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20
21  SUMMARY:
22  We present a protocol to study the formation of hydrates in the presence of nonionic surfactants
23 onthe interface of a water droplet submerged in cyclopentane. The protocol consists of building
24  alow-cost, programmable, temperature regulator. The temperature control system is combined
25  with visualization techniques and internal pressure measurements.
26
27  ABSTRACT:
28  We introduce an approach to study the formation and growth of hydrates under the influence of
29 nonionic surfactants. The experimental system includes a temperature regulator, visualization
30 techniques, and inner pressure measurements. The temperature control system contains a low-
31  cost, programmable temperature regulator made with solid-state Peltier components. Along
32  with the temperature control system, we incorporated visualization techniques and internal
33  pressure measurements to study hydrate formation and inhibition in the presence of nonionic
34  surfactants. We studied the hydrate-inhibiting ability of nonionic surfactants (sorbitane
35 monolaurate, sorbitane monooleate, PEG-PPG-PEG, and polyoxyethylenesorbitan tristearate) at
36 low (i.e., 0.1 CMC), medium (i.e., CMC), and high (i.e., 10 CMC) concentrations. Two types of
37  crystals were formed: planar and conical. Planar crystals were formed in plain water and low
38  surfactant concentrations. Conical crystals were formed in high surfactant concentrations. The
39 results of the study show that conical crystals are the most effective in terms of hydrate
40 inhibition. Because conical crystals cannot grow past a certain size, the hydrate growth rate as a
41  conical crystal is slower than the hydrate growth rate as planar crystal. Hence, surfactants that
42  force hydrates to form conical crystals are the most efficient. The goal of the protocol is to
43  provide a detailed description of an experimental system that is capable of investigating the
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cyclopentane hydrate crystallization process on the surface of a water droplet in the presence of
surfactant molecules.

INTRODUCTION:

The incentive to understand the mechanism of hydrate crystallization and inhibition comes from
the fact that hydrates occur naturally in oil pipelines and can result in difficulties in flow
assurance. For example, the 2010 Gulf of Mexico oil spill* was a result of hydrate accumulation
in an underwater oil piping system, causing contamination to the environment. Hence,
understanding hydrate formation and inhibition is crucial in order to prevent future
environmental disasters. Much of the driving force for the study of hydrate crystallization in the
past years is the oil industry’s effort to prevent hydrate plug agglomeration and the subsequent
blockage of flow. The first study to determine that hydrates were responsible for plugged
flowlines was done by Hammerschmidt in 19342, To this day, oil producers find it highly important
to understand and inhibit hydrate formation for flow assurance?.

One way to prevent hydrate formation is to insulate deep water pipelines so that ice does not
form. However, it is expensive to adequately insulate the pipelines, and the additional costs can
be in the order of $1 million/km3. Thermodynamic inhibitors, such as methanol, can be injected
into wellheads to prevent the formation of hydrates. However, large volumetric ratios of water
to alcohol, as great as 1:1, are needed in order to adequately prevent the formation of hydrates®.
Recently, the global cost to use methanol for hydrate prevention has been reported as $220
million/year. This is not a sustainable amount of alcohol usage®. In addition, the use of methanol
is problematic because it is environmentally hazardous, and cannot be used for large-scale
transport>. Alternatively, kinetic inhibitors, such as surfactants, can suppress hydrate growth at
small quantities and temperatures of up to 20 °C®. Hence, surfactant presence can reduce the
large amount of alcohols needed for hydrate prevention.

Surfactants are considered good inhibitors for hydrate crystallization due to two main reasons:
1) They can inhibit hydrate formation through surface property changes; and 2) They initially help
the formation of hydrate cells but prevent further growth and agglomeration of the crystal down
the pipeline’. Although surfactants have proved to be efficient inhibitors, there is still a large
amount of information missing regarding the crystallization process in the presence of
surfactants. While some studies have shown that the use of surfactants can extend the initial
hydrate crystallization time at certain subcoolings, other studies have found exceptions at low
surfactant concentrations. At low surfactant concentrations, the water droplets tend to coalesce
and accelerate the process of hydrate formation®. The inhibition process has been explained by
surfactant molecules interrupting planar hydrate growth, forcing the hydrate into hollow-conical
crystal formation. The conical crystals form a mechanical barrier for crystal growth®, and thus
inhibit the growth.

