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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 fireor 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 del ete 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 actualy been
grounded.

Observe all the power of terminals. To avoid fire or eectrical 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 operateit under a damp status.
Please do not operateit 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 storein an adequate environment. This equipment is designed to be
safe at |east 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;

€) MAINS supply voltage fluctuations up to £10 % of the nominal voltage

A Warning! Thiswarning indicates that such operation condition may
causeinjury 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 M easurement

Under an externa magnetic field, the direction of magnetic dipoles of a
magnetic substance tends to be along the direction of the external magnetic
field. If the externa magnetic field is an aternative-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 y.. of a
material can be expressed as €’ where y, 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 6
to express AC magnetic susceptibility . of a material, one can expand y.€"¢
into the form as y,Cosf + ixeSind. ya Can then be expressed as y, + iy;,
where y, = %,c0s0 known as the real part of AC magnetic susceptibility, and y;
= y%Sing known as the imaginary part of AC magnetic susceptibility.
Therefore, the AC magnetic susceptibility y,c of a material can be expressed
interms of ¥, and y;.

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 y, and phase difference ) of magnetic susceptibility of a
magnetic substance under magnetic fields of various frequencies. The
frequency adjustable rangeis 10 Hz to 25 kHz.

The measurement principle of XacQuan is outlined asfollowed. The anayzer
initially measure the amplitude of the magnetic susceptibility yo4r, 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 asyair = Yoar€ . Next, after placing the samplein
XacQuan, the amplitude of the magnetic susceptibility yomix 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 actualy the contribution from both the air and the sample.
Therefore, one can deduct yar from ymix to get the magnetic susceptibility of
the Samp|e Xsample =  Ymix - Xar = Xo,mixelamIX - Xo,airelgalr = Xo,sampleelesample-
In this analysis, the ratio of ysmpie 1O Yar,  Yosample/Xoar, @Nd the phase
difference 6 of relative magnetic susceptibility of a magnetic substance can

be calculated through measuring xoar,  Yomixs  Gair, 8N Gmix.
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Furthermore, the real part (= ¥osample/Yair X COS¥sample ) @Nd the imaginary part
(= Yosample/Yar X SiNBsample ) 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.

M easuring the time dependent
induced voltage signa without the induced voltage signa with ato-be-
presence of sample detected sample

! !

Converting to frequency spectrum Converting to frequency spectrum

Measuring the time dependent

of induced voltage signal, including
amplitude and phase, via Fast

of induced voltage signal, including
amplitude and phase, via Fast

Fourier Transformation (FFT) Fourier Transformation (FFT)

Vi v
Filtering amplitude X, & and phase Filtering amplitude X, mix and phase
G a atarget frequency f Gmix a atarget frequency f

v
Constructing the time dependent x (t) and .. (): xa&ir(t) =
X0,airCOS(27tft+04) , and Ymix(t) = Yo mixCOS(2ntft+Omix) USING Yo airs Gairs
Xo,mix, aNd Omix

v
Finding time dependent xsampie(t) Via xair(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 Gsmpie at atarget
frequency f

V!

Calculating the amplitude yo,sample/Xo,sir @Nd the phase difference Gsampie Of
magnetic susceptibility of ato-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 x, and the imaginary part x;
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 magor 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

Coail assembly

Partia voltage compensation circuit

Signal amplifier circuit

Data acquisition unit

Fast Fourier Transformation (FFT) software

o g b~ w NP

Q
Partial voltage _>| Signal amplifier circuit |
o compensation L

circuit

a| Fast Fourier transformation |

| Spectra of amplitude and phase of y,.

T

Function generator

Figure 2. Structural diagram of XacQuan

The specifications and functions of al 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-6221, as
shown in Figure 3.

Figure 3. Function generator NI USB-6221used 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 sectiona diagram of excitation coil is shown in Fgure 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
changesis shown in Figure 5.
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Figure4. Sectiona diagram Figure 5. Impedance of excitation coil in
of excitation coil response to frequency f.

