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38 ABSTRACT:
39  Vacuum induction melting is a popular method for refining high purity metal and alloys.
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require sample preparation. The experimental facility uses a lamp-pumped Q-switched laser to
ablate melted liquid steel with an output energy of 80 mJ, a frequency of 5 Hz, a FWHM pulse
width of 20 ns, and a working wavelength of 1064 nm. A multi-channel linear charge coupled
device (CCD) spectrometer is used to measure the emission spectrum in real time, with a
spectral range from 190 to 600 nm and a resolution of 0.06 nm at a wavelength of 200 nm. The
protocol includes several steps: standard alloy sample preparation and an ingredient test,
smelting of standard samples and determination of the laser breakdown spectrum, and
construction of the elements concentration quantitative analysis curve of each element. To
realize the concentration analysis of unknown samples, the spectrum of a sample also needs to
be measured and disposed with the same process. The composition of all main elements in the
melted alloy can be quantitatively analyzed with an internal standard method. The calibration
curve shows that the limit of detection of most metal elements ranges from 20-250 ppm. The
concentration of elements, such as Ti, Mo, Nb, V, and Cu, can be lower than 100 ppm, and the
concentrations of Cr, Al, Co, Fe, Mn, C, and Si range from 100-200 ppm. The R? of some
calibration curves can exceed 0.94.

INTRODUCTION:

Due to its unique features, such as remote sensing, fast analysis, and no need for sample
preparation, laser-induced breakdown spectroscopy (LIBS) offers unique capabilities for on-line
concentration determination®3. Although the use of the LIBS technique in different fields has
been investigated*®, a considerable attempt to develop its capabilities in industrial applications
is ongoing.

Analysis of molten material contents during the course of industrial processes can effectively
improve the product quality, which is a promising development direction of LIBS. Experimental
findings have been reported about the application of LIBS in the industrial field, such as findings
about argon oxygen liquid steel”!?, molten aluminium alloy*?, molten salt!3, and molten
silicon'®. The majority of these materials exist in the environment of air or an assistant gas.
However, vacuum induction melting (VIM) is another good application field of LIBS to realize
processing control. A VIM furnace can realize smelting at temperatures higher than 1700 °C for
alloy refining; it is the most popular method for refining high-purity metal and alloys such as
iron-base or nickel-base alloys, high purity alloys, and clean magnetic alloys. During the course
of melting, the pressure in a furnace is always in the region of 1-10 Pa, and the composition of
air in the furnace mainly includes the air absorbed on the sample or the inner wall of the
furnace and some vaporous oxide or nitride metal. These working situations induce quite
different LIBS measurement situations for smelting in air. Here, we report an experimental
investigation of the analysis of molten alloy during the course of VIM by LIBS.

An optical window is added to a furnace for laser ablation and radiant light detection. A silica
glass with a diameter of 80 mm serves as the window. An emitting laser and gathering of
radiant light employ the same window; it is a co-axial optical structure that focuses on the same
point. The working focal length is approximately 1.8 m, and the focusing length of the
experimental setup can be adjusted from 1.5 to 2.5 m.
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Based on the practicality of industrial online analysis, precision, repeatability and stability is
more important than the low limit of detection (LOD) during molten alloy ingredient analysis.
The technical route of a four-channel linear CCD spectrometer is chosen, the spectral range of
the spectrometer ranges from 190 to 600 nm, the resolution is 0.06 nm, and the wavelength is
200 nm. A laser diode pumped Q-switched laser (constructed in house) is used to ablate molten
alloy, with an output energy of 100 mJ, a frequency of 5 Hz, an FWHM pulse width of 20 ns, and
a working wavelength of 1064 nm. The remaining part will present the VIM LIBS-analysing
process and live measurement, followed by an introduction of the data processing results.

PROTOCOL:
1. Preparation of Standard Samples
NOTE: This step is not essential.

