MMALUIN N, TIBNUMSISELRERINTANT (report for publication)

1. The ZnO+0.01Nb,O, preparation and testing for temperature
response, thermoelectric and heating material study. (2545)
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1. 3N, 3V, 30(3) : 188-198 (2545) KKU Sci. J. 30(3) : 188-198 (2002)

MSASIVUAENAEOU ZnO + 0.01Nb O

LOANNIMSADUEULIADYUNIT
sanmosludiannSnuasarshinousou

- - s =t} ’ ar o
GITY WUNSINSIGNSE, ITM0T aHUANWITWINTELE,

fAemue (iznad uas Wna FraANanaw

UNARL
HBUTIUIU ZnO + 0.01Nb O_ winntunlagiimaiiaenindinassu anudniug
szwinanudiumu v fugunglidunuuBadudianms R = - 0.0433T + 8.5089 309
msaaswaima T U denionhsaumgifisdiaums AR/AT = - 43.16 Tevus .
muduiugseniasaedoulvihanuiauiuanmgiinanedaaumsAy = - 8x107°T°+ 0.01147-
0.3166 uardANUsEANERUA (o) Tieh 9.72x10° Tad/ 7. dlatmusedulviy 200 Toad Tiun

amiflunm 3 Wi waz 26 Tl wudh samgilvssastisaunngumgiives (2479 Tl
L] J wd LA > - - - - » >
2459, snwiouldhludsegnaldnuiiviniagomodl Jaqasludianinuasarsliamuiay

Abstract

Disc—shaped Zn0+0.01 szos samples were prepared by standard ceramic techniques. The
linear relation between resistance and lemperature corresponds toR = -0.0433T+8.6089. Resistance
decreasing rate corresponds to  AR/AT = - 43.16 Q/°C. The relation between thermo-emf and
temperature corresponds to AV = - 8x107*T*+ 0.0114T- 0.3168, and Seebeck coelficient (@) is
9.72x10°® V/ C. Whenelectric voitage of 220 Vac was supplicd for 3 minutes and 26 scconds, sample
temperature increased from room temperature (24°C) 10 245 C. This prepared sample can be used as

a temperature sensor, thermoelectric material and heating element.

1 madnnNand ansInmans swrinoiavassauaiund aanalng v.avear 90112
* madainnmaaimill pasinemans uwiinmadossaiuaiuns s.nalug v.aama) 90112
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uni
ssnmdasiuumenuiii 3 siie 1dun sshianudou (heating elementd Faqmasin-
ﬁlﬁtm"iﬂ hermovteetric material) ua:ma‘ﬁiamai (thermistor) a1 lving HJ‘;EJ‘ll"lfn{‘iL’f]\l(:l‘ PRIRITE]
arusauraumay Yaqmasluddnmdnldulannudauduliiuennaiiiawasidmiliuiia
anmniaraiadanuiau
f. @hianusau
aunsaibianudsuldiaainvasemasu (furnace clement) dlafans e
dumu wuh ssnsoutisgunsailinnudamiu 2 nqu defdu Fail
1) QUn-sru'lﬁ'mms'auﬁﬁmwcﬁumuﬁ"u (lowly resistive clement) Fadaamsunas
SeINThRIUSIRUM (low voltage power supply)
2) gunsallianufoufiienudumugs (highly resistive clement)  HadBan1s
lmiiqaim'lﬂﬂwﬁﬁu‘nﬁuijq {high voltage power supply)
AIPHIWBIFIT IMAINIBU (Moulson and Herbert, 1990) iy $iC (1,650 4.), MoSi,
(1,50074.), LaCrO, (1,500'%.), 260, (1,800°9.) uaz Sn0_ -+ 0.015b,0_

v, JaamasludEnmin N
v ot wr . - R ) -
Tanaka (1997)lée3uriaaimnandinzdaaniud (ZnO-based macerials) @MY
AnmnaianURinaTludidnm3n (thermoelectric properties) Muiamnasluddnnin (thermoclectric

generation) \hunswdaswdsnuanuiauliifiundsnulwih Ussindnweasiaqnasludiannin
A Z e duns

Z = 0’0/ (1)
o (HuduyssAndBiun (Scebeck coefficient) & tudammihlWi (electric conductivity) uaz k 1{iu
amWinANESDYU (thermal conductivity) émi'u’iaqmaﬁuﬁtﬁnﬁm’iﬁ Z, O At G HAWON U
k fifnfan Yanildmgunsalinfiemesluddinnin (hermoelectric gencrator) 3zABadid Z ann
v'f':aziwm'si;'lﬁﬁ‘ﬁ'ammaﬁu§L§nn%nﬁ'qmﬂgﬁ§q (high temperature thermoelectric material) 1dun
FeSi, CrSi, SiCuarBC Zn0 ShumshammilWimaluin aampdifinhe zno Alday
aldlalummonduiaamedluddomin  msiliodulesismaiaenindinasywan
AUEUTBIENT ZnO + 0.01A1.0 ,Zn0 + 0.01TiO,, ZnO + 0.01Nb, 0, Uax ZnO + 0.01MoO, Tan
tuwf’;qmﬂgﬁﬂszmm 1,100" % . W lihanmmase (platinum paste) Sausendau
Tvvhanusau (thermoelectric motive force) i‘lqmﬂgﬁﬁw 1 ﬁ'lmmi‘fuUszangﬁmﬂﬁqmugﬁﬁm 1
Ravinder (1994)181a3831 Mn-Zn ferrite i'nﬁgm MnZn FeO (x=0.0,0.2, 0.6,
uaz 0.8) wniigampdl 1,200° ¥, Saussadaulwiharudau (themo-cmf) Raamplicha g nds
Nnthumssnnae@nssanitiuaniamaliiharedon wuh Sdssinisiue (@ fim
anaslunmziamgil (T) vty uaividiarnuiuiudBluagesmnsifimunansaiume

Pujor (1996) laia3un ZnMg  ZryFe. O (x=0.1,0.2,0.3, 0.4, 0.5; y = 0.01,
» gl-loy T2y 4
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0.03, 0.05. 0.07) uwadnhaslfnnidmatiamsidonvurasiidiand  invmialui
mw%’au’l:onnwﬁm‘fuﬂ‘i:ﬁngﬁmﬂoi’qua'amnnﬁﬁawuﬁ\: 973" 4. uanﬁ"iﬂwuiw & vsilamvi
uhlmuumu in-lype conductiviy ) ua-duﬂ‘a.,dnummumﬂwuatumu n'nun:sm..‘ '.:u

Bosman (1969) ldaSumanuduwussenindulszandfiuatundsnuvadi
aaduns

B o= cal - AKT (2)

i 1 i Wuwduadi ¢ LﬂuUs.ﬂlﬂﬂwmmanmau o Dududssinddue T Uuguagi

ff wysal A dundsnusaiiasdidnasau ez k Dueasdiluadsnu

Seok (1995) Ifn3an La CuO, mamtﬂmao}maﬂumann‘%n La Cuo, Whuauw
wimanuauAinesls (antiferromagnetic insulator) La CuO, 4 filepnFawiu wzudasmdainih
amadauwazammh Wi iidge mseimaienagou mfitaCe Ma O ,LaCu Fe O,
L:l?Cu“.gCnn 104 TGH l.:li_Cun_gNi‘}.IO‘

o P
A, MoINdLeaT

Tt .6, 1833 Faraday l6fumwuuassnsauisafunganssufiamain i (semi-
conducting behavior) 789 Ag S yalegamgiimihnsnnindi g TmemsdEalud a.a. 1040
(Buchanan, 1991) uaziimsudalluasamnsiuiuatnniveinsaning a.a. 1950-1960
maiiawed fe svhumuniausumuisuelaslurasiganigin/feuly
matiaesditiumdumuitliraanudou (thermally sensitive resistor, TSR)  inasNawmaiil
2 Uszum fa uuunuauﬂi"ﬁnaammmﬁumn (positive temperature cocfficient, PTC) uatuuu
ﬁﬁauds:ﬁnsqmuqmﬂuau (negative temperature coefficient, NTC) mesliamainasAnniniu
®wuy NTC "fni’iPhi‘fuUs:ﬁnﬁqmuqﬁuma‘nnﬁwmuﬁtﬂuau (negative temperature coefficient of
resistance, NTCR) %
asilmasfiawoduvy NTC (luasnadni (semiconductor)  anunusauiniB
Ifmaniriagnimualanges p = RA/L piuammeumuldihoesdan (material resistivity)
R Duamnusumy (resistance) A (ThuRufitiana (effective area) uax L iWunnumuimsans
gmmaumulvih (p) ﬁuﬁuammz‘:ﬁ'ﬁaums (Moulson and Herbert, 1990)
p(T) = p,exp(B/T) (3)
B p (T) LTJuan'mmumu'lﬂﬂ'mqmuqu Tlanp, tfjummﬁ'hiﬁuﬁ'uqmuqﬁ war B ilumasi
FaiiemmdmdastundnuildlRalisdnasembnszudlin darmamayfudzasaunts
(3) Wisudu T a:ldeh o Fadue NTCR
- (1/p)(dp/dT) = - B/T* (4)
amwhInihsasnsifintesiuiidnasounaclassunin-aveaaraay  uwanifitdasiuasin
UOUNSINULBIENS

dothegasvasddmiumesiismaiuuu NTC ldun Fe O -ZnCr 0, e O ~MeCr O
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('Ni:\ln\l;()_| . (NiJ\’ln('n)ll(i.‘ (NiM;II"c(‘n)Jﬂl_ (l"l;.'l'ﬂ_.‘().’, 0.56Mn0 + 0.08Co0 + 0.16NiIO +
0.20Cu0 ua: Mn Co ‘0‘ {Buchanam, 1991)

masidaasiuu NTC dm"lﬁu‘\h‘l‘lm'sxﬂllw'ihtﬂuﬁ"ﬁlﬂth:‘]i] Llemperature sensor)
Wilemslnanaeanuidy (hewt Mow sensor) Waianmsutidad (radiation sensor) WiTageygyime
Cvacumnm gauge ) wiannuau {pressure pauge) Lli\::ﬁ’]’?ﬂm‘iﬁﬂl'dﬁqmﬁ Qﬁ (temperature compen-
sation sensor) (Buchanan, 1991)

Soliman (1993) Iddnwunafhawmadnlilmamsddaeiomnundiuuaasas NO,
Mn O uaz Co O udrieanudumulWimasssiigumniiona g Martines-Sarrion (1995) 16
SoN Fe Mno Nio O Failumasiawmaduvy NTC aﬁ'gm\’fag'lunzimﬂas”lsﬁ TN

drumulWihid e g Ansiadasmwnmalwin (cloctrical stbitity) Tasmsiamsudsan
anuarumuliinunm

83 Zn0 + 0.01 Nb O muﬁmauunnlutﬂmaﬂmmluannmn (Tanaka ,1997) u@
dstiiiflanaasald zno + 0. 01Nb 0, Auaslianuisunesmasiiomes giduldviimneaaas
wmﬂguwmwﬁﬁneﬁag auzinmmaad aminmndsaerauniund wuh@s2e0 + 0.01Nb O
Gandaihmasianutau Tagmailudidnminuazmaiiawad %qﬁﬂs:inmfdaqmmwmsu
AdnTnsiwndind Pidedaaulsfissdnnauniasasnsi N

TagussasdrasmAdeitiumaadones zn0 + 0.01Nb O_lauiBmatinwniindnasyu
Lﬁanmaaumwauaumﬁiaa'mm}ﬁ Jaamailudidaninuszanthienuiau

Santiveu
1. MIEAIENETS Zn0 + 0.0INb O

wssuasiaeidmadinniindinesgiu (standard ceramic techniques) BUIINKI ZnO
uax Nb O, filianuniiand 99.9 Fmnmhwin feasEsdineieds auaIdeing h
nysensldnszlomanadn  wyunaNsIRnAiamgy weawad hisusanasaduaNNAY
Thamasansldnhde ihnhialuRanimaIndnis (RIIK 25 tons) smflutau mliniisiuud
wiaumTdusmasy (fumace) AlAiAIasmunugungdl (FCR-13A-R/M)  uazlfinaiue
alilloniia K (CA) (Modcl JB-35) wnaaRsii 900° 8. war 1,100° ¥. mwaeu wacly
Fanmatngamgdl 5° 5. / niF Sursumsieisnansuaaslugud 1

2. MITHANYUSHNFITAIBIATEY X-ray diffractometer (XRD) NMITIATUIAUAZANS
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Wergl Sampic Mixing Mixing Press Elydraulic Furnace and
cilenfition weighing manar aprinus ireouid Press temperature

ventroller

sUd 3 FURBUNIAS BN DU

M1 TINIY
s shiumsinliensidmonaiin XRD (PW3710) (loguwlazasas

Farmnumenanduehguinansasnsmelulasiwad Mdonmidu Teeuaududunudam
coibrssmsuazaumselvihigamnd 1207 3. duney 10 1nH

3. MINATDUMINBUEUDIGBANNGH N
TSsdundamnasdataumsiviidwmtuliagmiiamliissnusguiues
Savmusumulain (R) dannioaiadiiesd (Fluke 45 Dual Display Multimeter) Wazgqaimgd
dimadosiaaamril (AVD M 890 C°) Teefitoumsiumingumgiingfissiudnduduanily
I 2 wimInTudugamgiivasasaie 1 Tufinanudumuliih (R) uazgumgil (T) &

Tum wiaantl Rvs T Anumdanmsasassfmanudumuldihdaniiaminegumgd
(AR/AT) MIATINALE

4. mmagaumminihisqmeiludiimin

L1

Sampie '

O ——

Multimeter

L]
Furnace Temperaiure
sensor w

Temperature indicator

= - v ” -
Uit 2 mvlaenudmumuldihngungiiangg
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Fomanannwvaa@immmund 2 wsnddsvanadhusaduliass  Tufina
Fuusaswinnsaaiau e nuiou (herma-comf, V) Auomnpil (1Y waoans v v s T
e aasth ane e ot Densiduesbiaus o AV A

5. mmagaunriiuluanbhiniuiay

Jonanacaianaadhisiil 3 Uauwsedulwin 220 Taod @i input naantauag
Tl Douusady o put 200 had idsuldldfmsadunat 3 wii war 26 Suil wuh ais
wiaouwasnulwihdiuenusay Wiaaieas (Fluke 45 Dual Display Multimeter) Jausagulvn:
(V) ldRadiimad (Triplen Model 630) Janszudlyi (1) awnamasliw (PY fuhinaiaaty
a5 udhwasanHeIFTL T amgiizasssfumas IWihiidawliunars (¢ v T) nds
mm‘fu'l‘ri'ﬂﬂaaﬁmﬂ"mrﬁ'uﬁ'uﬁ'i:uinqmnn‘,ﬁﬂmmi (M Auna () Tmﬂ'lﬁm”s:aﬁmqmn@il (AVD
M o890 C) uanndodunar  tumsneassssddesnssualvvhehuaisilunsninuiums
ROBaInsanay RN T uas | s lumsudaniaansiv T vs o

pamEnRaasuasITG

. Temperature sensaor \
| —— 1
S
Sampie : Q
\\)
Transiormer Veitmeter Ammeter :I

Clock Temperature indicaicr

- e v o g v v
i 3 mmedaussiiimhmtuaslvanuiau

1. WHAaNSRIUNES ZnO + 0.01Nb O,
lafaumsgua  #dum-indassau
2. WANSHUIANUNLYBIAIMIOIATEY XRD MIAT2IAISHATMSMTIAIDN1IEY
e XRD fauandlusuii 4 amannuasidushgudnanasia 2.36 Tadwas
LAz 12.95 Faduas muaey HemThemsimwdmadeuuaiiiiendwuas Zno, ZnNb O
uaz Nb O, mainaussmeludscnaudionsy 3 insu A INTURAa ZnO, ZaNb O_udz Nb O
13 7Zn0 afluszuundnuumangsinuaa Tooiimnailasendn o b uaz c 11y 3.249 , 3.248 uaz
5.205 DedAsaN WAL wasilase@suudnuuudialad (Moulson and Herbert, 1990) @15
/nNb O agluszuveainesaniin uazds Nb O efluszuululuaiiinuazaainasenin dud
AaUATANIUSBrRINNBEIR2 LT ustiiou (Moulson and Herbert, 1990) masnnmneiovuh
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o maludsznaudoas a0 wniige @ Nb O uaz ZuNb O, FauRenmsusiiuyes
/a0 iy Nb O logian sewiuiimuili ze0 e (100), (002), (101), (102), (110), (103),
SO0 CETR 201 Y s (2020 s i Zninh G Ao 03 was (131 wazssumdiv
Nb O @8 (-111), (200), (-512), (-220), (330), (-119), (-331), (050) ,(15-4) uaz (551)
Lwirsny (330) aglussuuaadmasaniin vaniveglussuululundiindamue

