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Safety Information

Please review the following safety warnings to avoid injury and prevent this product or any
other related products from getting damaged. To avoid potential hazards, please use this
product according to instructions.

Avoid fire or personal injury

Use the appropriate power cord. Please use only the power cord specified by this
product and those approved by your country.

Correct connection and disconnection. Before connecting the product with the computer,
please ensure whether or not the computer has been booted, and only switch on the power
of this product after the computer has been booted. If you want to disconnect the product
with the computer, please first disconnect and delete the software before shutting down the
product.

Grounding. This product is grounded and connected through the power line. To avoid
electrical shock, the grounding wire must be connected to the ground. Before connecting
the product with the input and output terminals, please ensure that it has actually been
grounded.

Observe all the power of terminals. To avoid fire or electrical shock, please pay attention
to power and indications on the product. Before connecting the product, please read the
product manual to get a better understanding of the power information.

Power disconnection. For disconnecting the electric supply and for any power connection
for the product, please refer to indication to ensure the correct positions. Please do not
obstruct the power switch, and ensure that user is able to reach for the power switch at any
time.

Please do not operate the product if the cover is left opened. If the cover has been
removed, please do not operate on this product.

Please do not operate if there is any suspicious malfunctioning. If you suspect that this
product has been damaged, please allow qualified maintenance personnel to inspect on it.

Avoid exposed circuitry. In the event of power conductance, please do not touch the
exposed connector or component.

Please do not operate it under a damp status.
Please do not operate it in an environment filled with combustible or explosive gas.

Please maintain the product’s surface clean and dry.
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Please operate and store in an adequate environment. This equipment is designed to be
safe at least under the following conditions:

a) indoor use;

b) altitude up to 2 000 m;

c) temperature 5 °C to 40 °C;

d) maximum relative humidity 80 % for temperatures up to 31 °C decreasing linearly to

50 % relative humidity at 40 °C;

e) MAINS supply voltage fluctuations up to +10 % of the nominal voltage

& Warning! This warning indicates that such operation condition
may cause injury or casualty.

/\ Attention! This attention indicates that such operation condition
: may cause this product or other item to damage.
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Environmental Precautions

In this section, we would provide relevant information on the impacts the product would
bring to the environment.

Product Disposal
While recycling the instrument or components, please refer to the following guidelines:

Equipment recycling: The production process of this equipment is compliant to natural
recycling and regeneration issues. If this product is not handled properly in the course of
disposal, it might generate harmful substances that may cause environmental or human
health hazards. To avoid such substances from being released to the environment and
reduce the use of natural resources, we suggest that you discard this product through a
proper recycling system to ensure that most materials can be recycled and reused properly.
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Chapter 1 Principle of AC Magnetic Susceptibility Measurement

Under an external magnetic field, the direction of magnetic dipoles of a
magnetic substance tends to be along the direction of the external magnetic
field. If the external magnetic field is an alternative-current (AC) magnetic
field with low AC frequency (generally lower than microwave frequency), the
magnetic dipole oscillates with this AC magnetic field. This is the physical
origin of AC magnetic susceptibility of a magnetic substance. The oscillation
frequency of magnetic dipole is the same as that of the external AC magnetic
field, but a phase difference between of the magnetic dipole and the external
AC magnetic field. Therefore, the AC magnetic susceptibility xac Of a
material can be expressed as y.e'?, where . represents the amplitude of the
magnetic susceptibility of the material, and & is the phase difference of
magnetic dipole with respect to the external magnetic field.

In addition to using magnetic susceptibility strength y, and phase difference &
to express AC magnetic susceptibility yac Of @ material, one can expand ye'’
into the form as y,C0s6 + iyeSiNG. yac Can then be expressed as y + iy,
where x, = %0c0S8 known as the real part of AC magnetic susceptibility, and y;
= xoSind known as the imaginary part of AC magnetic susceptibility.
Therefore, the AC magnetic susceptibility y,c 0Of @ material can be expressed
in terms of y, and ;.

The AC magnetic susceptibility of a magnetic substance varies with the
frequency of external magnetic fields. Frequency Dependent Magnetic
Susceptibility Analyzer: XacQuan introduced by MagOu Co., Ltd has a major
function being capable of measuring the real part y, and the imaginary part y;
(or the amplitude x, and phase difference #) of magnetic susceptibility of a
magnetic substance under magnetic fields of various frequencies. The
frequency adjustable range is 10 Hz to 25 kHz.