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.
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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 i
opposite direction. The main
reason of oppositely directing
copper wire is to eliminate as
much as possible the induced o
voltage due to AC magnetic field
generated from excitation coil a L]
upon the impact of signal output of 7]
Faraday coil.

|
1

=

Figure 6. Sectiona diagram
of gradient Faraday

The gradient Faraday coil is ool

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 podtions
of excitation coail, gradient Faraday coil, and sample are shown
inFigure7.

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, a 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 coll

Copper wire

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 partia
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
with a 5-kQ resistor and a
variable 100-Q resistor in

radient Faraday Partial voltage
) g coil compensation
series, respectively, and each circuit

is being subtracted by the

Figure 8. Output signal of voltage

voltages  across  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)

Figure 9. Schematic diagram (a) and actual photo (B of signal amplifier circuit.
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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-6221 adopted with

XacQuan is shown in Figure 11. @
NI USB-6221 transmits this T oy C
signal to the computer for data :

processing through USB terminal.

Please refer to the attached  Figure11. Dataacquisition card NI
operation manua for detailed USB-6221.
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

1. Install NI USB-6221 driver program according to the ingructions
stated in the operation manual.

2. 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.

6. Connect the USB output terminal of XacQuan with the computer.

7. Connect XacQuan with power supply and switch it on. You have
then compl eted the installation and startup procedures.
Section 2 Measurement of Frequency Dependent yac

1. Initiate the program XacQuan2-AutoF0512.exe. The following
window shows up.

£
z

S ket o skt | 02 AR
“Lphe Lt B g e

po

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

[ ‘ﬁ: XacQuanZ-Aut‘_:ﬂ?SlZ—Di(zUS?»W

2]

Mag@u

| Sample name Warming time Frequency

test-sample 1 11Hz -~

31Hz E
Magnetic Field Data number |51y, =
150 mG — 1 101Hz -

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
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50 mG, 100 mG, 150 mG or 200 mG. For example, 150 mG is
sel ected.

1 XacQuan2-AutoFOS1:

W

Warming time F_requenc_y
" 11Hz

31Hz =
51Hz
101Hz -

Data number

[ |

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. “Datanumber” is set as 5.

Sample name
]Itest-sample 2

Warming time Frequency
11Hz -

31Hz El

51Hz

101Hz -

Magnetic Field Data number

lsﬂmﬁv\—‘ 5

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

Warming time Frequency

itee'.‘l-sample 2 -
: 3001Hz

Magnetic Field Data number =
150 mG « | 's J001Hz -

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

Sample name Warming Data  Frequency
] 2 10
Magnetic Field Quantity M/V

200mG | jox -
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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”.

sur:‘i
[ ]

0 B B0 100 LD 1éess
Time depeadant %ok

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. xo-f
curve. The frequency range of this spectrum is automaticdly
adjusted according to the selected value in “ Frequency"

€ foe i At IS 1 DA01A0 a1

eS|

Sk RRAFRLT

T AB-EEET 1T P BE-2-i6T B
Emad Infomupdu o AL WD e prgi Ear

10. The time-evolution peak value in the y,-f curveis plotted in the
diagram block on the upper-right region, i.e. Yopea-t curve. The
total numbers of the data points in the yopea-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 Xepea-t curve. However, only the last 5 data points
(valuein “Datanumber”) are used for calculations of yac.

11. The diagram block on the lower-l€ft 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 automaticaly
adjusted according to the selected value in “Frequency”.

12. The time-evolution peak value in the phase-f curve isplotted 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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number”. For example, the summation of the vaues 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 yac.

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.

4 — [

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 a frequencies, the following
window shows up.

Magnetis field  Data number Save file apticns
7 i
200G 1 Inchiding anslysis raauk i j’“‘ Fr—
= Unieof y asial Inslusting raw data .

