimensioning function.
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5.4.3 Height method

Click height method button to enter the main screen for height method, as shown in Figure 40. Click
"start" button.

Figure 40 Main screen of height method

Click three phase contact point on left side of the drop, three phase contact point on right side of the
drop and top point of the drop (the sequence must be observed) with left button of the mouse, as
shown in Figure 41. If a point is wrongly clicked, click right button of the mouse to cancel the
selection.

Click "save" to save the data into database.

Image ms:

Click "image mark" button to save the image into another directory and dimension appropriate
angles and tangents on the image.

32/50



POWEREACH®

Figure 41 Height method

5.4.4 Image analysis

Click image analysis button to enter the main screen of image analysis, as shown in Figure 42. Click
"start" button.

Adjust the baseline position and click "calculate" button to obtain the contact angle.

Bazeline W ' l40(

Observe whether the fitting curve reasonably fits the drop contour. If so, click "save" button to save
the contact angle data into data base.

Image mark

Click "image mark" button to save the image into another directory and dimension appropriate
angles and tangents on the image.
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Figure 42 Image analysis

Figure 42 Image analysis

5.4.5 Fitting analysis

This method is used to measure a contact angle on a slope.
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Click fitting button to enter the main screen of fitting method, as shown in Figure 43. Click "start"
button.

Figure 44 Receding angle fitting analysis

Click three-phase contact points at left and right sides of the drop to draw the baseline, i.e., the
interface between liquid and solid.

Figure 44 Receding angle fitting analysis
Depending on nature of the measured contact angle (advancing angle or receding angle), click the
bottom, middle point and top point at one side of the drop (these points are selected manually, so
keep the click points as close to the drop as possible and once clicked, these points will be marked
automatically).
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Top
_ Middle
<= Bottom

A circle will be automatically fitted with the contact angle calculated. Blue and green points indicate
top and bottom points of the circle calculated by the software. If a point is wrongly clicked, click
right button of the mouse to cancel the selection.

Observe whether the fitting curve reasonably fits the drop contour. If so, click "save" button to save
the contact angle data into data base.

5.4.6 Geometry method

Click geometry method button to enter the main screen of geometry method, as shown in Figure 45.
Click "start" button.

Click "up, down, left and right" buttons to adjust the oval position and click "x axis" and "y axis"
buttons to adjust the oval size. In this way, the oval is as close to the drop contour as possible. Then,
adjust the baseline position. Next, click "calculate" and "save" buttons.
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5.4.7 Contact angle analysis mode

37/50



POWEREACH®

On Timer Contact ang
Total 120 5 (+ Once
v, 10 5 |  Freeze

Imstant (" On Tin
b 1 |.rrl. - #==

On Timer analysis

"Total" is the total time set for analysis. "Interval" is the time between two analyses. For example,
Figure 33 means the analysis is performed at an interval of 10 seconds and a total of 30 seconds is
provided for information storage.

After the "on timer analysis” is chosen, keep "On Timer" chosen * Om Tim

Click G(test button and the software will analyze the image according to your setting. If database
is set, the result will be stored in the database. A finish dialogue box will pop out after that.

b
6 |1 NULL [1  [NULL [2017f1

The "Total" in "Instant" (which means total frames for instant analysis) describes the total frames
stored. The frame speed is measured at times per seconds. Storage time=total frames/frame speed

On Timer analysis
After the "Instant" is chosen, keep "Instant" chosen * '"%&mt

Click Gctest button, a file save dialogue box will pop out. It is required to save List File in
D:\JC2000\LIST directory.
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ﬁa Open
Lookin: | | | LIST v @i Er
* Mame - Date modified Type
_ [ s 1/2/20129:06 PM LISFile
Quick access == . i
[ 20180507-1.lis 5/6/201811:20 PM LIS File
7l [7] 20130507-2.1is 5/6/2012 1142 PM LIS File
Desktop [ duis 3/26/201812:59 AM LIS File
: [ ddd.lis 3/26/2018 12:55 AM LIS File
= [ muis 2/5/201810:18PM LIS File
Libraries [ sb1.lis 9/28/2017512PM  LISFile
& [ sb2.lis 9/28/2017517PM LIS File
= [ s2lis 1/2/2018T:05PM  LISFile
This PC
Network
£
File name: il _'j Open
Files of type: | List Files{"lis) | Cancel i

Input the file name and the software will save images according to setting. A finish dialogue box will
pop out after that.