The measurement principle of XacQuan is outlined as followed. The analyzer
initially measure the amplitude of the magnetic susceptibility yoar, and the
phase difference 6, detected without the presence of sample (i.e. the air) and
of the external magnetic field. Thus, the magnetic susceptibility upon air
sample can be expressed as yair =  yoair€ . Next, after placing the sample in
XacQuan, the amplitude of the magnetic susceptibility ¥, mix and the phase
difference Oyix are detected, which results in the magnetic susceptibility ymix
= yomix€™*. The magnetic susceptibility ymix detected with the presence of
sample is actually the contribution from both the air and the sample.
Therefore, one can deduct y.ir from ymix to get the magnetic susceptibility of
the sample Asample =  ¥mix = Yair = X,o,mixelemlx - Xp,airewalr = Xp,sampleelesample-
In this analysis, the ratio Of ysample tO0 Yair,  Xosample/Xo.air, @and the phase
difference @ of relative magnetic susceptibility of a magnetic substance can

be calculated through measuring yoair,  Xomix»  Gir,» aNd Ghix.
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Furthermore, the real part (= xosample/)air X COSOsample ) and the imaginary part
(= Yo,sample/Yair X SiNBsampie ) Of Magnetic susceptibility of the to-be-detected
substance are avaliable.

According to the above principle, the flow chart of using XacQuan to measure
the magnetic susceptibility of the to-be-detected substance under a certain AC
external magnetic field is shown in Figure 1.

For XacQuan, an AC voltage is provided with an external function generator
to generate AC current flowing through the solenoid, thereby creating an AC
magnetic field inside the coil. When placing the to-be-detected magnetic
substance in this solenoid, it would be subjected to AC magnetic field action

and triggered to generate AC magnetic susceptibility signal.

Measuring the time dependent
induced voltage signal without the
presence of sample

Measuring the time dependent
induced voltage signal with a to-be-
detected sample

v

!

Converting to frequency spectrum
of induced voltage signal, including
amplitude and phase, via Fast
Fourier Transformation (FFT)

Converting to frequency spectrum
of induced voltage signal, including
amplitude and phase, via Fast
Fourier Transformation (FFT)

)

v

Filtering amplitude X, ,ir and phase
Gyir at a target frequency f

Filtering amplitude X, mix and phase
Ghix at a target frequency f

!
Constructing the time dependent . (t) and ... (1): xair(t) =
XD,aWCOS(ZTEft"'@a.r) f and Xn'")((t) = Xp’m|xcos(2nft+0m|x) USing Xp’air, eair,
Xo,mix;s and Omix

v
Finding time dependent xsampie(t) Via Yair(t) — xmix(t)
\

Converting Xsample(t) into frequency dependent signals (including
amplitude and phase) via Fast Fourier Transformation (FFT)

v
Filtering the amplitude of Xo.sample and phase difference Gampie at a target
frequency f

v

Calculating the amplitude xo sampie/Xo,air and the phase difference Gsampie Of
magnetic susceptibility of a to-be-detected sample under an external
magnetic field of the target frequency f

Figure 1. Flow chart of measuring frequency dependent magnetic susceptibility.
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For XacQuan, Faraday coil is used to convert this AC magnetic
susceptibility signal into induced AC voltage signal, and it is input into
computer software after passing through the amplifier circuit and signal
capturing unit. Fast Fourier Transformation (FFT) is then used to analyze
the magnetic susceptibility size of the real part %, and the imaginary part ;
of the magnetic substance at a target frequency of AC magnetic field.
Through changing the AC voltage output’s frequency from function
generator, we are able to establish the frequency dependent AC magnetic
susceptibility of the magnetic substance.

In Chapter 2, we introduce all the major components that constituted
XacQuan.
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Chapter 2 Introduction of XacQuan

The structural diagram of XacQuan is shown in Figure 2. XacQuan is
composed of the following main components:

Function generator

Coil assembly

Partial voltage compensation circuit
Signal amplifier circuit

Data acquisition unit

© o bk w DB

Fast Fourier Transformation (FFT) software

Partial voltage | Signal amplifier circuit
compensation
circuit 4
N s| Fast Fourier transformation
K Spectra of amplitude and phase of y

Figure 2. Structural diagram of XacQuan

sample

Function generator

The specifications and functions of all components shown in Figure 2 are
described in the following sections.
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Section 1 Function Generator

The function generator used in XacQuan is NI USB-6211, as
shown in Figure 3.

