


Appendix A

Physical and Chemical Properties of Materials Used in This Thesis
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Appendix B

Apparatus Specification

1. Thermo Scientific Orion 3-Star Plus Conductivity Meters

The Thermo Scientific Orion 3-Star Plus
conductivity meters work for a variety
of applications and liquid purities.

suoneayiasads 19npoid

Thermo Scientific
Orion 3-Star Plus
Conductivity Meters

Features and Benefits

* Simultaneous display of conductivity, * Storage of up to 10 individually
resistivity, TDS or salinity and password-protected methods for easy
temperature measurements on the retrieval of operation procedures
backlit LCD

Datalog up to 1000 points with time and
The Thermo Scientific Orion SMART date stamp

STABILITY" and SMART AVERAGING"
functions for automatically optimized
accuracy, precision and response time

Meet all U.S. Pharmacopeia (USP)
requirements

RS232 port for easy data downloading
and software updates

Benchtop units can control an
autosampler and the 096010 stirrer
probe (each sold separately)

Accept cel Sonstants from 0.001  Benchtop units are splashproof with
to 199.9 cnr an IP54-rated housing and include a
Compatible with 2-electrode and universal power supply

4-electrode conductivity cells

* Portable units are waterproof with an

* Temperature calibration capability IP67-rated housing and run for over
*  Conductivity / TDS / salinity / resistivity 2,000 hours on four AA batteries
calibration of up to 5 points © 3 year meter warranty

Reading reference temperatures at 5 °C,
10°C,15°C,20°Cor25°C

Part of Thermo Fisher Scientific SCIENTIFIC
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cations and Ordering Information

T
Thermo Scientific Orion 3-Star Plus D D
Conductivity Meters
Conductivity Range 0.000 to 3000 mS/cm,
auto resolution with cell Meters Only
constant dependence
. o - Cat. No. Package
Resolution 4 significant digits down -
0 0.001 pS/em, cell 1114000 Includes benchtop meter, universal power and user guide
constant dependent 1214000 Includes portable meter, batteries and user guide
Relative Accuracy 0.5% = 1 digit or
0.01 uS/cm, whichever Benchtop Meter Kits
is greater
Cell Constants 0.001 t0 199.9 Cat. »No_./ Sensor (s) Accessories and Solutions
D Application
Resistivity Range 0.0001 to 100 Megohm o
X X 1114001/ * 013005MD DuraProbe * 1413 pS/cm conductivity standard
Resolution Automatic Fresh Water conductivity cell, K = 0.475, (6 x 60 mL bottles)
Relative Accuracy 0.5 % =+ 1 digit Witz 1 uS/em to 200 mS/em » Swing arm electrode stand
Salinity Range 0.1 t0 80.0 ppt NaCl 1114002/ = 013016MD Conductivity cell, = 100 pS/cm conductivity standard
eguwvalem, 0.1 ‘to i Ultra Pure Water K = 0.1, includes flow cell, (5 x 60 mL bottles)
42 ppt practical salinity 0.01 pS/em to 300 pS/em » Swing arm electrode stand
Resolution 0.1 o .
1114003 / * 013016MD Conductivity cell, ¢ 100 uS/cm conductivity standard
Relative Accuracy + 0.1 = 1 digit Ultra Pure Water K = 0.1, includes flow cell, (5 x 60 mL bottles)
DS Range 0 to 19999 0.01 uS/cm to 300 pS/cm * Conductivity calibration resistor kit
Resolution 1 mg/L e Star Navigator 21 software with

RS232 computer cable

Relative Accurac +0.5 % + 1 digit
4 ° 9 * Swing arm electrode stand

Temperature Range -510 105 °C
Resolution 0.1upt099.9°C, Portable Meter Kits
1.0 over 99.9°C . .
Relative Accuracy 201°C Eat',N":/ Sensor (s) Accessories and Solutions
1214001/ * 013005MD DuraProbe * 1413 pS/cm conductivity standard
fresh Water conductivity cell, K = 0.475, (10 x 15 mL pouches)
Wastewater 1 pS/em to 200 mS/em o Hard field case

1214002 / 013016MD Conductivity cell, ¢ 100 pS/cm conductivity standard
Ultra Pure Water K = 0.1, includes flow cell, (5 x 60 mL bottles)
0.01 pS/cm to 300 pS/cm

1214003 / * 013610MD Conductivity cell, ¢ 1413 pS/cm conductivity standard
fresh Water K = 0.55, includes 3 meter (10 x 15 mL pouches)
Wastewater cable, 10 pS/cm to
g * Hard field

200 mS/cm) araeid case
1214004 / * 013016MD Conductivity cell, ¢ 100 uS/cm conductivity standard
Ultra Pure Water K = 0.1, includes flow cell, (5 x 60 mL bottles)

