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Tnsanuiifeatesfumanionms ZnO+Fe 0, i]1ﬂﬁﬁﬂ§§ﬂ§l}umﬂuWQIﬂU]ﬁ!ﬂﬂuﬂmimﬂTchJW]'iﬁTL!
mﬁuumauwmaw"lﬂuammﬁﬂs an@‘lmmmmmﬁ Watndesodmiummaneuasiilsznoudanees
mma (ADCO809 1Az 74LS244), A3A ET-PCIS255V3 1iag I¥7aidn a3 ZnO+Fe O, nmmmmumu 185kQ
figaungites 413 ZnO+Fe O, Suninduudufistanudumyanadtivas mmwﬂmwmu“luma
319990°C mdwlse amamwnmmmmmumumﬂuau(OL)mmmmmmm‘lﬂTﬂﬂmﬂamammnmsmum
-0.946 %/°C HAMITNAABINYTIANT ZnO+Fe O smihidwiaiagungdld msfagamgiivzerfunaves
dsngmsaliduiiguagaumannuduiug T= -66.646V *+518.01V -912.52 daf1uuaznadouszuuniugu
amwﬂmm;mau”lwﬁﬂﬂﬂhmi ZnO+Fe O, Lﬂummamwnmm waamﬁmﬂuiﬂmmnmmmﬂuwaﬁma

suuildatheiuiiog m"lﬂ“lﬁvmmumimﬁauaﬁﬂimimauqlummmwnm 31°C-94°C ainltl

Abstract

This project involved sample preparation of ZnOJrFeZO3 from starting material in powder form using standard
ceramics techniques. NTC properties of the samples were measured and application of the samples were
demonstrated. Instruments for sample testing were constructed and composed of interfacing circuit (ADC0809 and
741.S244), ET-PCI8255V3 Card and Visual Basic. The resistance of ZnO+F6203 sample was 18.5 k Q at room
temperature. ZnO-ﬁ-FeZO3 was NTC ceramics that resistance decreased as increasing temperature in the interval of
31 °C-90 °C. This sample showed NTC properties. The negative temperature coefficient of resistance () of this samples
that calculated by measuring data was -0.946 %/°C. The result showed that ZnO+FeZO3 can be used as temperature
sensor. Temperature was measured by using the NTC effect and the relation of T= -66.646V52+518.01VS-912.52.
Oven temperature control system was successfully constructed and tested with ZnO+F6203 temperature sensor and
Visual Basic Program. This system will be further used for other topics of material testing in the temperature range of

31°C-94°C
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(negative temperature coefficient) 813§ miuaﬂiuﬂan
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famaeTerin arsiiwsonldtdnyaedudadmm
winduuuduiguazamsalssgnaldigungd
galudugangiiveniinuiiegseun i 1000 °C
(David Houivet, 2004) Miclea, C. (2005) Tda3 o
Cu Zn Ti Fe O 0. 5<X<0 6, 0.00<y=<0.05 1NN
aau"lwammumaﬂmuﬂmmmu (X vsT) dazgna
Tiluiaiagungilaserfouiimaniazimes uadn
(thermostat) W?BQﬂﬂiiﬁﬂ]ﬂﬂuqmﬁgﬁ (temperature
control device) Sangsoo Noh (2006) lamsouanuna
Nio Saamudnmnliihitufveungd (p vs 1)
%ﬁnﬂizﬁﬁ(ﬁgmwgﬁmmmmé’mmu (TCR)
#20gA3 TCR=(AR/R )AT
MuUMuENUY (long-term resistance stability) 1111239

TaddesnInvoInY

aNF i iamsIna (fow sensor)

Reznikov 1@ANBINITAIDAN QNI
TYsunsuldluarllihamsumsimaunuaniu
ludeafiamsildinsesniguiniassimaes
(Reznikov, 1997) ANULNET 10.5% MldTagly
mﬁaQﬂam:Jﬂ:Jamwnwiﬂwmu"lwﬂ%’"lﬂﬂﬁ
Iﬂmmmaszﬂugm (microprocessor-based programmable
temperature controller) dwsua i (electric furnace)
AT UNITIHIIUHNAAIY (laboratory coking)
nummmafﬂﬂsgmm (program) ﬁmsmasau (cycle)
e 259 it uummmmmumﬂwm (wall)
waznwlu (inside)
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ﬂaummaﬂﬂugm (Microcomputer-based generator
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(new microcomputer controlled excitation system)
o v o a v o w
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synchronous generator) i1ﬂﬁ$!§8ﬂ15ﬂ’d1’3lﬁﬂ?ﬁﬂ
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system) #9U52noUA8TATI19Y0952 VY (system
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configuration) ﬁdﬂﬂfUﬂl‘]JﬂilLLﬁﬂﬂﬁﬁiN (control
a J
function and structure) izuuhluimﬂanmmai
(microcomputer system) IAT04BIFONADAUNY
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aagudaiianmihauledeiladuiiiadosves
FLUUMAN (power system stabiliser function)

