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23 SUMMARY:
24 A *BEA seed crystal was loaded on a porous a-Al>O3 support by the dip-coating method, and
25  hydrothermally grown without using an organic structure-directing agent. A *BEA-type zeolite
26  membrane having very few defects was successfully prepared by the secondary growth method.
27
28  ABSTRACT:
29 Membrane separation has drawn attention as a novel-energy saving separation process. Zeolite
30 membranes have great potential for hydrocarbon separation in petroleum and petrochemical
31 fields because of their high thermal, chemical, and mechanical strength. A *BEA-type zeolite is
32  an interesting membrane material because of its large pore size and wide Si/Al range. This
33  manuscript presents a protocol for *BEA membrane preparation by a secondary growth method
34  that does not use an organic structure-directing agent (OSDA). The preparation protocol consists
35 of four steps: pretreatment of support, seed preparation, dip-coating, and membrane
36 crystallization. First, the *BEA seed crystal is prepared by conventional hydrothermal synthesis
37  using OSDA. The synthesized seed crystal is loaded on the outer surface of a 3 cm long tubular o-
38  AlOs support by a dip-coating method. The loaded seed layer is prepared with the secondary
39 growth method using a hydrothermal treatment at 393 K for 7 days without using OSDA. A *BEA
40 membrane having very few defects is successfully obtained. The seed preparation and dip-
41  coating steps strongly affect the membrane quality.
42
43 INTRODUCTION:
44  Membrane separation has drawn attention as novel-energy saving separation process. Many
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types of membranes have been developed for the past decades. Polymeric membranes have
been widely used for gas separation, creating drinkable water from sea water?!, and wastewater
treatment?.

Inorganic membrane materials like silica3, carbon molecular sieve*, and zeolite have advantages
for thermal, chemical, and mechanical strength compared with polymeric membranes.
Therefore, inorganic membranes tend to be used under more severe conditions, such as
hydrocarbon separation in petroleum and petrochemical fields.

Zeolite has unique adsorption and molecular sieving properties due to its micropores. In addition,
zeolite has a cation exchange ability that contributes to control zeolite’s adsorption and
molecular sieving properties. The number of cations in zeolite is determined by the Si/Al ratio of
the zeolite structure. Therefore, the size of the micropores and Si/Al ratio are key characteristics
that determine the permeation and separation properties of zeolite membranes. For these
reasons, zeolite is a promising type of inorganic membrane material. Some zeolite membranes
have already been commercialized for dehydration of organic solvents due to their hydrophilicity
and molecular sieving properties™2.

*BEA-type zeolite is an interesting membrane material because of its large pore size and wide
Si/Al range. *BEA has generally been prepared by hydrothermal treatment using
tetraethylammonium hydroxide as organic structure-directing agent (OSDA). However, the
synthesis method using OSDA has economic and environmental disadvantages. Recently, a seed-
assisted method for *BEA synthesis without using OSDA was reported® .

*BEA is an intergrowth crystal of polymorph A and polymorph B. Thereby, “*” represents an
intergrowth material. At present, no bulk materials consisting only of polymorph A or B is known.

We have successfully prepared *BEA membranes without using OSDA by a modified seed-
assisted method!!. The *BEA membrane had very few defects and exhibited high separation
performance for hydrocarbons due to its molecular sieving effect. It is well known that calcination
to remove OSDA after synthesis is one of the most common causes of defect formation in zeolite
membranes!?'3. Our *BEA membrane prepared without using OSDA showed good separation
performance possibly because this calcination step was skipped.

The preparation of zeolite membranes is based on know-how and experience accumulated in the
laboratory. Consequently, it is difficult for a beginner to synthesize zeolite membranes alone.
Here, we would like to share a protocol for *BEA membrane preparation as a reference for
everyone who wants to start membrane synthesis.

PROTOCOL:

1. Support preparation

1.1. Pretreatment of support
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1.1.1. Cut out a 3 cm long tubular porous a-Al;O3 support (see Table of Materials).