1.1.  Prepare raw material (Table 1). To make a 100 kg of sample #1, add 12.82 kg of Cr, 3.39
kg of Mo, 4.79 kg of Al, 1.00 kg of Ti, 0.60 kg of Cu, and approximately 77.4 kg of Ni to the
crucible. During the melting process, some elements will be burned. The final ingredient is
determined by the melting temperature, melting duration, and other working parameters. The
ingredient test shows the quantity of each element inside the alloys.

1.2.  Perform vacuum induction melting at approximately 1700 °C for approximately 45 min
for each standard sample. The furnace used to make standard samples can melt approximately
100 kg alloys each time for 2 sets of standard samples.

1.3.  Pour all molten liquid steel into a sticky mold to make standard samples, and naturally
cool for at least 4 h. The size of the standard samples is determined by the furnace in the
experiment. Use rod-shaped standard samples in the experiments with a rod diameter of 100
mm. The shape of the crucible in the furnace is a frustum cone with a cup-like container. The
diameter of the rim is 150 mm, the bottom is 100 mm, and the depth is 200 mm. Chunked
standard samples can also be employed.

1.4.  Use an electric saw to cut standard samples for the experiment. The length of the
standard rod sample is determined by the furnace. Use a length of 150 mm for the

experimental smelting system. Melt a piece of the samples for each experiment.

1.5. Repeat these steps and make all standard samples. Ten samples are employed in this
experiment.

2. Test Ingredient of Standard Alloy Samples

2.1.  Use a chemical analysis method to test the composition of all standard alloy samples.
Test all elements in each sample.
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NOTE: We strongly recommend sending these samples to an authority organization to perform
the analysis. These samples are sent to the Central Iron & Steel Research Institute of China for
the ingredients test. The test results for these samples are listed in Table 2.

3. Smelt Samples

3.1. Check the security of the smelting system, which includes the power supply, availability
of each pump, vacuum hold ability of the experimental furnace, cooling water, and current.

3.2.  Place the standard samples into the smelting system. To ensure that a small amount of
each sample is ablated by the laser, use small samples for the experiment. Due to the size of
the crucible in the furnace, smelt approximately 10 kg samples each time.

3.3.  Open the vacuum pump until the pressure is lower than 0.1 Pa. Use 2 levels of pump to
make the vacuum: mechanical pump and diffusion pump. The mechanical pump can reach
approximately 1 Pa in 15 min, and the diffusion pump can reach 0.01 Pa after 40 min.

3.4. Melt samples. Increase the furnace working current to approximately 130 A; this
parameter is determined by the ingredients of the samples and the size of the furnace. A
standard sample requires approximately 15 min to become molten. Due to oxidation or
nitridation, the ingredients of liquid steel slowly change during the course of smelting.

3.4.1. To ensure precision of the experiment, determine the spectrum within 15 min after the
standard samples are molten.

4, Determine Laser Breakdown Spectra of Standard Samples

4.1.  Check availability of laser focusing and spectrum gathering system, laser generator, and
spectrometer.

4.2. Set the spectrometer and laser generator to work synchronously. Use a spectrometer
output synchronization signal and laser passive working method in the system. The method of
laser generator synchronization signal or method of synchronizer output synchronization signal
can also be employed to control the laser generator and spectrometer.

4.3. Open the laser generator and spectrometer; prepare to generate the pulse laser. The
pulse width is 20 ns, the frequency is 5 Hz, and the energy of each pulse is 90 mJ.

4.4. Use spectrum deposit software to trigger the laser output and gather the spectrum. Set
the integration time of the spectrometer to 10 ms, and each laser pulse generates a frame of
the spectrum. If the integration time is too short, the spectrum signal intensity will be too weak.
If the integration time is too long, more background signals will be gathered.