Wi raw clata ;| L001HT
Frequency response i
~ S i Imikac)
3551

eeeee jml

Time (520)

BEREARGHMRAR

T +BER-BEETIN  Fa S EeREr Bl

(= r
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15. The red pat (Re[xa], white line) and the imaginary part
(Im[xac], red line) as functions of frequency for the tested
sample are plotted in the right region.

16. The data of X peac @nd phase at a given frequency for cases of
without and with sample are plotted in the left region. The firg
5 data (5 comes from the value in “Data humber”) are for the
case of without sample, the other 5 data are for the case of with
sample.

17. You can select the interested frequency in “View raw data’ to
view the data of , peac and phase at the interested frequency for
cases of without and with sample are plotted in the | ft region.

18. 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.xIs on desktop.

— A1 RS Comda DT = |

. I aptiane W
| - s . I

19. You can open the test-samplex|s. The frequency is listed in
column A, and Re[xa] and Im[y«] are listed in columns D and
E, respectively.

R e

Hi] EmE 4RE W80 [AD KD ZAD ENQ A= EEE

E s 3 il TR A et BT ) 1os = ) vEse Z12 28
o = &
| A 1 B | & | £ | F | o [ ® [ X | | R
1 |DaeTime: LTS B 115225
2 el nime: tisgl-g5mpe
3" Magnets: teld 150ma
4 - | Diata Tumbsee: 5

5| Mumbec of frequanches: 10
i )

a ! 2 smplitue Pase

10| 501 5760617 -LET44T ST5TI34 0183129 53

1| 201 540 LT SESESE QSIS 5
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13 10001 6010997 352256 4810305 3467131 553805 -l 1334075,

i3 13001 6093 4E6ITD 40CR433 4572198 SMELS 100 -150515

15:| 15001 6006500 SRAEL LIE3H] 51ETME 2AMELS LOA5TG -157.044
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20. Click “Exit Reportor”, and then click “”Exit” to shut down the

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

Section 3 Measurement of Magnetic Concentration
Section 3A Establishment of Re[y4c] vS. magnetic concentration

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

mEERRERALE
Tl ARE-E-BEETIARE  Fan F4E-2-8667 0D
Eral Wisgvaggucorn  LRL bep g

2. Key in the sample name in “ Sample name”, select the interested
frequency” Frequency”, select the amplitude of the ac magnetic
field in “Magnetic Fidld”, 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 vaues in “Warming time” and “Data
number” are 1 and 1, respectively. In newer version, keying in
mass or volume of sampleisaso available.
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3. Click “Start” to record the signals for the case of without sample.

4. The time-evolution X, peak 1S Shown in “Time dependent Yo pea” iN
the upper-left region. The time-evolution phase of Y4 IS shown
“Time dependent phase’ in the lower-left regl on.

A ERAERAT

Tk - REETIND  Fas i-0-0667 1018
i R e

5. Whenever the recording of the ¥, peq 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.

Please change your sample and enter the concentration:

Concentration

o2

[ Continue ]

{ Finish ]

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

x
x
T
! ¥ 7
. Time degendent phave
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" Tinw )
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7. Whenever the recording of the x,peq 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.

8. 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.

9. 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 signal s without sample.

11. The Re[y 4] for each standard sample is calculated, as shown in
the blocks in the right region. The Re[x 4] as a function of the
magnetic concentration is plotted in the diagram in the right
region. The linear relationship between Re[ya] and the
magnetic concentration is obtained and shown in the
“Message”’, aswell as guided with the red line.
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12. Click “Save standard curve’ to save the linear relationship
between Re[x ] and the magnetic concentration, as well as the
results in a suitable directory. For example, all the results are

saved as M F-DEX.txt on desktop
£ Save standard curve &J
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13. Click “Exit” to shutdown the program.

Section 3B Deter mination of magnetic concentration

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

= WE = =5

Message

Please losd standard curve,
Freguency

Magnetic fleld

duanlll\'

o T depEnent phase

conceniration
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2. Click “Load standard curve’ to select the file for the relationship
between Re[xa] and the magnetic concentration. For example,
select the file MF-DEX.txt on desktop.