1.1.2. Wash the support with distilled water for 10 min. After that, wash the support with acetone
for 10 min. Repeat this washing process 2x.

NOTE: Do not touch the outer surface of a support after the washing step. No other treatment
was carried out (e.g., sonication, and rubbing by sandpaper, etc.)

1.1.3. Dry the washed support at 110 °C overnight prior to use for dip-coating.

NOTE: Measure the weight of the support piece after drying. The final membrane weight is
calculated by the difference in the support weight before and after membrane synthesis.

2. *BEA seed crystal synthesis
2.1. Preparation of seed crystal synthesis gel

2.1.1. Add 26.2 g of colloidal silica (see Table of Materials) and 8.39 g of tetraethylammonium
hydroxide (TEAOH) (see Table of Materials) into a 250 mL bottle made of polypropylene (Solution
A). Stir the mixture using a magnetic stirrer for 20 min in a 50 °C in water bath. After that, stir the
mixture using a magnetic stirrer for 20 min at room temperature.

2.1.2. Add 8.39 g of TEAOH, 5.79 g of distilled water, 1.08 g of NaOH (see Table of Materials), and
0.186 g of NaAlO; (see Table of Materials) into a Teflon beaker (Solution B). Stir the mixture by
using a magnetic stirrer for 20 min at room temperature.

2.1.3. Add solution B to solution A in the 250 mL bottle. The mixture of solution A and B will
become milky. Cap the bottle and shake it vigorously by hand for 5 min. After that, stir the
mixture using a magnetic stirrer for 24 h at room temperature. The gel obtained after 24 h of
stirring is called the synthesis gel.

NOTE: The milky solution cannot be mixed with a magnetic stirrer at first because it forms a hard
gel. The 5 min shaking by hand makes the milky solution soft and allows stirring with a magnetic
stirrer. The final composition of the synthesis gel is 24Na;0: 1Al,03: 200Si0z: 60TEAOH: 2905H,0.
2.2. Crystallization

2.2.1. Pour the synthesis gel into a Teflon-lined autoclave. Place the autoclave in an air oven at
100 °C for 7 days.

2.3. Quenching

2.3.1. Quench the autoclave with flowing water for 30 min after crystallization.
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2.4. Filtration

2.4.1. Remove the white sediment in the autoclave by filtration. Wash the white sediment with
200 mL of boiling water to remove amorphous and uncrystallized materials. Dry the washed
sediment at 110 °C overnight. The dried sediment is the seed crystal.

NOTE: A 200 nm mesh filter (see Table of Materials) was used to obtain the crystal. The Si/Al
ratio of obtained crystal was ~19 as analyzed by energy dispersive X-ray spectrometry (EDX).
About 2.3 g of seed crystal was obtained by a single synthesis. The preparation procedure refers
to a previous report by Schoeman et al. with some modifications*.

2.5. *BEA seed slurry preparation for dip-coating

2.5.1. Add 0.50 g of seed crystals into 100 mL of distilled water to prepare a 5 g/L seed slurry.
Carry out sonication of the seed slurry for 1 h to disperse the seed crystals.

3. Seeding on support by dip-coating
3.1. Set up a support for the dip-coating equipment.

3.1.1. Fix a tubular support with a stainless steel rod using Teflon tape to plug the inside of the
support.

3.2. Dip-coating

3.2.1. Pour the seed slurry into a glass tube with a 19 mm diameter. Immerse the fixed support
into the poured seed slurry and wait for 1 min. After that, withdraw the seed slurry vertically at
~3 cm/s. Dry the support at 70 °C for 2 h after dip-coating.

NOTE: The dip-coating process shown in 3.2.1 was run 2x. This protocol uses homemade
equipment for dip-coating. One side of glass tube is plugged with a silicon cap with a tap from
which the seed slurry can be withdrawn. The details about the dip-coating equipment are
provided in the video.