JC20000_Mer_En

60 files savedlddss

Then, go to file menu and choose "open LIS file" option. Choose the appropriate file.

27A8] A amar

w

-

JC2000D_Mer_En

20180507-2.is100 images
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After the LIS file is read, h— I I button is activated. Click "play" button to select
analysis.

JC20000_Mer_En

:I Doyou need analysis when playing?, yes or no?

Yes Mo

Click "yes" button.

The software will automatically analyze the contact angle and display the measured value on the
right side list. Click "calculate" button, the computation dialogue box will pop out.

It is possible to calculate the average value from one frame to another.

If "no" is clicked,

drag the slide bar I to an image that needs to be analyzed.

Click G Ltest button to automatically analyze the contact angle. If database is set, the result will be
stored in the database.

5.4.8 Surface tension determined with pendant drop method

In addition, this instrument is also able to determine surface tension with pendant drop method. Basic
operations are as below: click "pendant drop method" in the program's main screen to enter the
pendant drop method main screen, as shown in Figure 45.
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5! JC2000D Contact Angle 201909 _En °

File Option Surface energy

(‘1 Q‘i - # = DB GO | Ouw In Up Down Turn | Zero | Sk

Figure 45 Main screen of determination of surface tension with pendant drop method

Fill out the needle diameter, density difference and other parameters in the main screen. Ensure the
blue line is above the needle.

EI---D_B D_at abas

With this button, the user can select to add or create a record after the original
record.

In the case of creating a new record, the operator, sample name, test reagent and other necessary
information must be completed.

Record |16 User MULL X

Gount |ﬁ Note MULL C

After all information is provided, click record done button. Thus, the subsequent data will be added
to the database.

Also, it is possible to add a record by selecting an existing record.

In the case of automatic feeding, the drop volume defined in setting screen must be large enough.

Reagent

Drop ¥ |3m

Click G Ltest button such that the drop becomes large and fall off.
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*In the case of manual feeding, the drop must be large enough such that the drop can fall off itself.

Surface tension of the pendant drop will be automatically calculated. If database is set, the result will
be stored in the database.

Eﬂ JC2000D Contact Angle 201909_En

File Option Surface energy

(‘1 Q‘i h * = DB GO | Ouw In Up Down Turn Zero | Sk

r =
Pendent drop tension database

E-DB Databasze
- 3NULL

SNULL
&NULL
7NULL
BNULL
FNULL
T10NULL
T1NULL
12NULL
13NULL
14NULL
15NULL
16ddd
New record

EEEEEEEEERE LR

Record [14 User JnuLL Sample [NULL

Count (3 Note  [NULL Density |0. 998
Record 0K
Database

] Record|User Gount|Sample
57 14 NULL 0 NULL

NULL

Tension Densit
‘0B/]65. 11715888/, 998
‘68, 55179111]. 998

922 | 998

/166, 14333636(. 998

1
3

Figure 46 Determination of surface tension with pendant drop method

5.4.9 Surface tension determined with sessile drop method

Click "sessile drop method" in the program's main screen to enter the sessile drop method main
screen.
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Place a droplet on the sample and keep a part of the needle (as shown in the figure). Freeze and save
the image.

Click the saved image in the menu.
Click one point on left and right sides of the needle, click "calculate the magnification" button.

Then, select the droplet with right button of the mouse. Click "calculate surface tension" button. The
surface tension will be calculated.

-
B 1C2000D Contact Angle 201909 _En

File Option Surface energy

(@I Q‘i — * CAM DB GO | Ot In Up Down Turn Zero | St

5.4.10 Surface energy calculation with polar liquid method

Drop a water droplet on a glass surface, measure the contact angle and fill out the angle. This method
applies to contact angles which are less than 90 degrees.

a liguid method

CA 60

Energy 0

5.4.11 Surface energy calculation with Owens method

This instrument also provides the function of calculating surface energy with Owens method,
indicated as below:

'Ys:'YsD+'YSP
YLZ“{LDWLP
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Where, s is the solid surface energy, which can be divided into dispersion force term ys° and polar
force term ys¥; 1 the liquid surface energy, which can also be divided into dispersion force term y P
and polar force term y.".