Figure 3. Function generator NI USB-6211used in XacQuan.

Section 2 Coil Assembly

The coil assembly of XacQuan is divided into two sections. One of
them is an excitation coil for generating AC magnetic field; the
other is a Faraday coil for sensing AC magnetic susceptibility
signal. The construction of these two coil parts are briefly
explained as follows:

1. Excitation coil

The sectional diagram of excitation coil is shown in Figure 4. It
is made of ABS material being wound with copper wire around
its exterior. After being detected by a LCR meter, the
impedance of this excitation coil in response to frequency f
changes is shown in Figure 5.

17 10000 -
1]
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[<5]
[&]
c 1000
i [5+] E
g 2
[oX
E
b= 200 vl vl il
" 10 100 1000 10000 100000
- 7 f (Hz)
Figure 4. Sectional diagram Figure 5. Impedance of excitation coil in
of excitation coil response to frequency f.
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2. Faraday coil

The Faraday coil adopted here belongs to a type of gradient
Faraday coil, its sectional diagram of which is shown in Figure 6.

i
5 L

It features an ABS tubular body
wound around with copper wire.
The tubular body comes in a top
and bottom section, each of them
IS wound with copper wire in an
opposite direction. The main

reason of oppositely directing ﬂ:
copper wire is to eliminate as

[m
"

=

much as possible the induced i

voltage due to AC magnetic field  Figure 6. Sectional diagram
generated from excitation coil of gradient Faraday
upon the impact of signal output of coil.

Faraday coil.

The gradient Faraday coil is

directly inserted into the excitation

coil to be coaxial with excitation

coil. The to-be-detected sample should be placed within the tube
on the top section (or the bottom section). The relative positions
of excitation coil, gradient Faraday coil, and sample are shown
in Figure 7.

The principle of Faraday coil is that a voltage is induced with
the time-varying magnetic flux, which is generated by
magnetized substance under AC magnetic field, through the coil.
The induced voltage across Faraday coil is proportional to the
product of the frequency of AC magnetic field and AC magnetic
susceptibility of substance. Thus, at a given frequency of
external magnetic field, the AC magnetic susceptibility of
substance can be obtained by measuring the induced voltage
across the Faraday coil.

Gradient Faraday coil o .
l Excitation coil

Copper wire

Sample

Function
generator

Figure 7. Relative positions of excitation coil, gradient Faraday coil,
and sample in the coil assembly of XacQuan.
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Section 3 Partial Voltage Compensation Circuit

To further eliminating induced
voltage across gradient
Faraday coil due to the AC
magnetic field generated by
excitation coil, XacQuan is
equipped with the partial
voltage compensation circuit.
Its circuitry is shown on the
left side of the dashed box in
Figure 8. The top and bottom
sections of the gradient
Faraday coil are connected
Wlth a 5-kQ reSIStor. and .a Gradient Faraday Partial voltage
var_lable 100_-Q resistor in coil compensation
series, respectively, and each circuit

is being subtracted by the

Figure 8. Output signal of voltage

voIFages acro_ss 5-kQ sensed  with  gradient
resistors. Finally, the Faraday coil after passing
voltage from both terminals through the partial voltage
of AB is led to signal compensation circuit.

amplifier circuit.
Section 4 Signal Amplifier Circuit

The circuitry of this signal amplifier circuit, as shown in Figure 9(a)
and 9(b), is mainly an instrument amplifier. The output voltage
from the partial voltage compensation circuit is input to this
amplifier circuit to increase the S/N ratio. The relationship between
the gain of the signal amplifier circuit (Amp.) and the frequency f
of input voltage (Vin) is shown in Figure 10.

(@) (b)

1
l
|

)k
1

r‘;ﬁL
:LZ
| Tlf'
[

Figure 9. Schematic diagram (a) and actual photo (b) of signal amplifier circuit.
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1000

Gain

400 - Gain = Vg /V,,

200l vinl il il
10 100 1000 10000 100000

f(Hz)
Figure 10. Relationship between the gain of the signal amplifier circuit

(Amp.) and the frequency f of input voltage (Vin).