€ Select standard curve.
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3. Once the file for the standard curve is selected, the gandard
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 volumeis aso available.
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4. Key in the name of the tested sample in “Sample namé€’. Input
the values for “Warming time” and “Data number”. It isworthy
that the values for “Warming time” and “Data number” should
be the same as those in step 2 in Section 3A.

© Foctuse2-tuneCni18-0 oA R

Mag@u 1
':mgnwwml :::::u...lmmmlml Ei"'m"; E

Equstion: = 0428248 « - 0000734
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5. Click “Start” to record the signas for the case of without sample.
The time-evolution Y pea IS Shown in “Time dependent Yo peac” IN
the upper-right region. The time-evolution phase of ) iS shown
in “Time dependent phase” in the lower-right region.
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6. Whenever the recording of the yope 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”.

o — ]

Please put the sample and click "OK."

7. Once you have loaded the tested sample to XaQuan and click

“OK”, XacQuan then records the signals for the case of the tested
MagQu Co., Ltd. sample.
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Conconmion

8. Whenever the signals of the tested sample have been detected, the
Re[ya] 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.

Lnuﬂu_-marnm_rw!

Equation; y = 0405248 & - LOMZB4

concentration
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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 Reys] and the imaginary part Im[ys] of the magnetic fluid are
measured as the frequency of the ac applied magnetic field by using XacQuan,
as shown below.

D =53.3 nm

Portion (%)

|| B o | 1
100 200 300
Diameter (nm)

12

-10.8

Re[Xeclnor
IM[Xaclnor

—10.4

0.0

X == RN 1 L1 1l
100 1000 10000
f (Hz)

According to the Im[xa]-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[ya]-f and the Im[yq]-f curves can be used as spectra to
identify the magnetic composition. Once the composition of magnetic
material is changed, the behaviors of x4 spectra vary. Thus, XacQuan can be
applied in determinations of magnetic composition for materids.
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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 LiFePO, 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 usualy takes time and cats a lot to
operate ICP. Hence, there is a need to have a convenient, low-cost, high-
throughput, accurate, and compact analyzer to quantitativdy detect the
magnetic containment in LiFePO,. XacQuan is definitely the analyzer for this
issue.

Severa LiFePO, powers with various concentrations for magnetic
containment are prepared. The real parts Re[ys] of ac magnetic susceptibility
a a given frequency are detected by using XacQuan. The relationship
between Re[ys] and the concentration of the magnetic containment is
obtained, as shown below. It is clear that the Re[ys] 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 LiFePOy,.

As to the detection limitation, the Re[ys] for low-concentrated magnetic-
containment LiFePO;, 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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Example 3:

Recently, amorphous metal FeS aloy attracts lots of interests from R&D
people because of its high magnetization and low heat dissipaion. FeS
amorphous metal is very useful as cores of transformers or motors. Many
research groups and companies are working on preparing high-quality FeS
amorphous metal. However, there are many steps for producing high-quality
amorphous metal. It is necessary to check the magnetic qualities after each
step. XacQuan is good for the quick check.

For example, during the manufacture, FeSi amorphous metal is anneded at
high temperatures. There exits a suitable temperature range for achieving high
quality. By using XacQuan to measuring the real part Reys] and the
imaginary part Im[ys] of FeS amorphous metals annealed at different
temperatures, the annealing processes can be determined.

The red parts Re[xs] and the imaginary parts Im[ys] of several FeSi
amorphous metal samples annealed at different temperatures from 300 °C to
800 °C are measured by using XacQuan. The results are shown below. Since
Re[xac] denotes the magnetization, and Im[y4] denotes the heat dissipation,
we would like to find the annealing temperature at which FeSi amorphous
metal can show the high Re[y 4] and low Im[yx]. According to the results, the
best temperature to anneal FeSi amorphous metal is around 500 °C.
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Appendix A Specification Chart

e Width: 400 mm, height: 321 mm, depth: 135 mm
e Weight: 5.0 kg
e Input voltage: 100 - 250 VAC/ 50 - 60 Hz

e Solenoid assembly specifications:
Excitation coil: resistance = 100 ~ 200 Q
Cail density = 400 ~ 550 turns/cm
Read coil: resistance = 40 ~ 70 Q
Coil density = 400 ~ 550 turns/cm

e Operation frequency: 21 - 23801 Hz, best in 1001 — 22001Hz
e Operation software platform: Windows XP/Windows 7
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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 mai ntenance manua 1

MagQu Co., Ltd.