@15 ZnFe204 HIATUNIINAIUNANVOS
ZnO+Fe O, ilassadendanuuvailiva (spinel structure)
narasantiauimanueudiesls (antiferromagnetic
property) ﬁqmmﬁﬁmﬁqmmﬁﬁa (Néel temperature)
Uszina 105 K uazuaasautauuimaning (paramagnetic
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ceramlc techmques) NWI%LG]'EEJLI A ZnO Ung Fe O
mmmmam 99 % mmmumuﬂmnﬁmmwu
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VLs 92H1U 74LS244 HIUM3TA ET-PCIS255V3 1Az
PCI Slot 1111/ lunouNIAes Vs = Inp(&H14C0)
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LabelT.Caption = T fvuafifa x = (510 / 100)T 119z @A R vs. T vuseneufimes 19mda Print Screen
y =255-(255/25) R dwmsuuaainivl Rvs. T uuvo e in mvesnsarlald working area U994
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RESISTANCE US TEMPERATURE MEASUREMENT EXPERIMENT
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A A Jo o o v AR o a a o 3 aa
Eﬂ‘n 3 Form llazﬂ’]w‘uuﬂﬂﬂﬂqulﬂﬂiﬁ‘lﬂiﬂﬂ'li']ﬂﬂ:]’]uﬁ1uw1uﬂmuﬂuqmﬁﬂunmﬂ\1lmi1uﬂﬁlluﬂlﬂuﬂcﬁ

ZnO+FezO3 fe Visual Basic

Code

‘NTC thermistor Test of Zn0+Fe203

Private Declare Function Inp Lib “inpout32.d11”
Alias “Inp32” (ByVal PortAddress As Integer) As
Integer

Private Declare Sub Out Lib “inpout32.d1l” Alias
“Out32” (ByVal PortAddress As Integer, ByVal
Value As Integer)

Private Sub Form_Load()
Left = (Screen.Width - Width) / 2
Top = (Screen.Height - Height) / 2
Out &H14CC, &H90

End Sub

Private Sub Timerl Timer()

Picturel.Cls

Fori=20 To 12500 Step 50
Out &H14C4, &HO ‘Io
Call delay
Vs = Inp(&H14C0)
Out &H14C4, &H1 ‘I1

Call delay

VLs = Inp(&H14C0)

VL =VLs-Vs

RL=10 ‘kohm
IL=VL/RL ‘mA
R=Vs/IL ‘kohm

LabelR.Caption =R
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Out &H14C4, &H2 12

Call delay

V = Inp(&H14C0)

VT=(5/255)"V

T=(VT-2.73)/(0.01)

LabelT.Caption=T

x=(510/100)"T

y=255-(255/25)"R

Picturel.PSet (10 “x, 10 " y),
vbBlack

Call delay

Next i
End Sub

Sub delay()

Fori=1To 700
DoEvents
Label8.Caption = Timer

Next i

End Sub

m Temperiure Yoo Teal wit

Farl 1 L0 1 Dy 2500

msdszgnalinniuiingumgi

daulas Form uag Code voagilit 3 Wuaa
usaguliihanasenasinedn (vs) iufugungd
T uaguaasdoya Vs 1ag T UUIe ANuduiusve
qmwgﬁﬁ’iﬂ"lﬁ’mﬂﬂﬂuﬁama‘f (Ttrue) puns eIl
ANATONES (Vs) YOIe5 ZnO+Fe O wansRaglii 4
& Run Tlsunsy i@ounsl T=f (vs) nazuamsaumsdae
EXCEL awnsfild fio T= -66.646V *+518.01V -912.52
faneailodmsumstaionlssuifegamgiedsi
21118910 LM335 (Ttrue) uazqmwgﬁﬁiﬂ"lﬁgﬁai%’
A13710019 ZnO+Fe O, dluriaia (Tmeasure) (31 1)
@314 Form dwsumsiaquyigiiiiaingangd
LM335 8114 (Ttrue) ﬁuqmwgﬁﬁﬂauﬁama{dm"ﬁ
Tngld¥ms zno+Fe O, Wlustriagaingil (Tmeasure)
(311 5) &4 Run Waouiaunosuans Tiue 1ag Tmeasure
Smgunginiiiagumgd LM335 0118 (Trrue)
umgiifinoufiuaosenldududounsWidre EXCEL
ﬁﬂﬁi\lﬁ’ Form 1182 Code 20 Printer