3. UAMINAADUNIIADUHUIIGIWNDI

jSample tdentification® znaoth O—-Hay-2802 18:18
108
a = In0
[z} {1013 b = Zakn O,
64 _ e e €« BAn,0, monacinic
J o = No,0, .orharhamb:
{110
36
) (200
16 9
IR k(-saz)n
R ) ¢
! " A
4 @1 e
) l,ll “,L
A 38
ZHOTH Py 11 Fio| I L 1E FIY |
58664 0O [ ! | ooy | i
371371 ZaNbO, || il | I T |} (N T FoEaie e orsrg e
188918 oo, L | 0L W0 W LARE b i

- : & -
gﬂ‘n 4  mwmmomsdouueasisdiontueas Zn0+0.01Nb203+Zan206

wamTIArTNmUmU AT (R) Rgamaiisns 1 duaactugufl s anuduiudsswng
AMUMUAUYMM)REBIMNS ZaO + 0.01Nb O Wuuuudady nrduassiiuisftunne
nmafiawmeduuy NTC ld FainriifhuuuuendlwiuBoe (Moulson and Herbert, 1990)
myaaasamwdmumuldfhiiienuusndwnnsims (3)  danmsasaapimanusuny

Inthaaniiamibngamyi (R ) fidnanuns
AR/AT = - 43.16 loviu/" o. (5)

4. wanrmadaunrmuthdaqmailudidonin
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WU CAV I uaw (1) @1 1 Saudasluaums
AV = - 8x10°%T7 + 0.01147 - 0.3166 (9)
ANz NG AU NN 1S
= AV/AT = 972710 ° Taad/ 4. (10)
ansutiden faamailuddnninisnsobliiddmiumsdnn  wanlszgnevidu
aUnsaindasgumgiidiuussdulniuazgunsniduanmsiiamisangungiluiuny q 14
sanmsaasumandiumsiianuseu wuh aamgiinasssiindunn 30, 59180 4.
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vuh malihitanliunasaassnn 8.52 Jad Wiy 7.55 Tad ivnzhulogamniinessns
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nonustniuRduniiunssualiihanatazdanmaiupumgiiluin 180" ». B9 2457 #,
dnoniTlugie 30" 9, §1 180" ¥, mdlwihidauliudasddidenas daldasussdulnih 200
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2. anlpidelnwuaznsiszane lduas BaTio+0.1SrCO, (2546)



autiagaIivhuazmsiszynaldues BaTio, +0.1SrCO,

5a¥e WusiusgnE"” nazadum degn®

Panmatarith, T. " and Paduka, 5.7,(2003). Electrical Properties and Applications of BaTi0,+0.15rCO,.
Suranaree J. Sci. Technol 10:125-132

Abstract

This article proposes properties of BaTiO,+0.1SrCO, material. Sample behaves capacitive
effect in DC electric field which shows resistance dependent on time, AC electric field results
at frequencies of 103 Hz, 120 Hz, 1 kHz, 10 kHz and 100 kHz show that impedance, capacitance,
dissipation factor are decreasing, but conductance and quality factor are increasing as the
frequency is increasing. The sample can filter voltage at 200 kHz-400 k¥z frequency range
and split low frequency from mixed low and high frequency at kHz region. The sample can
be phase shifting of electric voltage at frequency about 500 kHz and frequency to voltage
transformation at 1 kHz-500 kHz interval.

Key words: BaTiO,, Ferroelectrics, Capacitors, High pass filter and Phase shifter
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a . . , N
- - a ) W,
na'uaom'mnua:am:ﬂwamuﬂaauuamﬂﬂﬁ'l
uazUINgn13ot PTC wa9daq BaTiO +0.9Zr0,

s - & -'1 - L4 2 (3 L - ]
9Ty WUSWEIgNS  Aenud  emad” uaz ATInTHL AUUANTWINIYE
urintauasrauesuns vialng 90112
N\ _/

UNARLD

fisumsgiauwinduniasiimadanninnesgn srfieioalfiigng BaTio +092Zr0,uss
frrnvins  wansTasniRosemslusulWwisdumuihddufueus (2) amahilin (G) Al
Wil (C) Fuszneuntagande (D) uszFsznauguA (Q) iRl (f) 100 Hz, 120 Hz. 1 kHz. 10
kHz URz 100 kHz fAWIsNNT Z = 45.647°%"™ G = 0.0041%"; C = 3.34681°*"; D = 0.18771°*" ua:
Q = 53587 % SuRuAuTAMNGILEIS 1 kHz 03 80 kHz fidrasssatwim$ilugaeard 1 kHz &
20 kHz §13n9esussRuInRs AR TuT9ANE 200 kHz T 320 kHz alwaeansezlFunnlni 396
kWmm Wuan 48 Juai anssinonuinineuuasndsindediat 11.900 MQ waxr 24075 kQ mw
S%L WANINARBULITINGNTSO WD (PTC Effect) nadlwRanwuiarusinmulwiudaisnnhugamgd
80y fia 82°y TowildminsiRadusesarudmmulnin 120539 K/ nunniis3 (T) Sdnszano 80 '
rowlwdniusafidneusiiufufiuszquasndenfauissiidneuniunsfinmesuuy PTC

sty @ aRrssaslususininasy / nrnseansaduarnbganiunszuuntilngs /
masihdmpiuuy PTC

! spomaanIerid mnieiand
2 \nfimw maFemand
3 indmn sondeinenmaniialy
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{Effect of Frequency and Poling Field on the Electrical Propertie\s
and PTC Effect of BaTi0;+0.9ZrO, Material

Thongchai Panmatarith'  Kingkan Poatong® and Varaporn Anuntapornpanich®

Prince of Songkla University, Hat Yai 90112

- /

Abstract

Disc-shaped pellet’s samples were prepared by Standard ceramic techniques. Sample formular was
BaTiO +0.97rQ and had vellow-white color. When the sample was measured in ac electric field, impedance (Z),
conduclance ((}-). capacitance (C) dissipation factor {D) and quality factor (Q) at frequency () 100 Ha, 120 Hz,
1 kHz, 10 kHz and 100 kHz were in the following equations : Z = 45.641"™"" 1 G = 0.0041" ™" C = 3.3468"""
1D =0.1877f""" and Q = 5.3587(°*". Sample impedance decreased rapidly in 1 kHz to 20 kHz interval. Sample
could filtered high frequency voltage in 200 kHz to 320 kHz interval. Sample was poled with ¥ectric field 3.96
kV/mm for 48 s . resistance before and after poling were 11.900 ME2 and 24.075 kK2, respectively. Sample
showed PTC effect after poling. resistance increased very rapidly in 80 °C to 82°C interval with resistance
increasing rate equal 1205.39 kQ/ C. Curie temperature {T.) was about 80°C. Sample was capacitor before

poling and PTC thermisior after poling.

Keywords : Material Properties in AC Flectric Field / High Pass Filiering # PTC Thermsor

P associate Professor. Depariment of Physics.
2 B.Se. Stadept, Deparument of Physies.

3 B.Se. Student. Department of General Science.
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1. UM

fuiRrees s luau v aduiianuddgdamaiasinionldlugscyndlioniianuiseg
IwAnaslsaunsniludsrynalfouidugunidinseouseduarligonm aumlwitusgefinanents
- - - - PR - - R -
wanuamTAaBeRAndoasasuazUsngmanl PTC Afiatulumeilisimaiuuy PTC (PTC thermistor) &

aruddyssarsmnIsEddnlanesiing

n. Iesls (Ferroelectricity)

nsfumulniinadlstly eatio, Tull 1940 hligmevndfvyszeifidaeiladidinadnge (1]
v wlaﬂﬂﬁmwn‘[uu:uﬁ%‘:g’lﬂﬁqﬁﬁnmmmﬁu viundflinalsriuienidenTonin lau (domain)
gaTiO, Hlassadwnanuvnasenalnd (perovskite structure) TawusslntudiasTidfuaunluiius
gonTevimsini (poling) NASINFE IR UMSING WL IR AR leBilEna3niiAuRady msilwslaoude
TuarsidisesnuszasindssnsoResanlénnasnsduweilstidnedn Infinweslsiliaruiiurdoetu
' msn‘smu'soﬁu‘lwﬁwmwﬁqar-hu i

4. 5 INgnnl PTC (PTC Effect) N

moisteiuun PTC (positive temperature coefficient thermistor) AB #IF UM UNTAIIN
ﬁ1uw1u1ﬂﬂ11ﬁ§uuuﬂm'lu'nm:ﬁqmugﬁmﬁwlu madfidmesuuuiissiidy O 38 PTCR (positive tem-
perature coefficient of resistance)@ [2] A1 O HaTmifedeviugamaiiag (Curie temperature. 7)o
- ad ~ a d - - & - - - a ) a
Duprnpiifisrsdsumssnmailddnainliduwindidnain gamgiiaiifuriseiulasaivgama
. - - - Y- ] ' & = -
(microstructure) ATNE W lviRmweameianeiuuy PTC AlAnAnTustosmirlusurigumni
wasuluifssnkasosmslarunasaslasawdniassasnaldouutssaudadidnnsetn {electronic pro
» . - ) - a X . -~

perties) frrauimpssinsudodenmitiisnwiumulniwintnlusus Agumgiidssuludogumpiivaue
tingmsal PTC halnagmaniiessurulwintuudoueuisaosaniu (grain boundary region)

- | - -~ - . P
uﬁ'll“uﬁu“U’Jtﬂﬂ‘lﬂﬂl‘uulﬂua“'\“qwmqm“quuqnnqqqmﬂquqﬁ

BaTiO, Whsmisdniuuunesdidnain (ferroelectric semiconductor) WRTURANIINANITOT
PTC gruvgiia3nes BaTio, §if 120-130"y #1 OL seARdBesuENmMs O = (/P)(P/dT) e P v
snrmwimmulnifimesisaua: dp/dT dhifanmafsunulsssnmwinmulninsoniismisgumg
sriihmeaswmeiuvy PTC ldun BaTiO +0.01La 0, BaTiO +0.01Y,0 . BaTiO +0.01Nb O, BaTiO,
+0.01Ta,0, usx BaTi0+0.01Sb,0, medfiswediuy PTC sunimiliszyrdlfsnuduiriagungd
{temperature sensor) d'mnmiauqmﬂgﬁmﬁ {constant temperature heater »38 PTC heater) Uas
grininiFianzusiniy (cument kmiter) (1]
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1§vinsasasenarsansasiseluselssinadonaluil
J. L. Zhang iason Ba Sr TiO ua:mﬂaumiLﬁuuazmuﬂ'ﬁ:{lvﬁh [3]
Ligin Zhou Idw3uadnfivuszquuumarstu St Ba Tio, Yaanmsummiluit dnciiladiannin uax
fsznaumsgandeiiduiudiuamui (4]
Cheng-Fu Yang 1éita3u (Ba, Sr)(Ti Zr )O, ua:’Tﬂmmﬁ\lmﬁtﬁnm%nﬁqmwgﬁﬁmq (5]
Masalu Miyayama TémSou (Ba, ‘Sr\}(Nb Ti )D3 + 1 mol% TiO: + 0.07 mol% MnO [6]

0003 0997
o =

B. M. Wanklyn léi@3us Eu Ti O Jaanmmailviiuasdaeiiladidnainiigungiisneg [7)

4 v
=

Manling BaO léim3on Ba(Ti.Sn)O, Fasasiiladidnainuaznsgudsladidnain (8]

S. Kazaoui lén3um Ba(Ti Zr )O, Fneuglwihuaziassneunsgufeiidmiudiugunni (9
E. Iguchi léimSpu (Sr , La)(Ti Mn)O, ﬁ'l-ﬁauﬁﬁﬂﬁ"meﬁ'lmﬁLﬁnm%nﬁqmwgﬁﬁmq (10
Kazuhide Abe dn3uaildune (Ba, Sr )TiO, uazTasasiiladidinainfiaauianag (1)
Ho-Gi Kim l@inIonflauuie BaTiO, TaunsundumaSouuululasiaw(microwave sintering) [12)
P. Padmini léa3un BaTiO, + 03 at% Nb O, :BaTiO + 03 at% NbO_+ 02 at% BiO, IRAN
Fuiusseniwanmiumuliinuazeasileddnainiugumgll (13]

A'S. Bhalla léia3on BiTi.O, a"mm'mnmua:m'z?gﬁuﬁd [14]

Aldo B. Alles lia3un BaTiO, Faamwsinunmulniiigomgiisneg (15) -
Horng-Yi Chang l#a%ua (Sr_ Ba )TiO, nagousngmsal PTC uazinguwndigs (T) [16)

O. Parkash 1#n3un (Sr La)(Sn, Co)O, Fadnasiiladidnainiigungiisneg (17)

W. Zhu 1é@3oune BaTiO, u.a:imﬂ'maﬁ‘lﬂﬁtﬁﬂrﬂ%nﬁqmwgﬁﬁwq [18)

C. Leach lfn3unmasiaimasivinunan BaT 0, UMIANHIIUHIAIINAINIY [19]

N. S. Hari 16ia3t3 n-BaTio_ @nyisingnisal PTC Foanmgiumulvitigumgiisaeg [20)
A. Ramesh Babu léita3uy Ba(Ti Cu )O, uaz Jadnasiiladidna3nfigungiisiteg [21)

N. Yasuda \#i@3ou Ba(T i Sn)o, *Tammﬁ‘lm%iL§nm%nﬁqmﬂgﬁmmuﬂ:qmﬁgﬁﬂ’i {22)

Shail Upadhyay l#ita3pu BaSnO, uazindaviiladidnasniienatiuazgunaiisng (23]

D. J. Wang léiia3en (SrPb)TiO, Faamwsiunmulwinigumgisiiequas T udiymen 0. [24]
S. Shibagaki 1§it3un Ca-doped SrTIO, capacitor uaz a1 O waninusu [25]

Fwruaiviifumaauemawisuiouans BaTio +0.92r0, nTaguiniuiidun Ansirasesss
Samnialadidnninvosansluaunlwiaduneulnds 1iu duuaud (impedance, Z) AMailwia (con-
ductance, G) AW (capacitance, C) faznaunsgaiie (dissipation factor, D) faU3znauAMNM®
{quality factor, Q) ﬂﬂﬁmm'nn‘smu‘wﬁ'um'mﬁgqﬁmﬁaulw%‘m maauwa'nmﬂu’mlﬂﬂmmﬁqﬁﬁwiam‘i
wasuwlasenusiumulvihuasnassumefiaweiuuy PTC ndolwAvreoinsniing BaTiO,+0.92r0,
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2. Jangunsniuaziingg