0.01 pS/cm to 300 pS/cm o Hard field case
1214501/ * 013005MD DuraProbe * 1413 pS/cm conductivity standard
Fresh Water conductivity cell, K = 0.475, (10 x 15 mL pouches)
Wastewater 1 pS/cm to 200 mS/cm « Soft field case
1214503 / * 013610MD DuraProbe * 1413 pS/cm conductivity standard
Fresh Water conductivity cell, K = 0.55, (10 x 15 mL pouches)
Wastewater includes 3 meter cable, i

4 fiel

10 pS/em to 200 mS/om * Softfield case

1214504 / * 013016MD Conductivity cell,  ® 100 pS/cm conductivity standard

Ultra Pure Water K = 0.1, includes flow cell, (5 x 60 mL bottles)

0.01 pS/ecm to 300 pS/cm « Soft field case

1214101/ * 013005MD DuraProbe —
fresh Water conductivity cell, K = 0.475,
Wastewater 1 pS/em to 200 mS/em
Regvered
©2008 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific Inc. 1SO
and its subsidiaries. 20012000 S-3STARCD-E 0408 RevA
Environmental Instruments ~ North America Europe Asia Pacific
Water Analysis Instruments 166 Cummings Center Denmark House, Angel Drove Blk 55, Ayer Rajah Crescent
Beverly, MA 01915 USA Ely, Cambridgeshire #04-16/24, Singapore 139949
Toll Free: 1-800-225-1480 England, CB7 4ET Tel: 65-6778-6876
Tel: 1-978-232-6000 Tel: 44-1353-666111 Fax: 65-6773-0836
Dom. Fax: 1-978-232-6015 Fax: 44-1353-666001
Int'| Fax: 978-232-6031 Wi thermo.com/water SCIENTIFIC
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2. FANN Model 35 Viscometer

fa n n- Model 35 Viscometer Instruction Manual

1.1

Introduction

Fann Model 35 viscometers are direct-reading instruments which are available in
six- speed and twelve- speed designs for use on either 50 Hz or 60 Hz electrical
power. The standard power source is 115 volts, but all models may be fitted with a
transformer, making operation with 220/230 volts possible.

Fann Model 35 viscometers are used in research and production. These viscometers
are recommended for evaluating the rheological properties of fluids, Newtonian
and non-Newtonian. The design includes a R1 Rotor Sleeve, B1 Bob, F1 Torsion
Spring, and a stainless steel sample cup for testing according to American
Petroleum Institute Recommended Practice for Field Testing Water Based Drilling
Fluids, API RP 13B-1/ISO 10414-1 Specification.

Background

Fann Model 35 viscometers are Couette rotational viscometers. In this viscometer,
the test fluid is contained in the annular space (shear gap) between an outer cylinder
and the bob (inner cylinder). Viscosity measurements are made when the outer
cylinder, rotating at a known velocity, causes a viscous drag exerted by the fluid.
This drag creates a torque on the bob, which is transmitted to a precision spring
where its deflection is measured.

Viscosity measured by a Couette viscometer, such as the Model 35, is a measure of
the shear stress caused by a given shear rate. This relationship is a linear function
for Newtonian fluids (i.e., a plot of shear stress vs. shear rate is a straight line).

The instrument is designed so that the viscosity in centipoise (or millipascal
second) of a Newtonian fluid is indicated on the dial with the standard rotor R1,
bob B1, and torsion spring F1 operating at 300 rpm. Viscosities at other test speeds
may be measured by using multipliers of the dial reading. A simple calculation that
closely approximates the viscosity of a pseudo-plastic fluid, such as a drilling fluid
is described in Section 7.

The shear rate may be changed by changing the rotor speed and rotor-bob
combination. Various torsion springs are available and are easily interchanged in
order to broaden shear stress ranges and allow viscosity measurements in a variety
of fluids.

208878

Revision P, January 2016 5
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fa nnNn Model 35 Viscometer Instruction Manual

3 Features and Specifications

The Fann direct-indicating viscometers are equipped with the standard R1 rotor
sleeve, B1 bob, F1 torsion spring, and a stainless steel sample cup. Other rotor-bob
combinations and/or torsion springs can be substituted to extend the torque
measuring range or increase the sensitivity of the torque measurement.

Each viscometer is supplied with a 115 volt motor. For operation on 230 volts, a
step-down transformer is required.

The viscometers are available in six-speed and twelve-speed models.
See Table 3-1, Table 3-2, Table 3-3 and Table 3-4for specifications. Table 3-5 lists
the recommended environmental conditions for use.

The photo in Figure 3-1 shows the viscometer and the detailed drawing in Figure
3-2 identifies the individual parts.