176  4.5. Adjust the laser focusing position, and effectively ablate the sample. Optimize the

177  focusing position until the strongest spectrum signal is obtained. This process is used to adjust
178  the focusing point. The spectrometer numerical divided signal intensity ranges from 0 to 65535.
179  In most cases, the intensity of a signal should exceed 15% of the saturation signal, which

180 indicates that the highest peak intensity should exceed 10000. If the signal intensity is too small,
181 the quantitative analysis will have low precision.

182

183 4.6. Optimize the delay time. Choose the delay after bremsstrahlung, and the strength of the
184  signal need with the optimized delay time should be sufficient.

185

186 4.7. Use the spectrometer to gather a spectrum for the analysis. Gather 20 frames of the
187  spectrum, and obtain the average for LIBS analysis.

188

189 4.8. Shut off the working current of the furnace and cool the samples. Solidification of the
190 samples requires approximately 15 min.

191

192 4.9. Inject nitrogen into the experimental furnace to break the vacuum.

193

194  4.10. Open the lid of the experimental furnace and remove the solidification samples.

195

196 4.11. Repeat step 3.3 to 4.10 until all samples are measured.

197

198 5. Construct Calibration Curve of Quantitative Analysis
199

200 5.1. Spectrum pretreatment

201

202 5.1.1. Background correction. Delete the background effect caused by braking radiation. The
203  method of baseline correction is employed in the experiment.

204

205 5.1.2. Spectrum-peak searching. Use a two-order derivative method to identify peaks of each
206 element; local minimum points are weighted.

207

208 5.1.3. Spectrum fitting. Apply a Lorentz spectra overlay to the selected peaks to prevent self-
209 corrosion or overlap. The spectral peak intensity, stretch status, and center wavelength is

210 obtained by a fitting algorithm.

211

212  5.2. Import the chemical ingredient analysis results of all standard samples.
213

214 5.3. Construct the calibration curve.

215

216 5.3.1. Choose an inner relative standard wavelength. The main element spectral lines are
217  always selected.

218

219 5.3.2. Choose a calibration wavelength. Select from the NIST spectrum database'®.
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5.3.3. Fit the curve. Use linear fitting or quadratic fitting.

5.4.  Achieve analysis precision. Calculate the fitting factor and relative standard error after
fitting. A program is used to automatically select the best relative standard wavelength and
calibration wavelength from the wavelength base of NIST®.

6. Elemental Composition Analysis of Molten Alloy

NOTE: The experimental setup has been divided to two parts, namely, the detector head and
the control cabinet, as shown in Figure 1. The same laser and spectrometer parameters,
moulting, and spectrum gathering process employed in the previous process are utilized to
ensure accurate quantitative analysis results.

6.1. Put the unknown sample into the smelting system.
6.2. Vacuum the experimental system.

6.3. Increase the smelting current until the sample is molten. The melting temperature is
approximately 1700 °C, and the melting time is approximately 45 min.

6.4. Open the laser generator and realize the pulse laser output. Use the following laser
parameters: pulse width is 20 ns, frequency is 5 Hz, and energy of each pulse is 90 mJ.

6.5. Open the spectrometer and the spectrum deposit software to determine the spectrum.
Employ the same spectrometer with a spectral range from 190 to 600 nm and resolution of
0.06 nm at a wavelength of 200 nm. The integration time of the spectrometer is 10 ms. The
spectrometer is used to trigger the laser and determine the spectrum.

6.6. Adjust laser focusing position. Optimize focusing position until the strongest spectrum
signal is attained; the value of the highest peak should exceed 10000.

6.7. Determine laser breakdown spectrum. Each laser pulse generates a frame of the
spectrum; 20 frames of the spectrum are obtained and averaged for the analysis.

6.8. Spectrum pretreatment. Perform background correction, such as deleting the
background effect caused by braking radiation, as mentioned in 5.1.3, to perform spectrum

fitting.

6.9. Elemental concentration calculation. Perform analysis elemental concentration by the
internal standard method from the calibration curve.