In this study we designed and implemented a low-cost, integrated modular Peltier device (IMPd)
along with a hydrate visualization cell and used them to study cyclopentane hydrate formation
in the presence of nonionic surfactants. The reason for using cyclopentane instead of low
molecular weight gases (e.g., CHs and CO;) that usually form hydrates in deep sea reservoirs, is
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that these gases require higher pressures and lower temperatures to form stable hydrates.
Because cyclopentane forms hydrates at ambient pressure and temperatures up to ~7.5 °C, it is
often used as a model material for hydrate formation®°.

The integrated modular Peltier device (IMPd) consists of an open-source microcontroller, Peltier
plate, CPU cooler (heat sink), and waterproof digital temperature sensor. The device can deliver
a maximum temperature differential of 68 °C. The minimum temperature resolution is 1/16 °C.
The entire system, including the electrical circuitry and hardware, can be constructed for less
than $200. The temperature sensor reports to the microcontroller, which sends output signals to
the transistor. The transistor then passes current from the DC power source through the Peltier
element. The heat sink helps cool the Peltier element by convecting the heat coming from the
hot side of the Peltier to the ambient air. The assembled hardware components of the IMPd
system are shown in Figure 1a,b. Figure 1c shows the wiring schematic with all the components
of the control loop (proportional-integral-derivative [PID] controller) and the pin-outs. The
output current of the microcontroller was limited with the gate resistor R1 to a maximum current
of 23 mA (1=5V/220 Q). The pull-down resistor Rz in Figure 1c allows the gate charge to dissipate
and to turn the system off. To tune the PID controller, Ziegler-Nichols based methods combined
with an iterative process are used*'. Microcontroller integrated development environment (IDE)
software is used to monitor and send commands to the microcontroller for temperature
regulation.

Along with the IMPd, we applied a novel approach using visualization techniques and internal
pressure measurements. The hydrate visualization cell, which is placed on top of the IMPd, is
comprised of a brass cell equipped with two double-paned observation windows. The windows
allow video recording of the hydrate formation process on the water droplet in cyclopentane.
The complementary metal-oxide semiconductor (CMOS) camera is placed outside the window
and the pressure transducer is connected to the water injection line in order to get the internal
pressure measurements of the drop. A digital transducer application is used to get the readings
from the pressure transducer. A camera viewer is used to capture the videos and images from
the CMOS camera. The software controls the exposure and snapshot frequency. Image
processing software programs are used to track the growth of the hydrate. Figure 2a shows a
schematic description of the hydrate visualization cell and Figure 2b shows an overview of the
entire experimental system. The seed hydrate (Figure 2a) is required for consistent nucleation
and tracking of the hydrate growth rate. The seed hydrate is a small volume (e.g., 50—100 puL) of
pure water deposited on the floor of the hydrate cell. As the temperature decreases, the drop
forms ice, which then turns to hydrate as the temperature increases. The small piece of the seed
hydrate then contacts the water droplet. This process controls the initiation of the hydrate in the
submerged water droplet. Silica desiccant is inserted into the gap between the two glass slides
(Figure 2c), which serve as viewing windows. The silica desiccant helps reduce the amount of
frosting and fogging on the windows. Anti-fog is also applied to the outer window to reduce
fogging. Images are captured with a CMOS camera and a 28-90 mm lens. A 150 W fiber optic
goose-neck lamp is used for illumination. An acrylic cover is placed on top of the brass cell in
order to limit evaporation of cyclopentane. Plumbing consists of a combination of flexible
polytetrafluoroethylene (PTFE) tubing and rigid brass tubing. A syringe pump with a 1 mL glass
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syringe and a 19 G needle control the flow of water and surfactant solution. A pressure
transducer monitors the pressure changes inside the water surfactant solution droplet. 19 G PTFE
tubing connects the syringe to the T-fitting and 1/16 in. (1.588 mm) brass tubing connects the
transducer and brass hook to the T-fitting (Figure 2d). A brass hook, approximately 5 cm in length
with a 180° bend, generates the water/surfactant solution droplet. The bend ensures that the
droplet generated by the syringe sits on top of the tube throughout the experiment. A 1/16 in.
stainless steel T-fitting in conjunction with PTFE crush ferrules and PTFE thread tape seal the
fittings.

