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25  Precise determination of the evolved gases’ flow rate is key to study the details of reactions. We
26  provide a novel quantitative analysis method of equivalent characteristic spectrum analysis for
27  thermogravimetry-mass spectrum analysis by establishing the calibration system of the
28  characteristic spectrum and relative sensitivity, for obtaining the flow rate.
29
30 LONG ABSTRACT:
31 During energy conversion, material production, and metallurgy processes, reactions often have
32 the features of unsteadiness, multistep, and multi-intermediates. Thermogravimetry-mass
33  spectrum (TG-MS) is seen as a powerful tool to study reaction features. However, reaction details
34  and reaction mechanics have not been effectively obtained directly from the ion current of TG-
35 MS. Here, we provide a method of an equivalent characteristic spectrum analysis (ECSA) for
36 analyzing the mass spectrum and giving the mass flow rate of reaction gases as precise as
37 possible. The ECSA can effectively separate overlapping ion peaks and then eliminate the mass
38 discrimination and temperature-dependent effect. Two example experiments are presented: (1)
39 the decomposition of CaCO3 with evolved gas of CO; and the decomposition of hydromagnesite
40 with evolved gas of CO; and H0, to evaluate the ECSA on single-component system
41  measurement and (2) the thermal pyrolysis of Zhundong coal with evolved gases of inorganic
42  gases CO, Hy, and CO, and organic gases C;Ha4, CoHs, CsHs, CsHia, etc., to evaluate the ECSA on
43  multi-component system measurement. Based on the successful calibration of the characteristic
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that the ECSA accurately gives the mass flow rates of each evolved gas, including organic or
inorganic gases, for not only single but multi-component reactions, which cannot be
implemented by the traditional measurements.

INTRODUCTION:

Understanding in depth the real features of a reaction process is one critical issue for the
development of advanced materials and the establishment of a new energy conversion system
or metallurgy production process®. Almost all reactions are carried out under unsteady
conditions, and because their parameters, including the concentration and flow rate of reactants
and products, always change with the temperature or pressure, it is difficult to clearly
characterize the reaction feature by only one parameter, for instance through the Arrhenius
Equation. In fact, the concentration implies only the relationship between the component and
the mixture. Real reaction behavior might not be affected, even though the concentration of a
component in one complicated reaction is adjusted to a great extent since the other components
might have a stronger influence on it. On the contrary, the flow rate of each component, as an
absolute quantity, can give persuasive information to understand the characteristics of the
reactions, especially very complicated ones.

At present, the TG-MS coupling system equipped with the electron ionization (El) technique has
been used as a prevalent tool for analyzing the features of reactions with evolved gases®*.
However, first, it should be noted that the ion current (IC) obtained from an MS system makes it
difficult to directly reflect the flow rate or concentration of the evolved gas. The massive IC
overlap, fragment, severe mass discrimination, and diffusion effect of gases in the furnace of a
thermogravimeter can greatly hamper the quantitative analysis for TG-MS°. Second, El is the
most common and readily available strong ionization technique. An MS system equipped with El
easily results in fragments and does not often directly reflect some organic gases with a larger
molecular weight. Therefore, MS systems with different soft ionization techniques (e.g.,
photoionization [PI]) are required simultaneously to be hyphenated to a thermobalance and
applied to evolved gas analysis®. Third, the intensity of the IC at some mass-to-charge ratios (m/z)
cannot be used to determine the dynamic characteristic of any reaction gas, because it is often
affected by the other ICs for a complex reaction with multicomponent evolved gases. For
example, the drop in the IC curve of a specific gas does not necessarily indicate a decrease in its
flow rate or concentration; instead, maybe it is affected by the other gases in the complex system.
Thus, it is important to take into account all gases’ ICs, certainly with a carrier gas and inert gas.

In fact, quantitative analysis based on mass spectrum greatly depends on the determination of
the calibration factor and relative sensitivity of the TG-MS system. Maciejewski and Baiker’
investigated in a thermal analyzer-mass spectrometer (TA-MS) system, in which the TA is
connected by a heated capillary to a quadrupole MS, the effect of experimental parameters,
including the concentration of gases species, temperature, flow rate, and properties of the carrier
gas, on the sensitivity of the mass spectrometric analysis. The evolved gases were calibrated by
the decomposition of the solids via a well-known, stoichiometric reaction and injecting a certain
amount of gas into the carrier gas stream with a constant rate. The experimental results show
that there is a negative linear correlation of the MS signal intensity of evolved gas to that of the
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carrier gas flow rate, and the evolved gas MS intensity is not influenced by the temperature and
the amount of analyzed gas. Further, based on the calibration method, Maciejewski et al.®
invented the pulse thermal analysis (PTA) method, which provides an opportunity to determine
the flow rate by simultaneously monitoring the changes of the mass, enthalpy, and gas
composition resulted from the reaction course. However, it is still hard to give persuasive
information about the complicated reaction (e.g., coal combustion/gasification) by using the
traditional TG-MS analysis or PTA methods.