REPRESENTATIVE RESULTS:
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Ten nickel-based alloy samples (#1-#10) are used to construct internal-standard calibration
curves. The compositions of all samples are listed in Table 1. The elemental concentrations of
these samples are orthogonally designed to avoid signal interference. The concentration of
each element in all samples is measured with chemical analysis methods.

Nickel is the internal standard element. The calibration curves of Cu, Ti, Mo, Al, and Cr are
constructed. Figure 2 to Figure 6 show the calibration results. In these figures, the X-axis
represents the concentration of the calibrated elements, and the Y-axis represents the relative
signal intensity ratio of the calibrated element after the disposal process of background
correction and peak fitting. The error bar of each point in these figures shows the fluctuation
range of the signal strength with twenty frame measurements. The calibration parameters of
these elements are listed in Table 3 to Table 7. The linear curve fitting results, including the
residual sum of squares, Pearson’s r, and the linear fitting coefficient R2, are shown from Figure
2 to Figure 6. The intercept and slope of the coefficient of determination are also shown in
these figures. The calibration curves show a near-linear relationship between the concentration
of the element and the peak intensity. The spectral lines used for each element were
introduced in the legend of these figures. These lines are searched by a method of filtration. All
signal peaks are filtered by the signal intensity, the central of wavelength, and the Lorenz fitting
effect. These selected peaks are chosen by a permutation-combination analysis of the fitting
factor R2.

According to the standard of International Union of Pure and Applied Chemistry (IUPAC), 30
limit of detection (LOD) of Cu, Ti, Mo, Al and Cr are calculated and listed in Table 8. Other
elements, such as Si, C, and Nb, are analyzed. The RSD ranges from 4-6%, and the R? exceeds
0.93. The precision can be improved if a better relative standard is employed.

FIGURE AND TABLE LEGENDS:
Figure 1: Experimental setup of quantitative analysis in the process of vacuum induction
melting by laser-induced breakdown spectroscopy.

Figure 2: Calibration curves of Cu. Internal standard lines include Cu: 224.70 nm, Ni: 241.61 nm
and 233.75 nm.

Figure 3: Calibration curves of Ti. Internal standard lines include Ti: 444.38 nm and 337.22 nm,
Ni: 445.90 nm and 313.41 nm.

Figure 4: Calibration curves of Mo. Internal standard lines include Mo: 342.23 nm, 346.02 nm,
and 277.44 nm, Ni: 440.16 nm and 336.68 nm.

Figure 5: Calibration curves of Al. Internal standard lines include Al: 272.31 nm, 231.22 nm, and
334.85 nm, Ni: 221.65 nm, 332.23 nm, and 440.16 nm.

Figure 6: Calibration curves of Cr. Internal standard lines include Cr: 286.51 nm, 302.67 nm and
342.12 nm, Ni: 224.27 nm, 233.75 nm, and 350.08 nm.
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Table 1: Raw material ingredients in the experiment.

Table 2: Standard nickel-based alloy samples ingredient measured results.
Table 3: Calibration data of Cu.

Table 4: Calibration data of Ti.

Table 5: Calibration data of Mo.

Table 6: Calibration data of Al.

Table 7: Calibration data of Cr.

Table 8: Limit of detection of Cu, Ti, Mo, Al, and Cr.

DISCUSSION:

For elemental analysis, popular methods are X-ray fluorescence (XRF), spark discharge optical
emission spectrometry (SD-OES), atomic absorption spectroscopy (AAS), and inductive couple
plasma (ICP). These methods are mainly suited for a laboratory and industrial online application
for molten alloys, which is determined by the characters of these technologies, is difficult. XRF
uses X-rays to shock samples, and SD-OES makes sparks on the samples. The working distance
of these two methods are always in the range of several centimetres. AAS and ICP yields liquid
or powder samples, which requires several tens of minutes for preparation. These methods are
not suitable for high-temperature samples or measurements from a distance of several metres.
Compared with these analysis methods, LIBS has the advantages of long-distance analysis, fast
analysis, and the need to prepare samples. LIBS is the only good method for realizing melting
alloys ingredient online analysis.