3.3. Calcination

3.3.1. Calcine the dip-coated support at 530 °C for 6 h.

NOTE: The calcination step was carried out to remove OSDA blocking the micropores of the seed
crystals and to chemically bind the seeds onto the support surface. The increase and decrease

temperature rates of the calcination step were 50 °C/min.

3.4. Measuring the weight of the seed crystal on the support
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3.4.1. After calcination, measure the weight of the support. The amount of seed crystal loaded is
calculated by the difference in the support weight before and after dip-coating.

NOTE: The average weight of seeded crystal loaded on a support is ~¥17 mg.

4. *BEA membrane preparation by a secondary growth method

4.1. Preparation for gel synthesis

4.1.1. Add 92.9 g of distilled water, 9.39 g of NaOH, and 1.15 g of NaAl;0 into a 250 mL
polypropylene bottle. Stir the mixture using a magnetic stirrer for 30 min at 60 °Cin a water bath.
After that, add 81.6 g of colloidal silica in a stepwise manner into the mixture. Stir the mixture by
using a magnetic stirrer for 4 h at 60 °C in a water bath. The gel that is obtained after stirring for
4 his called the synthesis gel.

NOTE: Colloidal silica was slowly added at the rate of one drop (~0.05 g) per second. The final
composition of the synthesis gel is 30Na;O: 1Al;0s3: 100SiO;: 2000H,0. The preparation
procedure of the synthesis gel is based on Kamimura et al. with some modifications®.

4.2. Crystallization

4.2.1. Pour the synthesis gel into a Teflon lined autoclave in which the seeded support is placed
vertically. The autoclave is placed in an air oven at 120 °C for 7 days.

4.3. Quenching

4.3.1. Quench the autoclave with flowing water for 30 min after crystallization.

4.4. Washing and drying

4.4.1. Wash the membrane in boiling water for 8 h and dry overnight. This is the *BEA membrane.
4.5. Measuring the weight of the membrane

4.5.1. After drying, measure the weight of the prepared membrane. The weight of the membrane
is calculated by the difference in support weight before and after crystallization.

NOTE: The average weight of the *BEA membrane on each support is ~74 mg.

REPRESENTATIVE RESULTS:

Figure 1 shows the preparation procedure of the *BEA seed crystal. Figure 2 shows the X-ray
diffraction (XRD) pattern of synthesized *BEA seed crystal. Typical strong reflection peaks of (101)
and (302) around 260 = 7.7 and 22.1° appeared. In addition, no obvious reflection peaks other
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than the *BEA-type zeolite were observed. These results showed that the pure phase of *BEA
zeolite was successfully synthesized.

A typical FE-SEM image of the synthesized seed crystal is shown in Figure 3. Spherical seed
crystals were observed and their size was uniformly ~200 nm. The Si/Al ratio of the obtained
crystals was ~19 when analyzed by EDX.

Figure 4 and Figure 5 show the procedures of dip-coating and membrane preparation,
respectively. Figure 6 shows the XRD pattern of synthesized *BEA membrane. As in the case of
the seed crystals, typical strong reflection peaks of (101) and (302) around 260= 7.7 and 22.1°
appeared. In addition, reflection peaks of a-Al,Os as support around 26 = 26, 35.5, and 38° were
observed. As a result, we were able to confirm that the pure phase of *BEA was obtained as a
membrane.

A typical field emission scanning electron microscope (FE-SEM) image of the synthesized
membrane is shown in Figure 7. Crystals having truncated octahedral morphology uniformly
covered the support surface. The distinct morphology seems to be very similar to typical *BEA
crystals synthesized by the OSDA-free method previously reported®!%!>, The Si/Al ratio of the
obtained membrane was ~5.1 analyzed by EDX.

FIGURE AND TABLE LEGENDS:
Figure 1: Preparation procedure of *BEA seed crystal. *BEA seed crystal was synthesized by
typical hydrothermal treatment using OSDA.