Using this apparatus, we examined four different nonionic surfactants with different hydrophilic-
lipophilic balances (HLB) that are commonly used in the oil industry: sorbitane monolaurate,
sorbitane monooleate, PEG-PPG-PEG, and polyoxyethylenesorbitan tristearate.

PROTOCOL:

1. Hydrate formation on water droplet in cyclopentane

NOTE: The experimental procedure described below is for the study of hydrate formation on a
water droplet in cyclopentane using the IMPd and hydrate visualization cell described in the
introduction.

1.1. Attach a 19 G needle to the 1 mL glass syringe (Figure 2b, C).

1.2. Rinse the 1 mL glass syringe and 19 G needle 3x with DI water.

1.3. Fill the syringe with DI water.

1.4. Fill the hydrate visualization cell (Figure 2b, E) with 25 mL of cyclopentane.

1.5. Using the syringe, insert a droplet of DI water (i.e., 50-100 uL) at the bottom of the hydrate
visualization cell. This water droplet is the seed hydrate.

NOTE: The drop should be placed at the bottom of the hydrate visualization cell. The purpose of
the seed hydrate is to initiate the formation of the hydrate and to form consistent nucleation and

tracking of the growth rate.

1.6. Place the temperature sensor inside the hydrate visualization cell, close to the bottom of the
cell.

1.7. Put the acrylic cover on the hydrate visualization cell to prevent evaporation of the
cyclopentane. Use screws to keep the cover in place.

1.8. Adjust the lights and camera to focus. Adjust the focus on the seed hydrate.



176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219

1.9. Set the temperature of the Peltier plate to -5 °C in the temperature control device.
1.10. Check the temperature values read by the temperature sensor.

1.11. Once the temperature reaches -5 °C, make sure the droplet at the bottom (seed hydrate)
turns to ice.

1.12. Set the temperature of the Peltier plate to 2 °Cin 0.5 °C increments.

1.13. When the temperature reaches 2 °C, fill the plumbing with water using the syringe, and
lower the brass hook into the cyclopentane to equilibrate for 5 min.

NOTE: This temperature ensures the solid ice is converted to hydrate, because the system is
above the melting point of ice, yet below that of cyclopentane hydrates?!?.

1.14. Start recording with the camera.

1.15. Press the Start Measurement on the pressure transducer software to start the digital
transducer recordings.

1.16. Connect the syringe to the syringe pump.

1.17. Set the syringe pump to inject a volume of 2 plL and activate. The syringe will plunge the
water into the cyclopentane bath to form the submerged droplet.

1.18. Use a needle tip to remove a small piece of the seed hydrate.

1.19. Bring the needle tip with the piece of seed hydrate (Figure 3a) into brief contact with the
water droplet (Figure 3b) to initiate the formation of the hydrate on the water droplet.

1.20. Press Record on the camera capture software. Record images of the crystallization process
of the droplet hemisphere from the camera at 1 Hz.

2. Hydrate formation on water surfactant droplet in cyclopentane

NOTE: Hydrate crystallization experiments with surfactant solutions are performed in the same
way as pure water. However, when using a surfactant solution to study the surfactant effect on
hydrate crystallization there is a need to find the critical micelle concentration (CMC) of each
surfactant. The CMC can either be found in the literature® or using the method described below.

2.1. Prepare 50 mL of standard solutions of sorbitane monolaurate, PEG-PPG-PEG, and
polyoxyethylenesorbitan tristearate by dissolving a measured mass of each surfactant into
deionized water to prepare a series of 12 solutions of each surfactant, each representing a
different concentration ranging from 10 g/100 mL—1 g/100 mL.
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2.2. Prepare solutions of sorbitane monooleate in cyclopentane at different concentrations.