Then: yr(14cos0)=2(ys"yi ) 24+2(ysPy ™) 2 (12)

In formula (12), if the liquid surface energy yi and its two terms y.” and y.” are known, and the
contact angle between the liquid and the solid, there are still two unknown terms ys” and v, in the
formula. To obtain these two unknown terms, two equations must be used. Thus, it is required to use
two kinds of liquids, leading to the following set of equations:

yLi(1+cos01)=2(ys"yLiP) 2 +2(ysyLiP) 2

yL2(1+cos02) =2(ysLyL2P) 2+2(ysP L)

vs” and ys° can be obtained from the set of equations, which, in turn, leads to surface energy of the
solid: ys=ys>+s.

Surface energies of testing liquids commonly used are listed in Table 1.

Table 1 Surface energy of common testing liquid

Liquid n’ 7P YL yi Py P Polarity
Water 51 21.8 72.8 2.36
Glycerol 26.4 37 63.4 0.71 Polar
Formamide 18.7 39.5 58.2 0.47
Diiodomethane 2.3 48.5 50.8 0.05
a-
Bromonaphthale 0 44.6 44.6 0 Non-polar
ne
Hexadecane 0 27.6 27.6 0

For surface energy calculation with Ownes method, the two testing liquids must satisfy the following
conditions:

(1) y.P/yLP of each liquid must be away from 1 as much as possible.
(2) One liquid must be polar and the other non-polar.
(3) The testing liquid may not dissolve, expand or deform surface of the liquid.

In calculation of surface energy, dispersion forces, polar forces and contact angles of liquid A and
liquid B must be filled into the screen as shown in Figure 48. Then click "calculate" to obtain surface
energy of the solid.

two ligquid method

Dispersion force Polar force
Ligquid A Z21.8 51
Liquid B 48.5 2.3
Static 0 0
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Figure 48 Dialogue box for surface energy calculation

5.4.12 Surface energy calculation with EOS method

Fill out surface tension of the testing liquid and contact angle formed by the liquid and the solid to
calculate surface energy of the solid.

EOS

Tension |[72.6

CA 108.

Energy |0

5.4.13 Solid-liquid interfacial tension calculation

With surface energy of the solid calculated with the above method, and fill surface tension of the
liquid and contact angle formed by the liquid and the solid to calculate solid-liquid interfacial tension.

solid-liquid interface tension
Enery(Sol id—gas) Tension{Liquid-gas)

|D mN./m |D mN./n

5.4.14 Advancing angle and receding angle

Select the testing option to advancing angle page, and click "go" button to feed sample.
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Eﬂ JC2000D Contact Angle 201909_En

File Option Surface energy

(‘1 Q‘i h * = DB GO | Out In Up Down Turn Zero | Sk

IR —

If the drop size needs to be reduced, click "receding angle" button, the motor will automatically pump
excessive liquid out.

Eﬂ JC2000D Contact Angle 201909_En

File Option Surface energy

(‘1 Q‘i h * = DB GO | Out In Up Down Turn Zero | Sk

Click "advancing/receding angle stop" to end the testing.
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Access

5! JC2000D Contact Angle 201909 _En

File Option

G P 4m =y

Surface energy

-
s

GO | Owm In

Up Down

Turn Zero

St

to data base page for the testing result.

Rolling Database

=

R
R
R
R
R
R
R
-
R
R
R
R
R
R
R
R
R

Record

Gount

72ZNULL
73NULL
TANULL
7SNULL
T6NULL
FTNULL
TENULL
7INULL
BONULL
S1NULL
BZNULL
83NULL
B4NULL
B5NULL
Bbssss
BV xxxx
New reccrd

P

User

T

[NuLL

Sample |xxxx

26

Reagent

[huLL

Note

advancing

Database

Sample

Dated

oll LCA &

RecorgJUser
a7 LL

Gount
?