Figure 3-1 Model 35SA Viscometer

208878 Revision P, January 2016 10
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Model 35 Viscometer Instruction Manual

Table 3-1 Model 35 Viscometer Specifications

Model No. Part No. Electrical SNO' o Speeds
peeds
35A 207198 115V, 60 Hz, 90W 6 600, 300, 200, 100, 6, 3
35SA 207199 115V, 50 Hz, 90W 6 600, 300, 200, 100, 6, 3
600, 300, 200, 180, 100,
35A/SR-12 207200 115V, 60 Hz, 90W 12 90, 60, 30. 6, 3, 1.8, 0.9
35SA/SR-12 600, 300, 200, 180, 100,
207201 | 115V, 50 Hz, 90W 12| 90,60, 30, 6, 3, 1.8, 0.9
Table 3-2 Model 35 Viscometer Sizes
Dimensions .
Model No. Part No. (LxDxH) Weight
35A 207198 15.2x6 x10.5in. 151b
39x15x27 cm 6.8 kg
35SA 207199 15.2x6 x10.5in. 151b
39 x15x 27 cm 6.8 kg
e 15.2x6 x 10.5 in. 151b
35A/SR-12 207200 39 x 15 x 27 &m 6.5k
35SA/SR-12 207201 152x6x105in. 151
] 39 x15x27 cm 6.8 kg
35A w/ case 101671768 8x16x19in. 26 Ib
20.3 x40.6 x48.3 cm 11.8 kg
35SA w/ case 101671770 8x16x191in. 26 Ib
20.3 x40.6 x 48.3 cm 11.8 kg

208878

Revision P, January 2016
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fa all Model 35 Viscometer Instruction Manual

Table 3-3 Rotor and Bob Dimensions

. Radius Length - 2 .

Unit (cm) (cm) Cylinder Area (cm®) x Radius (cm)

B1 1.7245 3.8 71.005

B2 1.2276 3.8 35.981

B3 0.86225 3.8 17.751

B4 0.86225 1.9 8.876

R1 1.8415 n/a n/a

R2 1.7589 n/a n/a

R3 2.5867 n/a n/a

Table 3-4 Rotor-Bob Specifications
ROTOR-BOB R1 B1 R2 B1 R3 B1 R1 B2 R1 B3 R1 B4

Rotor Radius, Ry (cm) 1.8415 | 1.7588 | 2.5866 | 1.8415| 1.8415| 1.8415
Bob Radius, R; (cm) 1.7245 | 1.7245| 1.7245| 1.2276 | 0.8622 | 0.8622
Bob Height, L (cm) 3.8 3.8 3.8 3.8 3.8 1.9
i*::fr Gap in Annulus 0.117 | 0.0343 | 0.8261| 0.6139| 0.9793| 0.9793
Radii Ratio, R; /R, 0.9365 | 0.9805 0.667 0.666 0.468 0.468
Maximum Use
Temperature (°C) 93 93 93 93 93 93
Minimum Use
Temperature (°C) 0 0 0 0 0 0

Table 3-5 Range of Environmental Conditions

Maximum Altitude 6562 ft (2000 m)

Temperature Range 41°F to 104°F (5°C to 40°C)

80% RH at 87.8°F (31°C) or less
50% RH at 104°F (40°C)

Maximum Relative Humidity (RH)

208878 Revision P, January 2016 13
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5.1

5.2

Operating the Model 35A and 35SA

The Model 35A and 35S A viscometers operate at six speeds, ranging from 3 rpm
to 600 rpm. To select the desired speed, set the speed switch (located on the right
side of the base) to the high or low speed position as desired. Then turn the motor
on and move the gear shift knob (located on the top of the instrument) to the
position that corresponds to the desired speed.

Table 5-1 lists the positions for the viscometer switch and the gear knob
combinations to obtain the desired speed. The viscometer gear shift knob may be
engaged while the motor is running. Read the dial for shear stress values.

Table 5-1 Six-Speed Testing Combinations for Models 35A and 35SA

Speed RPM Viscometer Switch Gear Shift Knob
600 High Down
300 Low Down
200 High Up
100 Low Up
6 High Center
3 Low Center

Operating the Model 35A/SR-12 and 35SA/SR-12

The Model 35A/SR-12 and 35SA/SR-12 have twelve speeds for testing
capabilities. To achieve this broader testing range from 0.9 rpm to 600 rpm, an
additional gear box shift lever is used,; it is located on the right side of the gear box.
See Figure 5-1. Move this lever to the left or right as determined from Table 5-2.

Never change the gear box shift lever while the motor is running.
Changing it while the motor is running will result in gear damage.

m Only the viscometer gear shift knob (on top of the instrument)

can be changed while the motor is running.