4F, No. 14, Lane 130, Minchyuan Rd., Xindian Dist., New Taipei City 231, Taiwan

Website: www.magqu.com
E-mail: info@magqu.com  Tel.: +886-2-86671897  Fax: +886-2-8667 1809

28



Appendix C Warning Iron Guide

Thisway up

I-P
=D

THIS WAY UP

.
Keep dry
KEEP DRY

Away from Keep off magnetic field

the field
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Appendix D Installation Guide of NI-DAQ Software

MNI-DAQmx 8.8

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.

1. Double clicks NI-DAQmx8.8. The following figure will appear:
E. Y

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

for awhile (depend on your computer).
WinZip Self-Extractor - NIDAQBSE02 exe a

To unzip all files in NIDAQEBIF2 exe to the
specified folder prezs the Unzip button.

5
= %

Browse . ] [ Close

Unzip to folder:

About

=
@
=
=
m
=
@
@
=
=
o
f=]
=4
b=
d
3
=
]
a
I

ANIDAQSE0-T\setup exe Help

Product Information

Please read the following information about the praducts to be V]%numm'
installed.

NI-DAQ 8.8.0 Device Support

MI-Da0mx 8.8.0 suppoits the latest DA devices, including C Series, M Series, E Seriss, § Series, B Seres, USB

S eries, Analog OutputAw aveform, Counter/Timer, Digital /0, MI-653x, DSA, SC=I, and SCC devices. The last
version of NI-DAGmx ta support the PCI-7041/6040E device is 8.1: if you need suppart for this device. do not instal
this ersion of MI-DAQm:. Fefer to the MI-DAG Readme for supported device models. Traditional MI-DAQ [Legacy)
iz an older driver with an outdated AP that supparts zome additional alder DAD devices, but not all of the latest DAD
devices. Applications developed with earlier versions of NI-DAQ will run under Traditional NI-DAD [Legacy). You can
uge both MI-DA&Qm: and Traditional MI-DAG [Legacy] in the same computer, but must resst devices before changing
from Traditional MI-DAD [Legacy) to NI-DaQme. Reter to the MI-DAG Readme for guidelines.

Save File... I I 4¢ Back I[ Mext > J | Lancel
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3. After Unzip complete, the NI-DAQ 8.8 Driver Installationwill start. Click Next.
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4. Choose the directory for the driver then click next.
. =

Destination Directory NATIONAL
Select the primary installation directary. V]NSTRUMENT!

~

To change the default folder for installing Mational Instruments software, click the
Browsge button and select another folder. v'ou can select individual companent
loc:ations in the next dialog.

Destination Directory
CAProgram Files\National Instroments,

| I Browse...

¢ Back || Hest »»> ‘ [ Lancel ]

L = ==

5. Activate Labview 7.1 Support.
[ v-0r 2 ==

[l Features

. NATIONAL
Select the features to install. INSTRUMENTS
=l g‘j MNI-DAQmy 8.8.0 - Files used to create MI-DAGQmx applications with
- LabvVIEW 8.6 Suppart | LabWiEWw 7.1, NI-DARmx works only with LablE'w

LabVIEW 85 Support AL

LabvIEW 82 Support
I = 1
i

Y i

LabvIEW Real-Time Support

Labwindows/CWl Support x
Labwindows/CWl Real-Time Sup
MET Framework, 3.5 Languages This feature will nat be installed.
MNET Framework 2 0 Languages
MET Framework 1.1 Languages
Meazurement Studio for Visual C

m

WrAdAAr A Ak

Measurement Studio forYisual C- | This feature and its selected subcomponents may
AMSI C Support require up to 0.00 Butes of disk space.
2 ~| Microgoft Visual Basic 6.0 Suppc
¥ _~| OPCA/aniable Suppart ¥
< il | 3

Diirectony for LabVIENW 7.1 Support
Browse...