Temperature Sensor Test with

InO+Fe203

Vuuaﬁ;wéj - | N

Tirue =

Tmeasura=

510 5 @$19Formdmsumsiagungiin

& a u

v o a

Y ad A 1
2ingungil LM335 8114 (Tirue) fugaviginaeuiiunes e1wldlagly

<3 v o a . .
@13 ZnO+Fe O3 Wuiiingangil (Tmeasure) @10 Visual Basic
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Code Sub delay()

‘ measurement for Ttrue and Tmeasure Fori=1 To 700

Private Declare Function Inp Lib “inpout32.d1l” DoEvents

Alias “Inp32” (ByVal PortAddress As Integer) As Next i

Integer End Sub

Private Declare Sub Out Lib “inpout32.dll” Alias
“Out32” (ByVal PortAddress As Integer, ByVal
Value As Integer)

Private Sub Form_Load()
Out &H14CC, &H90
End Sub

Private Sub Timerl Timer()
Fori=1 To 25500
Out &H14C4, &HO ‘10
Call delay
V = Inp(&H14C0)
Vs=V *(5/255)
Label1Vs.Caption = Vs
Out &H14C4, &H1 11
Call delay

V = Inp(&H14C0)

VT=(5/255)"V

Ttrue = (VT - 273) / 0.01

LabellTtrue.Caption = Ttrue
Tmeasure = T=-66.646 Vs Vs+518.01Vs-912.52
Labell Tmeasure.Caption = Tmeasure

Call delay

Next i

End Sub

msaseszuumuangamgiveameulivh

192993 MTUMINATOVIZVUAIVANRUNYI
vounron Wi A1d a2 198110 Visual Basic
uansiaglit 7 a31e Form dwsuminadeuszuy
ﬂD‘Uﬂ11Qiuﬁgﬁ%@QWITE)‘]JLMﬁWﬁVlﬁ}ﬁ%N%uﬁ}]ﬂ
Visual Basic tieraadagUii 8 udaden Code uaziniua
Properties Window Lﬁamuqumimam 15029019
A9 ZnO+Fe O 11 ZnO+Fe O adrovinaiazed
Miloeuanios (~0.3 cm ) Lﬁaqumwgﬁmm
o1 nszualiiheinis 5 v veamiaaglnan
asTnaaiifinnudiuniy RL wazans ZnO+Fe O,
Amuduniu Rs Sussguliihanadeuaismify
VATEREITRY ﬂzuuﬁi’ﬁ‘ﬁ Io (¥1 26) Y93 ADCO0809
diomlasussdu AV W DV da ruiilisles (buffer)
74LS244 FUNDSN A Y09 ET- PCIS255V3 Card 1
#11 PCI Slot 11NN IADS AoNHIABS TALTIfY
Tth v @refrda V=inp(&H14C0) mlas v i vs
dremda Vs=(5/255)'V 1ife v Szl
Wuavguseauas vs stuusﬁu"leﬁﬁlumgmﬁu
191da T = -66.646 * Vs * Vs + 518.01 " Vs - 912.52
outaassduliih vs Ifugamall T udasgungd
T Uu9edIeAA LabelT.Caption = T taadnivlueq
QUUQN T Fufua « vuvedemd Picturel.
Pset(x,lO*y), vbBlue
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: TUEN TENPERATURE CONTROL WITH CONPUTER USING LH335 TNPRAATURE SENSOR
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If T <70 Then ‘setting temperature = 70 °C
‘switch 3-4 is opened
If T > 70 Then Out &H14C4, &HO ‘switch 3-4 is
closed
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Code Beep
‘Oven Temperature Control with ZnO+F ezO3 End If
Private Declare Function Inp Lib “inpout32.d1l” If T > 70 Then
Alias “Inp32” (ByVal PortAddress As Integer) As Out &H14C4, &HO  switch 3-4 is closed
Integer labelVoltage.Caption=0 ‘V
Private Declare Sub Out Lib “inpout32.dll” Alias Call delay
“Out32” (ByVal PortAddress As Integer, ByVal V = Inp(&H14C0)
Value As Integer) Vs=(5/255)"V
T=-66.646" Vs Vs+518.01 Vs-912.52

