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Re.l"!llts ofthe investigation ofthin Pd layers as hydrogen sensors are presenled Two types 

ofsen~'ors arf! examined· resis/ance and op/ical ~·ensors. Changes in measured signal as a/unc­

lian oj hydrogen concen/ralion in lrydrogell-lIifrogell mix/I/re are regis/eree/. The sensor i~' ex­

{Josed I!ilher direcily lO fhe gas mix/ure or 10 the lramformer oil. Ihrol/gh wIJich fhe gas miXlIIre 

passóiS The hydrogen concentralion In ,he mixfUre ~-hangesfrom 0.5% lo 4.0%. Inwsfigaled sen-

sor.\· art! sensiliw: enollgh illlhis concenfralion range, in bOlh media Chunges oj Pdfilm proper~ 

f/es cal/sed by hydrogtm absorplion are reversible excepf (I few firs/ exposures 10 Ihe mlxll/re Ob· 

f(limd rl'sullS eon firm the possibility oj developing simple sel/Sor for delec/ion of hydrogen gas in 

di:isIJhwl in fhl! lransjormer oil. 
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1. 1NTRODUCTION 

Rising interest in the development ofhydrogen sensors is mainly causcd by possiblc use of 

hydrogen as a fue!. DifTerl'"nt types of such sensors arc deseribcd in a review paper (II . Most of 

them base on Ihm palladium layers as a catalyst. Palladium has high hydrogen solubilily and IS 

ver), sclectivc to it. The absorption ofhydrogcn in Pd depends on lemperature and hydrogen con­

cenlralion. As a result of hydrogen absorption basic physical paramcters of Pd change. The work 

func!ion of Pd, which is normal[y 5. I eV decreases due 10 hydrogen absorpllon by 0,7- I ,O eV 
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Additionally film thickness increases. 11 causes changes 10 ciectrical and oplica! properties or pal­

ladium, 

In Ihe papcr experimental results oblained for Ihe scnsors based on Ihin Pd films deposited 

on glass 3rc presented Al the firsl stagc Ihe sensors are Investigaled in a gas atmosphc'"e. But Ihe 

main uim or Ihe wark is 10 develop sensors for Ihe detect ion o r hydrogen dissolved in Ihe trans­

farmer oil. 

The analysis or gascs dissolved in Ihe transformer oil is ao accepted melhod for Ihe earty 

detection or incipien! faults in power transformers iso The inlcrprctation of Ihe rcsults or such an 

analysis is specificd in lEC Publication [2]. Thc merense ofhydrogcn concentration teslifics Ihat 

partial discharges lake place in lhe fransfarmer. The aUlhors intend 10 deveJop sensor for continu­

ous monitoring of hydrogen concentration in oil, m power fransfonners and othcr clecfricaJ power 

plants 

2. SAMPLES AND MElHODS 

Thin Pd sensor films are deposited on glass 

substratcs by evaporaliUII Ul va<,;uulIl. Typiea! 

layer thickness is about a 15 nrn. Two types of 

sampies are prepared . For eleetrical measure­

ments lhe film was deposited on glass plate with 

preliminary prepared elecfrical contacts (Fig. la) 

'[ he second structure uses for simultaneous ciec­

fncal and oplica! mcasuremcnls is shown in Fig 

2b. Sam pies arc placed in special cham ber. Pure 

nitrogen or nitrogen-hydrogen mixlure is fed lo 

the cham ber, A gas flux is constant and equal 10 a 

1,00 IImm A hydrogen concenfration in Ihe mix-

a 

b 

Fig j Sampies with e1ec/ricol con/aCIS 
for elcc/rical (a) and simuilanCOZ/J 
dec/rical and op/ical meosuremenlS 

tures changed from 0.5 % 10 4.0 % in volume. The mixture tS fed for a JO or 60 min Afler cach 

application of Ihe mixfure pure nifrogen was fed for a 60 min For measurement in fhe trans­

farmer oil the cham ber is filled wi th the oil. The mixture ofni trogen and hydrogen is Inserted into 

transformcr oil through a pcrforatcd tube, placed near Ihe bottom orthe celi. 
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Twa Iypes ar experimems are canied OUI. Thc firsl Iype bases on ac measuremcms wllh 

lock-in s;gnal detection ConfigullItions ar measur;ng set-up for electr ical and oplical ac meas­

urements are shown m Fig. 2a and Zb, respectively. 