Restare Defaults ] [Qisk Cost ] I 4¢ Back ][ Mest > ] [ Lancel ]

= = = =
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6. A hardware signature shows in front of Labview 7.1 Support button then click next.
[amoramas ]

(| Features NATIONAL
Selact the features to install. w‘mu“m'
_j NI-DAGm: 8.8.0 = | Files used to create NI-DAQmx applications with
> +| LabvIE\W 8.6 Supporit | LabMIEW 7.7, NI-DAGME works only with LablEw
! 73| LabVIEW 8.5 Suppart 7.1 orlater.
¥ _=| LabVIEW 8.2 Support
- ] i
¥ _~| LabVIEW RealTime Support
Z Labiwfindows/CW Suppart = % E>
- ¥ =| Labwindows/CVI| Rieal-Time Suy
¥ _~| NET Framework 3.5 Languages This feature will be installed on the local hard drive,
[l %_~| NET Framework 2.0 Languagss
_%_~| NET Framework 1.1 Languagss
¥ _=| Measursment Studio for Visual C
¥ _~| Measurement Studio for Visual C'— | This feature and its selected subcompanents may
| -3 +| ANSI C Support require up to 35.9 MB of disk space.
([ _%_~| Microsoft Wisual Basic 6.0 Suppc
- 3 _»| OPCA/ariable Support et
4 | m | (L

Directony for LabWIEW 7.1 Support
Biowse

Restare Defaults ] {Qisk Cost I I 4¢ Back “ Mest > J l Lancel

L= — =

7. There are some License Agreements need to be accept. Confirm then click next.
n;;;l n-pagmxas )

(| License Agreement NATIONAL
You must accept the license(s) displaped below to proceed, w‘mu“m'

NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT  ~

INSTALLATION MOTICE: THIS I5 A CONTRACT. BEFORE YOU DOWNLOAD THE SOFTWARE |
|| |ANDIOR COMPLETE THE INSTALLATION PROCESS, CAREFULLY READ THIS AGREEMENT. BY
DOWNLOADING THE SOFTWARE ANDIOR CLICKING THE APPLICABLE BUTTON TO

COMPLETE THE INSTALLATION PROCESS, YOU CONSENT TO THE TERMS OF THIS
AGREEMENT AND YOU AGREE TO BE BOUND BY THIS AGREEMENT. IF YOU DO NOT WISH TO
BECOME A PARTY TO THIS AGREEMENT AND BE BOUND BY ALL OF ITS TERMS AND

\| |CONDITIONS, CLICK THE APPROPRIATE BUTTON TO CAMCEL THE INSTALLATION PROCESS,
{| |DO NOTINSTALL OR USE THE SOFTWARE, AND RETURN THE SOFTWARE WITHIN THIRTY

|| |(30) DAYS OF RECEIPT OF THE SOFTWARE (INCLUDING ALL ACCOMPANYING WRITTEN

[| [MATERIALS, ALOMG WITH THEIR CONTAINERS) TO THE PLACE YOU OBTAINED THEM. ALL

(| |RETURMNS SHALL BE SUBJECT TO NI'S THEN CURRENT RETURN POLICY.