In order to overcome the difficulties and disadvantages of the traditional measuring and analysis
method for the TG-MS system, we developed the quantitative analysis method of ECSA®. The
fundamental principle of ECSA is based on the TG-MS coupling mechanism. The ECSA can take
into account all gases’ ICs, including the reaction gases’, carrier gases’, and inert gases’. After
building the calibration factor and relative sensitivity of some gas, the real mass or molar flow
rate of each component can be determined by the calculation of the IC matrix (i.e., the mass
spectrum of TG-MS). Compared with the other methods, ECSA for the TG-MS system can
effectively separate the overlapping spectrum and eliminate the mass discrimination and the
temperature-dependent effect of TG. The data produced by ECSA have proved to be reliable via
a comparison between the mass flow rate of evolved gas and mass loss data by differential
thermogravimetry (DTG). In this study, we used an advanced TG-DTA-EI/PI-MS instrument'® to
carry out the experiments (Figure 1). This instrument consists of a cylindrical quadrupole MS and
a horizontal thermogravimetry-differential thermal analyzer (TG-DTA) equipped with both El and
Pl mode, and with a skimmer interface. ECSA for the TG-MS system determines the physics
parameters of all evolved gases by utilizing the actual TG-MS coupling mechanism (i.e., an equal
relative pressure) to implement the quantitative analysis. The overall analysis process includes a
calibration, the test itself, and data analysis (Figure 2). We present two example experiments: (1)
the decomposition of CaCOs with only evolved gas of CO; and the decomposition of
hydromagnesite with evolved gas of CO; and Hx0, to evaluate the ECSA on a single-component
system measurement and (2) the thermal pyrolysis of brown coal with evolved gases of inorganic
gases CO, Hy, and COy, and organic gases CHa, C;Hs, CoHs, CsHs, CeH14, etc., to evaluate the ECSA
on a multi-component system measurement. ECSA based on the TG-MS system is a
comprehensive solution method for quantitatively determining the amount of evolved gas in
thermal reactions.

PROTOCOL:
1. Calibration of ECSA for the TG-MS System
1.1. Calibration of the characteristic spectrum

1.1.1. Prepare the evolved gases of CO;, H.0, CHa, He, etc. to be calibrated, modulating the gas
pressure at 0.15 MPa.

1.1.2. Connect the gas cylinder to the TG-MS system by stainless steel tube and purge the
individual gas into the TG-MS system with a flow rate of 100 mL/min.
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1.1.3. Monitor the mass spectrum of the individual gas. Carefully watch and compare the
characteristic peak of gases to be calibrated and the possible impurity gases in the mass spectrum
by TG-MS to confirm the species and purity of the gases.

Note: The above-mentioned gases can be bought directly in gas cylinders or decomposed from
some testing samples (except He). He is used as carrier gas in both the calibration and the test.

CAUTION: For some substances which are harmful to the TG or MS, the carrier gas must be used.
1.2. Calibration of the relative sensitivity

1.2.1. Purge the reference gas He with a flow rate of 300 mL/min into the TG-MS system for 20
min to clean the system.

1.2.2. Purge synchronously one type of calibrated gas, such as CO; or H;0, and the reference gas
He into the TG-MS system with a flow rate of 100 mL/min.

1.2.3. Calculate the relative sensitivity of each gas according to the known flow rate and the mass
spectrum (Equation 1).

_ qr l]-:
App =—X I (1)
dk T

Here,

a, . = relative sensitivity of the k gas to the reference gas

g, = the given flow rate of the reference gas

g = the given flow rate of the k gas

I = the determined ion current for the k gas by MS, and

I} = the determined ion current for reference gas.

Note: The volumetric flow rates of the calibrated and reference gas must be known in advance.
2. Testing Process of ECSA for the TG-MS System

2.1. Preparation of the samples used for the test

2.1.1. Preparation of the samples of CaCOs and hydromagnesite

2.1.1.1. Collect 10-g samples of CaCOs with an average diameter of 15 um.

2.1.1.2. Collect 10 g of a white block of hydromagnesite, break it into pieces of < 3 mm in size,
and grind the pieces with a machine-stirred mill to approximately 10 um.