Figure 2: XRD pattern of *BEA seed crystals. The crystal phase of the sediment obtained was
confirmed with the XRD pattern.

Figure 3: Typical FE-SEM image of seed crystals. Microscopic analysis was carried out to estimate
the size of the seed crystals.

Figure 4: Dip-coating procedure. Seed crystals were loaded by the dip-coating method using the
seed slurry.

Figure 5: Preparation procedure of the *BEA membrane. The *BEA membrane was synthesized
by the secondary growth method without using OSDA.

Figure 6: XRD pattern of the *BEA membrane. The crystal phase of the membrane obtained was
confirmed from the XRD pattern.

Figure 7: Typical FE-SEM image of the *BEA membrane. Microscopic analysis was carried out to
investigate the membrane thickness and crystal morphology.

DISCUSSION:
There are many kinds of Si and Al sources for zeolite synthesis. However, we cannot change raw
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materials for preparation of this *BEA-type membrane. If raw materials are changed, the phase
of zeolite crystallized and/or growth rate may be changed.

Glass beakers cannot be used for synthesis gel preparation because the synthesis gel has high
alkalinity. Bottles and beakers made of polyethylene, polypropylene, and Teflon can be used
instead.

To prepare a higher quality *BEA membrane, uniform seed layer on the outer surface of tubular
support is essential. The size of the seed crystals and their distribution are quite important to
form a uniform seed layer by dip-coating. The required seed size is larger than that of the pore
size of the support (150 nm) to stop the seed crystal from spreading into the support. In addition,
a narrow distribution of the seed size is also required to prepare a uniform seed layer.

Crystallization conditions for membrane preparation such as temperatures and time periods are
quite important. Changing the crystallization conditions easily shifts the phase of zeolite
crystalized. Higher temperatures and longer time periods lead to crystallization of the MOR-type
zeolite. If the MOR-type zeolite co-crystallizes in the *BEA membrane, large spherical crystal can
be observed on the surface by microscopic observation.

Successfully synthesized *BEA membrane has very few defects and can be used for hydrocarbon
separation'?.
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Table of Materials

Name of Material/ Equipment

o-Al,O5 support

Colloidal silica
Mesh filter (PTFE membrane)

NaAl,O

NaOH

Tetraethylammonium hydroxide

Company Catalog Number

Noritake
Co. Ltd.
Nissan
Chemical
Omnipore
Kanto
Chemical

Kanto
Chemical
Sigma-
Aldrich

NS-1

ST-S
JGWP04700

34095-01

37184-00

302929-500ML

Click here to access/download;Table of Materials;JoVE_Materials.xls
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Comments/Description

Average pore size, 150 nm; Outer diameter, 10 mm; Innar diameter, 7 mm

Si0, 30.5%, Na,0 0.44%, H,0 69.1%
Pore size, 200 nm

Na,O 31.0-35.0%; Al,O; 34.0-39.0%
97%

35 wt% solution
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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 last 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 Journal
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 all or any portion

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,
digital 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.
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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 Item 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 languages,
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 JoOVE 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 laws.
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
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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 Author’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
shall 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
decontamination procedures shall be 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,
or in connection with, acts or omissions of JoVE, its
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. Withdrawal 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 signed 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.

CORRESPONDING AUTHOR

Name: ]
Motomu Sakai

Department: . . i
Research Organization for Nano & Life Innovation

Institution: . .

netEton Waseda University

Signature: /Vlo‘ronw ;SA Km Date: |28 June 2019

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Dear Dr. Bing Wu

First of all, | deeply appreciative of your swift response and kind advice. Here, we list the all

answers for your comments.

1. We corrected some grammatical mistakes.
2. We add a short description of the figure in Figure Legend.
3. We defined all abbreviations before use, e.g. EDX. *BEA and MOR are Proper names.

Best regards,
Motomu SAKAI
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