2.1 MAAIENENs BaTiOad- 0.92!'02 UATANEINRDYBIN S

wIsndausilavifinatiadindinasgiu (standard ceramic techniques) 13N INWY BaTiO,
ax ZrO, ffiensuigniionaz 999 dAnnanhwmineingas BaTiO_+ 0.92r0, Fawevasaidanaiasds
HENFIRTEINTS UneraeaTianssilaawatadn w:guﬂaum“iﬁ'mm?mm;u yualwaliaupanaand (PVA)
sEindy twerasslathdn ithiadndefiaissdams (RUK 25 tons) dmidufiou Mal¥iunie
wdnhfousisTelulemaen (fumace) filfiwissaruansumgil (FCR-13A-R/M) untlimagaunam
Ipuniie K (CA) (model JB-35) WAREIATIR 1000 WAZ1200 D Toulgdmsnaiugungil 5% A
unzgrmpiBuln 1 falus Sumeumamisifeustausacluzuit 1 difisusisinumaunluiensisg
waila XRD (PW3710) ROAWEBIATS

— O
. —» —» s o J N -
I
SE—
A Fams HANATY HALETY I3 AR TWiBuE"s
viwmin fwlnds  Foedomu  Tdhda Tuimmaey

AuANgMn

-k & -
;nl'a 1 PusBUMIATLNABURS

2.2 MyiRaNTRYSIE Y U N ERY

221 mytaandnladidnsdinlusldhaiy

SarrmuazidusuguinaieesssdulbilasiiimeSuinlEiniss LCR Meter (HP 42638)
#Z.G.C.D.Q vs fhgumnivias (24'7) ATNONLETAI 5 At AB 100 Hz. 120 Hz, 1 kHz, 10 kHz UA:
100 kHz uasusoRulnRmannisofidolUdoms 1.000 mv thifineg

222 rrni'nmnwma‘emﬁ'u‘lﬂﬂqmﬁga

2221 myinssRummERRTaut 1 kHz 9 80 kHz
yrtalwhE ey msuRtinhzneuinn 2 viaas naoed 1 (part A) Usznausunsy
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AU (sitver) BwonFi3Bu (epoxy resin) uatludnuddwandioames (modified epoxy ester) MapAf 2
(part B) U3naufiuaunaamaadu (siver) uatlufvruddanndinneiiu (modified alphatic amine) Ynduiy
m’nnnwaaaﬁoﬂmuﬂuﬁ'uﬁ’wu’smru‘?iwhﬁ'uuﬁ'm'mwuﬁmﬁ'mmmma:nuﬁ":mm\wﬁﬂqmmﬁ 120"y
Whutasn 10 wih T'ﬁmmsmmu‘[mﬁwﬁdmrrnmqﬂwsm%umsﬁnn%

Jamanimasavdtusa Ui 2 Uivusuiniieniprssdnuusisuiamed (0-5 MHz)
Walinsua i lanuidun i 10 kQ uazsvwiuuls THisAlined (Fluke 45 Duat Disptay Multimeter)
Fanszusdlniflvaduas () uasusedulii (v) finnasouailutuarad () Pgamaiivies (24'z) dwam

BuAuAUTIaIRITIINGAT Z = V/i TufnnassluarsNudnduunymBuRuauTIBNEA W (Z vs 1)

FF UM 10 kQ fiouas

e |

< o v
L | N
Signal generator usanKimod ( ! Tndiinef

zﬂ'il‘ 2 MyIRBuRLAUERAMEINYI 1 kHz f 80 kHz

2222 nmﬂﬂaumsmmuwﬁuamﬁgoﬁm-

FaganmaassfoudadluzLA 3 YaaenszudlihenBnuusiseiamed (5 kHz) Inarinu
suszidumu 10 kQ HdaAines (Fluke 45 dual dispiay muttimeter) Sausssulwinanadonani
Armlluting 20 kHz fiv 320 kHz figrunnivios (24 'p) Lildmmanfiraadlutiag 320 kHz fiv 5 MHz

iipsvnussiuienimneasinuuainiueisirafiAanasnn
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Signal generator //’Q

aRniAad

AW TUNIU 10 K2

UM 3 nmereunINIsLTIRuANdgeiulutisaNn 20 kHz fiv 320 kHz

23 MINARELNRTAIRUN WA ADRNTRYDIENT
~

2.3.1 MMARBUNRYBIEUH INGYRRBAINI Wl e eE s

Foprusunmilain ) roulédfusumlniussgamisauulnisiuiine armiumu
&9 (HP 43398) SarspumnEmitings imnmslndslaomlousumlinlaolHuseiulviiass 10,000
v Wuan 48 urd huhiuleasedndaldluiimneiigungiivies (24'n) nadouusedulwiiduianiad
wiTaaNs Ul navinRaieI2aTaAADY (Fluke 45 dual display multimeter) tufinug

2.3.2 pymaReLIINgMSNl PTC waslway

Lilgmassuysingnisad PTC roufiasl&usunlniidassnarudiuminiiy
WisuwasmamlususRgnmgifisact Jemassuamzndinnisaldsusuninin mmessudy
anldsundsummdatoussiiiddisniaiuuasiunisivsunaldiungenuiuasiiia
pampiVegmiaimlwinszinm 4 zu. sunginnamilown 4 o Welidannmiugumgiligenn
Firzangen1iia Farausumulwingnueissiadfires (Fluke 45 Dual Display Muttimeter) uazguung#
(M) dauieieaTagamndi (AVD Mesoc)) Tauiifiuansiuisingamyiiegiissauidmiudouandluzui 4 iy
rnfuliingamgivasaotheing fufinrrmdmummiltiuasgamgiadumsoudaweeansm Rvs T
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31]# 4 mImaseudINgnIcl PTC naulnds

3. HANINAADIUAZITISTING

3.1 HRNSLATUNRTS BaTiO + 0.9Zr0, UREANNUNEBDIENS

15ﬁaua113ﬁmuﬁﬁ§'1mmﬁm mafldasltinn 2 afe ﬁtﬁa'lﬁa:mauLﬁﬂm's'«‘w’mi'umﬁaag'lu
ama:auqamn-ﬁu nane XRD (X-ray diffraction) uﬂm\ﬂuguﬁ 5 iATBIENSTINULszNBUHNY BaTiO,
WAy 20, waniuBy &3 BaTio, Usznaudigszuy (001). (101). (111), (002) Uas (210) NIFLIATTE
sxaanpgluziuamizlnusauasilasseiwdnduiuuwe senslnd sauas ZrO, Usznsuuszuny (100)
(011). (-111). (002), (200) ua (021) muSueiizsvarrenafiuszuuliluadina
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|Sample identification: batiodxr . 22-Feh~2882_ 9:21
188
[x] 4
64 -
36 4
16 4
1..
" J i :
MR A AR SIS | N
18 ze a8 44 s9 6h 70 [*201 B8
BATIOAZR I I S T 7 N T TN T T 2 R OO A N |
58626  BTO, | | I 1 ] [ [T I |
138387 20, } R T T N 1 T | I A N I R N I N A

. X
3151' 5 pmdnunsierrusesiidiendvedss BaTiQ_+0.9Zr0,

-~ iy o \
3.2 WAMTIAMNMYEIETS UM INNERL

3.2.1 vanrianniRladildnsinlususliedy

AmtuasuRILAUINa N TBIE T IALATAT 2,527 . uaz 13.707 . ML e
Dauusedulninlfoss 1000 mV wuil#nsW 2. G. C. D. Q vs f ffnmuzusmeieguil 6 T 10

400
¢
F
= |
g y = 45643091
g .
E R® = 0.9992
g .
3 e
L{—~]
: 8- :
01 1 10 100
s Z {Mohm)
mud (xHz)
— Bl (Z(Mohm)}

i 6 Buumuffiamudl 100 Hz. 120 Hz. 1 kHz, 10 kHz uaz 100 kHz
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05619

y = 0.004x
R’ = 0.9992

arsalinin (us)

@)
B
-

100 . G (US)

AR (kH2) C— unfEY (G(uS)

IR 7 runidlwinfiarud 100 Hz, 120 Hz, 1 kHz, 10 kHz U8z 100 kHz >

wh

17
=2
Lo
%z
=
<
[
e
=
e e
’ 8
3 1
0.1 1 10 00 . C{R

ATD (kH2) — unthés (CloF)

A 8 srwslwiniiaoad 100 Hz, 120 Hz, 1 kHz. 10 kHz uaz 100 kHz
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T -2 e
.- 04 -
= *
';'é | . 2y 0358
N & y = 0.1877x
£ ~
s ‘ R’ = 09881
a2 | 0.2 e =
TR .
2 ~
= 0y - T :
E . e
0.1 1 10 100 e D I
ATIIB (kHZ) — unfindy (D) |

il 9 FszneumagauduiinTid 100 Hz, 120 Hz. 1 KH: 10 KMz uRs 100 kHz

&

8

My

4

Anlszneraur

16 .
6 T
0.t B 10 100

y = 53587

R = 0989

« Q
—— onrhila (Q)

i 10  Falsensunaurmfinril 100 Hz, 120 Ha, 1 kHz, 10 kHz URE 100 kiz

183
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.

wam3iaRAnd 100 Hz, 120 Hz, 1 kHz. 10 kHz UAT 100 kHz (3UR 6-10) wudndaad i
WinTu Bufusud a1mglwin uaziusznaunagands Tanag userenilwiuasfUsznauALATH
fieintu nsfiduRueudrasarsanasiuusiaruiiniudumsusaditiuiarusaesaininses
u‘mﬁu‘twﬁ'lmmﬁ'qe nsfemmi s lusnsfienediaduuassiasoonins s ud Wi s
fuldannfinauigs arwglniessasieatusszdsansaibilideanuuuiesslunsdfieslui
HugunsailFoufiaadivaniu @edesanfenad 100 kHz woissnaumsgaduiidnisouas
fnlsznouaunwiaan wﬁemu‘lwﬁﬂﬁmﬁgryLﬁuﬁaufimwﬁiga (100 kHz) Hun1vusmaliunad
wwalthailyFenldfandimui darsznauaun iR samunwrasa e NNdusacA1 SuRle
Sidnsintusualwinasutiznsmituflunsesnuuudmivmsdilissegiuses wadufianudsug
nymiusadbiunu f duainaasn Weliyaeasdayafinand 0.1 kHz M 012 kHz upnnAudamay &
unu Z. G, C. D uar Q {Wuunusssuat W Mnsmiiudulés 81usoRe SN 1S noUaLBIToIR ST

fomIINDLA

322 uam‘s“;’am‘mauaumsiau‘sm"ulﬂﬁ'mﬂuﬁgo
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3.2.2.1 wameinduiuauifinaiilugie 1 kHz f9 80 kHz N

wann‘s’i'ml.am'fugﬂﬁ 11 BURUAUDNAIRARIDENTIMSIUTWAND 1 kHz v 20 kHz

g ———— — e
7 ——— - —_ —

£

& 5 -

2

bt =) 4

=

=]

T 3 \

=4

[{~]

AT (kHz)

y = 6.7106x°"™

R = 0.9985

* 7 (Mohm)

' —— unritde (Z (Mohm))

R 11 Bufiuaudlugionawd 1 kHz 09 80 kHz
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' " - .
3222 nan‘mnﬂﬁaun'nn'smuﬂaum‘mngeu’ru

a1IERNIoNTIuTIRUlWInASiAaETute 200 kHz G9 320 kHz 18R uaadlugui 12

1200 T T T e e e
1000 PR
"
g 600 / |
E |y = -0.0101x" + 6.1851x+22.35
5 600 ’
@ L2
2 : " R = 0.9988
= 400 e - : ;
."” T
J ‘
200 .: -
.‘
& {
0 .
1] 100 200 300 400 o VL (W)

Al (kHz) — Tnaluidiea (vLmVY

31]173 12 nﬂmml.mﬁ’uﬂ'rmt‘igevhu'lu'ﬁw 200 kHz {1 320 kHz

- JH » i
33 ﬂamamnaauua'nmamu'[wamunaﬂunamm #1717

3.3.1 NanTMARBUNSTRIS InRTRRoR Il Yo s T

aruftumuldsulniouacndtindalis 11,900 MQ uay 24.075 kQ amddy e
e Indavinhiarasitumuniresasansy 49428868 it I iwdni e unulnfoes
aaesninnniinsilnriudniugs nlndorrfldruminindedidn 396 kv/mm wudwihld

Wiamsfuunyaedat

1) rioulwil

arwdrulnisasi infiuzgamgiiseiiftgampivins (24 'n) Sdndadumaom
Tudmsuzidniinuiumilvisesihassyilsibdulmusdhdafussgini. dnfuss
 wamssRvufuithnlicy bisnmomassusal® PTC tasnamauiunmiliitisessaitumns
nalususfignngiine

2) nikalwike
arfmmmubiissmisadiluusigamgindfigumgiies. Anafiumulwiian
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- - - I3 . - wnm a -
asnnilu 24.075 kQ u«lﬂi“uqmﬂqqu'\ﬂ'ljuﬂ'luﬂ"u‘lﬂﬂ'l‘ﬂa\‘rﬂ'ﬁl“muﬁ\!lﬂuﬂul.lﬂ'ﬂﬂ\llﬂﬂiuﬂtﬂiﬁlu}b
PTC

3.3.2 HANIARBULSINGNTRE PTC wdslwae

Nan'l'mnﬂﬂuuﬂm'iugﬂﬁ 13 naRD

7439 240 69 80"y Awdhumunlaouwdntey

©79 8071 9 82" ARSI IMIRILIININ BRIIMsANTUTaIRNE LAY 120539 k(' T) #
gungi 84’3 ATWAUNUTAGIER

479 84" 09 90"y A saruantiay

279 90°n 00 108°T  AWNHIUMUAARIST (BRTIMIaRRIBaYANSM AT -137.23 k(Y D)

24 108"y fia 130" ANINFUMUARAILANTTDY

10000 e e e e
\
E 1060
§ _
‘E 100 — — (kohrm)
=
=
B
2 10
[
&=
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ApuansgUnu  BaTiO, +0.01Nb,0, Fumduulagdimatianiindnasgu

g Ve - d . v o y
MInialavIIvaey  inhanasuavesnInioinsed XRD  anudumulvas
VOIBNOUUALHAAINDM wo.a 1nlory UaE dmlo Dlaloiy DuRLAUTS (Z)
annhbivh (6) gl () anlsznoumsgyide (D) Aseneununin (Q)

PAnud (f) A q neulwdlinnuduwuisteunis z=17.73t7 %% G=o.0126f""*"";

0.0 0.372

c=8.2830f > D=0.2402f ***" 1oy Q=4.1720t>"" BuRuAUF AN MDA 7 (Z vs )

fi10na901905AE T NAINE  e-edo PIABIA LARIRIUMS Z=2646.2f T
tazansa3onToasd IR ATRILAIEN edo-owo flaiBin 14 uamaiimns
S liuisilidszgndlfoudugunsdnseansefunnuiigerindld  wamsmacou
PTC Effect fioulwds  wuhilanuduiutssninanudumudvgungideauns
R=0.073T" —2.0768T+35.418 UATWAMINAAOY NTC Effect\ndalwds  wurlianu