AN

2019709/

HAHK

201909/

KEKX

201909/

HAHHK

201909/

HAHK

2019097

R
0
0
0
0
0

Advancing angle
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Rolling Database

- 7ZNULL
- 73NULL
-] TANULL
-8 75NULL
-8 76NULL
. J8 T7NULL
B 7aNULL
-J TINULL
- J BONULL
-8 81NULL
-8 82NULL
-8 B3NULL
1B sanuLL
- J B5NULL
-8 B6ssss
- 87 xxxx
.48 New reocrd

Record |B7

m

User [huLL

Sample |xxxx

Gount |26

Reagent |NULL

Note

advancing

Database

Count|Sample

Dated ol |

LCA a

1D Record|User
1368 |B7 NULL

7 HHKAK

201909/

60. 07|

1369 |87 NULL

10 HHAK

2019097

68,

1370 |87 NULL

1 HHHK

2019709/

49,

1371 |87 NULL

12 HEHK

201909/

ololalo|oln

52.

[=1E N X1E=}

1372 |87

NULL

13 KEKK

&0,

Appendix 1:

3

Receding angle

Contact angles of some systems and surface tensions of some liquids

Some useful data about contact angles from the literature are listed in Table 2. Contact angles formed
between solids that cannot be easily melted, solids that are polar, and polymers with low surface
energy, and some liquids are included. Due to influence from different factors, values of contact
angles reported from different sources vary from one another. For this, a reference range is provided
for each contact angle. Also, some liquid-solid-liquid interfacial contact angles are also provided.

Table 2 Contact angles of some systems (advancing angles) (20-25°C)

Liquid Solid 0 de/dT Liquid Solid 0 do/dT
(v, x10° (degrees) | (degrees/K) (¥, x10° (degrees) | (degrees/K)
3J/m?) 3J/m?)
Mercury Poly(tetra- 150 CH:L» Poly(tetra- 85
(484) ﬂuoroee)thylen 128-148 (50.,8) fluoroe)thylene
0-61
Glass 60-6
e Paraffin >3
Water 110 . 40 (single
N- Steatite crystal)~
(72) hexatriaconta Polyethylene 46
ne 98-112
Paraffin Formamide
108 -0.05 (8) Tetrafluoroeth 92 -0.06
Poly(tetra- ylene-
fluoroethylen 108 0.0 hexafluoropro 0.0l
©) . pylene 75 ’
Tetrafluoroet 78-103
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hylene- -0.11~ CS; (about copolymer 0.35
hexafluoropro 75-90 -0.01 35) Polyethylene 35
pylene
copolymer 88
B
Polypropylen -0.13 e(r;zge)ne Ice (about - 46
e 84 10°C) )
Polyethylene 86 0
72-82 Poly(tetra-
. fluoroethylene
Human skin
80 n-propanol ) 43
Naphthalene 66 23) N- 22
(single hexatriacontan
crystal) 40 e -0.12~
17 - 32-40 -
8b2Ss o %;ga)me Paraffin 0.1
Stibnite | Regarded
) as 0
Graphite 0 octane Poly(tetra- -0.12
Carbon® 0 fluoroethylene 26-30
Stearic acid® (21.6) )
Gold 0 Paraffin
. 40-90
Platinum
Silver iodide Poly(tetra-
fluoroethylene
Glass )
Si0;
TiO;
SnO, Poly(tetra-
Steel fluoroethylene
)
Note: a Carbons prepared with different methods may have different contact angles.
b Langmuir-Blodgett membrane deposited on copper.
Table 3 Contact angles of some liquid A-solid-liquid B interfaces
Solid Liquid A Liquid B 0
Sb,S; (Stibnite) Water Benzene 130
AlO; Water Benzene 22
Poly(tetra-fluoroethylene) Water n-decane about 180
Benzenemethanol Water 30
Polyethylene Water n-decane about 180
Paraffin oil Water 30
Mercury (unknown natural Water Benzene about 100
oil) Mercury Gallium about 0
Glass
Table 4 y of some liquids (20°C)
Liquid y(mNem™)
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Liquid-vapor

Water-liquid

Water 72.75

Octane 21.69 51.68
Dodecane 25.44 52.90
Hexane 27.46 53.77
Benzene 28.88 35.0
Carbon tetrachloride 26.77 45.0

Octanol 27.53 8.5
Butanol 24.6 1.6
Aniline 42.9 5.9
Ether 17.0 10.7
Ethyl acetate 23.9 ~3
484 426

Mercury
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