Private Sub Form_Load() X=1i

Left = (Screen.Width - Width) / 2 y=255-(255/100) T

Top = (Screen.Height - Height) / 2 Picturel.PSet (x, 10 y), vbBlack

Timerl.Enabled = False  ‘time OFF LabelT.Caption=T

Out &H14CC, &H90 Else
End Sub Beep

End If

Private Sub Commandl_Click() Next i

Timerl.Enabled = True  ‘time ON End Sub
End Sub Sub delay()

Fori=1To 16800  ‘120s

Private Sub Timerl Timer() DoEvents

Picturel.Cls

For i=20 To 3500 Step 50
If T <70 Then ‘setting temperature = 70 °C
Out &H14C4, &H1 ‘switch 3-4 is opened
labelVoltage.Caption=5 V
Call delay
V = Inp(&H14C0) ‘voltage from sample
Vs=(5/255)"V
T=-66.646 Vs Vs+518.01 Vs-912.52
X=1
y=255-(255/100) T
Picturel.PSet (x, 10 y), vbBlue
LabelT.Caption =T
Else

Label8.Caption = Timer
Next i

NanazINIIZHNa

1) ¥ Iagamgi

Han1IIAUNUAIURDALAzI TS UM Ta
mmcs’fnmmﬁs’ﬁyuﬁ’mmwnﬁmmmwﬁnﬁuum@uﬁ%
ZnO+Fe O @]’JEJ Visual Basw Ltﬁﬂﬂmiﬂﬂ 1 uag 2
wamsmﬂammumummuﬂuammmmwsmnﬁ
LL']J’U!,E]‘L!‘I/I% ZnO+Fe O ﬂ’JEJ Visual Basic Llﬁﬂiﬂﬁﬂ‘ﬂ
3 mmmumummmm%ﬂamﬂaauuﬂammnm
@15 ZnO+Fe O, HAAnumumu 18.5k mamwnwm
@15 ZnO+Fe O, nJumimnmmmawwnmm
mumuaﬂaﬂumm mmwnmwmuiumq 31 99



myise ﬂﬂﬂcl,"lﬂ“lﬁ'mﬂﬁLLHULE]uVl“lfﬁWﬁiUW’J’JW’I
F9%0 Wu‘ﬁlilﬁ%]i/l‘ﬁ LagnAme

21

NSASUHIINOGeHNHY
U 11 21N 2 nInYIAY - FUNAD 2551

90 °C MstuAAANTAELAT 1nATMHAMINARDY
mﬁuduf}aqmwgﬁ&ummaLﬁnﬁuﬁwmmé’fmmu
V9IA159Z AN ﬁwﬁ’uﬂa@fﬁ%mmﬁmmmm
Sumuiiluan (o) Aduanldves zno+Fe 0,
191 -0.946 %/° C WenlFeuifenfumilasusieny
-1 99 -7 %/0C WUIET
ZnO+Fe 0, aglunguimesiimosuuduid (Moulson,

Tas Moulson 41

1990) amwnumﬂ'lﬂmﬂﬂanmmai (Ttrue) NULTIAU
TWihanasenans (Vs) vesans ZnO+Fe O, (31]71
4) “lsmmiumiﬂiumamwaiwmﬁmwmmﬂu

A

W'J'Jﬂﬂﬂ!ﬁﬂll ﬁllﬂ?iﬂ')']llﬁilwu‘ﬁ‘ﬂllﬂ 1o
T= -66. 646V 2+518 OlV -912.52 wamsmamﬂgﬁﬁ
¥13IAQu1 il LM335 mu"lﬂ (Ttrue) ﬂmmwgﬁﬁ
ﬂ@ilW'Jm’fJifJ']ullgﬁﬂﬂi&]fﬁﬂli ZnO+Fe O LIJHW'J'W]
amwnu (Tmeasure) Tu913 32 9994 °C ('iﬂ‘ﬂ 5) W‘]Jﬂ

NﬂWslﬂﬁLﬂfJﬂﬂﬂllﬂ’ﬂmmﬂ@]Nﬂ‘]JLW‘(’N 3.52 °C ﬂQ‘Ll‘Ll

o o & v o a
msvsannsnihhlszgnaldvuiluiifaguugi

Thaksin.J., Vol.11 (2) July - December 2008

2) syvuaugugamgiiveumenluih
HAN3IA9ITEMSUNMINAADUIZVDAIUAY
Qiuﬁgﬁmaumau”lﬂﬁwﬁ"lé’ﬁ%’w%uﬁ'w Visual Basic
werasdegld 7 wamsssandldans zno+Fe 0,
WimdiidugunsadSauas m‘umamwnuiu
moutilihuansdagui 8 arsiiimrhidugUnsel
Jaguugiilagerfonavellsingmsaliduiid 1993
fuimdrmihiiduaing Tsdaamniiadezaiuny
nmsaeldiduduaenlii nmsaruquaungiioz
erfondnmsnSouiouszn gy inldadl3ly
Tsunsufuquugiifials zno+Fe 0, 8wl
MIMNTUVDITE uummmmwnmmmmu"lﬂﬂm
9214 ET-PCI8255V3 Card Way Visual Basic Tngfians