2.1.1.3. Dry all the samples for 24 h in the oven at a temperature of 105 °C.
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Note: The above steps can be implemented in parallel.
2.1.2. Preparation of the samples of Zhundong coals

2.1.2.1. Collect 20 g of Zhundong coal from the coalfield located at the Mori Kazak Autonomous
County, Xinjiang province in China.

2.1.2.2. To eliminate any external moisture, dry the coal in the oven at a temperature of 105 °C
for 24 h.

2.1.2.3. Break and ground the coal in a mill to obtain a particle size range of 180 - 355 um.
2.2. Test of the thermal reactions

2.2.1. Purge the TG-MS system with the carrier gas He for 2 h to expel the air and moisture.
Meanwhile, preheat the instrument to around 500 °C and, then, cool it down to room
temperature.

Note: The He gas was used as carrier gas for all the tests.

2.2.2. Monitor the atmosphere by using MS in the first 20 min, carefully watching and comparing
the characteristic peak of CO;, He, and the impurity gases of Oz, N2, and H,0 in the mass spectrum,
to guarantee the lowest content of air and moisture, not affecting the experimental
measurements.

2.2.3. Weigh a sample of 10 mg by using the precision electronic balance and put the sample into
an Al;Os crucible.

2.2.4. Put the Al;03 crucible with the sample into the TG and close the furnace.

2.2.5. Set the operating parameters. (1) For the CaCOs test, start the temperature at 20 °C and
heat to 550 °C with a heating rate of 10 K/min; then, for the modulating temperature program,
heat to 800 °C with alternating heating rates of 10 K/min and 20 K/min. (2) For the
hydromagnesite and coal test, start the temperature at 20 °C and use a heating rate of 10 K/min,
a hold time of 15 min, a stopping temperature of 1,000 °C, and a gas flow rate of 20 mL/min;
keep an m/z range of 2 - 200 for mode El and 10 - 410 for mode PI.

Note: Mode Pl was used to identify the organic gases, mainly used for the test of Zhundong coal
pyrolysis in this study.

3. Qualitative and Quantitative Analysis

3.1. Get the 3-D mass spectrum data recorded by the computer connected with the TG-MS
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instrument.

3.2. Calculate the actual parameters, including the mass flow rate and the concentration of each
evolved gas, by using the ECSA method, based on the determined calibrated characteristic peak
(step 2.1) and the relative sensitivity (step 2.2).

3.3. Analyze the thermal reaction according to the actual parameters®.

REPRESENTATIVE RESULTS:

The thermal decomposition of CaCOs is a relatively simple reaction, which was used to
demonstrate the applicability of the ECSA method. After calibrating the characteristic peak and
relative sensitivity of CO; to carrier gas He, the actual mass flow rate of CO; evolved by the
thermal decomposition of CaCOs was calculated by the ECSA method and was compared with
the actual mass loss (Figure 3). It is shown that there is a good agreement between the mass flow
rate of CO; calculated by ECSA and the mass loss data by DTG during the entire measurement
process. The relative error of mass flow rate of evolved gas to that of DTG is significantly lower,
as shown by the blue and yellow lines in Figure 4. Also, the thermal decomposition process of
hydromagnesite was analyzed by ECSA and the calibration data of CO; and H,O (Figure 4). The
carrier gas flow rate was chosen as 100 mL/min and the heating rate was set at 5, 10, 15, and 20
K/min. The calculated results were also in good agreement with the experimental TG/DTG data.

To further demonstrate the qualitative analysis of organic gases and the ability of ECSA to
guantitatively determine the flow rate of a complicated reaction system, pyrolysis of Zhundong
coal was carried out'®. Combining both the Pl and EI measuring modes, 16 types of volatile gases,
including H,, CHa4, H,0, CO, CO,, CoH4 (ethene), CsHe (propene), CaHs (butylene), CsHio (pentene),
CeH1o (hexadiene), CsHs (toluene), CeHeO (phenol), CsHio (ethylbenzene), C;HsO (anisole), CoH12
(propyl benzene), and CioH14 (butylbenzene), were clearly identified (Figure 5). After a detailed
determination of mass spectrum and sensitivity of each gas to the carrier gas, the mass flow rate
of each gas can be calculated. Straightforwardly, the ion current from the mass spectrum can be
used to compare based on the same operating parameters (Figure 6).