Section 5 Data Acquisition Unit

The data acquisition unit NI

USB-6211 adopted with o

XacQuan is shown in Figure 11. \

NI USB-6211 transmits this

signal to the computer for data

processing through USB terminal. Figure 11. Data acquisition card NI
Please refer to the attached USB-6211.

operation manual for detailed
specifications.

Section 6 Fast Fourier Transformation (FFT) And Analysis Software

The voltage signal output from data acquisition unit is time
dependent and is then converted into frequency dependent via built-
in FFT of operation program of XacQuan. The signals at a target
frequency can be recorded as functions of time by using the
operation program. Please refer to Chapter 3 for detailed
descriptions.
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Chapter 3 Operation Procedures

In this chapter, we would introduce the operation procedures of XacQuan.

Section 1 Operation Program Installation And Equipment Startup

MagQu Co., Lid.

1.

Install NI USB-6211 driver program according to the instructions
stated in the operation manual.

. Copy XacQuan2-AutoF0512.exe, XacQuan2-AutoSC0510.exe,

and XacQuan2-AutoC0518.exe three files to a computer. These
files are stored in Xac-f1 Software CD-ROM.

. Connect the USB output terminal of XacQuan with the computer.
. Connect XacQuan with power supply and switch it on. You have

then completed the installation and startup procedures.ection 2
Measurement of Frequency Dependent yac

. Initiate the program XacQuan2-AutoF0512.exe. The following

window shows up.

2. Key in the sample name at “Sample name”. For example, key in

test-sample at “Sample name”.
0 Xocuan2-Auof0512-DAGINIE Repo e DT

—— i — —

ol

—leed

l Mag@u

1est-sampla 1 Mz
I Mz
[ Magnetic Field pta number 31Hz

150 mG — | 1 L01H:
‘;

3. Click on “Magnetic Field” to select the amplitude of applied AC

magnetic field. The selectable amplitude of applied AC
magnetic field is either of 10 mG, 20 mG, 30 mG, 40 mG, and
50 mG, 100 mG, 150 mG or 200 mG. For example, 150 mG is
selected.
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10 mG
= . 20m0
30 mG

| = Lo W

| lmﬁ; id  Datanumber | sy -

[1 W0fH: -

200 mG

4. Set values for “Warming time” and “Data number”. The
suggested value for “Warming time” is 2 or 3, while the value
for “Data number” is 3-10. For example, “Warming time” is set
as 2. “Data number” is set as 5.

0 %acQ

-

e

Sampie name

test-sample

Magnetic Field
150 mG —

Warming time Fraqu

2 11Kz -
Iz (H

Data nimber | 59p:

5 101H: .

5. Select the frequencies of applied magnetic field at “Frequency”.
The frequency range is from 21 Hz to 23801 Hz.

Sample name
‘testsample
Magnetic Fleld
150 mG — ‘

;I_;_I_amnn___g time Frequency =
4 3001Mz
Data number

7001z

e

o

6. In newer version, keying in mass or volume is also available.

MagQu Co., Ltd.

Sample name Warming Data

Frequency

l

:32

10
Magnetic Field Quantity M/V

200mG | oz [
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MagQu Co., Lid.

7. Click “Start”, the following window shows up to ask you to
“Save temporary file” in a suitable directory. For example, the
temporary file is saved on desktop. Then, click “OK”,

B tar it A3 20 e VTR A

P
|

8. XacQaun starts to record the amplitudes and the phases for the
case without sample.

9. The diagram block on the upper-left region is the spectrum of the
amplitude of magnetic susceptibility of a substance, i.e. yo-f
curve. The frequency range of this spectrum is automatically
adjusted according to the selected value in “Frequency”.

i i
i £

TS TV e L AT e - VoRta— Y
ylhatigaus A 0o, (weovge o VA 4 v

10. The time-evolution peak value in the yo-f curve is plotted in the
diagram block on the upper-right region, i.e. yopeak-t curve. The
total numbers of the data points in the o peax-t curve equal the
summation of the values in “Warming time” and “Data number”.
For example, the summation of the values in “Warming time”
and “Data number” is 7, there will be 7 data points recorded and
shown in yopeak-t curve. However, only the last 5 data points
(value in “Data number”) are used for calculations of yc.