< v o a
ZnO+Fe 0 1luriyinguvgil

dwmsulganialy
100
80
o
S 60
i
<
g
: 40 2 :
= y=-66.646x +518.01x - 912.52
20 s
R’ =0.9845
0
0 1 2 3 4 5 6
Voltage (V)

Ui 4 nsmluansnnuduiutazragang

117 LM335 91114 (Ttrue) M5 IAU(Voltage) M5 ngfians



NIASUNTINGENNE ™Y

Q9 Y a < f AA o v v W
fﬂiﬂiSQﬂﬂGI,"]ﬂ‘ﬂﬁ11JﬂﬁLL°]J1JLE]uWﬁIﬁ11’iT]JWTJW’I

. . 22 ;
U 11 21507 2 n3nga - SuNAN 2551 59%0 Wusws1gns tazauy
Thaksin.J., Vol.11 (2) July - December 2008

o
= 100
e
=}
[72]
<
(]
H
= 0 i
&
<
@)
_—
]
g o :
=~
1 2 3 4 5 6 7 8 9 10 11 12 13
B Ttue 00) O Tmeasure (0C)

710

agl)
1) ®3ZnO+Fe O HimAnudumu 18.5kQuans
auiaduia 1dvminaasanunasiivhngu
Wingangilla

a

2) TdadanaznadouszUUAILANYUNN YDA DY

Tlihlasl¥ginsaifagungiiidiuifaguugiifiu
wad3a

3) Iauaumsnaassianuady Visual Basic 1
ET-PCI8255V3 Card

4 suvildadraiuiivainddmivnmaaen
Sanlusosdun WWaoululfiansidnduazluma
QATNNTIN

AvounM

a Y a 4
AilloureVe UAMNNIINAIAIVAIUATUNS
dmsumsaiuayuneIuNuITe (2550)

6 nsltanamslseumeun Tirue 71 LM335 81114 Tmeasure Nas ZnO+Fe O, ald

19591989
Buchanan Relva, C., 1991. Ceramic materials for
electronics, Second Eition, Mercel Dekker Inc.,
New York.
David Houivet, 2004, High temperature NTC
ceramic resistors ambient -1000 oC, Journal of

European Ceramic Society, 24(6) 1237-1241.

Martinez Sarrion, M. L., 1995. Preparation and
characterization of NTC thermistors based on
Fe-Mn-Ni-O4 . J. Mater. Sci., 30, 2610-2615.

Miclea, C., 2005, Soft ferrite materials for magnetic
temperature transducers and applications,
Journalof Magnetism and Magnetic Materials,
290-291 (2):1506-1509.

Moulson, A.J. and Herbert, J.M., 1990. Electroceramics,
Chapman & Hall, London.



Qv a < f AA o v v o a v oo A
fﬂiﬂi%fJﬂﬂGl,"Iﬂ“lﬁ'IiJﬂﬁ!L'LI?JLE]u‘V]‘ﬂfﬁWﬁﬁJW’J'JW’I 23 NITITUHNINGRINNHYU
¢ '

v o & = o A o
9% WUSIWH1gNT Lazaae U 11 21N 2 nInYIAY - FUNAD 2551

Thaksin.J., Vol.11 (2) July - December 2008

Rakovszky, Gy., 1998. Ganz Ansaldo’s microcomputer- Stankovic, D., 1994. A versatile computer controlled
based generator control systems. Mechatronics. measuring system for recording voltage-current
8: 13-20. characteristics of various resistance sensors.
Reznikov, Y. A., 1997. Programmable temperature Sensors and Actuators A: Physical. 42: 612-616
control in an electric furnace for laboratory Yiiksel Kseoglu, 2008. Synthesis and characterization of
coking based on a microprocessor controller. ZnFeZO4 magnetic nanoparticles via a
Fuel and Energy Abstracts. 38: 219 PEG-assisted route , Journal of Alloys and
Sangsoo Noh, 2006, Electrical properties of nickel oxide Compounds, 462(1-2): 209-213.

thin films for flow sensor application, Sensors

and Actuators A: Physical, 125(2): 363-366.