208878 Revision P, January 2016 16
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3. HAAKE Rotovisco Rv12

_ HAAKE HAAKE

>4
/
- -
\wm:w?. System MV i z
Application: { Sensor System MV T MV DT |My II]
The MV is primarily used for viscosit | i
measurements of medium v i m<- _ ?:M_w nkm:dwm_,v?onol 20,04 | 18.4
€ous liquids such as heavy oils, _ __“w.dnw _._ A:_J '60 60 _mwm
wwd:om. mmg_w—_mw_ﬂ_ 1mmM3m. emulsions, } AL o
C. working in the medium shear rate | i
range. Small yield points can be deter- | 9._1_..2. CRIERP. 1)
mined. I radius Rz (mm) 21 21 21
This coaxial cylinder sensor system con- , Tyl bty fuchy 2 el s o
m_mmm oM an 7»2 cup _*_an_nig three diffe- Sample, Volume 'V (em*) 40 55 79
rent rotors to providé'different viscosit, : S
measuring ranges. MV I and MV II are co»=.< TENpR A Mﬂn MomW Mwm : wmm mmm
available in plastic (phenolic thermoset)
.:.ﬂ in w.&:‘:mmm steel, 18/8. The plastic ! Calculation Factors
rotors are low weight and allow higher |
rates of rotor acceleration. They are me- 1 n M.ﬂw.\,wmw_m i} mwm w%w wﬁ
chanically and chemically safe for tempe- i G (mPa-s/scale grad.-min)| 1374 | 4171 [12375

ratures up to 100°C.

This sensor system requires the tempera-
ture vessel. § Viscosity 7) [mP.

The rotors are positively mechanically centered. The top and the bottom surfaces 10° 10° 0% . 107 10° 10°
f the rotors are recessed to minimize "end effects", i.e. their influence on ! \ \
10°4 Basic range

corque. An air bubble is retained in the bottom recess, while the upper recess
rccomodates any excess sample.

fhe required amount of sample depends on the type of rotor used. For the purpose
)f reference there are two ring marks on the inside wall of the cup.

The lower mark indicates the approximate sample volume required when the MV I
ind the MV IT rotors are used in the cup MV. The upper ring mark is used™Tor
the MV III rotor.

Jecreasing the temperature of a sample which just fills the annular gap between 10°
cup and rotor up to the upper rim of the rotor will cause the sample volume to

shrink. This will lead to an only partly filled sensor system, to a reduced tor- 2

que and to an erroneous viscosity value being below the true viscosity level.

10 100

Shear stress T [Pa]

MJI

107
dhen a sample must be measured at various temperatures, it is advisable to begin
at the lowest temperature. When this is not possible, the sensor system MV should .
be overfilled to such an extent that the sample will be slightly above the rim of
the rotor even at the lowesl temperature. Rotor alternative: MV DIN (see 6.6). 10'1

10
T T 5
I /10 ‘00 1000 ()

During a test the liquid level of the sample must just overflow into the upper
recess of the rotor. The liquid level must not surpass the upper rim of the rotor
by more than 1 or 2 mnm. Excess sample may be removed by sucking it back by means 10°
of a syringe. ’

Speed (min=1): RV 2 = 0.1-724; RV 12 = 0.01-512
Cleaning: To remove the bottom of the cup, first loosen the knurled screw and re-
move the cross-bar. (Order no. of sealing 807-0458) T T T T T v v T
10? 10" 10° 10' 10? 10° 10! 10°

Shear rate D [s™

o~

. @ , ®
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#0 Evaluation
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Principle: preset test speed "nv
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= "shear rate fa L i
ooy m<mnma.oﬁew » depending on

N = actual test speed

The actual test speed is calculated
set test speed
reduction factor
.e. 64 min-1 on knob R", position 10:

= m.m. = 6.4 min-1

n

5 =

2) Shear stress T:
T = A-S (Pa)

is calculated with scale value e

+ A = "shear stress factor", d i
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S = measuring value (scale o.&&.wm:ﬂiinw C.
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by the set step "E“, i.e. 57 scale grad on
E=0.3;5=571/3 = 19 scale grad.

Calculated with shear stress and shear rate.

G = n.mzmn..ﬂam:a factor", depending on the
ype of measuring drive unit 1
A and sensor

G = 103.A/M (mPa-s/scale grad- min)

sonversion of viscosity data from SI to £GS units:

1
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HAAKE

8.1 Equations for the evaluation

The designations used are:

Mg = torque at the rotor (Ncm) f = shape factor

L = height of the rotor (cm) A = shear factor

Ri = radius of the rotor (cm) a = torque-signal factor
Ra = radius of the cup (cm) M = shear rate factor

n = speed of the rotor (min-1) S = scale units on ordinate

G opening angle of the cone (rad)
Rk = radius of the cone (cm)

Shear stress t.