FuiuisznhnnuAiumuAUgungldeunts R=-0.0004T - 0.1842T + 50.229

ABSTRACT

Disc—shaped pellet BaTiO,+0.01Nb,Os samples were prepared by standard
ceramic—techniques. The samples had white—yellow colour. Sample phases were
characterized by XRD. Resistance before and after poling read 20.5 MS2 and
43.2 k2 Impedance (Z), conductance (G), capacitance (C), dissipation factor (D)
and quality factor (Q) at different frequencies (f) before poling had relation as

follows: Z=17.73f **%;  G=0.0126f*"*%; C=s.2830f **"%; D=0.2402f ***’

and Q=4.1729f o378 Impedance decreased rapidly when frequency was increasing

in 1 to 150 kHz interval and had relation corresponding to z=26845.2f *"""° and
the samples could filter electric voltage very well in 150 kHz to 320 kHz frequency
interval. So, the samples could be applied as high pass filter. The samples

showed PTC effect before poling and resistance vs temperature relation corresponding

2. 0. NN, 390 9., bdab, ut (=)
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to R=0.073T°-2.0768T+35.418. But after poling, the samples showed NTC
effect and resistance vs temperature relation corresponding (o R=-0.0004T" -

0.1842T +50.229,

a1

nnnstunuididesls (Ferroelectricity)  twiuSoulnmiug  (BaTioy)
° L L34 J 1 H - =y
Wil a.f. egzo hligmamanivlszyiilidnailadidnaings® TaouuGowlnmiuail
QALY A ar L)
Tanaandnuuuiwesendlnd  (Perovskite structure)  waziiendadumsnianhuuy
a d a“ . . w - ; 4 0
eslsdianain (Ferroelectric semiconductor) AINIUANGUNUQU (Thermistor) M
=l o ar a - b - ..
innuuliuu1nn1mnnﬁuﬂizﬁnﬁqmnqwmmmmumuﬂtﬂumn (Positive temperature
coefficient of resistance: PTCR)” %38f1 a g2 PTC effect inamnarmanmuluiiion.
. . o & o = -
YoUIUANBANTU (Grain boundary region) dazamiNyULLLIBNTYIULITDAM UMY
J ] o =l J - 1 1 L) = = J !
mnnhgumgligd (Tc) AN ewo-emo 3. Invguingiigiszilavuuah
S Idl® msileM PTC thermistor 1AUA  BaTiOz+0.01La,04 (BLT),
BaTi03+ 0-01Y203, BaTi03+0-01Nb205, BaTi03+ 0.01T3203 {ias Ba'ri03+0.015b203
=5 by A’ L] L L d -
meilmasiylialiensnihlllszgnalsuiuiiagungll  (Temperature  sensor)
wmaufougunglina?i (Constant temperature heater) uazgUnstisanTzUAlvh
(Current limiter) #200WgATYBIANT NTC thermistor 1AUN Fe,0,-ZnCr,0,, Fey04-
MgCry,0,, (NiMn);0,, (NiMnCo);0,, (NiMnFeCo);O, Q¥ 0.56MnO+0.08Co0O+
0.16NiO+0.20Cu0 neiliameiuuy NTC ewmmivhhlssgndiduiingungiivas
(YY) 1 4 - : sy
Wianmislvavesnniniou (Heat flow sensor) smdvoinfunisdnmeaiavesmsiumi
v . 4, la '
Thady  manseausdumudgdiunazravesnIthussgeiiidensin/@ounios

voamniRen PTC 19 NTC dmiutaniing BaTiO, +0.01Nb,O
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6. Thermoelectric, ntc, dielectric and magnetic properties of
MgFe,O,+Fe,O, (2546)
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Thermoelectric, NTC, dielectric and magnetic properties of
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ABSTRACT
The mixed MgFe,0, + Fe,0, ferrites in black color were pfcpared by using the
conventional ceramic technique. Fronf thermoelectric effect measurements, we found that the
Scebeck coefficient was -86.3 JV/C and the obtained sample reveals the n-type conductivity.
The negative temperature coefficient of resistance being -1.04 %/°C was also investigated. The
important parameters of diclectric propesties such as Z.G,C,D,Qasa function of frequency
ranging from 100 Hz to 100 kHz were carried out at room temperature (24 "C).  When the

fn:quency increasing,, impedance and capacitance were decreased but conductance was increased .
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of the increasing of the self inductance value and mutual inductance values. When the sample was

used as a transformer core, the voltage transformation ratio had increased.

A i e ad a wo d aa won ad A 4
ALY nutmmaﬂnamnmn TUVUALDUNT, fTU‘lJﬂ.iﬂalaﬂﬂSﬂ, HUUFHI.LH'H%(\

Keywords: thermoelectric property, ntc prpperty, dielectric property,
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1.1 auRmesludidnain
(thermoelectric property)
wa o - d - wa o
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a 4 a
Ravinder 1R1A304 Mn-Zn ferrite $9iigas
Mn Zn, Fe0,(x=0.0, 0.2, 0.6, < 0.8) 1]
(rHguniii200 °C Jausundou -
AU oU (thermo-emf) NEUMNNAG HA3
- L ar - q(ﬂ - ° -~
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’ 4 - % al s
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1.2 aulAdund (NTC property) o
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H - ﬂ' J
#Aumulithanasluvusigamgiimuiu
PSmundiiy 1§liﬁ NTCR (negative
temperature coefTicient of resistance) wiem
a2) anwdunuldhveanesimnes

uyy NTC numaﬂawmqs‘mm'lmm.n

i

magnetic property

AVVADUNTUTA (intrinsic characteristics)
s limeiimmesuuy NTC Humsia
A1 (semiconductor) anmauni v
(9)] ﬁuﬁuqmuqﬁﬁmums

P(T) = Pg exp(B/T)
i P(T) vf‘],uﬁmwﬁumu'lﬂﬁﬁqmuqﬁ
T1a pu\lﬂudﬁ‘lﬁw{uﬁuqquﬁ uaz B
Fhumnefidedianufordostundanuild

4 - o . 1
TWirelvdidnasowinszua fr oL mld
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~ Taomsmeyiusvesaunmsuudnen

AdeanmduNs

Q=(1/ PP/ dT)=(1/ P YR, PIT,T)

e P, sz P, iuaamdnmninihi
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'uaam:_n'f’iuﬁaq_ﬁuﬁli'{nmauna:Saﬂu
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l.3 auliRdivan (magnetic property)
 wimAnasbndl$iuiiuTog e

ad g o - Ja
BIANNIBUNT HUMMANIYITUNTY 2

- sz Ao oded lsdudadunded 1sasou

MgFe,0, Saglunguiesilsddou mlos-
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(antenna) Qﬂﬂinfl?iﬂulﬂﬁ (phase shifter)
ua:qﬂnsm"‘luhsnﬂ (microwave device)
1043 1948 Neel Tdiannuuuiraosduiiu
singmdmivanudlafniuouiag
numanlumleslsd dununimdnluas
Rordeatudidnasoud lnvssoviundoa
uazdifnasouiinyusoudaues sl
manifuaeatudidnasoulusu i hidy
(2]

Y luraes vasa 1dun anm
Frumn I (electrical resistivity, ) Tao
19gns p=ra/L  YSinaluaes IWady
lAun z,G,C,D,Q & taz Y, die z
Bufiuaud (impedance) G 1funruniv
vh (conductance) C lﬂuﬂ‘)'luﬂﬂﬁ'l
(capacitance) - D 1iudlszneumsgando
(disSipatfdn factor) Q lﬂuﬁdﬂsznauam
N (quality factor) €, l‘ﬂufi'lﬂa'ﬁ'lﬂ-
algﬂﬂgﬂ (dielectric constant) uaz ) (T
anmmesu Tuania It electric-
susceptibil%ty) :

fednmaveslsdoou 1Aun
‘NiFe,0,; Ni, Zn, Fe,0,, MnFe,0,,
Mn, Zn, [Fe,0,, MgFe,0,, Y,Fe0,, Uaz
CuFe,0, msmainonlRlnsTimaila
fATenannzveuds (Solid-state reaction
technique) uaz3ouq  msvledladeeu
utfmém‘w:_uh‘nﬁmﬂas"? (ferrimagnetism)
uazuaalsINgmsainsd (hysteresis

effect) . JiAnanosTanhnsodes1sadou

« iuiluansayiamamnimndin (magaetic |
e e - Bt
1 field detecton) [

2 ety

MgFe,0, i Tnsaadrandniiu
uvvathua (spinel structure) Jgungiigs
(Curie point) = 440 °C- fiunnil ladududa
(saturation magnetization) = 1400 gauss ﬁ
20 °C (3]

msod 1sd lasumsainulav
ﬂm:?ﬁuna"miuqﬁqf:

Gusmano 1AA5 0L MgFe,0, 9
AUNIU (porosity) [4] Safufs e
(specific surface area) IAVUIAYBIDYMIA
(particle size) Frun304 (SEM) tazSaaniw
A I (resistivity) Tuvagms 14
FunLI (humidity)

Ravinder 1910304 Mn-Zn ferrite [1]
Yaanmnsti I (electrical conductivity)
fiduiusfugemgd Jadulszanigiun
(Seebeck cdcfﬁcient) ﬁﬁuﬁuﬁ'ﬁuqmﬂqﬁ

: Sautar A0 T ouHANHY? Mn-Zn
ferrite *Yﬂmﬂ{uﬁuqmnqﬁvammwﬁ'w

4+ ' o
mulfhuazvesanmeou lnamaniman

- [5]

Rao 1A1AT0Y Ni-Zn ferrite [6] 10
ﬂ'mi'ﬁllﬂ_al%nn?ﬂ (dielectric constant)
unueugmsgepdadeladinain
(dielectric loss tangent) AUsTNBUMIYY
(@uFaunitnan (magnetic loss factor) i
mmﬁvhaq.

Ghatage '1dtn3ou NiFe, Cr 0, Tn
anudiuisznianuaunsalumisds
MU (transmittance) r_‘n’mﬁmﬁu {wave
number) 7] ..eti'nﬂ'ru;gﬁgﬁtgf;;wimwnﬁ :
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w a oa o oo
duisziniTiun waa Wil (Fermi
energy) azanmindiou 14 (mobility) #
QUUQLAIN

Kyung Ho Lee. 1Am3on Ni-Zn
ferrite v 1 Uszgnaviuiluiudendeou
ﬂmu:'umllad (solid state ion selective
electrode) [9]

Mundada 18ia3 vy Ni-Zn ferrite ny
doou Ti' WudaTml [10] Taanmesu
T2 1Wed D (a.c. susceptibility) NQunqi
AN

Abdullah 1finTun Mg-Zn ferrites

& = a d : - o
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Ravinder Tutszmaduido 1ddnun
autanmsvuinema Wi (electrical
transport properties) %ﬂﬁllﬁ anmmni
T uaz Mdlihanuouvesmisdad
uuamitaes 156 [14]
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MgCO, as Fe,0, Failanuniqns 99.5%
fnnaniwninlaolddaune Mgco, +
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Aou vwvesmslaluniien  sadlu
Houoninasalonsedn (RIK 25 tons)
A20AWAY 533.65 MPa 1113 Ldia)
naouIn1 (Lenton Fumaces) lmﬁqm‘n{lﬂ
1300 °C TuermeTavlddasimstiuguigd
5 “chnfl waz gumaiiou T 1 52 1uands
YaoumsdiduTaonisTam diemsi
udamiieumsoenainan

ifeumsfirumsinlySavn
Fro'lulnsineduazdwdaunies XRD
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FABRICATION AND PHYSICAL PROPERTIES OF NiMn,0,, ZnO+0.02TiO,
AND FeNbO4AS THERMOELECTRIC, HEATING ELEMENT AND
NEGATIVE TEMPERATURE COEFFICIENT MATERIALS
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and Chiraporn SRIPROM

Department of Physics, Faculty of Science, Prince of Songkla University,
Hat Yai 90112, THAILAND

ABSTRACT

This present work was undertaken as a study to clarify the thermoelectric, heating and
negative temperature coefficient effects of NiMnyOs, Zn0O+0.02 TiO; and FeNbOs The
composition of the samples before firing were NiO+MnO;, ZnO+0.02TiO; and Fe;O3+NbyOs.
After firing, the first sample was a single phase material (NiMn;QOs), the second sample was mixed
two phase material(ZnO , ZnTiO4) and the third sample was a single phase material (FeNbO,). The
prepared NiO+MnO; and FeNbO, resistances were 18.65 kQ) and 5.9 kQ, respectively. The
NiO+MnQO; material shows the thermoelectric effect. The thermoelectric voltage versus
temperature relation corresponds to the equation, V = 0.0028T2-0.4342T+14.304 with R*= 0.9953.
So, the sample was an n-type material. The computer interfacing circuit which has been made can
exhibit the picture of the thermoelectric versus time relation. This sample was investigated for
obtaining the type of the electrical carriers in ceramics. The temperature versus su;?hed electric
power relation of the ZnO-+0.02TiO; material corresponds to the equation, T = -1x10 P2+0.0335P-
10.531, with R”= 0.9892. This sample can show the electricity to heat conversion very well. The
sample shows the heating effect. The picture of temperature versus time can be shown with the
computer interfacing circuit system. This materialwas studied for the heating element for the
electric furnace. The sample resistance versus the tcmPerature relation of the Fe;Oi+NbaOs
material corresponds to the equation, R = 5.4961e®%' 1 with- R®= 0.9945. The negative
iemperature coefficient of the resistance (o) was —1.03 %/°C from 25 to 100°C. and —0.84 %/°C
from 100 to 200°C. So, the sample shows the NTC effect. The sample was an n-type
semiconducting ceramic. After the calibration by the measurement of the temperature (T) versus
voltage drop (V) T, a comparision between the true temperature (Ttrue) from commercial apparatus
and the measure temperature (Tmeasure) from the computer with the prepared sample for
determining the accuracy from 24 to 200°C was made. So, the prepared sample can be used as
temperature sensor with computer display. The testing system for temperature m easurement and
control is composed of a prepared sample as a temperature sensor, solid state relay for control and
the computer as a display device. Afler the furnace was heated and then the furnace temperature

was increased to a setting temperature, the computer will a control the temperature at constant
temperature at a given interval.

Keywords : Thermoelectric effect, Heating effect and NTC effect.
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INTRODUCTION

Today, ceramic materials are used
extensively. Each types of ceramics shows
different properties and phenomena. The
interesting effects are studied such as the
thermoelectnic effect, the heating effect and the
negative coefficient effect (NTC effect). So, it
is necessary to study the preparation techniques,
testing techniques and instrument construction
for beneficial purposes (Buchanan, 1991). The
studying of the ceramics is used for learning
and industrial work. The thermoelectric effect
can be used to study the type of the carrier in
the material and the thermal response device,
the heating effect can be used as a heating
element and the NTC effect canbe usedas a
temperature sensor and temperature control.

The thermoelectric effect or Seebeck
effect is a phonomenon about the electricity
and heat. Thermoelectric generation is the heat
to electrical energy conversion. The efficiency of

the thermoelectric material (Z) is o is the
Seebeck coefficient, o is the electric
conductivity and k is the thermal conductivity.
For good thermoelectric material, Z, o and o
are high values. But kis a low value. The Z
value of the material for a thermoelectric
generator will be high. The high temperature
thermoelectric materials were FeSia, CrSi;, SiC
and ZnO. Ravinder (1994) had prepared Mn-
Zn ferrite with the formular of Mn,Zn,Fe;O4
(x=0.2, 0.6, 0.8) which was fired at 1,200°C.
Thermo-emf was measured at a different
temperature and then the Seebeck coefficient
was calculated. The Seebeck coefficient (o)
was decreased as temperature (T) increasing
and the Seebeck coefficient was also measured
for different compositions.

The heating effect is the phenomenon
that when e lectricity was a pplied the m aterial
was heated. But a heating e lement i s material
that can convert electrical to thermal energy
very well. The heating effect was found in the
heating element. An important p roperty is the

sample temperature versus electnical supplied
power relation (T vs P). The heating element
was used as a furnace element. The heating
elements are composed of the two groups of
materials (Moulson and Herbert, 1990).
1) A lowly resistive element which was
low voltage power supply.
2) A highly resistive element which uses
high voltage power supply.