11. The diagram block on the lower-left region is the spectrum of
the phase of magnetic susceptibility of a substance, i.e. phase-f
curve. The frequency range of this spectrum is automatically
adjusted according to the selected value in “Frequency”.

12. The time-evolution peak value in the phase-f curve is plotted in
the diagram block on the lower-right region, i.e. phase-t curve.
The total numbers of the data points in the phase-t curve equal
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the summation of the values in “Warming time” and “Data
number”. For example, the summation of the values in
“Warming time” and “Data number” is 7, there will be 7 data
points recorded and shown in phase-t curve. However, only the
last 5 data points (value in “Data number”) are used for
calculations of y4c.

13. The instant state of the measurement is shown in “Message”.

14. After finishing recording the signals for the case without
sample, the following window shows up to ask you to put the
sample into XacQuan.

o — — ]

Please put the sample and click "OK."

14. Put the sample into XacQuan and click “OK”. XacQaun then
records the amplitudes and the phases at frequencies for the
case of with sample. Whenever finishing recording the
amplitudes and the phases at frequencies, the following
window shows up.
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15.

16.

17.

18.

The real part (Re[yac], white line) and the imaginary part
(Im[yac], red line) as functions of frequency for the tested
sample are plotted in the right region.

The data of y,peak and phase at a given frequency for cases of
without and with sample are plotted in the left region. The first
5 data (5 comes from the value in “Data number”) are for the
case of without sample, the other 5 data are for the case of with
sample.

You can select the interested frequency in “View raw data” to
view the data of y, peak and phase at the interested frequency for
cases of without and with sample are plotted in the left region.

Click “Including raw data” and then click “Save”, the following
window shows up to ask you to select a suitable directory to
save the results. For example, the results are save as test-
sample.xls on desktop.

19. You can open the test-sample.xls. The frequency is listed in

column A, and Re[yac] and Im[yqc] are listed in columns D and
E, respectively.

(3t b —
[ SRE SR say £ eIn RO End AR Ky
bbb bl A A TR S MBI AEo B (0 T 19 2M
; S —
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20. Click “Exit Reportor”, and then click “”Exit” to shut down the

program. The measurement of frequency dependent .. has
been finished.

Section 3 Measurement of Magnetic Concentration

Section 3A Establishment of Re[yac] vs. magnetic concentration

1. Initialize the program XacQuan2-AutoSC0510.exe, the
following window shows up.

2. Key in the sample name in “Sample name”, select the interested
frequency” Frequency”, select the amplitude of the ac magnetic
field in “Magnetic Field”, key in values in “Warming time” and
“Data number”. For example, “Sample name” can be MF-DEX,
the “Frequency” is 18001 Hz. The amplitude of ac magnetic
field is 200 mG. The values in “Warming time” and “Data
number” are 1 and 1, respectively. In newer version, keying in
mass or volume of sample is also available.

MagQu Co., Lid.
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3. Click “Start” to record the signals for the case of without sample.

4. The time-evolution o peax IS shown in “Time dependent o peax” IN
the upper-left region. The time-evolution phase of y,c IS shown
in “Time dependent phase” in the lower-left region.

Ppeee——— —

L L RS Ll L
Rt e L
W — -

5. Whenever the recording of the y,pesj and phase for the case of
without sample, a message window shows up to ask you load the
standard sample #1 to XacQuan and input the magnetic
concentration of the standard sample #1. For example, the
magnetic concentration of the standard sample #1 is 0.21 emu/g.

Flonss o hogy yortr ssmpls wd svier e comcentvdon

oncemnaton

oy

Larnnue Frush

6. Once you have loaded the standard sample #1 to XacQuan and
input the magnetic concentration in the message window, click
“Continue”. XacQuan then records the signals for the case of
standard sample #1.

|
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- 5w
Tl - [
2 o 1
—t o

Ssawwng. | MIeE Langhe |

SfznnsaRan
B Lo R T
Bl aflagp i pe W R e gy e
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MagQu Co., Lid.

9.

. Whenever the recording of the y,pesj and phase for the case of

standard sample #1, a message window shows up to ask you
load the standard sample #2 to XacQuan and input the magnetic
concentration of the standard sample #2. For example, the
magnetic concentration of the standard sample #2 is 0.18 emu/g.

. Once you have loaded the standard sample #2 to XaQuan and

input the magnetic concentration in the message window, click
“Continue”. XacQuan then records the signals for the case of
standard sample #2.