The shear stress t is linearly linked to the torque Md:

T=f-M (1)
The proportionality factor f recognizes the characteristic geometry of the rotor.
One might call f the 'shape factor’. The shear stress T can be calculated easily
using the value 'S' measured in scale graduations:

T =R+ S

Combining {1) and (2) defines the shear stress factor A:

A=f -a witha = torque/reading = My/S (3)

The "a" value is a constant correlation factor to correlate the torque applied
at the shaft of the measuring-drive-unit to the value "S" indicated. The value
"a" depends on the constant of the torsional measuring spring and the electrical
specifications of both the basic unit and the measuring-drive-unit. The true
value of "a" is given in the list of calculation factors supplied with each
measuring-drive-unit

The shape factor "f" can be calculated for the range of sensor systems offered
using the following equations:
Cylinder Senisow Systems

e (4)
2 ~m- L v R§?

It is common procedure to add to this value “f" a correction factor which origi-
nates from the unavoidable torque caused by the cylinder end faces (end-effects)
and which is added to the real torque created by the mass sheared in the coaxial
cylinder gap. Thus instead of the real rotor height L a corrected height L* takes
place in equation (4).

L* =L + AL (5)

This value AL is defined by means of the procedure as stated in the German stan-
dard DIN 53 018, page 2.

Cone - and - Plate Sensor Systems
fo—3 (6)
2 .m - R
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Srear rate p )
=fecl rate D
Th b
e shear rate 'p is :zmm-.:\ linked to Speed 'p'
D=M.,
The Proportionalit CV

fac
Sensor system, It ww nmwmﬁmu anominmm the characte

4 1._m3n e
€quations define this M ?nﬁo_,w the shear rate per speed §w%aqmnm4mm?wuw=a

Cylinder Sensor
Systems M = Ra2

== gl

15 Ra2 - ;2 (8)

no:m-m:n_-v_mﬁm

Sens or Syst ems 30 - a (
Note: he new SI-unit of an an € 1s the radiant rad. Thi correlates to the
g S 1 S

5 W
) L T80 "9 = 0.0174 rag !

The equation to calculate the viscosity of Newtonian liquids is:

T = s
n.on o (10)
When using the equations for T (2) and p (7) this leads to:
A-S =n.M-p
or withn: - A-S
o= g (1)

It is common practice to give viscosity in values of "

{17 Ibecomes? milli Pascal seconds". Then

g A S,

s e e B0 S, (11a)
._.o,m.._au:mw...m_.,_w-m..ocmi.o: ‘a.part of it is comdined o a co i i
myn&.‘mo,a.vowywvu».ma..:w CArT chafcn ~ith ik, 9% epsciri, au,nm.:n \n wm_zm.c\?nm_ G
aipmrion! of 3 mwtiis afier guliudey, A . W% 2

' z 3 A
i g 0% (12)
Thus” the equatfon: (11a) is changed -to : K
n o= 828 e : (13)

HAAKE |

8.2 Determination of instrument constants

Shear rate D , shear stress T, and viscosity n,. are computed from test results
of 'n' and 'S’ with the sensor factors 'M' (shear rate factor), 'A' (shear |
stress factor), and 'G* (viscosity factor). These factors are found in the 1ist i
of calculation factors delivered with each instrument. They were established {
by means of an absolute test of ‘weighing torques' or they are, as for instance

'M' and 'f', calculated by using the geometrical dimensions of the sensor system:

Sensor system f - 10-4 (cm-?) M (min/s)
NV 36.3 5.41 {
MV T /Tl 65.7 2.34 |
MV II /T 11 76.8 0.90 [
MV 111 1M 0.44 |
MV TP 65.8 2.0
MV 11 P 76.8 0.88
MV Sp 87.8 i1 %
SV 1 253 0.89
Sv 11 768 0.89
sV IIep 768 0.78
SV IT FL 572 —---
SV sP 253 4.4
MV DIN 55.8 1.29
SV DIN 369.4 1.29
MV-E 61.43 1.29
SV-E 322.1 1.29
HS T 1172 40 *
HS 11 1142 10 *
PK V, 1° 305.6 6 *
PK I, 1° 1740 6 *
PKII, 1° 4775 6:
PK V, 0.5° 305.6 12 7%
PK 1, 0.5° 1740 12 *
PKII, 0.5° 4775 12 *
PK v, 0.3° 305.6 20 *
PK I, 0.3° 1740 20 *
PKII, 0.3° 4775 20 *
* the factors given are values for reference only; for exact values, see list
of calculation factors.