FIGURE LEGENDS:

Figure 1: Schematic diagram of the TG-DTA-EI/PI-MS system equipped with the El and PI
devices and skimmer-type interface. This TG-DTA-EI/PI-MS system mainly consists of a
cylindrical quadrupole MS and a horizontal thermogravimetry-differential thermal analyzer (TG-
DTA) equipped both the El and Pl devices. The MS and TG-DTA are connected by the skimmer
interface. This figure has been modified from Li et al.*°.

Figure 2: Process diagram of ECSA for testing the thermal reactions. The overall analysis process
can be divided into three parts that are calibration, test, and data analysis. The calibration part
first provides the information of the characteristic spectrum and relative sensitivity of each gas
in the reaction; this information is used for the subsequent calculation of the physics parameters,
such as the flow rate, following the test.



264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307

Figure 3: Comparison of the mass flow rate of evolved gas with the mass loss of DTG for the
thermal decomposition of CaCOs. A comparison in mass loss between ECSA calculation results
and measurement results from DTG was used to validate the reliability of the ECSA method. It is
shown that there is a good agreement between the calculation by the ECSA and the
measurements by DTG, and the relative error of mass flow rate of CO, to that of DTG is
significantly lower.

Figure 4: Thermal decomposition process of hydromagnesite. These panels show (a) a 3-D mass
spectrum graph plotted against temperature and m/z, (b) mass flow rates of CO; calculated by
ECSA at a heating rate of 5, 10, 15, and 20 K/min, (c) mass flow rates of H,O calculated by ECSA
at a heating rate of 5, 10, 15, and 20 K/min, and (d) a comparison between ECSA-based flow rates
and experimental TG/DTG data. Here, the carrier gas flow rate was chosen as 100 mL/min.

Figure 5: 3-D mass spectrum graph of raw coal with the temperature and m/z in modes of El
and PI. (a) The El mode was mainly used to identify inorganic gases such as CO; and H;0, while
(b) the PI mode was mainly done to identify organic gases such as C¢Hs and CsHs. A joint use of El
and PI provides a comprehensive information for the pyrolysis of coal. This figure has been
modified from Li et al.°.

Figure 6: Mass ion curves of CHs and C¢HsO evolved from the raw coal sample and the
pretreated Zhundong coal samples. One kind of inorganic gas, (a) CH4, and one organic gas, (b)
CeHsO, were chosen to be represented in mass ion curves, for interpreting the function of ECSA
on a quantitative analysis of the pyrolysis characteristics of different pretreated coals. Here the
pretreated method includes the H,O-washed coal and HCl-washed coal. This figure has been
modified from Li et al.*°.

DISCUSSION:

This protocol could be easily modified to accommodate other measurements for studying
evolved gases and pyrolysis reactions by a TG-MS system. As we know, the evolved volatile from
the pyrolysis of biomass, coal, or other solid/liquid fuel does not always include only the inorganic
gases (e.g., CO, Hy, and CO;) but also the organic ones (e.g., C;Hs, CeHsOH, and C7Hg). Moreover,
massive fragments would result from the organic gases, and secondary reactions would occur
during pyrolysist!. Even though several conventional measurement methods, like the normal TG-
MS coupling system, Fourier transform infrared (FTIR) spectrometry*?, high-performance liquid
chromatography (HPLC)*3, and UV-vis absorption and fluorescence spectroscopies'4, have been
employed for the characterization of the volatile gases and tar, there are still some issues to be
solved, including the minimization of the secondary reactions, the mitigation of recondensation
of evolved volatile gases during measurement, and the reduction of excessive fragments. ECSA
developed based on a TG-DTA-EI/PI-MS system can be used to investigate accurately the
pyrolysis characteristics for real-time, in situ measurement. Because of the fundamentality,
applicability, and generality of the ECSA, the quantitative analysis for massive volatile gases from
pyrolysis can be easily implemented?®.
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It should be considered that ECSA based on the TG-MS system is a powerful tool to analyze the
thermal reaction processes with evolved gases for not only the simple system but also for the
complicated one. A key step to implement the ECSA method is to successfully build the calibration
factor and the relative sensitivity of the required gases. It also should be noted that the testing
conditions of MS must be the same (or very similar) as those for calibration. Specifically, the
reference gas for calibrating the relative sensitivity must be the same as the reference gas for the
testing process, and it must never react with the evolved gases. In this study, helium is chosen as
the reference gas in order to analyze CO; and H,0 in the measurement. Further, we believe that
the ECSA can be used to characterize the elementary reactions if the calibration factor and
relative sensitivity of the reactants or products in the elementary reactions are successfully built.
On the other hand, since the ECSA separates the mass spectrum of all evolved gases into the
spectra of different components, the matrix constructed by the ion current of various evolved
gases must be solved before the quantitative results are obtained. The matrix can be expected
to be large, should there be a large quantity of evolved gas species. Therefore, matrix solution is
also key to the implementation of ECSA.