a b. 
Generator 

HP33120A 

Sample Mlrror 

I La.~ \-1 C'"po' f·~, 

A lock-m 

B 

, , 

Fig 2. Schemes oj ac electrical (a) and oplit'al (b) measurements 

For electriea! measuremenlS nn ac Currenl from the s;gnal generator lsmc wavel ;s appl;ed 

10 Ihe sam ple Ampliludes of vohage drop on known resistor R and voll3ge on pOlenlial conlacts 

of Ihe sample 3re measured From Ihese twa measurements the resistance of the film has been 

calculated. 

For detection of chan ges 10 oplica! propenies ar Ihe Pd fi lm the samp!e is illumlnated wllh 

inlenslly modulated laser beam. The intensi ly ar bcams refiected from the sam ple and Ihe mmQr 

are converted mto ciectrical signal by photodiodcs and measured by loek·in Oll11ovoltfnctcr. In or­

der 10 avoid mfiuence of!ight bcarT. intensity variation Ihe ratio of thcse signals is caleulated. 

Si multaneous electrical and optical dc measurements are carried out using the cxperimental 

set-up shows in Fig. 3. The sensor .s pressed down to a window of the measuring celi with Ihe Pd 

fdm exposed to the oi1. A thin !ayer of Ihe immersion oil is applied between the sensor and the 

windo\\' for better optical contact The electric rcsislance of the Pd film is dircctly measurcd using 

prepared contacls. Changes 10 the optica! propenies of the film are examined through the inten­

sil} of lighl refi ecled at the glass-fi lm inlerfacc . A laser-diodc emluing at 670 ~m is used as a 

ligh! source for the oplica! measurements. The intensity of the light reficcted from Ihe Pd fi lm is 

monitorcd by the photoresislor (PhR I). Light from the laser is preliminnry polarized. l\ pol3ma­

tion piane is se!ected 50 as to minimi7.e the imensity of lighl retleeted from the celi windo\\' Ad· 

ditionally the light beam passes Ihrough a glass plate. The imensity of lighl renec!cd from thls 
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p"l:nc is measured usi ng another pholoresistor (PhR2). II makes il possible to take imo IICCQUnt the 

influence ofthe instabiJity oflhe ligh! source during analysis oflhe reOection signal. 

Agllent 
34970A 

Fig 3 Expermrental set-up for simu!toneous electrlcal al/d opIlcal de measuremenH 

Mcasuremenls are carried out in Ihe temperature range 2DoC - 120°C. 

3. RESULTS 

Rcsults or clectnc31 ac measurements in Ihe gas mlxlUrc are shown In Fig. 4. C,anges Dr 
the hydrogen coocentral ion In the mixlure caust dis!i"c! changes to the fi lm resistance. The resis­

lance grows almosl proportionally lo the coocentralian. The siwalion is ditTerent for the firsl IInd 

[he second exposl!ion Aner the firSl cxposi tion considerable drop of thc resi stancc is obscrved 