NOTE: Cyclopentane is used due to the high level of hydrophobicity and low solubility of sorbitane
monooleate in water. The same concentrations are used for sorbitane monooleate as well.

2.3. Measure the surface tension of each surfactant solution using the stalagmometry method.

2.3.1. Place the syringe pump and syringe vertically as shown in Figure 4 in order to count falling
drops.

2.3.2. Program the pump to expel 1 mL of solution at a rate of 0.5 mL/min and release the drops
into the air.

2.3.3. Obtain the drop volume (V) as an average by dividing 1 mL by the number of observed
drops.

2.3.4. Test each solution at least 3x.

2.3.5. Calculate interfacial tension using

glApV
r

/8]

where g is the acceleration due to gravity, Ap is the density change at the interface (i.e., the
density difference between the surfactant solution and air), V is the droplet volume, F is an
empirical correction given by*?

211
F =--10.99979 — 1.32045 (11) + (i_) l

1
V3 V3
NOTE: Alternatively, surface tension of some surfactant solutions can be found in the literature®.

2.3.6. Plot the surface tension as a function of concentration. The surface tension will decrease
with increasing surfactant concentration until it flattens and becomes constant.

2.3.7. Find the CMC for each surfactant (i.e., the concentration where the surface tension
flattens) and use it in the experiments.

NOTE: Increasing the surfactant concentration will not change the surface tension.

2.4. Repeat the experimental procedure in section 1, but instead of water use surfactant solution
at various concentrations compared to the CMC (i.e., 0.1x CMC, 1x CMC, and 10x CMC).

3. Image processing and interfacial stress measurements
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NOTE: Tracking the conical and planar hydrate growth is performed with visual analysis methods.
The software programs used are described in the Table of Materials. An example of the contour
detection and coloring can be found in Figure 5. Because the camera only captures 2D projection
of the spherical droplet, a 3D reconstruction needs to be created.

3.1. Tracking the hydrate growth

3.1.1. Open the first image of the image sequence using image processing software.

3.1.2. Use the Length tool in the software to measure the length of the brass tube in the image.

3.1.3. Set the scale of the brass tube in the image based on the known diameter of 1/16in. (1.588
mm).

3.1.4. Select 10 equally spaced snapshots from each sequence. The snapshots should capture the
full process, from the point of nucleation to full droplet conversion.

3.1.5. Repeat the scale setting (steps 3.1.1-3.1.3) for the 10 chosen snapshots.

3.1.6. Use the software to manually detect the contour of the drop in every frame. Mark the
contour in red (Figure 5b).

3.1.7. Use the software to manually detect the contour of the hydrate in every frame. Color the
entire area of the entire area of the hydrate in black (Figure 5b).

3.1.8. Use mathematical modelling software to form a 3D reconstruction of the drop as a
correction to the surface area.

NOTE: Full details on the construction of the 3D surface area is described in Dann et al.13.
3.2. Apparent average interfacial stress measurements

NOTE: Apparent average interfacial stress is calculated using the internal pressure data collected
from the pressure transducer.

3.2.1. Use the recorded data from the pressure transducer (AP).

3.2.2. For every data point, use the Young-Laplace relation'* to determine the apparent average
interfacial stress (y),
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where R; and R, are the droplet radii of curvature and AP is the change in pressure within the
droplet relative to t = 0.

NOTE: In the initial period following droplet formation, the two radii are approximately equal,
hence R; and R, in the Young-Laplace equation can be replaced with the radius of the
predetermined 2 pL drop equal to R = 782 um.