The protocol includes three critical steps: using a laser to burn the molten alloy, using a
spectrometer to determine the spectrum of the plasma, and quantitatively analyzing the
elemental composition with the calibration curve. Preparation of the samples with gradient
components and construction of the calibration curve to demonstrate the relation between the
laser breakdown spectrum intensity and the elemental content are preparative steps.

Use of the LIBS to analyze the elemental composition of molten alloy has some limitations. The
precision of the quantitative analysis is the most important problem. The precision of LIBS is
expected to improve by an order of magnitude. The gas pressure, surface status of the samples,
and focusing precision have a distinct influence on the precision; however, compensation of
these errors is difficult2®,

Use of the LIBS system for on-line analysis of elemental composition during vacuum melting is
proven by experiments. The experimental results have shown that the plasma spectrum can be
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determined in a typical industrial vacuum melting furnace situation. The calibration results
show that the major components of molten alloys can be quantitatively analysed.
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Figure3 Click here to access/download;Figure;Figure3 Calibration curves of Ti.omp %
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Figure4 Click here to access/download;Figure;Figure4 Calibration curves of Mo.bmp =

Residual Sum of Squares 6.96185
Pearson's R 0.94848
0.60 - R Square 0.88706 -
Value Standard Error
Intercept 0.2685 0.02619
. Slope 0.04735 0.00559

0.55 + T }
oo | o .///
(\0 Y il /’///
O |
T 0.50 g

& - <
14 T 2l
= | s .
5
"E 045 = .///
— //'
- /'/ - -
/’/
-~ 1B
0.40 -
T ¥ 3 ] v T T T ’
3 4 5 6

Mass Fraction/wt%


http://www.editorialmanager.com/jove/download.aspx?id=909856&guid=c9fe625f-8333-46c6-aeb5-ec33e2ff1106&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=909856&guid=c9fe625f-8333-46c6-aeb5-ec33e2ff1106&scheme=1

Figure5 Click here to access/download;Figure;Figure5 Calibration curves of ALbmp 2
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Figure6 Click here to access/download;Figure;Figure6 Calibration curves of Cr.omp 2
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Table1 Click here to access/download;Table;Table 1 Raw material
ingredient.xIsx

unit:%
Sampie Element Cu Ti Mo Al Cr Ni
1# 0.60 1.00 3.39 4.79 12.82 rest
2# 0.80 0.39 5.79 7.92 10.08 rest
3# 0.89 0.26 5.16 5.44 13.49 rest
44 0.71 1.41 5.43 5.96 11.75 rest
S5# 1.00 1.23 3.02 5.05 14.69 rest
6# 0.35 1.56 4.17 7.05 12.33 rest
T# 0.53 1.80 4.87 6.61 14.08 rest
8# 0.45 2.00 4.51 427 11.20 rest
o# 0.28 0.64 3.62 6.35 15.40 rest
10# 0.17 0.82 3.98 7.56 10.59 rest
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Table2

Click here to access/download;Table;Table 2 Standard samples
ingredient.xIsx

unit:%
Sample Element Cu Ti Mo Al Cr Ni
1# 0.60 1.11 3.42 5.33 12.62 rest
2# 0.78 0.41 5.85 8.64 9.77 rest
3# 0.87 0.28 5.15 6.12 13.11 rest
44 0.69 1.56 5.56 6.34 11.50 rest
S5# 0.93 1.35 3.01 5.63 14.57 rest
6# 0.36 1.75 4.23 7.64 11.97 rest
T# 0.54 2.04 4,94 7.21 13.50 rest
8# 0.46 2.18 4.59 4.61 11.04 rest
o# 0.30 0.65 3.70 6.74 15.11 rest
10# 0.19 0.92 4.04 8.12 10.18 rest
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Table3