Next exposition causes only smali reaction of the film_ Similar conclusions may be dmwn frorn 

oplical measuremenlS. Transmil1ance of Ihe film drops wllh incrcasing ar hydrogen concenlra­

lion. Unrortunalely oplical measurements are very noisy. A poss ible rcason for il is unsl,lblc op­

eral10n of a Jaser 

The dl" mClI"urements in the gilS mixture arc carried oul for the same sam pies. sc thcir be­

haviour during the firsl exposure to the h}drogen ean n01 be cxamined. In Ih is case Ihe ref1eclivil) 

of the film was deterrnUled BOlh resistance and ref1ectivilY or the fi lm change with changes of 

hydrogen concentration (Fig 5). The serious drawback orthese mcasuremenls is a long-lirnc drift 

ofbolh regislcred signals. 
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Fig" Resistal1ce oj Pdfilm measl/red by ac me/hod (solid lilie) 
and concenIro/ion oj hydrngen in hydrogen-niIrogen mixIure (dolled line) 
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Fig 5 Change~· in/he resislance and Ihe rejlccIivily oj Pdfilm 
cal/sed by [he hydrogen absorp/ion and measl/red by de me/hod 
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This long-timc drift may be corrected using numerical mclhods. In Fig. 6 corrccted dcpcndencics 

ofthc rcsislancc and the reflcctanccofthc film on lime are shown. One can see Ihat thesc changes 

strongly dcpend on the hydrogen concentralion in the gas mix!ure 
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Fig 6. Chall~e.t 1/1 rhe resislance and rhe rejlecllviry oj Pd film coused by hydrogen ahsorpliof/ 
afier correclion for long-I/me dr/fi 

The nex! slage of thc invcsligation is the cxaminallon ofde ... eloped sensor struClJres in the 

transformer oil. Measurements are earried out at 200C (room temperature), 50°C, 85°C and 

120°C. The last temperature IS hlgher Ihan normai operaliona! lemperature, but at such high tern· 

pcraLUre aging effects arc morc significanl. Oblained resulls IIrc very slmilar to thcse for the 

rneasurements in gases. Typieal mcasured resistant and rcfleetancc signals are shown in Fig. 7. 
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Fig 7. Relmive changes of I'dfifm rcsistance (sofid line) and rejleclance (doshed line) 
cO/lsed by h)'drogcn dissalved in Ihe Irallsformer oil 

Practica!!y interesting results are obtained from comparison or Ihe dependencies measurcd 

at differcn! temperatures As il is shown in Fig. 8, Ihe temperaturc ri sc causes the drop ,n Ihe sen-
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sor scnsilivilY and lhc sensor rcaelion lime. The firsl cffeel may Jcad 10 problcms with mterpreta­

tion ofsignals rncasurcd al difTcrcnt tempcratures. 
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F/g 8. The res;sfonce sensor anj'wers measured al difler(!1If lemperatllres oj Ihe lramrorml!r oil 

4 CONCLUSIONS 

Oblained ~sullS confiml Ihe possibility use thin Prl films as the active laycr in hydrogen 

sensors for operalion oolh in gaseeus and liquid media. Twe lypcs ofscnsors are cxamined - Ihe 

ciectrical (resistance) sensor and the optical one, 80th sensors have suff1cient sensiti\ity In eon­

sldered range of hydrogen concentration. The measured changes IIre reversibJe, exccpt the firsl 

fel'.' exposure 10 hydrogen The signal 10 "oise ralio is much bcttcr for c!c<:trical sensor, but lhe 

oplical one is morc insensitive lo eJectromagnetic inlcrfercnccs This is especially important for 

applications in dectrical pov,er plants. The main problem, which mUSI be solved, is the long-tlmc 

stabiłity or lhe sensors Preliminary experimcnls have been carricd oul with sensors covcrcd by 

additional prolcclive l3yer. Application of Ihis layer significantly improves lhe sensor slability, 

bul althe same lime causes decrease in lIS sensitivity, 

Also the problem oflhe sensilivily dcpendence on lemperlllurc should be considercd Pos­

Slblc solulions are Ihe slabilization ofthe sensor tempenllUre or lhe use ofcorrection curvcs. 

The hydrogen scnsors proposed in lhis paper have \lery II simple structure and de1l10nstrale 

high sensitivLlY to hydrogcn cilher Ln the gas miXlure or dissoh·cd 111 transformer oil. II v.ould 

secm to he possiblc 10 use such a sensor for Ihe conlinuous monitoring ofpower transformers and 

olher eJectrical powcr systems. 
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