REPRESENTATIVE RESULTS:

Using this experimental system one can examine the hydrate formation at the oil-water interface
and measure the interfacial stress associated with the crystallization process. Figure 6 shows a
representative set of results that include both crystal formation and interfacial stress. In the
planar shell growth (Figure 6a), the crystal grew from the two poles towards the equator. For
that reason, in the planar crystal, the hydrate shell grew constantly. In pure water and low
surfactant concentrations the hydrate formed a planar shell morphology, as can be seen in Figure
6a. The change in pressure and apparent average interfacial stress over time shown in Figure 6b
showed a gradual decrease in apparent average interfacial stress as the hydrate growth
progressed for the planar shell morphology. As the hydrate grew and covered the surface, there
was less available area for the surfactant molecules, hence the same number of surfactant
molecules occupied a smaller surface area, which resulted in decreased apparent average
interfacial stress. The conical morphology (Figure 6c¢) was observed in high surfactant
concentrations. Here the hydrate grew as a conical crystal. When the conical crystal became large
enough, a portion of the cone broke free from the droplet surface. This growth pattern happened
over and over again in an oscillatory manner. The crystal started to grow until it reached a critical
size, then it broke and the process started all over again. Apparent average interfacial stress
measurements (Figure 6d) showed an initial decrease in interfacial stress as the conical crystal
started to grow. In the initial stages of the growth process there was a reduction of available
surface area for the surfactant molecules. The conical crystal grew and at some point reached its
critical size. Further growth of the crystal resulted in detachment from the droplet’s surface. The
cone breakup from the surface resulted in a sudden increase in the available surface for
surfactant molecules and an increase in the interfacial stress. A crystal then started growing
again, which resulted in an oscillatory behavior of the apparent average interfacial stress. This
oscillatory behavior can be seen in Figure 6d.

By tracking the hydrate growth, we can get information on the ability of the surfactant to inhibit
hydrate formation. The collective growth rates of all surfactant solutions at low (i.e., 0.1 CMC),
medium (i.e., CMC), and high (i.e., 10 CMC) concentrations are presented in Figure 7. Because
the standard deviation among the three independent measurements of every surfactant
concentration was <5%, error bars are not presented. In general, surfactant solution inhibited
hydrate growth compared to pure water. The surfactant that was most effective in inhibiting
hydrate formation was polyoxyethylenesorbitan tristearate at high concentration (i.e., 10 CMC).
The hydrates formed with this surfactant had a growth rate nearly 3x slower than the hydrates
formed with the next best surfactant (i.e., sorbitane monolaurate at 10 CMC). We also found that
the most efficient crystal formation in terms of hydrate inhibition was the conical crystal. We also
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found that conical crystals were the most effective for hydrate inhibition. Because a conical
crystal cannot grow past a certain size, the hydrate grows slower than a planar crystal. Hence,
surfactants that force the hydrate to form conical crystals were the most efficient.

FIGURE LEGENDS:

Figure 1: Hardware assembly of the Integrated Modular Peltier Device (IMPd). (a) Assembled
temperature control system showing the arrangement of A) the power supply, B) Peltier on
heatsink, C) temperature probe, and D) microcontroller. (b) Schematic description of the
different components of the IMPd system. (c) Wiring schematic with all components of the
control loop and the pinouts shown.

Figure 2: Hydrate visualization cell. (a) Schematic description of the hydrate visualization cell.
(b) Mounting hardware and equipment layout: A) power supply, B) pump, C) syringe, D) heatsink,
E) brass visualization cell, F) camera lens, G) transducer, H) microcontroller, I) illumination. (c)
Brass visualization cell with cover and silica desiccant. (d) Plumbing route from the syringe pump
to the transducer and brass hook via PTFE tubing and T-fitting. Reprinted (adapted) with
permission from Dann et al.%3.

Figure 3: Nucleation by seed hydrate. (a) The seed hydrate was picked from the bottom of the
hydrate visualization cell using the tip of a needle. (b) The seed hydrate is brought into contact
with the water droplet to initiate the hydrate crystallization process. Reprinted (adapted) with
permission from Dann et al.%3.

Figure 4: Drop counting experimental setup for surface tension measurements.