Click here to access/download;Table;Table 3 Calibration data of

Cu.xlsx
Calibration data of Cu
Concentration (%) Signal Irrtensﬂy —
Average | Maxium | Minium

0.6 0.1742 0.0136 -0.0105
0.77 0.1901 0.0168 -0.0227
0.87 0.1994 0.0222 | -0.0195
0.68 0.1898 0.011 -0.01
0.92 0.2149 0.011 -0.0099
0.36 0.1551 0.0163 | -0.0146
0.53 0.1838 0.0133 -0.0154
0.46 0.1623 0.0082 | -0.0136
0.29 0.1552 0.0146 -0.0174
0.18 0.1343 0.0145 [ -0.0156
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Table4

Click here to access/download;Table;Table 4 Calibration data of

Ti.xlsx
Calibration data of Ti
Concentration (%) Signal Irrtensﬂy —
Average | Maxium | Minium

1.11 1.1755 0.0539 -0.0891
0.412 0.8338 0.0205 | -0.0232
0.284 0.7254 0.0309 | -0.0401
1.56 1.4204 0.0761 -0.0466
1.35 1.3082 0.0296 | -0.0587
1.75 1.5039 0.0363 -0.066
2.04 1.6569 0.093 -0.0653
2.18 1.7069 0.1017 -0.084
0.652 0.952 0.0667 | -0.0605
0.921 1.0868 0.032 -0.032

*


http://www.editorialmanager.com/jove/download.aspx?id=909863&guid=6538c87a-9308-4224-9e8c-38f30fc699af&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=909863&guid=6538c87a-9308-4224-9e8c-38f30fc699af&scheme=1

Table5

Click here to access/download;Table;Table 5 Calibration data of

Mo.xlIsx
Calibration data of Mo
Concentration (%) Signal Irrtensﬂy —
Average | Maxium | Minium
3.42 0.4184 0.0196 -0.0188
5.85 0.5508 0.0114 | -0.0149
5.15 0.5156 0.0244 -0.0356
5.56 0.54 0.0537 | -0.0582
3.01 0.4174 0.0164 -0.0202
4.23 0.4714 0.0404 -0.0544
4.94 0.5074 0.0206 | -0.0272
4.59 0.4636 0.0117 | -0.0093
3.7 0.4518 0.04 -0.0432
4.04 0.4847 0.0157 -0.0141
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Table6

Click here to access/download;Table;Table 6 Calibration data of

Al.xIsx
Calibration data of Al
Concentration (%) Signal Irrtensﬂy —
Average | Maxium | Minium

5.33 2.8048 0.1672 | -0.1334
8.64 3.9482 0.2182 -0.2832
6.12 3.1027 0.1528 -0.1383
6.34 3.1552 0.1401 | -0.1593
5.63 2.8836 0.1025 | -0.0698
7.64 3.6064 0.1523 | -0.1258
7.21 3.5292 0.2307 | -0.1389
4.61 2.4939 0.0421 -0.05
6.74 3.2185 0.0868 -0.087
8.12 3.777 0.1284 -0.1071

*
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Table7

Click here to access/download;Table;Table 7 Calibration data of

Cr.xlsx
Calibration data of Cr
Concentration (%) Signal Irrtensﬂy —
Average | Maxium | Minium
12.62 2.5908 0.0923 | -0.0764
9.77 2.2203 0.095 -0.0859
13.11 2.7817 0.1338 -0.0874
115 2.4624 0.1285 -0.1273
14.57 3.0377 0.0465 -0.0527
11.97 2.5475 0.1476 -0.1173
13.5 2.8318 0.1108 | -0.1147
11.04 2.3723 0.0352 | -0.0563
15.11 3.094 0.144 -0.1524
10.18 2.2301 0.0747 -0.0604

*
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Table8

Click here to access/download;Table;Table 8 Limit of detection
of Cu, Ti, Mo, Al, and Cr.xIsx

Cu

Ti

Al

Cr

LOD(ppm)