The NTC effect is the phenomenon that
material resistance was  decreased as
temperature increased due to the effect of
intrinsic characteristics in which the sample
shows the NTC effect very well. The resistance
of this material is not changed as temperature
is not changed at room temperature. The NTC
thermistor is the semiconductor with a negative
temperature coefficient of resistance (INTCR, ).
The electrical property of temperature sensor
corresponds to where, p is theqesistivity, Ris

resistance, A is the effective area and L is
the thickness of the material. The resistivity
{p) versus temperature relation corresponds to

p(T) = paexp(B/T)..........covvinnnl. (3)

where, p(T) is the resistivity at temperature pq
is a constant which is independent to
tempcrature and B is the constant which is
involved with the energy for electron
conduction. (Moulson and Herbert, 1990). The
NTC thermistor property can be used as a
temperature sensor, radiation sensor, vacuum
gauge, pressure gauge and temperature
compensation sensor {Buchanan, 1991).

Jitt Nukuaw (1991) had suggested
temperature control with a computer. Ravinder
(1994) had prepared M n-Zn ferrite, measured
the dependence of the Seebeck coefficient on
temperature. Das Gupta (1996) and reported
the method of application MoSi;, SiC and
graphite material to be heating elements. F.A.S
Soliman (1993) had studied the thermistor
which was prepared from the c omposition of
NiO+Mn;0s. The resistance versus temperature
relation was measured.
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In this current study, the samples with
formulas NiO+MnQ;, Zn0O+0.02TiO; and
Fe;01+Nb20Os were prepared with the standard
ceramic technique. Sample phases were
identified for studying the phase of the
materials. The sample sizes were measured and
electrode. Thermoelectric, heating and the
NTC effect were tested and applied.

EXPERIMENTAL PROCEDURE

Sample preparation, phase identification, size
measurement and electroding.

The composition of the samples having
the chemical formula NiO+MnQ,,
ZnO+0.02TiO; and Fe;O5tNb:Os  were
selected for this investigation. Commercial-
grade powders (99.5% purity) were calculated
and weighed. The powders were mixed in
mortar and mixer. The mixture of PVA
(polyvinyl alcohol) and distilled water were
added to the mixed powder as a binder. Then,
the powders were pressed with 5 tons force
into small discs with a hydraulic press
(CARVER, 973110A). The small disc samples
were fired in an electric fumace with a
temperature controller (FCR-13A-R/M) and
type-R thermocouple at ~500 (1200), ~1150
and ~ 1200°C with ~5°C/min for ~1 h,
respectively. After, the fumace switch was
closed. The samples were cooled naturally in
air medium. The as—fired samples were remove
an from it.

The phase of the samples were
identified with XRD technique using a
diffractometer (the Philips PW3710). X-rays
were incident on the sample powder and
moved through an interplanar spacing. The
diffracted x -rays were detected with an x—ray
detector.  This detector will transform x-ray
intensity into electric signals and then be

amplified. The amplhfied signal was
transformed to be a square shape and sent to a
computer. The computer will write the x-ray
diffraction patterns. This pattern shows the
phase of this sample. The intensity of the peak
of the plane will appear at a different Bragg
angle for lattice constant determination. The
crystal structure of prepared materials will be
different. Miller indices which are used for
plane indication were studied. The XRD
patterns were studied by Bragg law. This
technique is an analysis of the XRD patterns
between the prepared samples and the standard
materials for determining the unknown
materials.

The micrometer was used to determine
the sample sizes. The prepared sample surfaces
were polished with sand paper or polisher until
the surface was smooth. The samples were
electrode with silver paste (conductive epoxy
CW2400) andelectric wire by smearing on the
surface and on the electric wire. This was fired
at 120°C for 20 min and then cooled to room
temperature.

Thermoelectric effect test of the NiO+MnO;
material,

Firstly, thermoelectric voltage versus
temperature was measured. The experimental
setup was shown in Figure 1. The sample and
K-type thermocouple was held with the stand
above the furnace at about 0.5 cm. The sample
was heated slowly from 25 to 55°C. The
thermoelectric voltage (V) was measured with
a multimeter (Fluke 45). The sample temperature
(T) was measured with a temperature apparatus
(ADV M890C"). The V and T values were
plotted.
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Sample

S — L

Furnace

sensor

Temperature

[ 1]

Multimeter

L]
Y

Temperature
indicator

Figure 1 The resistance versus temperature measurement for the NiQO+MnO; material.

Secondly, thermoelectric voltage versus
time was displayed with the following step :

1) The computer interfacing circuit
was designed and constructed for the
thermoelectric test in Figure 2

2) The thermoelectric versus time of
the sample was studied by attaching
a computer through an ET-PC 8255 card
to interfacing circuit for automatic data
acquisition and analysis over the given
temperature range.  This interfacing circuit
was tested with 5 V d.c. voltage by adjusting
the VR 10 k€2 to apply the voltage to 26 pin (I,)
of ADC0809 This IC will convert the analog
voltage (AV) to digital voltage (DV). This DV
was sent to 7415244 for buffering). The output
DV of this buffer was indicated with 8 LEDs.
When adjusted the VR 10 kQ, the LEDs will
be bright and dark. If the voltage was low
(0 V), the LED will be bright. If the voltage is
high (5 V), the LED will be dark. The
amplification circuit was constructed for
amplifying the voltage from the thermoelectric
sample. This circuit was tested by applying
+9V  to  pin 7 and -9V to
pin 4 and the ground electrode was connected
to the ground of the circuit.  Then, it was
- tested for amplification with a signal generator.
The resistors of 160 kQ and 1 MQ were used
for determining the gain. The reason for

amplification is because of the low voltage
(mV) of the signal.

3) The method

%‘m thermoelectric
versus time displaying with ¢

puter

- furnace preparation

- set the thermoelectric material at
input of the Op amp

- connects Op amp with ADC 0809 and
7415244 _

- connects 74L.S244 with ET-PC 8255
Card )

- set ET-PC 8255 Card into slot of
computer

- open the computer to DOS

- goto C:\>cd TP and then Enter

- goto C:\TP>turbo and then Enter

- goto Turbo Pascal Program

- writes the program for thermoelectric
(V) versus time (t) with computer

- press Ctrl+F9 to run program

- press Ctri + Break to Exit program

- connect furnace electric line to
electric plug. The sample surface was heated, it
then generated the thermoelectric voltage.

- apply this voltage to input (pin 3) of
Op Amp 1 for amplification and to input of Op
Amp II for amplification again. The amplified
voitage was sent to I, (pin 26) of ADC 0809.
This voltage was called analog voltage (AV).
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- apply this AV to ADC 0809 (analog
to digital converter) for converse analog
voltage (AV) to digital voltage (DV). This
digital voltage is 8 bits data (Dy Dg Ds D4 Ds
D; D; Dg). This data was sent to 741.5244 as
a buffer. Eight LEDs were used for this data
indication and then sent toport Aof ET-PC
8255 card. This DV was sent to the RAM.
AV:=(5/255*DV was used for DV to AV
conversion.

- lineto (x, y) instruction was used for
showing the thermoelectric voltage versus time
(V vs. T) and delay instruction was used to
define the period of time.

- print the thermoelectric voltage (V)
versus time {t) graph with the computer with
the following step :

- goto C:\>cd dos

- goto C:\DOS>graphics.com

- goto C:\>cd TP and then Enter

- goto C\TP>turbo and then Enter

- goto Turbo Pascal Program

- RUN the program to display V vs T
graph

- press Shift + Print Screen to print the
V vs T graph

Program for thermoelectric voltage versus
time displaving with computer

Program Thermoelectric_Voltage_vs_Time_Graph;
uses crt, graph;
var grdrv, grmode, grerror  : integer;
ch : char;
DV : integer;
const PA = $0304;
Pcontrol = $0307;
procedure axis;
var p,q : integer;
tex : string;
begin
grdrv:=detect ; initgraph(grdrv,grmode,’c:Mp\bgi®);
setgraphmode(grmode);
line(50,50,50,305} ; line(50,305,600,305);
line(50,50,600,50) ; line(600,50,600,305);
settextstyle(defaultfont , horizdir,0);
for p := 50 to 600 do
begin
if pmod 32 =0 then

begin
line(p+18, 295, p+18, 305);
str(round(p/32-1),tex);
outtextxy(p+18, 320, tex);
end;
end;
settextstyle(defaultfont , horizdir,0);
for q:= 50 to 305 do

begin
if g mod 51 = 0 then
begin
line(45,q,55,q);str{( (305-qQ)mod5)+1, tex);
outtextxy(20,q,tex)
end;
end;
procedure plot ;
vari, j, X, y, DV ! integer;
AV : real;
begin

outtextxy(190,10, THERMOELECTRIC
VOLTAGE VS TRME GRAPH );
ouftextxy(190,18, JX
outtextxy(50,30, ‘Thermoelectric voltage (V)'};
outtextxy(540,340, Time (s)’);
outtextxy(48,303,"*};
begin
DV :=0;, AV:=0;
port[Pcontrol ]:==$90;
for j:=0 to 550 do
begin
DV:=port[PA];
AV:=(5/255y*DV;
x=j+50; y:=305-DV*5;
lineto(x,y);
delay(100)
end;
end;
readln;
closegraph;
end;
begin (main)
repeat
axis;
plot;
ch:=readkey;
until ord(ch) = 27,
end,
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Sample OP Amp 741 (1) Op Amp 741 (II) ADC 0809 7415244 ]

I | -

GND GND

iICc 555 [ET-PC8255 Card Computer
Figure 2 Block diagram of thermoelectric study with computer for the NiO+MnO, material.

Heating effect test of the ZnO+0.02Ti0; electric drop voltage was measured with
material multimeter (Fluke 45) and the sample

. . temperature with temperature apparatus (AVD
Firstly, the electric current (I) from the A

transformer was flowed through the sample, 1\11890C t) with the typ?[hK therm?cguplcl: ats 2

then this sample received the electric voltage emperature scnsc?r. ¢ sup lee clectric

(V) and sample temperature (T) was increased power (P) was calc_ulatcd from ihe equation,

as shown in Figure 3. The electric current was P=1v. T?e drcl%}tlotr;i of ple tempelratu;e

measured with a multimeter (Fluke 87), the versus supplied electric power was plotted.

Temperature sensor

—1
—

—O ifoe

Transformer Voltmeter Ammeter

Temperature indicator
Figure 3 Heating effect test for the ZnO+0.02TiO, material

Secondly, the computer interfacing
circuit was designed and constructed for a  Program for _computer displayin the
heating test as shown in Figure 4 and followed  temperature versus time
the steps : Program -

I) Computer interfacing for ceramic Heating_E}ement_Tcmpcrature_vs_"Time__Graph;
heating element temperature measurement was  uses crt, graph;

tested until useful. var grdrv, grmode, grerror  : integer;

2) Write the program for the computer ch : char;
displaying the temperature versus time graph DV : integer;
and then tested. const PA = $0304;

Pcontrol = $0307;
procedure axis;
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var p,q : integer;
tex : string;

begin
grdrvi=detect ;

initgraph({grdrv,zrmode,’c:\tp\bgi’);
setgraphmode(grmode);
line(50,50,50,305) ; line(50,305,600,305);
line(50,50,600,50) ; 1ine(600,50,600,305);
settextstyle(defaultfont , horizdir,0);
for p := 50 to 600 do

begin
if pmod 110 =0 then
begin
line(p+50, 295, p+50, 305),
str(round(p/110),tex);
outtextxy{(p+50, 320, tex);
end;
end;

settextstyle(defaultfont , honzdir,0);
for g:= 50 to 305 do
if g mod 51 = 0 then
begin
line(45,q,55,q) ; str(({(305-q) mod
5H1)*20, tex);
outtextxy(20,q,tex)
end;
end;
procedure plot ;
vari, j, X, y, DV : integer;
AV, VT, T :real
begin
outtextxy(235,10, TEMPERATURE VS
TIME OF HEATING ELEMENT GRAPH );
outtextxy(235,18, );
outtextxy(50,30, Temperature (°C));
outtextxy(540,340,Time (min));

outtextxy(48,303,”**);
begin
DV =0, AV:=0;

port [Pcontro! 1:=$90;
for ;=0 to 550 do
begin
DV:=port[PA];
AV:=(5/255)*DV;

VT.=AV,
T:=(VT-2.73)/(0.01),
x:=j+50 ; y:=305-round((255/100)*TY;
Iineto(x,v):
delay(600)
end,
end;
readin;
closegraph;
end,
begin (main)
repeat
axis,
plot;
ch:=readkey,
until ord(ch) = 27,
end.

3) The electric current was applied
from the transformer through the heating

element sample for electricity to heat
conversion.
4) The sample temperature was

measured with LM335 which was set on the
surface of the sample. LM335 is the
temperature sensor that is made from a
semiconductor.

5) The electric wvoltage from this
sensor was sent to pin 26 (1) of ADC0809 for
analog voltage (AV) to digital voltage (DV)
conversion. This 8 bits digital voltage which
is composed of D7, D6, D5, D4, D2, D1, DO
was sent to 74LS244 for buffering. This
voltage was sent to the ET-PC8255 Card and
through the port A of IC8255 and then to the
RAM. The DV was displayed on the screen.
The DV was convert to AV and displayed on
the screen.

6) The AV was convert to temperature
(M.

" 7) So, the computer can read the
heating element temperature with the LM335
temperature sensor.
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ET-PC8255 Card

Transformer Sample  LM335

ADC 0809

L]

7405244 Computer

Figure 4 Block diagram for computer displaying the heating effect in the ZnO+0.02TiO; material.

NTC effect test of the Fe:03+NbxOs material

Firstly, the resistance-temperature
characteristics were measured over the
temperature range 25°C to 200°C with the
same experimental setup as Figure 1, but the
direct voltage scale was changed to be the
resistance scale. The measure resistance (R)
versus temperature (T) was plotted. The
negative temperature of the resistance («) of
this material was calculated from this data.

Secondly, the computer interfacing
circuit for the temperature measurement and
control was designed and constructed as shown
in Figure 5. The experimental steps were:

1} The sample was tested for
temperature sensor function with this circuit.
The electric voltage was applied to the circuit
for testing. If the circuit can be operated, the
LED can be bright or dark by as adjusting the
VR10kQ.

2) Write the OUTPUT Program with
Turbo Pascal for sending the electric voltage
out of port B. If the circuitoperated completely,
the LED can be bright and dark for 5 V and 0
V, alternately. The electrical voltage was
moved from the computer with Port[PB]:=0 or
Port{PB]:=255.

3) Write INPUT program with Turbo
Pascal for computer reading the electric
voltage from the interfacing circuit and then
sent to port A.  When the electric voltage
droped from VR10 kQ was adjusted and
applied to pin 26 (I,) of ADCO0809 for analog
voltage (AV) to digital voltage (DV)

conversion. The IC555 circuit will generate
square shaped electric voltage and send to pin
10 of ADC0809 for operating. The 8 bit
digital voltage (D7, D6, D5, D4, D2, D1, DQ)
was sent through 741.8S244 for buffering. The 8
LED will indicate the DV at an output of
74L.8244. The DV as sent through port A of
1C8255 of the ET-PC8255 Card and the sent to
RAM. The DV was sent to the computer with
DV:=Port[PA]. The DV, AV and T were
displayed on the screen with writeln{* *).