In case that an instrument is expanded by further measuring-drive-units the re-
levant values A for the range of sensor systems must be calculated:

|
{
{
Example - you need 'A', 'M' for RV 12 with M 150 and MV I, w

The value 'a' of the measuring-drive-unit M 150 is 0.0147 Nem/scale grad.
" " 4 M 500 is 0.049 Ncm/scale grad.
M 1500 is 0.147 Ncm/scale grad.

Calculation of shear stress factor 'A A=f .a="f(M I).a(MI150)
A=65.7 .10 e« 0.0147 Nem/scale grad. A = 0.966 . 10~2 N/em? « scale gri
A = 0.966 (Pa/scale grad.)

Calculation of viscosity factor

|

Calculation of shear stress factor ' .m
1000 = tu#
{

{

Taken from the above table. 6 =A. 1000 = 0.966

i R

O p
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4. CSC Precision and Interfacial DuNouy Tensiometers

HOO™®moOQwp

Knurled Knob

Sample Table Adjustment Screw

Dial Clamp
Adijustable Stops

Fine Adjustment Screw

Adjustment Nut
Hook

Index

HdH 0N EHXNG

Wire Retaining Screw
Rear Clamp Spring Support
Base lLeveling Screw
Torsion Arm

Cap

Dial

Sample Table

Vernier

Torsion Wire Cover

FIG. 1 — TENSIOMETER NO. 70535
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Knurled Knob L Base leveling Screw
Sample Table Adjustment Screw M Torsion Arm

Dial Clamp N Rnurled Release
Adjustable Stops P Vertical Arm
Counter Weight R Cap

Fine Adjustment Screw S Dial

Adjustment Nuts T Sample Table

Index V Vernier

Wire Retaining Screw X Clamping Jaws

Rear Clamp Spring Support Y Torsion Wire Cover

FIG. 2 — TENSIOMETER NO. 70545
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dish, keeping the index of the lever arm at zero. The reading when the film
at the interface breaks is the apparent interfacial tension p.

To make an interfacial measurement between water and a liquid denser than
water, and instrument is required that will exert a downward force on the
ring. CSC No. 70545 Tensiometer meets this requirement.

The measuring procedure is as follows: Pour the liquid of greater density in
the vessel to a depth of 10 mm or more, then pour water to a depth of 5mm on

the surface ocf the denser 1liquid. Raise the wvessel wuntil the ring is
immersed in the water and is in the interface of the liquids with the lever
arm index at zero. Increase the torsion on the wire to force the ring

downward and, simultaneously raise the vessel, keeping the lever arm index
at zero. The scale reading when the film breaks is the apparent interfacial
tension.

FIG. 3 - DISTENTION OF SURFACE FILM FIG. 4 - CONDITION OF SURFACE
DURING SURFACK TENSION MEASUREMENT FILM AT BREAKING POINT

This tensiometers operate with a precision of = 0.05 dynes/cm.
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5. Malvern Zetasizer ZS DLS

Imtroducing the Zetasizer MNano Chapter 2

Zetasizer Nano range options

The Zetasizer Nano series of particle analysers consists of a range of different
instrument models fitted with a choice of ‘red’ or ‘green’ lasers. The models and
their measurement specifications are described in the table below, with instrument

options following.

] o
O - — °E—~ g 50
5 OED 2875 56—~ e 3
8 C 3+ o+ =] ] » b
N GEQ 8Sa0 2ES aecl
8 o == £ = © £ Qo =]
= £ K] eSS St ® oS O
0 8 N @ .= N9 2¢A8 0o 9
NZ nEZ ANZ =3 <ol
®0
s 0.3nm to 10pm - 342Da to 2x107Da 60
®
z - 3.8nm to 100pum - %ég
®
ZS 0.3nmto 10um  3.8nmto 100pm  342Da to 2x10'Da ®®.®©@®
®0
S90 0.3nm to 5pm - 342Da to 2x10”Da ®F*
NCEEE)
ZS90 0.3nm to 5pym 3.8nmto 100um  342Da to 2x10”Da ®f*
NCEEE)
Nano (©lG)
. to 1 . to 1 7
zgp  0-3nmto 10pm  3.8nmto 100um  342Da to 2x10'Da ®included
as standard)
i * Compatible but not recommended because of low sensitivity.
® Narrow band filter ® High temperature
Universal ‘Dip’ cell ® Flow-mode option
© High concentration cell G Microrheology

®© MPT-2 Titrator and Vacuum degasser ® Protein mobility

For complete measurement specifications refer to the Basic Guide.

Laser type
The laser fitted is identified by the colour on the oval badge on the cover.

B Instruments with a black and red badge fitted to the instrument cover either
have a 4mW 632.8nm ‘red’ laser or a2 10mW 632.8nm ‘red’ laser (Nano ZSP
only) fitted.

B Instruments with a Black and green badge have a 532nm ‘green’ laser fitted.