E Cefinitions. As used in this Agreement, the following terms have the following meanings:

() | accept the License Agreement(s)

<¢ Back Meut 25 Lancel
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8. Another License for MSXML 4.0.
e —

h License Agreement NATIONAL
You must accept the licensels) displaped below to proceed iju“m

bSHML 4 Il
END-USER LICENSE AGREEMENT FOR MICROSOFT SOFTWARE -

MICROSOFT XML CORE SERVICES (MSXML) 4.0

IMPORTANT-READ CAREFULLY: This Microsoft End-User License Agreement ("EULA") isa
legal agreement between you (either an individual or a single entity) and Microsoft Corporation for the
Microsoft seftware identified above. which may include computer software, assoctated media, printed
materials, and "online” or electronic documentation ("SOFTWARE"). By downleading, installing,
copying, of otherwise using the SOFTWARE, you agree to be bound by the terms of this EULA. If
you do not agres to the terms of this EULA, do not install or use the SOFTWARE.

Il |iThe SOFTWARE is protected by copyright laws and international copyright treaties, as well as other

intzllzctual proparty laws and treaties. Microsoft or its suppliers own the title, copyright and other =
(| ettt s paTTRART T enTTIART R o3 ot
(21| accept the above 2 License Aaresment(s).
I @ do nat acoept all these License Aareementis)
l
e

9. Trust software from NI then click next.

(Enosames S ]

h Driver Software Installation NATIONAL
Always trust software fram Mational Instuments iju“m
i This installer includes driver software szned by National [nstroments. Leave the box below checked

{for an uninterripted installation. If you uncheck the box, your mstallation may be mterrupted by one
or more Microsoft Windows scurity dialoge,

Alwaps trust software from Mational Instruments Corporation.

E=m == ==

(| ccBack | Mestsx \[ LCancel
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10. Confirm Labview 7.1 support, ANSIC support, SignalExpress, and Measurement and
Automation Explorer 4.5 (MAX) are activated. Click next to Install.
[amonomss I e

h Start Installation NATIONAL
Review the following summary before continuing. w‘mmm

Adding or Changing
» NI-Damx: 58.0
LabvIEW 7.1 Support
AMSI T Support
» NI Lab\IE SignalE xpress 3.0.0
I » M| Measurement & Automation Explorer 4.5

Click the Mext button to begin installation. Click the Back button to change the installation settings

| Save File I l <¢ Back || Hext > ‘ [ LCancel

11. Wait for Installing. The installation time is depending on your computer.
i v-000 2 e |
h

NATIONAL
INSTRUMENTS

Overall Progress

Cuprently instelling NI Undnstaller. Part 1 of 105.

Action 10:53:23: InstallFiles. Copying new files
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12 NI-DAQ isinstalled complete. Click next

@NIDAmess . - - =

Installation Complete

The features in thiz installation have been successfully updated . You may be prompted to reboot after
dizmissing this dislog,

<< Back = Het »> ‘ [ LCancel

13. Restart your computer.

@ Yo must restart your computer to complete thiz operation.

If yon need to install hardware now, shut down the computer. Tf yon
chooze to restart later, restart wour computer before munning any of thiz
aoftware.

[ Restart ] [ Shut Diown ] [ Restait Later ] !

14. After connecting XacQuan to your computer, find MAX shortcut in your desktop.

D0L_1ble click it.
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15. Check if a USB-6221 device is working on with the nameis Devl. If the name is not
Devl, please right click the device and rename it to Dev1l. If nothing connects on, please
contact NI for further help. (http://www.ni.com)

Qe o e e

File Edit View Tools Help

 Confourton

E| @ My System
Hel B Data Meighborhood
{28 Devices and Interfaces
MNI-DAQmMx Devices
i
[ X1 PXI System (Unidentified)
@4 Scales
I GS] Software
Hel . VI Drivers
@@ Remote Systems

% Properties | ¥ Delete | [h Self-Test | ) Test Panels... | 9 Reset Device | [1 Create Task.. |

Value

0x12A8160

Name

=] Serial Mumber

Attributes | g Device Rouhesl $E| Calibraﬁnnl

E,@ HrdeHel

Back |
NI-
DAQmx Devi
Basics

What do you
want to do?

+ Run the NI-
DAQMx Test
Panels

+ Remove the
device

+ View or
change device
properties
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