Finally, ECSA has much more advantages than the traditional TG-MS analysis methods. The key
one is that the ECSA can provide the exact quantitative information (i.e., the flow rate, the
concentration, and the partial pressure) for all gases. Another advantage is that, since ECSA treats
with the IC of mass spectrum from the point of coupling characteristics (i.e., the equal relative
pressure between TG and MS), it radically eliminates the mass discrimination of MS and the
temperature-dependent effect of TG. And further, the issue of time delay during the
measurement of reactions with evolved gases (especially solid particle reactions) can also be
effectively resolved by varying the flow rate of the carrier gas and the temperature of TG.
However, due to the MS, the ECSA cannot be used to determine reactions without evolved gases,
and there is still some difficulty in dealing with the elementary reactions. Since all reactions
accompany a change of heat, we are developing a new method to correlate the heat change into
the ECSA to provide quantitative information for reactions without evolved gases but with heat
change.
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Author(s):
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ltem 1: The Author elects to have the Materials be made available (as described at

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

Standard Access

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

DThe 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.

DThe Author is a United States government employee but the Materials were NOT 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 shall 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 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 tao 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 ta 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
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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 laws.
10. Author Warranties. The Authar 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
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the making of a video by JoVE its employees, agents ar
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 JoOVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication 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 |egal 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
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Hongde Xia.

Department:

Institution:

037

3)

Title: FW‘f./n-

Institute V!c Z:'/qiﬂeeﬁnj T/fermo!vh,vficé, (hinese Agdenmy of Seien

Signature:

i/ﬂr’é? /t@{rjw/& Xa

Date: 22 June, 20(8

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
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3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Response to Editorial comments for manuscript

JoVES8233R2

Dear Editor:

Thanks very much for your kind letter dated 14-Jun-2018. We replied your questions
and revised the manuscript refer to the comments. Here below is the description on our

response and revision.

Changes made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure
that there are no spelling or grammar issues.

v We carefully thoroughly check spelling and grammar errors and revised those.
2. The short abstract is over the 50 word limit.

v" Now the number of words in short abstract is 50.
3. Step 1.1.1.: How to prepare? Please specify.
v The gases are all purchased from company, the purity was checked by TG-MS.

4. 1.1.2: What's the flow rate for each gas?

v" The flow rate is 100 mL/min, and added the flow rate in 1.1.2.
5. 1.1.3: How to monitor? Please specify.

v" Monitor the mass spectrum of the individual gas by carefully watching and
comparing the characteristic peak of gases to be calibrated and the impurity gases
in mass spectrum by TG-MS to make sure the species and purity of gases. We also

added the above sentences into the 1.1.3.

6. 1.2.2: What's the flow rate of each gas?

v" The flow rate is 100 mL/min, and added the flow rate in 1.2.2.
7.2.1.1.1,2.1.1.2, 2.1.2.1: How much sample is collected?

v The weight of samples has been added in the text.
8. 2.2.1: What carrier gas is used for each sample? Please specify.

v" Helium (H)e was used as the carrier gas for all the tests, and we have specified this
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in the text

9.2.2.2: How to monitor?

Monitor by carefully watching and comparing the characteristic peak of CO2, He
and the impurity gases of Oz, N> and H>O in mass spectrum. We added the above
sentences in the 2.2.2.

10. 3.1: How to get the data?

During measurements, the data recorded in-time by the computer which are always
connected to the TG-MS instrument. Therefore, we just dumped the data and
analyzed by ECSA.

11. For each figure, please provide a title as well as a short description in the figure
legend. Please bold the title.

The modified legend has been added in the text.

12. For each figure, please combine all panels of one figure into a single image file.
This has been done and re-uploaded.

13. Please upload the author agreement license to your Editorial Manager account.
The author agreement license was uploaded.

14. Unfortunately, there are a few sections of the manuscript that show significant
overlap with previously published work. Though there may be a limited number of
ways to describe a technique, please use original language throughout the
manuscript. Please check the iThenticateReport attached to this email.

We had modified the overlapping sentences point by point according to the
iThenticateReport. However, some words like ‘flow rate’, ‘ECSA’, ‘mass
discrimination’ is hard to use another original language to re-express that, so we

still reserve those. Thanks again for your consideration.
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