Zetasizer Nano Page 2-3
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Appendix C

Raw Data Processing

1. Pipeline flow loop

As described at experiment method part, the voltage of different signal was directly measured, then
using relative transformation function to get the desired result we need, such as flow rate and pressure
drop. The whole calculation process will be demonstrated by the raw data of 0.1 wt% starch dispersion

in the 1 inch pipe as follows.

Channel 1/V ~ Channel2/V Channel 3/V Pressure Drop / psi Flow Rate (kg/s)

1.37 2.058 0.1492818 0.531696
1.472 2.642 0.2205882 0.6847776

1.55 3.178 0.2860338 0.80184
1.637 3.848 0.3678408 0.9324096
1.743 4.764 0.4796844 1.0914944
1.824 5.243 1.455 0.5482355 1.2130592
1.919 1.559 0.6790779 1.3556352
2.012 1.66 0.806146 1.4952096
2.106 1.775 0.9508275 1.6362848
2.207 1.907 1.1168967 1.7878656
2.375 2.153 1.4263893 2.04

2.58 2473 1.8289813 2.347664
2.732 2.743 2.1686683 2.5757856
2.926 3.12 2.642972 2.8669408
3.116 3.51 3.133631 3.1520928
3.301 3.906 3.6318386 3.4297408
3.472 4.325 4.1589825 3.6863776
3.535 4.467 4.3376327 3.780928

The channel 1 represents the measuring voltage of flow rate, the channel 2 represents the measuring
voltage of transducer at 0-0.5 psi and the channel 3 represents the measuring voltage of transducer at

0-5 psi.

For channel 1, we use this relationship to calculate the flow rate as “Flow Rate (kg/s)” column

showed:
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y = 1.5008 x — 1.5244
For channel 2, we use this regression model to calculate the pressure drop:
y =0.1221x—0.1020
For channel 3, similarly we use this regression model to calculate the pressure drop:

y = 1.2581 x — 1.2823

Then we calculate the Re and friction factor by flow rate and pressure drop as follows.

Fl(()l‘; /1:;1 te Volume Rate (m?/s) ];’rrg;s/u;esti Pressure Drop / Pa Re f
0.531696 0.000532655 0.1492818 1029.261779 30695.49843 0.006376553
0.6847776 0.000686012  0.2205882 1520.9021 39533.09739 0.005680533
0.80184 0.000803286  0.2860338 1972.133628 46291.26129 0.005372146
0.9324096 0.000934091 0.3678408 2536.173037 53829.21334 0.005109193
1.0914944 0.001093463 0.4796844 3307.307514  63013.3848 0.004862039
1.2130592 0.001215247  0.5482355 3779.95071 70031.47809 0.004498928
1.3556352 0.00135808 0.6790779 4682.077302 78262.57515 0.004462105
1.4952096 0.001497906 0.806146 5558.18101 86320.38596 0.004354271
1.6362848 0.001639235 0.9508275 6555.724837  94464.8399 0.004288346
1.7878656 0.00179109 1.1168967 7700.731665 103215.7957 0.004219385
2.04 0.002043679 1.4263893 9834.608025 117771.8411 0.004138887
2.347664 0.002351897 1.8289813 12610.38215 135533.6821 0.004007221
2.5757856 0.00258043 2.1686683 14952.44157 148703.4374 0.003947113
2.8669408 0.002872111 2.642972 18222.65046  165512.204 0.003882943
3.1520928 0.003157777 3.133631 21605.62518 181974.3982 0.003808516
3.4297408 0.003435925 3.6318386 25040.64566 198003.3767 0.003728291
3.6863776 0.003693025 4.1589825 28675.17491 212819.3514 0.003695671
3.780928 0.003787746  4.3376327 29906.92468 218277.8684 0.003664054

2. Rheology

The rheology data were mainly measured by HAAKE viscometer Rotovisco® RV 12 with system

MYV I. According to the manual of this equipment, there are three factors for calculating the viscosity,

shear rate and shear stress as follows:
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M(Min/s) A (Pa/Scale Grad) G (mPa*s/Scale grad*min)

2.34 0.966 412
G*S
Viscosity =
Shear rate = M *n
Shear stress = A xS
where n is set by the knobs of the equipment and S is the reading data.
The example data is the result of 10 wt% measured on July 7"
S
n  Torque range min max mean Shear stress Shearrate ~ Viscosity
25.6 3 29 31 1 0.966 59.904 16.09375
32 3 23 28 0.85 0.8211 74.88 10.94375
51.2 3 41 43 1.4 1.3524 119.808 11.265625
64 3 41 46 1.45 1.4007 149.76 9.334375
128 3 77 84 2.683333333 2.5921 299.52 8.636979167
256 3 153 15.7 5.166666667 4.991 599.04 8.315104167
512 1 225 233 22.9 22.1214 1198.08 18.42734375

Because the reading S is not stable at one point, a range reading of S is reasonable. The torque

range just amplify the reading by 3, which makes the results more sensitive and accurate. Then we

apply the above equations to calculate the shear stress, shear rate and viscosity.