Repeat steps 7 and 8 for the following standard samples.

10. The final standard sample is the case of without sample. Thus,
input O in the message window and click “Continue” to record
the signals without sample.

11. The Re[yac] for each standard sample is calculated, as shown in
the blocks in the right region. The Re[yac] as a function of the
magnetic concentration is plotted in the diagram in the right
region. The linear relationship between Re[y.] and the

12.

magnetic concentration

is obtained and shown in the

“Message”, as well as guided with the red line.
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Click “Save standard curve” to save the linear relationship

between Re[yac] and the magnetic concentration, as well as the
results in a suitable directory. For example, all the results are
saved as MF-DEX.txt on desktop
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13. Click “Exit” to shutdown the program.
Section 3B Determination of magnetic concentration

1. Initialize the program XacQuan2-AutoC0518.exe, the following
window shows up.

2. Click “Load standard curve” to select the file for the relationship
between Re[ya] and the magnetic concentration. For example,
select the file MF-DEX.txt on desktop.
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3. Once the file for the standard curve is selected, the standard
curve is shown in diagram in the left region. The analytic
function for the standard curve is shown in “Equation:” In newer
version the quantity of sample mass or volume is also available.
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4. Key in the name of the tested sample in “Sample name”. Input
the values for “Warming time” and “Data number”. It is worthy
that the values for “Warming time” and “Data number” should
be the same as those in step 2 in Section 3A.

9t s o sy

* 2 —
!

| MaogQu

5. Click “Start” to record the signals for the case of without sample.
The time-evolution y peak 1S shown in “Time dependent ¥ peak” IN
the upper-right region. The time-evolution phase of y,c is shown
in “Time dependent phase” in the lower-right region.
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6. Whenever the recording of the yopesj and phase for the case of
without sample, a message window shows up to ask you load the
tested sample to XacQuan and then click “OK”.

[ E— —

Please put the sample and click "OK."
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7. Once you have loaded the tested sample to XaQuan and click
“OK”, XacQuan then records the signals for the case of the tested
sample.

T -
8. Whenever the signals of the tested sample have been detected, the
Re[yac] of the tested sample is analyzed, and is labeled in the

standard curve with a green point. The corresponding magnetic
concentration is shown in “Concentration”. For example, the

magnetic concentration of the tested sample is found as 0.143, in
unit of the same as that of standard samples.
© rac 1.‘,‘.».-7:1'_1 ——

MagQu

9. Click “Save data” to save the results in as suitable directory.

10. Click “Exit” to shutdown the program.
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Chapter 4 Application Examples

Example 1:

The example given here is to measure the frequency dependent ac magnetic
susceptibility of magnetic fluid. The concentration of magnetic fluid is 0.3
emu/g. The mean diameter of magnetic nanoparticles is around 50 nm. The
real part Re[yac] and the imaginary part Im[ya] of the magnetic fluid are
measured as the frequency of the ac applied magnetic field by using XacQuan,
as shown below.

D =53.3nm
S
c
2
5]
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0 II 5ol | I
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According to the Im[yac]-f curve, there exists a frequency at which the
absorption of ac magnetic energy by magnetic nanoparticles is maximum.
This evidences the resonance of oscillating magnetic nanoparticles dispersed
in water under ac magnetic field.

In fact, the Re[yac]-f and the Im[y,]-f curves can be used as spectra to
identify the magnetic composition. Once the composition of magnetic
material is changed, the behaviors of y,. spectra vary. Thus, XacQuan can be
applied in determinations of magnetic composition for materials.
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Example 2:

One of important trends in green industry is “green cars” using batteries. The
most popular batteries are Li-battery. The cathode material for Li-battery is
LiFePO,. Lots of companies are manufacturing LiFePO,.

The source materials for producing LiFePOy include iron oxide, which is one
kind of magnetic material. Once the concentration of magnetic containment is
too high, say 1 %, the charge-discharge properties of Li-battery are seriously
degraded. Thus, it is necessary to check the magnetic containment in LiFePO,.

The currently used method to detect the magnetic containment is Inductively-
Coupled Plasma (ICP). However, it usually takes time and cots a lot to
operate ICP. Hence, there is a need to have a convenient, low-cost, high-
throughput, accurate, and compact analyzer to quantitatively detect the
magnetic containment in LiFePO,4. XacQuan is definitely the analyzer for this
issue.