Figure 5: Example hydrate region for surface area analysis. (a) Raw image of the hydrate on the
drop. (b) The drop contour is marked in red, the hydrate area is marked in black. The length scale
is determined from the measurement of the known diameter of the brass tube at the bottom of
the image. Reprinted (adapted) with permission from Dann et al.'3.

Figure 6: Time lapses and apparent average interfacial stress measurements for the different
crystal types. (a) Time lapses of the planar growth for low surfactant concentration. (b) Pressure
difference inside the drop read by the pressure transducer. The apparent average interfacial
stress values were evaluated using the Young-Laplace equation as described in Dann et al.*3. (c)
Time lapse of conical hydrate growth for high surfactant concentration. (d) The change in
pressure within the droplet relative to t = 0 and the corresponding apparent average interfacial
stress values as a function of time during the hydrate growth process of the conical hydrate.
Reprinted (adapted) with permission from Dann et al.’3.

Figure 7: Hydrate growth rate for all surfactant solutions at low (0.1 CMC), medium (CMC), and
high (10 CMC) concentrations. Reprinted (adapted) with permission from Dann et al.3,

DISCUSSION:
In this article we describe an experimental technique to study hydrate crystallization at the oil-
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water interface in the presence of nonionic surfactants. The apparatus is comprised of a
temperature control system and a visualization cell that includes a brass chamber with windows,
CMOS camera, and pressure transducer. The temperature control system is comprised of a
microcontroller, powerful Peltier plate, 120 mm CPU cooler as the heatsink, and a waterproof
digital temperature sensor. A hydrate visualization brass cell was designed with a camera fixed
at a window and a pressure sensor capable of measuring the pressure inside a drop. The
surfactants that were tested with the apparatus were sorbitane monolaurate, sorbitane
monooleate, PEG-PPG-PEG, and polyoxyethylenesorbitan tristearate, which are commonly used
in the oil industry. The apparatus allows the measurement of the growth rate of the hydrate
crystals as well as the internal pressure changes inside the drops as they undergo hydrate
crystallization. From the pressure changes one can extract the apparent average interfacial
stress, which can indicate the shape of the hydrate crystal.

This method combines visualization techniques and internal pressure measurements to produce
apparent average interfacial stress. This results in the combination of the shape of the hydrate
crystal with the crowding pattern of the surfactant at the interface.

The critical steps in the protocol are: (1) putting the cover on the cell after filling with
cyclopentane (25 mL), (2) inserting a water droplet to the bottom of the cell using a syringe to
serve as a seed hydrate, (3) lowering the temperature of the cell to -5 °C and making sure that
the seed hydrate turns to ice, (4) increasing the temperature to 2 °C in 0.5 °C increments, (5)
filling the plumbing with water/surfactant solution and lowering the brass hook into the
cyclopentane to equilibrate for 5 min when the temperature in the cell reaches 2 °C, (6) starting
the camera and pressure transducer recordings, (7) generating the water/surfactant droplet from
the brass tube using the syringe pump, and (8) scraping a small amount of the hydrate previously
formed on the bottom of the cell and bringing it into brief contact with the droplet, which initiates
the hydrate formation process.

The apparatus and experimental techniques presented can be used to study formation of crystals
at liquid interfaces and the effect of surfactants on the types of crystals and inhibition of the
crystallization process.
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Brass tubing 1/16 in.
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Fotodiox macro extension tubes, 35 mm
Hamilton glass syringe 1 mL

Imagel software

Kipon EOS to C-mount adapter

Lens 28-90 mm

Mathematica software

OMEGA PX409-10WGUSBH pressure transducer
Peltier plate TEC1-12715

Pluronic L31 (PEG-PPG-PEG)

Pylon Viewer v5.0.0.6150

Span 20 (Sorbitan laurate, Sorbitan monolaurate)
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Thermaltake NiC C4 120mm CPU cooler

Tween 65 (Polyoxyethylenesorbitan Tristearate)
variable Tooluxe DC power supply
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RainX