37

19

98

258

166

*
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Table of Materials Click here to access/download;Table of Materials;JoVE_Materials.xls %

Name of Material/ Equipment Company Catalog Number Comments/Description
Laser source Gklaser Co.,Ltd.
Molten alloy to be measured
Smelting furnace Tianyu Co.,Ltd.
Spectrometer Avantes

standard samples Well known of its composition
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Iicahu Elements Concentration Analysis for Vacuum Induction Melting by Laser-Induced Breakdown Spectroscopy ]

{janzhuo Zhao, Zhongwei Fan, Fugiang Lian, Yang Liu, Hong Xiao, Xin Li, Qixiu Zhong, Pu Wang, Shuzhen Nie ‘]

Author(s):

Item 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: Standard Access D Open Access

Item 2 (check one box):

The Author is NOT a United States government employee.

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.

The 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.

612542.6

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 rights permitted under such

612542.6

ARTICLE AND VIDEO LICENSE AGREEMENT

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. 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.

9. 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.

10. 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 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
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full. unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually publshed of ot JoVE has sole discretion as 1o the
method of making and publishing the Materials. including,
without imitation. to all decisions regarding editing, lighting,

filming timing of publication, if any, length, quality, content
and the like

11 Indemnification The Author agrees to indemnify Jovi
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
hoid harmiess 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
njury, 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 hoid JoVE harmiess from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due 10 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

ARTICLE AND VIDEO LICENSE AGREEMENT

expense Al indemnifications provided herein shall include
JoVE's attorney's fees and costs related to said losses or
damages  Such indemnification and holding harmiess shall
Include such losses or damages incurred by, or in connection

with, acts or omusions of JovE. ns employees, agents or
independent contractors

12 Fges To cover the cost incurred for publication, Jove
must receive payment before production and publication the
Materials. Payment s due in 11 davs of invoice Should the
Matnuhmnbvmhhoddntommo'mum
decision, these funds will be returned o the Author
Withdrawal by the Author of any submitted Materiais afver
final peer review approval will result in a USS1.200 fee to
cover pre-production expenses incurred by JoVE. i payment is
notrecewedbythecmﬂmono!ﬁkmumm
Mutmdtmmnmwuwmw-
received.

13. 1 r 1 This Agreement may be
assigned by JoVE and shall inure to the benefits of any of

JOVE's successors and assignees. This Agreement shail 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 required per submission.

CORRESPONDING AUTH_OI_!:‘__ o -
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—
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Institution: L Academy of Opto-electronics, Chinese A cademy of SCrengces
Article Title:
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Rebuttal Letter
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rebuttal letter.docx

Dear editor:

We wish to thank you for the time and effort you have spent reviewing our paper.

Motivated by your comments, we have reconsidered the content of our work and tried to
fix all the problems mentioned. In particular, this revised manuscript of our resubmitted
letter has been improved mainly as follows:
1. American Journal Experts (AJE) edited language of the manuscript.
2. Each point of comments is revised, and we introduce how the manuscript is revised after
this letter.

| will be very appreciated getting your advices soon. My telephone is 86-10-82178672,
cell phone is +86 15010891828, and Email is zhaotianzhuo@aoe.ac.cn.

Yours,
Sincerely
Tianzhuo Zhao
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How much is poured into the mold?
All the molten liquid steel. Revised in line 110 of the manuscript.

How is this testing done? What is actually done?

We send these samples to Central Iron & Steel Research Institute of China for test. It
has official Authorization about ingredient test of alloys.

We do not know the test process exactly, and it is not important to the experiment
of this paper.

You have chosen this for filming. Please provide more details here as need specific
values in order to film.

Details parameter of spectrometer and laser has been added in the part of filming.
The length of this part is increased from 122 words to 260 words.

Are these Figure numbers correct?
It has been correct now.

Where is this mentioned in the text?
It has been mentioned in Line 224 now.

Please spell out all journal names.
It is OK now.