Several LiFePO, powers with various concentrations for magnetic
containment are prepared. The real parts Re[yac] of ac magnetic susceptibility
at a given frequency are detected by using XacQuan. The relationship
between Re[ya] and the concentration of the magnetic containment is
obtained, as shown below. It is clear that the Re[yc] increases linearly with
the increasing concentration of magnetic containment. It is easy to determine
the concentration of magnetic containment is higher or lower than 1 %. Hence,
XacQuan is powerful for the application of quantitatively detecting the
concentration of magnetic containment in LiFePO,.

As to the detection limitation, the Re[yac] for low-concentrated magnetic-
containment LiFePQ, is detected by using XacQuan. The results are shown in
the insert. It was found that the low-detection limit for the concentration of
magnetic containment is around 10 ppm (= 0.001 %).
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Appendix A Specification Chart

e Width: 360 mm, height: 170mm, depth: 220 mm
e Weight: 5.0 kg
e Input voltage: 100 ~ 240 VAC/ 50 - 60 Hz

e Solenoid assembly specifications:
Excitation coil: resistance = 100 ~ 200 Q
Read coil: resistance = 20 ~ 70 Q

e Operation frequency: 51 - 24901 Hz, best in 1001 — 23001Hz
e Operation software platform: Windows 7/Windows 10
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Appendix B List of Product And Accessories

Overview of XacQuan and accessories

Item Quantity
XacQuan 1
Cable (with USB terminal on both ends) 1
Cable (power line) 1
Operation software (CD) 1
Operation and maintenance manual 1
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Appendix C Warning Icon Guide

This way up

-

Keep dry

Away from Keep off magnetic field
the field
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Appendix D Installation Guide of NI-DAQ Software
1. Double clicks NI-DAQmx8.8. The foI_IQWing figure will appear:

MTDAQmxSS, N

This self-extracting archive will create an installation image on
your hard drive and launch the installation.

After installation completes, you may delete the installation
image to recover disk space.

You should not delete the installation image if you wish to be
able to modify or repair the installation, or create installers
which will include this distribution in the future.

2. Clicks Yes (blue button) and WinZip will be launched. Run Unzip(Blue button) and wait

for a while (depend on your computer).
WinZip Self-Extractor - NIDAQS80f2 exe -

| To unzip all files in NIDAQS30f2.exe to the Unzip
specified folder press the Unzip button. =
) Run Win
Unzip to folder: Wno
T el | Browse.. | [ Cose |
[7] Ovenwrite files without prompting
[¥] When done unzipping open:
ANIDAQS80-1\setup exe

oF 1-DAQms 28

Product Iedormation

Please sad the folowang informmaion sbout fre pioducts to be ,m
natabad

NI-DAQ 8 8.0 Device Support
NI -Dadire 8.8 0 suppors the e DAD devices, nchuding C Seser M Senes € Seres. S Senee B Senes. USE
Seoms. Analog Ouput/\Wavelorm, Courter/Tme. Digtsl /D, NHES2x, DSA. S04 and SCC devons: The lact
versien of NI OAG e 10 suppont the PCLTOATEIAE device i 81, ¢ vou need suppor [on this device, do rof ineld
thes vesnon of Nl -DaGive Faler 1o $e NIDAD Readre for supponsd devce models  Tiasktional M-DAG [Legacy)
15 an oWt diver with an cubdated AP st supports some addeonal older DA dewcss. but not al of the labest W0
idevices. Appkeaiont developed wih eabes vernons of NIOAT vl iun undes Tradiionsl N DAD (Legacy) You can
wie both NI Dalme 2nd Tradtons! NI-DAL [Lagacy| n e sans compuber, but it reset devices befiose chargng
from Tracitionsl NI-DAD [Lagacy] to NI e Refer to the NIDAD Resdne for guadeines

SaveFle. | ccfiash || Hews» ]_W
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3. After Unzip complete, the NI-DAQ 8.8 Driver Installation will start. Click Next.
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6. A hardware signature shows in front of Labwew 7 1 Support button then click next.