4) The computer was tested for
reading temperature with the prepared sampie
as temperature sensor. The 5 V d.c. electric
voltage was applied to the prepared sample in a
series with a 100 k resistor Q. The voltage drop
on the resistor was sent to pin 26 (I,) of
ADCO0809 for AV to DV conversion and sent
through 7418244 and ET-PC8255 Card into
the RAM. The DV was displayed on the
screen. The DV was conversed to AV with
AV:=(5/255)*DV. The AV was displayed on
the screen. The sample temperature was
increased with the electric furnace. The true
temperature (Ttrue) was read from the
commercial temperature apparatus (Union 305)
with type K thermocouple for the sensor and
the electric voltage drop on the resistor (AV)
was read on the computer screenfor calibration
from 24°C to 100°C. The Ttrue versus AV
was plotted and displayed on this graph and
showed the equation, Ttrue = f(AV) with
EXCEL. The relation of Ttrue versus AV was
written into the control and measure program.
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5) Then, this program was RUN and
read the true temperature (Ttrue) and
measured the temperature from the computer
with the prepared sample as a sensor
(Tmeasure). Both temperature were plotted for
calibration. This finishes the calibration.

6) We obtain temperature apparatus
that are displayed with a computer and the
prepared sample as a sensor.

7) The prepared sample was tested for
a temperature control device (Figure.3). The
test program was written for controlling the
relay drive circuit for supplying the electric
voltage 5 V and 0 V for a relay switch opened
and closed, alternately. The switch was opened
and closed and will control solid-state relay
operation for ON and OFF, alternately for
heating the furnace at a given rate, The open
and close of the relay switch will control the
operation of the solid state relay for ON and
QFF at a given rate. The computer will read
temperature. When the temperature was
increased to a set point, the electricity was not
supplied to the electric furnace. The prepared
sample can be used as a temperature
measurement and control scnsor with the
computer as a control and display device.

Program  for  computer  temperature
measurement and control with the prepare
sample as a temperature sensor

Program OVEN_Temperature Controller;

uses crt;
var
ch : char;

i, 1, DV : integer;
AV, VT, T, Ts: real;
const PA = $0304;

PB = $0305;
Pcontrel = $0307,;
begin
port[Pcontrol] := $90;
Ts:=0;
port{PB]:=255;
delay(100);
port[PB}:=0
delay{100:

clrscr;
gotoxy(14,1); writeIn(‘OVEN
TEMPERATURE
CONTROLLER (0-300 C) FOR
MATERIALS?)
gotoxy(14,2);wnteln(‘ -----«--mmmeemmemmm e 9
gotoxy(25,4); writeln(‘Setting Temperature
=*Ts:3:0);
gotoxy(50,4); wnteln(* C ),
gotoxy(47,4), readIn(Ts),
repeat
gotoxy(33,12); writeln{ OVEN START");
port{PB]:=255;
delay(2000);
sound(900); delay(10); nosound;
gotoxy(29,15); writeln(‘Reading
Temperature’);
DV :=port[PA];
gotoxy(35,17); writeln(‘DV = *,DV:3);
AV = (5/255*DV; '
VT:=AV;\
gotoxy(34,18); writeIn(‘VT = .
SVT:1:2,°V?);
T:=-4.6799*VT+75.099*VT;
gotoxy(34,22); writeln(‘T = *,T:3:2);
gotoxy(43,22), writeln(* C °);
port[PB]:=0;
delay(500);
sound(9000); delay(10); nosound;
umtit T> Ts;
fori:=1to 1500 do
begin
repeat .
gotoxy(33,12); writein(‘OVEN START’);
port[PB]:=0;
sound(900); delay(10); nosound;
gotoxy(29,15); writeln(*Reading
Temperature’);
DV = port[PA];
gotoxy(35,17); writeln(‘DV = * DV:3);
AV = (5/255)*DV;
VT:=AV;
gotoxy(34,18); writeln(*VT =
SVT:1:2,°V?),
T:=-4.6799*VT+75.099*VT;
gotoxy(34,22); writein(*T = *,T:3:2);
gotoxy(43,22); writeln(* C *);
delay(200); :
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until T < Ts;
repeat
sound(5000); delay(90); nosound;

end;
gotoxy(37,23); writeln(*Relay OFF’);
gotoxy(39,24); writeln('END?);

port[PB]:=255; delay(5000),
delay(1700); end.
until T > Ts-1;
Furnace Sample ADC 0809 7415244  Pont A
[ —— P P
I —
[ —
N
220V  Solid state relay  Relay drive circuit ET-PC8255 Card  Computer

Figure 5 Block diagram for computer temperature measurement and control
with the Fe;O3+Nb,Os sample as a temperature sensor.

RESULTS AND DISCUSSION

Samples and XRD patterns

The preparation of the samples was
carried out using the standard ceramic
technique. The composition of the samples
before firing were NiO+MnQ,, Zn0O+0.02Ti0;
and Fe;O3+tNb;Os.  Characterization was
carried out using the XRD technique. After
firing, the first sample was a single phase
material (NiMn,0,), the second sample was
the mixed phase material (ZnO, ZnTiOy) and
the third sample was a single phase material
(FeNbOs). The as-fired NiMnyO4, ZnOH.02TiO,
and FeNbO4 was black, white and black color,
respectively. The samples were identified as
shown in Table 1.

The prepared NiO+MnO, sample was a
black color, and it had a smooth surface. The
sample thickness and diameter was 4.53 mm

and 12.16 mm, respectively.
resistance was 18.65 kQ.

The prepared ZnO+0.02TiO; sample
was white color and the surface was smooth.
The sample thickness and diameter was 2.47
mm and 12.06 mm, respectively.

The sample

Table 1 The composition formular and the
formular from the XRD patterns
of the prepared materials.

Composition XRD patterns

NiO+MnO, NiMn,04
ZnO+0.02Ti(, 2n0 and ZnTiO,
Fes 0y +Nb, 0 FeNbO,
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The prepared FeNbO4 sample was a
gray-black and a smooth surface. The sample
thickness and diametcr was 4.88 mm and 11.73
mm, respectively. The sample resistance was
5.9kQ.

Thermoelectric voltage versus temperature
and thermoelectric voltage versus time of
NiO+MnO: material

The thermoelectric voltage versus
temperature of the sample was shown in Figure
6. The sample shows the thermoelectric effect.
The thermoelectric voltage versus temperature
relation  corresponds to the equation,
V = 0.0028T2-0.4342T+14.304 with R= 0.9953.
The thermoelectric voltage was a negative
value. So, the sample was n-type material. It
can be suggested that the thermoelectric
voltage generation is due to the motion of the
electrical carriers from the hot to cold surface
of the material. This thermoelectric effect was
a direct conversion from thermal energy to
electrical energy. This is a good material for
electric generation without environmental
potlution.

The computer interfacing circuit which
has been made can exhibit the picture of the
thermoelectric versus time relation as shown in
Figure 7. This sample was investigated for
obtaining the type of the electrical carriers in
ceramics.
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Figure 6 The thermoelectric versus
temperature for the
NiO+MnO,.
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Figure 7 Picture on the computer screen about
sample the thermoelectric voltage versus
time for the NiO+MnO; sample.

Temperature versus supplied electric power
and temperature versus time of the
Zn0+0.02TiO; material

Temper&hre versus supplied electric
power of the material was measured as shown
in Figure 8. The supplied electric power was
increased, and the sample temperature was
increased. The sample shows heating effect as
the increasing of supplied electric power. The
temperature versus supplied electric power
relation corresponds to the equation, T =-1x10
°P2+0.0335P-10.531, with R?= 0.9892. This
sample can show the electricity to heat conversion

/ y=-1608¢ + T8 - 163

/ Aecwm

Tamperature ('C)

Figure 8 Temperature versus supplied electric
power for the Zn0+0.02TiO; material,
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the materiali from the computer screen was
shown in Figure 9. The plot of temperature
versus time can be shown with computer
interfacing circuit system. This material was
studied for the purpose of a heating element for
the electric furnace.

100

[=-]
Q

a

Temperature { )

£ [=2]
< o

a0
[=]

[=]

0 0.5 1 15

Time {Min}

Figure 9 Temperaturc versus time for the
ZnG+0.02TiO; material

from the computer screen.

The resistance versus temperature,
Temperature measurement and control of the
Fe,0:+Nb;Os material,

Registance versus temperature.

The measured resistance versus
temperature of the sample was shown in Figure
10. The temperature was increased, the
resistance was decreased. The sample was
observed to be sensitive to the heat. So, the
sample shows the NTC effect. The sample
resistance versus the temperature relation
corres];))onds to the equation, R = 5.496le
QO with R?>= 0.9945. The negative
temperature of coefficient of the resistance (o)
was —1.03 %/°C from 25 to 100°C and -0.84
%/°C from 100 to 200°C. But from the text, a
= - 1.0 to — 6.0 %/°C (Buchanan, 1991). This
NTC effect is believed to be associated with
the energy band structure (Soliman, 1993).
When the sample temperature is increased, the
clectrons are moved from valence band to
conduction band and a hole is created in the
valence band. The electron-hole pairs become

the moving electric current. The sample
resistance will decreased. The sample was an
n-type semiconducting ceramics. The sample
can be used as a temperature measurement and
control sensor because of the thermal response
properties.

Reulstance {kohm)

Figure 10 The measured resistance versus
temperature for the Fe;03+Nb0s
sample.

Temperature measurement and control

The temperature (T) versus voltage
drop (V, AV) from the calibration was shown
in Figure 11. After the calibration by the
measurement of the T=f(AV), then this
equation was put in the program and RUN the
program was RUN. ‘

20
y= 13508 - 21970 + 4866
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g - T
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Figure 11 The temperature versus drop voltage
for the Fe;O4+Nb,Os material.
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The comparison between the true
temperature  (Ttrue) from  commercial
apparatus and the measured temperature
(Tmeasure) from the computer with the
prepared sample for determining the accuracy)
from 24 to 200°C is shown in Figure 12. So,
the prepared sample can be used as a
temperature sensor with a computer display.
Finally, the sample can be used as a
temperature sensor. A testing system for a
temperature control measurement and control
is composed of a prepared sample as a
temperature sensor and the computer as a

reading device. After the program was run, the
computer will control the electrical power
supplying to the electric furnace with a 6 V
relay and a solid-state relay for supplying and
stop supplying the electric furnace, alternately.
The fumace was heated. When the furnace
temperature was increased to a setting
temperature, the computer will control the
temperature at a constant value at a given
interval. The example of temperature control
operation was done by setting the temperature
to 180°C, reading controlling temperature with
the computer was no exceeded.
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Figure 12 The comparison between Ttrue and Tmeasure for the Fe,Os+Nb,Os material.

CONCLUSIONS

The thermoelectric effect, heating effect
and NTC effect which are the electrical
behavior of the ceramics, were investigated. It
was demonstrated that the three effects can be
used as carrier type inspection, heating element
and NTC device, respectively. For the
improvement of the instrumentation, the
computer interfacing techniques were designed
and constructed in this research laboratory
room. It should be noted that the computer
interfacing system and program could be used
to design some experiments in the future. In
addition, the studying of the physical

properties of the ceramiés, such as the
thermoelectric, heating and NTC effect has
been developed and used for further research.
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ABSTRACT

Received : 24 May 2004
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The Bi,O,+Fe O, (sample 1) and ZrO +MnO, (sample 2) materials were prepared by

standard ceramic techniques and identified the phase by XRD techniques. The PTC effect was
tested. The both samples were applied to be temperature sensor. The sample 1 exhibits PTC
effect from 25 to 110 °C that the positive temperature coefficient of the resistance (0t) was
+183.24 %/°C. The maximum reststance was 22.24 MQ at 110 °C. The sample 2 exhibits
PTC effect from 25 to 130 °C that the positive temperature coefficient of the resistance (o)
was +7.08 %/°C. The maximum resistance was 9.08 M at 130 °C. The PTC effect was
similar to banium titanate. The PTC effect in the B1,0,+Fe O, and ZtO,+MnO, samples were
discovered in the first time. The prepare samples and the temperature monitoring with computer
system can measure the temperature in the range 25 °C to 65 °C (sample 1) and 25 °C to 85
°C (sample 2). The working temperature of these sensors are in the PTC region which are

very sensitive to heat.

Keyword : PTC thermistor, temperature sensor.

1. INTRODUCTION

The positive temperature coefficient
(PTC) thermistor is the material which can
transform temperature change into resistance
change [1]. This thermistor shows the
semiconducting property. This ceramics is
important for industrial work. The well-known
PTC thermistors are BaTiO —based materials
which show PTC effect. T_of BaTiQ, is about
120-130 °C and is changed with dopant
content. Dopant is added to BaTiQ, for the
changing of potential barrier at grain
boundaries. Then the PTC behaviour is
changed. This thermistor can be used as
temperatute sensor, constant temperature
heater (PTC heater), honeycomb air heater

(hair dryer), auto fuel evaporator, current
limiter, circuit imer, sensor for motor protec-
tion, motor start assist and high temperature
material [2].

PTC thermistor can be operated as ther-
mostat for heat flowing [3]. The BaTiO,+0.4
mol”/sHo,0, was prepared and the resistivity,
diclectric constant, dissipation factor versus
frequency and Curie temperature were
measured for PTCR effect studying [4]. The
(Ba, St)(Nb, o, Ti )0, + 1 mol% TiO,+
0.07 mol% MnO (x=0, 0.2) were prepared in
Japan. The electrode was fabricated from
silver paste. The resistance versus temperature
was measured and applied to be infrared
detector [5].
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BaTiO, + 0.3 at% Nb,O, ;BaT:0, + 0.3 at%
Nb.O, '+ 0.2 at% Bi O were prepared in
India. The resistivity versus dopant content,
the resistivity versus temperature and the
dielectric constant versus temperature were
measured [6]. (Sr, Ba JTiO, was prepared
and tested for PTC effect and Curie
temperature (T ) was measured in Taiwan [7].
(St,Pb)TiO, was prepared in China. The
resistuvity at different temperature and Curie
temperature were measured. The PTCR value
was calculated [8]. Ca-doped SrT10, capacitor
was prepared and a2 was measured in Japan
[9]. MnO-doped BaTiO, was prepared with
ALO,SiO, as the sintering-aid material and
the PTC efficiency was studied in China [10].
The PTCR effect was found in TiO,-doped
BaNb,O, in the range 70 to 300 °C in Slowenia
[{11}. Ho-doped BaTiO, ceramics was
prepared and Curie temperature is at 110 °C
in Saudiarabia [12]. PTC effect in the Cr/
(Ba,Pb)Ti0, matenal for overcurrent protec-
tion application was reported in Singapore.
The structural model was used to explain the
PTC effect [13]. The PTC thermistor was
found in England and it can be used as
overtemperature protectors [14]. The (Y, Mn)
co-doped Sr, ,Pb [ TiO, thermistors was
prepared in China and studied the PTCR effect
[15}.

BiFeO, is reported to have both ferro-
electric and ferromagnetic natures [16]. BiFeO,
is a perovskite-like compound with magnetic
and electrical long-range order with antiferro-
magnetic transition temperature T, =670 K
[17]. Bi Fe,O, behaves the magnetic properties
in Fe,0,-Bi,0, system [18].

Bi,Fe,0, is reported as ferrite material
[19]. The gas-sensing characteristics of
bismuth ferrites with the compositions
BiFeO,, Bi,Fe,0,and BiFe O, as new
materials for semiconductor gas sensors are
presented [20]. Pure BiFe O, are reported
. above and below its magnetic ordering
temperature [21].

ZrQ, is a technologically important
material due to its thermal and chemical
stability, and excellent mechanical properties,
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such as high strength and fracture toughness,
high melting point, low thermal conductivity,
and high corrosion resistance. These unique
mechanical and electrical properties of ZrO,
ceramics have led to their widespread
applications in the fields of structural matenials,
solid-state electrolytes, thermal barriers
coatings, electro-optical materials, gas-sensing,
corrosion-resistant [22].