3. Mass fraction transform to volume fraction

Based on previous published literature™, the density of starch nanoparticles is around 1.5 g/cm?.

And the relationship between mass fraction and volume fraction follows:

That is:

Volume fraction =

Volume fraction =

Mass fraction * Density of suspension

Density of starch nanoparticles

Mass fraction * Density of suspension

1.5
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Mass fraction

Volume fraction

Density of suspension (g/cm?)

0.35 0.2677 1.1474
0.34 0.2584 1.1399
0.32 0.2414 1.1316
0.31 0.2333 1.129
0.3 0.2242 1.121
0.2875 0.2138 1.1156
0.275 0.2026 1.105
0.25 0.1832 1.099
0.2375 0.1731 1.093
0.225 0.1632 1.088
0.2 0.1436 1.077
0.175 0.1244 1.066
0.15 0.1055 1.055
0.125 0.0870 1.044
0.1 0.0688 1.032
0.0854 0.0581 1.02
0.08 0.0548 1.028
0.07 0.0478 1.0234
0.06 0.0408 1.0202
0.05 0.0339 1.0169
0.04 0.0270 1.0127
0.03 0.0202 1.0092
0.02 0.0134 1.0044
0.01 0.0067 1.0015
4. Density of starch nanoparticles dispersion at different mass fraction
Date Concentration  Volume / ml Mass/ g Mean/ g Density / (g/cm”3)
2016-08-10 36.00% 50 57.38 5737 57.34 57.36 1.147
2016-08-08 35.00% 50 57.34 5732 5737 57.34 1.147
2016-08-10 35.00% 50 57.38 5737 57.34 57.36 1.147
2016-08-10 35.00% 50 57.36 5745 5741 57.41 1.148
2016-08-04 34.00% 50 5696 56.95 57.08 57.00 1.140
2016-08-08 34.00% 50 5723 5719 5722 5721 1.144
2016-08-09 34.00% 50 57.1 5711 57.18 57.13 1.143
2016-08-04 32.00% 50 56.6 56.77 56.69 56.69 1.134
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2016-07-29
2016-08-08
2016-08-15
2016-08-08
2016-08-10
2016-08-10
2016-07-27
2016-07-20
2016-07-27
2016-07-20
2016-07-18
2016-07-13
2016-07-20
2016-07-20
2016-07-18
2016-07-13
2016-07-18
2016-07-13
2016-07-18
2016-07-13
2016-08-03
2016-08-03
2016-08-03
2016-08-03
2016-08-04
2016-08-03
2016-08-03
2016-08-03
2016-08-03

32.00%
32.00%
32.00%
31.00%
31.00%
31.00%
30.00%
30.00%
28.75%
28.75%
27.50%
27.50%
25.00%
23.75%
22.50%
22.50%
17.50%
17.50%
12.50%
12.50%
8.00%
7.00%
6.00%
5.00%
5.00%
4.00%
3.00%
2.00%
1.00%

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

56.42
56.68
56.46
56.42
56.38
56.4
56.09
55.98
55.78
55.77
55.05
55.49
54.91
54.64
54.45
54.26
53.27
53.23
52.15
52.14
51.37
51.14
51
50.86
50.79
50.64
50.44
50.2
50.07

56.43
56.79
56.49
56.54
56.45
56.46
56.04
56.01
55.85
55.77
54.92
55.54
54.93
54.64
54.44
54.33
53.36
53.33
52.32
52.15
51.41
51.18

51
50.83
50.77
50.64
50.45
50.24
50.08

56.46
56.67

56.5
56.45
56.42
56.53
56.14
56.02
55.67
55.85
54.78
55.61
54.98
54.72
54.51
54.37
53.28

53.2
52.18
52.18
51.42
51.19
51.03
50.84
50.87
50.62
50.49
50.22
50.08

56.44
56.71
56.48
56.47
56.42
56.46
56.09
56.00
55.77
55.80
54.92
55.55
54.94
54.67
54.47
54.32
53.30
53.25
52.22
52.16
51.40
51.17
51.01
50.84
50.81
50.63
50.46
50.22
50.08

1.129
1.134
1.130
1.129
1.128
1.129
1.122
1.120
1.115
1.116
1.098
1.111
1.099
1.093
1.089
1.086
1.066
1.065
1.044
1.043
1.028
1.023
1.020
1.017
1.016
1.013
1.009
1.004
1.002
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