Featwes
Seinct e lashaes to inmtal

agmmomsau Filz uted 10 conate NI DAGre appheasons wih
LatME'W 36 Suppart  LatEW 7.1, NDAGTe works only with LabVIEW

LabAEW 85 Sigpot 71 ke

LabEW Red-Tene Support
Lablandows OV Sugpent | g =(> =

MHET Framework 35 Languages Tras lostuse vl be ksladed on the ool hand dive
NET Frareewvork 2.0 Langaages

#3588

&

Thiz lashan and s lecind sbcompormnts may
regue up 10 359 ME of ik space

| —E e E s

Agreement
You st acoagk the kosnse(s| deplayed balow to proceed

NATIONAL INSTRUMENTS SOF TWARE LICENSE AGREEMENT
TALLATION NOTICE: THES IS A CONTRACT. BEFORE YOU DOWMNLOAD THE SCETWARE

TERIALS, ALONG WITH THEIR CONTAMERS) TO THE PLACE YOU OBTAINED THEM ALL
RNS SHALL BE SUBJECT 7O NI'S THEN CURRENT RETURN FOLICY

Dafinfions As used in this Agreemant, the following terms hae the following meanings

0| mcrapt B Licenes Ageermacd|s|
@ 1 3 ok acoep! the Ucenvia Agreement(sl]
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8. Another License for MSXML 4.0.

END-USER LICENSE AGREEMENT FOR MICROSOFT SOFTWARE

MICROSOFT XML CORE SERVICES (MSXML) 4.0

IMPORTANT-READ CAREFULLY: This Micravoft Eod-User Liconse Agreement (EUTA s

legal agreerneni betnaen you (eiber in m&vadual or & sengle entity) and Microseft Corporation for the
{Misrsoft software identified sbove. which may inciide computer softviars, assocuted media prnted
|satecls, aed “onfine” or slectrosic dosemeatation (SOFTWARE") By dowuloadier, mstaller,

| mwamvueusqlhm\ﬂl\wmwhwhdutmumibu I

| | |you domot agree to the terms of this EULA. do not imeall or wee the SOFTWARE

The SOFTWARE i proescted by copyraght Iy aed mistsational copaeight traatien, as well e other
|eetelloctual peoperty laws snd treaties. Muu-wmmnawmm

o ke BT A RS W B S M d e aah

1| ccupt o above 2 Loanos Agreementis|
@ 1o ok acoept o e Livanie Agesoents)|

—_—

| ook I Hew Locel |

Diwes Soltware Installabon
Alvaps tiust softmare hom Nabony Instruments

Thes metaler inchades dnver softwson agned lmmknvhhuhbnhthd
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10. Confirm Labview 7.1 support, ANSIC support, SignalExpress, and Measurement and
Automatlon Explorer 4.5 (MAX) are actlvated Click next to Install.

Start Imstallateon
Revew the fcboseng summag befors comrmung.

upport
o NI LabIEW SigralE gees: 100
* NI Mescurerers b Sdormanon Exploer 4.5

Cloh the Neast button 10 bege retalabons. Chok the Back tutton 1o change the mitallynon etings

(GoveFie | ccfach [ Mewr ||  [ance |

Dvnsll Progeess
!
Cumenty sutalkag K1 Usiootaller Fact1 of 105

Action 1053 23 Intaliles: Copying new Se:
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The fwatues 15 thes tsrisliation fuve bees scossdelly updaied Vou may b poomgied fo reboot afher
f dismasnng fur dnlog

13. Restart your computer.

@ You must restart your computer to complete this operation.

If you need to install hardware now, shut down the computer. If you
ch?ose to restart later, restart your computer before running any of this
software.

d | Shut Down | | RestartLater |

14. After connecting XacQuan to your computer, find MAX shortcut in your desktop.
Double click it.
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15. Check if a USB-6211 device is working on with the name is Devl. If the name is not
Dev1, please right click the device and rename it to Devl. If nothing connects on, please
contact VNI for further heIp (http://www.ni.com)

"'l nent \w -
fessurement & Automation &

it 5l Oata Neighborhood
Il = @ Devices and btedaces
S NE-DAQmsx Dervices
w
473 P System (Undentified)
1k Scales
15 51 Softwarw

..--p«

| Qmp-m | Xt | [hseliTect | M TestPonel | %y ResetOevice | {8 Create Tase. |

Name Value
(] Serial Mumber

[2) Attribaes | 8 Devee Romes | 9§] Calheica |
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What do you
want lo do?

¢ Run the NI-
DAQmx Test
Panels

<+ Remove the
device

+ View or

change device
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