Manganese oxides are important
materials due to their wide range applications,
such as high-density magnetic storage media,
catalysts, ion exchange, molecular adsorpton,
electrochemical materials, varistors and solar
energy transformation. One of the manganese
oxides, Mn,O, has been widely used as the
matn source of ferrite materials, which have
extensive applications in electronic and
imformation technologies. The SQUID results
show that Mn,O, nanoparticlgs exhibit
ferromagnetic behaviour, and the
magnetization reduces with the decrease of
size of the nanoparticles [23].

The PTC effect in Bi,O,+Fe,0, and
Zr0,+MnQO, samples were not reported by
anyone. So, the PTC results were not studied.
In this study, the Bi,O,+Fe,O, and
ZrO,+MnO, samples were prepared by the
standard ceramic techniques and the sample
phases were identified with XRD apparatus.
The resistance versus temperature relation of
the PTC effect was measured. The PTCR
value was calculated. The sample was tested
for the temperature sensor.

2. MATERIALS AND METHODS

2.1 Preparation, Phase Identification and
Electroding of the Samples

Samples were measured with standard

ceramic techniques as shown in Figure 1 {2].
Sample formulas wete selected. Sample 1 and
sample 2 were named Bi,O,+Fe,O, and
ZrQ,+MnO,, respectively. Sample powders
of Bi,O,, Fe,0,,7Z1O, and MnO, with 99.5%
putity were ptcpared. Sample powdcts were
calculated and weighed. Powders were mixed
with mortar and then mixed again by contain
the powders in plastic can) and rotate with -
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> —-»> > -+ 3| » >
I
Weight Sample Miang Mixing Press Hydraulic Furnace and
calculation  weighing mortar apparatus mould press temperature
controller

Figure 1. The sample preparaton [2].

mixer. P\ (polyvinyl alcohol) and distilled
water were added to the powders as a binder
for formung granulation. This powders were
taken in press mold and were pressed with
hydraulic pressor (Rllk 25 tons) into small discs.
The one formular is composed of three 3
pellets. The pressed samples were dried for
decrcasing the sample humidity. The samples
were fired with furnace that used temperature
controller (FCR-13A-R/M) and type R
therinocouple as a temperature sensor. The
sample 1 was fired 2 times, the first firing was
at 800 °C. The sample 2 was fired 2 times,
the first finng was at 550 °C. The second fiting
of both samples were at 1200 °C. The reason
for double firing because the meling point
of Bi,O, and MnO, are 822 °C and 535 °C,
respectively. The second firing was done for
atomic movement to form crystal structure.
After the first firing, the sample was ground

Sample

N ——

Temperature
Sensor

Furmnace

and pressed into the pellets before the second
firing. The both samples used a heating rate
of 5 °C/min and a soaking time of 1 h.
Finally, we obtained the as-fired samples. The
prepared samples were identified with XRD
apparatus (X-ray diffractomerer, Philip
PW1730). The sample thickness and diameter
with micrometer. The samples
were electroded with silver paste by smearing
on to the surface, together the pin placing and
fired at 120 °C for 20 min.

WEIE IMEasur

2.2 PTC Property Measurement

The sample was hold with the stand
above the furnace about 0.5 cm for obtaining
the proper temperature increasing rate as
shown in Figure 2. The resistance (R ) was
measured with multimeter (Fluke 45) and
temperature (T) with temperature apparatus
(AVD MB890C~). After that the sample

[

Multimeter

L]
37

Temperature indicator

Figure 2. The experimental set up for the resistance versus temperature measurement,
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temperature was increased slowly from 25 to
200 oC. The resistance and temperature were
recorded and drawn the R vs T graph. The
positive temperature coefficient of the
resistance was calculated from the formula,

a=(1/R)(dR/dT).

2.3 Temperature Sensor Testing

After the sample was measured for the
temperature versus temperature relation, the
samples were tested as the temperature sensor
with the following steps :

Chiang Mai J. Sci. 2005; 32(2)

1) Computer interfacing system for
temperature measurement with the prepared
sample 25 a temperature sensor was dcsign'ed
and constructed as shown in Figure 3. This
system is composed of ADC0809, 74L.5244,
ET-PT8255 Card and computer. After that
this circuit was tested for correct operation.

2) Measurement and control program
was written and was calibrated for computer
reading the temperature with the prepared
sample using as a temperature sensor.

+5V [ ]
- / —"\
p ADCO0809 7415244
Resistor 1
| | | :
ET-PC8255 Card Computer
— IC555
a. The sample 1 (B1,0,+Fe,0)
+5V ]
Resistor 2 \
] —
r ADCO0809 7415244
Sample 2
L L
ET-PC8255 Card Computer
_ IC555
b. The sample 2 (ZrO,+MnO,)

Figure 3. Block diagram for temperature measurenent system with computer with the prepared

sample as a temperzture Sensor.



Chiang Mai J. Sci. 2005; 32(2)

113

Program Temperature_Sensor_Testing;

uses crt;
var 1,,}, X, y, DV : integer;
AV, Ttrue : real,
const PA = $0304;
Pcontrol = $0307;
begin
clescer;

port[Pcontrol}:=$90;

gotoxy(25,2); writeln( TEMPERATURE MEASUREMENT?);

gotoxy(25,3); wrteln(*...........
DV:=0;AV:=0;Ttrue:=0;

fori:=11to 255 do
begin
DV := port[PA];

gotoxy(27,15); writeln(‘Digital Voltage

AV := (5/225)*DV;

..... o

=, DV =3}

gotoxy(27,20); writeln(‘Analog Voitage =’, AV:3:2"V™);

delay(100);
Ttrue := (39.919*AV+5.5948); AN
gotoxy(27,22); writeln("Measure Temperature =, Ttrue:3,'deg C);
delay(200);
end;

end.

3) To do the instrument calibration, the
clectric current was supplied fromad.c. 5V
power supply through sample 1 and resistorl
(or resistor2 and sample 2). Then the sample
was voltage dropped. This voltage (V) was
supplied to ADC 0809 for conversion from
analog voltage (AV) to digital voltage (DV).
7415244 was used as a buffer. The voltage
from this buffer was sent through port A of
ET-PC8255 Catd, slot and then to RAM. The
voltage (DV) was read and displayed on the
screen. The DV was conversed to AV. The
sample temperature was increased with the
electric furnace. To do the calibration, the true
temperature (Ttruc) was read with commercial
temperature apparatus (Union 305) with type
K thermocouple as a temperature sensor and
the dropped voltage on the resistor (AV)
which relate to the sample was read from the
valul on the screen from 25 to 65 °C for the

sample 1 and 25 to 85 °C for the sample 2..
This data {Ttrue, AV) were recorded into the
table and plotted with EXCEL. The Ttrue
versus AV was obtained and then was written
into this program. After RUN, computer will
read the temperature (Tmeasure). Final
calibration step, the Ttrue and Tmeasure were
read, recorded and plotted to be bar graph
for comparison. Finally, we obtained the
temperature apparatus with computer
displaying and the prepared sample 25 2
temperature sensor.

3. RESULTS
3.1 Sample Phase

X-ray diffraction paiterns were shown
in Figure 4.

Composition formula and sample phase
from XRD patterns were shown in Table 1.
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Table 1. Sample phase for the B1,0O, +Fe,O, and ZrO, +MrO, samples.

Sample No. | Composition formula Sample phase from XRD
1 B120Os +Fe:Os BiFeOs , BizFe.Os
2 ZrO+MnO; Z10, My O,

2. The Resistance Versus Temperature
Characteristics of the Samples

The resistance versus temperature relation
of the samples from 25 to 200 °C were

2510 110°C and the resistance was decreased
as the temperature increasing or showed NTC
effect from110to 200 °C. But, the sample 2
showed PTC effect from 25 to 130 °C and

shown 1n Figure 5. The resistance of the NTC effect from 133 to
sample 1 was increased as the temperature 200 °C.
increasing or showed the PTC effect from
— 30
£
..g, 20 .0’."’. N
.
§ N ®
2 10 . [N
@ R .
fod 0 L—seses ..0 M
0 50 100 150 200 250
Temperature (° C)
a.sample 1
- 10
E »
F = ) * @
2 o* o
L J
£° o "
g .Q". ’...
o 9060049 bt
0 50 100 150 200 250
Temperature (° <)
b. sample 2

Figure 5. The resistance versus temperature of the sample 1: Bi, O, +F¢,0, and sample 2:

Z1O, + MO,
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3. The Constructed Temperature Sample 1 : Tirue = 77.723¢%2%4Y)
Apparatus with Computer Displaying Sample2: Trrue = 2.5837(AV)? +
and the Prepared Sample as a 9.9138(AV) + 2.5096
Temperature Sensor The graphs a. and b. have different slope

The true temperature (Ttrue) and the  because of the different connection of load
voltage (AV) was shown in Figure 6 and  resistor and sample in a series form as setting

correspond to the equation : for tnput sensor in this system.
80 -0.2255
. X
&) y=77.723e
A B0
Lod 2
5 R =0.9954
@ 40
b3
Q
E 20
-
0
N
0 1 2 3 4 5 6
Analog Voltage (V)
a. sample 1 (25-65 °Q)
100
. y=2.5837x +9.9138x +2.5096
Gao )
5 60 R =0.9968
o
240
5
2 20
0
0 1 2 3 4 5

Anaiog Voltage (V)

b. sample 2 (25-85°CQ)

Figure 6. Temperature vs analog voltage of the Bi,0,+F,0, and Zz-(),-n—h&().2 samples.
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This equation was used for calibration to use
the prepared sample as a temperature sensor.
Figure 7 showed the comparison between
True temperature (Ttrue) and measure
temperature (Tmeasure). From the picture, the

il
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sample 1 and 2 showed the physical properties
of PTC thermistor and can be used as
temperature from 23 to 65 °C and 253 10 85
°C

5 6 7 8 9 10

True value and Measure value

2. sample 1 {25-65°C)

80
C\L_J, W7o o
1]
560 [J7 imez:.-eiod)
@
fu)
£
E 40
=)
]
220
B
s
0
1 2 3 4
90
80 W (el
n [J7{measure;
B0 |

Tirue and Tmeasura i“C)

alll

7 8 9 10 o 12 13

True value and Measure value

b. sample 2 (25-85 °C)

Figure 7. Comparison between true temperature (I'true) and measured temperature (Tmeasure)
of the Bi,0, +Fe, O, and ZrO, +MrO, samples.

4. DisCusSiON AND CONCLUSION

The both samples were disc-shaped. The
composition of the prepared sample were
Bi,0, +Fe,O, and ZrO, +MnO,. The sample
1 was the two phase materials which
composed of BiFeO, and Bi,Fe,O,. The
sample 2 was the two phase materials which
composed of ZrO, and Mn,O,. The MnO,

was altered to be Mn,O, due to the effect of
firing.

The resistance of the sample 1 wasto
increase with increasing temperature. The
sample exhibited PTC effect from 25t0 110
°C. The positive temperature coefficient of
the resistance (0} was +183.24 %/°C in the
2510 110°C range. The relation between the
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resistance (R) and the temperature (I) corres-
ponds to the equation : R = 0.0031T%-0.1007T
- 0.4206. But, the resistance of the sample was
to decrease with increasing temperature trom
11t to 200 °C. The sample exhibited NTC
etfect. The negative temperature coefticient
of the resistance (a) was —1.16 %/°C in the
110 to 200 °C range. The relation between
the resistance (R) and the temperature (1)
corresponds to the equation : R = 0.002977 -
1.1696T + 117.67. The maximum resistance
was 22.24 M€ at 110 °C.

The resistance of the sample 2 was to
increase with increasing temperature. The
sample exhibited PTC effect from 25 to 130
°C. The positive temperature coefficient of
the resistance (a) was +7.08 %/°C in the 25
to 130 °C range. The relation between the
resistance (R) and the temperature (T) corres-
ponds to the equation : R = 0.00121°-0.1118T
+ 3.4894. But, the resistance of the sample
was to decrease with increasing temperature
from 130 to 200 °C. The sample exhibits
NTC effect. The negative temperature
coefficient of the resistance (0t} was —1.36 %/
°C in the 130 to 200 °C range. The relation
between the resistance (R) and the temperature
(1) corresponds to the equation : R = 0.0007T?
- 0.3647T + 44.385. The maximum resistance
was 9.08 M at 130 °C.

The positive temperatute coefficient of
the resistance of the PT'C material which made
from BaTiO, was the value range from +10
o +100 %/°C [1-2]. When compared the
PTC case, the a value of the sample 1 was
higher than the BaTiO, and the sample 2 was
lower than the BaTiO,. The sample 1 was
thermal- sensitive than the sample 2.

The both prepared samples showed PTC
effect. This PTC effect was similar to that
occurred in PTC effect in BaT10, [1-2]. The
ferroelectric effect had not been studied. The
PTC effect in the Bi,0,+Fe,O, and
ZrO,+MnO, samples were discovered in the
first time at material physics laboratory,
Department of Physics, Faculty of Science,
Prince of Songkla University, Thailand. The
samples was a very sensitive to the temperature
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in the PTC region. So, the samples can be used
as temperature sensor which are suitable to
do the learning and teaching work. The
prepare samples and the temperature moni-
toring with computer system can measure the
temperature in the range 25 °C to 65 °C
(sample 1) and 25 °C to 85 °C (sample 2).
'The working temperature of this sensors are
in the PTC region which are very sensitive to
heat.

The characteristics of the thermistors
which made from this two materials were :

1) The firing temperature i1s not high
which use only the low temperature furnace.

2) The samples have a good electrical
stability (AR /At).

3) The samples were not responsive to
the light.

4) The samples were very sensitive to
heat. ~

5) The shape of the resistance versus
temperature curves were smooth.

6) The samples can be used as a tempera-
ture sensor that display with the computer.

7) The samples are semiconducting
cetamics because they exhibit thermal sensing
property.