K&S Precision Metals

Chemyx
Basler

ACROS organics

AmScope
Hamilton

Kipon

Canon
Mathematica
OMEGA
Amazon
Sigma Aldrich
Basler

Sigma Aldrich
Sigma Aldrich
Thermaltake
Sigma Aldrich

Catalog Number

AC111481000

9003-11-6

1338-39-2
1338-43-8

9005-71-4

L]

Comments/Description


https://www.sigmaaldrich.com/catalog/search?term=9003-11-6&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=US&focus=product
https://www.sigmaaldrich.com/catalog/search?term=1338-39-2&interface=CAS%20No.&lang=en&region=US&focus=product
https://www.sigmaaldrich.com/catalog/search?term=1338-43-8&interface=CAS%20No.&lang=en&region=US&focus=product
https://www.sigmaaldrich.com/catalog/search?term=9005-71-4&interface=CAS%20No.&lang=en&region=US&focus=product
https://www.editorialmanager.com/jove/download.aspx?id=1158952&guid=1ea74562-ffbc-406b-be46-5b0901ddc6de&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1158952&guid=1ea74562-ffbc-406b-be46-5b0901ddc6de&scheme=1

Click here to access/download;Author License Agreement :

Author License Agreement (ALA)
(ALA);AuthorLicenseAgreement_Signed.pdf

jove

ARTICLE AND VIDEO LICENSE AGREEMENT
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tem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:
mStandard Access

Item 2: Please select one of the following items:

I:I Open Access

mThe Author is NOT a United States government employee.

I:'The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

I:IThe Author is a United States government emploYee but the Materials were NQT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shali have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the fast page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JOVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The lournal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating alf or any portion
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of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digita! and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JOVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in ltem 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b} to translate the Video into other fanguages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and {(c} to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the.scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JOVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author's name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar faws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JOVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JOVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The . Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Authot’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JOVE. The Author shall be responsible for, and
shalfl hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,

decontamination procedures shall be

or in connection with, acts or omissions of JoVE,
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawai by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the

Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to

any conflict of law provision thereunder. This Agreement

may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A sighed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy

of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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Dear Dr. Cao,

We would like to thank you for the editorial comments. We have incorporated the changes in the
manuscript.

Editorial comments:

1. The language in the manuscript is not publication grade. Please thoroughly proofread the
manuscript to ensure that there are no spelling or grammar issues.

Manuscript was edited and proofread.

2. Please rephrase some text (see specific comments marked in the attached manuscript) to
avoid textual overlap with previously published work.

Text was rephrased.

3. Protocol: Please revise to contain only action items that direct the reader to do something
(e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in
complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,”
and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense
may be added as a “NOTE.” For instance, in section 1.1, describe in the imperative tense how
to assemble the hardware; in section 1.3, describe how to in the imperative tune the software
using Ziegler-Nichols based methods; in section 2, describe in the imperative tense how to build
the hydrate cell apparatus.

Protocol was revised according to comments.

4. Please add more details to your protocol steps. There should be enough detail in each step to
supplement the actions seen in the video so that viewers can easily replicate the protocol.
Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively,
add references to published material specifying how to perform the protocol action. See specific
comments marked in the manuscript for examples.

More details were added to the protocol.

5. After you have made all the recommended changes to your protocol section (listed above),
please highlight in yellow up to 2.75 pages (no less than 1 page) of protocol text (including
headers and spacing) to be featured in the video. Bear in mind the goal of the protocol and
highlight the critical steps to be filmed. Our scriptwriters will derive the video script directly from
the highlighted text.

Protocol steps were highlighted.
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6. Please highlight complete sentences (not parts of sentences). Please ensure that the
highlighted steps form a cohesive narrative with a logical flow from one highlighted step to the
next. The highlighted text must include at least one action that is written in the imperative voice
per step. Notes cannot usually be filmed and should be excluded from the highlighting.

Complete sentences were highlighted and notes were excluded.

7. Please include all relevant details that are required to perform the step in the highlighting. For
example: If step 2.5 is highlighted for filming and the details of how to perform the step are given
in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.
All relevant details were highlighted.

Hopefully, the revised manuscript is now proved acceptable.

Best,
Liat Rosenfeld
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