So, this PT'C materials are important for
electronic industrial application and further
research.
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10. The new positive temperature coefficient effect based on

SnCo,0,and Cr,0, material and used as temperature sensor (2548)
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Abstract
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and SnO +Cr O, ceramics used as temperature sensor
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The Sn0,+2Co0 and SnO,+Cr,0, materials were prepared by standard ceramic techniques and the
phase identified by XRD techmques The PTC effect was tested. Both samples were applied as temperature
sensors. Sample 1 exhibited PTC effect from 25 to 110°C and the positive temperature coefficient of the
resistance (o) was +18.2 %/°C. The maximum resistance was 28.5 MQ at 110°C. Sample 2 exhibited PTC
effect from 35 to 85°C and the positive temperature coefficient of the resistance (&) was +28.6 %/°C. The
maximum resistance was 91.8 M at 85°C. The PTC effect was seen to have its origins in the resistance of
the grain boundary region. The PTC effect in both samples was discovered for the first time. The prepared
samples and temperature monitoring with a computer system can measure the temperature in the range
22°C to 70°C (sample 1) and 40°C to 120°C (sample 2). The working temperature of these sensors are near the
PTC region and they are very sensitive to heat.
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Thermistor is the temperature dependent
resistor (Moulson, 1990). PTC thermistor is the
device whose resistance increases as the temper-
ature decreases. This thermistor had high value of
o (positive temperature coefficient of resistance,
PTCR) (Buchanan, 1991). PTCR value is involves
the ferroelectric Curie point or Curie temperature
(T) or ferroelectric-paraclectric transition temper-
ature. The Curie temperature is involved with
microstructure. The resistance of a PTC thermistor
will increase rapidly as temperature increases due
to the transformation of lattice from tetragonal to
cubic and the changing of the elecironic properties
at the grain boundaries. BaTiO, is the ferroelectric
semiconductor which shows PTC effect. T of
BaTi0, is about 120-130°C and is changed with
dopant content. Dopant is added to BaTiO, for
changing of the potential barrier at grain bound-
aries. Then the PTC behaviour is changed. PTC
thermistors are BaTiO +0.01 La O, (BLT), BaTiO,
+0.01 Y.O,, BaTiO,+0.01Nb,O,, BaTiO,+0.01
Ta,0, and BaT'O ,+H0. OleZOJ, etc Thls therrmstor
can be used as a temperature sensor, constant
temperature heater (PTC heater), honeycomb air
heater (hair dryer), auto fuel evaporator, current
limiter, circuit timer, sensor for motor protection,

motor start assist and high temperature material.
Research groups that have studied the PTC
thermistors are as follows. Klaus Dostert reported
that PTC thermistor can be operated as a thermo-
stat for heat flowing (Klaus Dostert, 1983). Issa -
prepared BaTiO,+0.4 mol% Ho,O, and the resis-
tivity, dielectric constant, dissipation factor versus
frequency and Curie temperature were measured
for PTCR effect study (Issa, 1992). Masalu
Miyayama in Japan, prepared (Ba Sr) (Nb_
Ti,,,)O, + 1 mol% TiO, + 0.07 mol% MnO (x=0,
0.2). The electrode was fabricated from silver paste.
The resistance versus temperature was measured
and applied to an infrared detector (Masalu
Miyayama, 1992). Padmini in India prepared
BaTiO, + 0.3 at% Nb O, ; BaTiO, + 0.3 at% Nb,O,
+02 at% Bi,O,. The rcs:suwty versus dopant
content, the resistivity versus temperature and the
dielectric constant versus temperature were
measured (Padmini, 1994). Horng-Yi Chang in:
Taiwan, prepared (Sr,,Ba )TiO, and the material
was tested for PTC effect and the Curie temper-
ature (T) was measured (Horng-Yi Chang, 1997).
Wang in China, prepared (Sr,Pb)TiO,. The resis-
tivity at different temperature and Curie temper-
ature were measured and the PTCR value was
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calculated (Wang, 1997). Shibagaki in Japan,
prepared Ca-doped SrTiO, capacitor and o. was
measured (Shibagaki, 1997) Xue in China,
prepared MnQO-doped BaTiO, with Al O_Si0, as
the sintering-aid material and the PTC efﬁc1ency
was studied (Xue, 1997). Igor in Slowenia
had found that the PTCR effect in TiO,-doped
BaNb,QO, was in the range 70 to 300"C (lgor, 1999).
Al-Shahran in Saudi Arabia prepared Ho-doped
" BaTiO, ceramics and the Curie temperature was
110°C (Al-Shahran, 2000). He in Singapore
reported about PTC effect in the Cr/(Ba,Pb)TiO,
material for overcurrent protection appllcanon
The structural model was used to explain the PTC
effect {He, 2000). Meier in England, found that the
PTC thermistor could be used as overtemperature
protectors (Meter, 2001). Jingchang in China,
prepared the (Y, Mn) co-doped Sr, Pb 5ThO, ther-
misters and studied the PTCR effect (Jingchang,
2002).

Tin oxide (SnQ,) has found applications in
high-temperature conductors, ohmic resistors,
. transparent thin-film electrodes and gas sensors.
It crystallizes in the tetragonal rutile structure with
- cell dimensions a=474 pm and ¢=319 pm. It is 2
wide band gap semiconductor, with the full valence
band derived from the O 2p level and the empty
conduction band from the Sn 5s level. The band
gap at O X is approximately 3.7 eV. Doping the
crystal with group V elements also induces n-type
semiconductivity (Moulson, 1990).

Chromium oxide (Cr203) is used in record-
ing tapes (Moulson, 1990). Bulk chromium oxide
Cr,0, is an antiferromagnetic material (Salah,
2004). Chromium oxide has been reported to have
good response as an electrode in a potentiometric
NO sensor. Cr,0, is a p-type semiconducting metal
oxide which has been proposed as a potentially
attractive electrode material for resistive sensors
: due to high melting point, excellent corrosion
resistance, and good high temperature electrical
© conductivity (Peter Martin, 2003).

Cobalt oxide {CoQ) like other transition
metal oxide, is electrically insulating, antiferro-
magnetic and has the rocksalt structure. There are
several interesting works on CoQ previously such

as X-ray and ultraviolet photoemission and electron
energy loss studies of its electronic structure
(Sindhu. 2004),

SnCo,0, has spinel structure (Depero, 1995).
The behaviour of precipitated SnCo O, phase in 2
mol% CoO-doped SnO, ceramics was investigated
for changes of sintering and heat treatment
atmospheres (Bong-Chull kim, 2001).

Nobody has studied the PTC effect in SnO,
+2Co0 and SnO.+Cr,0, samples. So. in this study,
the SnO +2Co0 and SnO A+Cr,0, samples were
prcpared from powder stamng ‘materials and the
sample phases were identified with XRD apparatus.
The dependence of resistance on temperature of
the PTC effect was studied. The PTCR value
was calculated. The sample was applied to be a
temperature sernsor.

h{aterials and Methods

1. Preparation, phase identification and elec-
troding of the samples

Samples were prepared by standard ceramic
techniques as shown in Figure 1 (Buchanan, 1991).
The samples had two compositions, sample 1:
SnQ,+2Co0 and sample 2: SnO+Cr,O,. Sample
powders of SnQO,, CoO and Cr,0, with 99. 5% purity
were collected. Sample powders were calculated
and weighed. Powders were mixed with mortar
and then mixed again by containing the powders
in a plastic can and rotated with a mixer. PVA
{polyvinyl alcohol) and distilled water were added
to the powders as a binder for forming granula-
tion. These powders were taken in a press mold
and were pressed with hydraulic pressor (Rllk 25
tons) into small discs. The samples were fired with
furnace that used temperature controller (FCR-
13A-R/M) and type S thermocouple as a temper-
ature sensor. The samples 1 and 2 were fired at
1200°C. Both samples used a heating rate of 5°C/
min and a soaking time of 1 h. Finally, we obtained
the as-fired samples. The prepared samples were
identified with XRD apparatus (X-ray diffracto-
meter, Philip PW1730). The sample thickness and
diameter were measured with micrometer. The
samples were electroded with silver paste by
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Figure 1. The schematic diagram for sample preparation.
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Figure 2. The experimental set up for the resistance versus temperature measurement.

smearing onto the surface, together the metallic
pin and fired at 120°C for 20 min.

2. PTC property measurement

The sample was held in a stand above the
furnace about to obtain the proper temperature
increasing rate as shown in Figure 2. The resistance
(R) was measured with a multimeter (Fluke 45) and
the temperature (T) with temperature apparatus
(AVD MB90C"). After that the sample temperature
was varied slowly from 25 to 150°C (sample 1)
and 35 10 140°C (sample 2). The resistance and
temperature relationships were recorded and the R
vs T graphs were plotted. The positive temperature
coefficient of the resistance and negative temper-
ature coefficient of the resistance were calculated
from the formula, o = (1/R)(dR/dT). '

. 3. Temperature sensor testing
After the sample was measured for the

resistance versus temperature relation, the samples
were tested as the temperature sensor using the
following steps:

1) Computer interfacing system for temper-
ature measurement with the prepared sample as
a temperature sensor was prepared as shown in
Figure 3. This system is comprised an ADCO0809,
7415244, ET-PT8255 card and computer. After
that this circuit was tested for correct operation.

2) Measurement and control program was
written and was calibrated for computer reading
the temperature with the prepared sample used as

a temperature sensor.

Program Temperature_Sensor_Testing;
uses crt;
var 1i,,, X, Yy, DV : integer;
AV, Ttrue  : real;
const PA = $0304;
Pcontrol = $0307;

—
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Figure 3. Block diagram for temperature measurement system with computer with the
prepared sample as a temperature sensor.

begin
clrscr;
port[Pcontrol]: = $90;
gotoxy(25,2); writeln(TEMPERATURE
MEASUREMENT");
gotoxy(25,3); writeln('.......ccccce.e. )
DV:=0,AV:=0;Ttrue: =0,
for i:=1t0255do
begin
DV : = port[PA];
gotoxy(27,15); writeln('Digital Voltage =,
DV =3y
AV : = (5/225*DV;
gotoxy(27,20); writeln('Analog Voltage =,
AV:3:2,'V');
delay(100);
Ttrue : = (39.919*AV+5.5948);
gotoxy(27,22); writeln{'Measure Temper-

ature =',
Tirue ; 3, 'deg C);
delay(200);
end;

end.

3) To do the instrument calibration, the
electric current was supplied froma d.c. 5 V power
supply through the sample and resistance and then

the sample was voltage dropped. This voltage (V)
was supplied to ADC 0809 for conversion from
analog voltage (AV) to digital voltage (DV).
7418244 was used as a buffer. The voltage from
this buffer was sent through port A of ET-PC8255
card, slot and then to RAM. The voltage (DV) was
read and displ@ed on the screen. The DV was
converted to AV. The sample temperature was
increased with the electric furnace. To do the
calibration, the true temperature (Ttrue) was read
with commercial temperature apparatus (Union
305) with type K thermocouple as a temperature
sensor and the voltage drop on the resistor (AV)
which was related to the sample was read from the
value on the screen from 25 to 65°C for the sample
1 and 24 to 120°C for the sampie 2. These data
(Ttrue, AV) were recorded into a table and plotted
with EXCEL. The Ttrue versus AV was obtained
and then was input into the written program. After
RUN, the computer read the temperature
{Tmeasure). For the final calibration step, the Ttrue
and Tmeasure were read, recorded and plotted as
a bar graph for comparison. Finally, we obtained
the temperature apparatus with computer dispiay
and the prepared sample as a temperature sensor.

Table 1. Sample dimensions, composition and phase for the sample 1 and sampie 2.

Sample No. Diameter (mm) Thickness (nm) Composition Sample phases from XRD
1 12.97 3.06 $n0,+2Co0 $nCo,0, and $n0Q,
2 13.02 331 800,+Cr,0, S0, and Cr,0,
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Figure 4. X-ray diffraction patterns of the SnO,, Cr,0, and CoO.

Results

1. Sample phase

The x-ray diffraction patterns of the samples
after firing are shown in Figure 4. Composition
and sample phase from XRD patterns are shown
in Table 1.

2. The resistance versus temperature charac-
teristics of the samples

The resistance versus temperature relation

of the samples were shown in Figure 5. The re-

sistance of the sample 1 increased as the temper-
ature increased or showed the PTC effect from
25 to 110°C and the resistance decreased as the
temperature increased or showed NTC effect from
110 to 150°C., But, the sample 2 showed PTC effect
from 35 to 85°C and NTC effect from 85 to 140°C,

3. The constructed temperature apparatus with .
computer display and the prepared sample
as a temperature sensor

The relationships of true temperature (Ttrue)
and the voltage (V) is shown in Figure 6 and
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correspond to the equation:
Sample 1: Ttrue = -21.057(V)2+102.41(V)
-60.341
(R'=0.9930) (22-65°C)
Sample 2: Ttrue = -0.7749(V)2+35.38(V)
-28.92
(R'=0.9795) (24-120°C)

This equation was used for calibration to
use the prepared sample as a temperature sensor.
Figure 7 shows the comparison between True
temperature (Ttrue) and measure temperature
{(Tmeasure). From the picture,the sample | and 2
showed the physical properties of PTC thermistor
and can be used as temperature sensor from 22 to
70°C and 40 to 120°C, respectively.

Discussion and Conclusion

The samples were disc-shaped. The com-
position of the prepared sample were SnQO,+2Co0
and SnO,+Cr,O.. Both samples were two phase
materials. The objectives of fabrication were to
produce a material with specific properties and
a body of a required shape and size. The material
properties are basically controlled by the com-
position.

The resistance of the sample 1 increased
with increasing temperature. The sample exhibited
PTC effect in the range of 25 to 110°C. The
positive temperature coefficient of the resistance
(o) was +18.2 %/°C. The relation between the
resistance (R) and the temperature (T) corresponds
to the equation : R=0.0043(T)z-0.2124{T')+3.67567
(R’=0.979). However, the resistance of the sample
decreased with increasing temperature from 110
to 200°C. The sample exhibited NTC effect in the
range of 110-150°C. The negative temperature co-
efficient of the resistance (@) was -1.9 %/C.
The relation between the resistance (R) and the
temperature (T) corresponds to the equation : R=
1619.6¢°™" (R'=0.9573). The maximum resistance
was 28.5 MQ at 110°C. The maximum/minimurn
resistance ratio was 16.5.

The resistance of the sample 2 increased
with increasing temperature. The sample exhibited
PTC effect from 35 to 85°C. The positive temper-

ature coefficient of the resistance (o) was +28.6
%/°C. The relation between the resistance (R} and
the temperature (T) corresponds to the equation :
R=0.0509(T)"-4.8295(T)+117.47 (R'=0.8932).
However, the resistance of the sample decreased
with increasing temperature from 85 to 140°C.
The sample exhibited NTC effect. The negative
temperature coefficient of the resistance (a) was
-1.9 %/°C. The relation between the resistance
(R) and the temperature (T) corresponds to the
equation : R=13602¢ """ (R’=0.9471). The max-
imum resistance was 91.8 MQ at 85°C. The
maximum/minimum resistance ratio was 20.5.

The positive temperature coefficient of the
resistance (&) of PTC material made from BaTiO,
was the range from +10 to +100 %/C (25-100°C)
and the negative temperature coefficient of the
resistance (o) of the NTC material was in the range
from ¢ =-6.0 to -1.0 %/°C (25-300°C) (Buchanan,
1991). Comparing compare\hese o values with
the results of both prepared sample, they showed
similar properties.

The Sn0O,, CoO and Cr,0, exhibit only NTC .
effect in the entire temperature range. But, SnCo O,
+8n0, and SnO,+Cr,0, samples that were two -
phase materials exhibited both PTC and NTC
effect. The both prepared samples showed PTC
effect in a certain temperature range. The PTC
effect is seen to have its origins in the resistance
of the grain boundary region which increases with
temperature above the ferroelectric-paraelectric
transition temperature. The grain boundaries
capture the flowing electron, the electric current
decreases and the resistance will increase in the
same way as the PTC effect in BaTiO, (Moulson,
1990). NTC effect involves band structure with
electrons promoted from the valence to the
conduction band as temperature increases. The
samples can conduct and then the sample resistance
decreases (Moulson, 1990). :

The PTC effect in the SnO,+2CoO and
SnO,+Cr,0, samples were discovered for the first -
time at the Material Physics Laboratory, Depart-
ment of Physics, Faculty of Science, Prince of
Songkla University, Thailand. The samples were
a very sensitive to temperature in the PTC region.
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Thus, the samples can be used as temperature
sensors which are suitable for learning and teach-
ing work. The prepared samples and the temper-
ature monitoring with a computer system can
measure the temperature in the range 22°C to 70°C
(sample 1) and 40°C to 120°C (sample 2}). The
working temperature of these sensors are at the
" PTC region, and they are very sensitive to heat.
The advantages and characteristics of the
PTC thermistors made from this two materials are
as follows: The firing temperature is not high
which needs only a low temperature furnace. The
samples have good electrical stability (AR/At). The
samples are not responsing to light. The samples
are a very sensitive to heat. The shapes of the
resistance versus temperature curves are smooth.
The samples are PTC thermistors and can be used
as temperature sensors and displayed with the
computer. The samples are semiconducting
ceramics because they exhibit thermal response.
Thus, these PTC materials are important for elec-
tronic industrial application and further research.
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