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Thermei degradation of cellulosie materials present
i n el ectr~cal equipments with oil - paper insulation
systems yi.e lds different arrount.s of f uranic

. derivatives. In this repor t; , latest results obtained
during laboratory t ests are diseussed, as well as the
effect of terperature, water and oxygen. The
relationship between furanic coreounds evolution and
the change in degree of polyrrerization is also taken
i n to consideration .

Analysis of furanic ccrpounds dissolved in t he oil of
t r ansf ormers i n service with a well known therrre1
hi.story are preaented, as ve l I es an s tatistical
aurvey on t he analysis results of sane 5.000
transforrrers i n service in several European
co untries , indicating that furfura ldehyde is the main
degradation by-product .

This contribution is abrief swrrrary of the wor k
car r i ed out by CIGRE Task Force 15 .01.03 since 1989 .

Kevwords: Furans, Cellulose, Insulation , Oil,
Transfonrer, Diagnostic , Maintenance condition ,
Honitoring .

sarrol es fran transfonrers in s e rvi ce f or further
analysis of t heir physico-chemi.ca l properties but,
although several attempts have been made during the
last years [1], t his i s alrros t iIfilossible tc dc wi t h
pa per, due to its i naccess i bil i t y to the outside of
the electrica l equipment .

For t he f irst time, Burton et al .[2] reported t hat
thenml degradation of insulating ce llu l osi e material
yields different arrounts of furanic derivatives , like
2-furfura ldehyde (2 F A L ) . 5­
hydr oxymethyl furfural dehyde (5HMF) , aeetylfuran
(2 ACF) . 5-methylfurfurald ehyde (5MEF ).
furfuryl a l cchol (2FOL) and furoic acids . These
corcounds , like water , distribut e themse lves between
the paper- and the i nsul ating oil, and can be analyzed
by sreans of High Pe rfomance Liquid Chranatography
(HPLC ) after- extraction f ram the eil by one cf the
t wo methods described i n a pr evious pap e r [3] , and
now being s tandardized by IEC. The main advantage
when using thi.s t eclurique es a tool for ctiagnostic
and naintenance of eil - paper insulating sys tems i s
that t hese corpocnds are degradation by- pr oducts
speci fic to the paper, and can not be produced by the
eil.

2 . THERMAL DroRADATION OF INSULATING CELWLOSIC
HATElUI\LS

It i s well known t ha t paper i s a mat of cellulose
fihres ex tracted fran wood and other vege table
sources. Cel l ulose is a linea r polymer consisting of
D-anhydro-glucopyrancse uni t s ( of t en abbreviated to
anhydroglucose units or even to g lucose units) joined
together by ß-1,4-glicosidic bonds . A nunber of t hese
chains he ld together by hydrogen bonds, in whi.ch the
hydroxyl qroups a r e involved, form a single cellul ose
f i b r e .

The themal degradation mechanism of cellulose
rrolecules i s quite ccrrp l ex and it will no t be
diseussed in depth here, but it i s generally accepted
tc be influenced by water (hydrolytic degradation)
and oxygen ( oxidative degradation), both pr esent i n
arrount.a enough i n e lectrical equipnents in s e rvi ce .

During the l ast years , dissolved gas analysis (OOA)
has been one of t he rroat widely used techniques for
in service trans forrrers condition rroni toring .
Usuall y , car bon rrcnoxi.de and carbon dioxide
concent rat i ons have been associated with cellulosic
(pape r , pressboard and wood) insulation condition ,
but these results are not reliable, because t hese
gases can be produced by other scurces, as vel l .
Furt he rrrore , gases are rat he r vola t il e and are ven t ed
of f t o the atmospher e a t a rate depending on t heir
oil solubility and the arroun t; of avai lable mass
transfer . This effect Ls particu1arly inportant in
open bteathing transformers subjected tc load
cyc1ing . 'I11e r esul t 1s that, on sane occasians , paper
and r e l a t ed caJl>ounds ageing can not be detected
un less timely analysis a r e perfo~ .

On the ot her band, it i s very easy to take eil
The canbined e f f ec t cf t .erce r a t ure , wat e r and oxygen
produces the breakace of the g licosidic bond with
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lass of one hydroxyl group yielding an unstable
intenredi.ate called levoglucosane, which evolves
towards more stahle chemi.cal products like furanic
derivatives , gases (carbon oxides) and sugars.

However, experimental results demonstrate that (i)
furfuryl alcohol is unstable and quickly evolves
towards more stahle campounds, (ii) furoic acids are
almest; insoluble in mineral oil and they . rerrain
adsorbed anto the paper surface and (iii) to the best
of our knowledge methods for the analysis of sugars
in mineral ails have not been developed, but one.can
assune t hat thei r behavi.cur , in teI:ITIS of s ol ubil i t y ,
will be i den tica l than furaic acids.

Depletion in the deqree of polyrrerization is another
irrportant c onsequence . of . cellulose thermal
degradation. Such depletion does not affect much at
t he diel ectric properties of paper , at least during
the first degrada tion steps, but·it does affect its
rrechanical properties, increasing t he rislt of
catastrephic failure if small pieces of paper block
the transformer eoeling conduct s.

On same occasions [2-4] a s~logari~c

relationship between furanic derivatives procluction
and deqree of po l yrrer-iaatLon depletion has been
repot-t.ed , but it seete to be better to introcluce the
"Knos p ' s Degradation Factar" , which can be related
with the degree of polymerization by the fcl lowing
forrml as :

TABLE 1

Efficiency of by-proclucts fonnation

CXlDE CXl m, 2FAL 5HMF

' .' '6', 6120 dd 0 ,26 . 0.30 0 .04
120 du 0.26 ' ' 6 . 2 "' 1 , 20 0,02
120 8d 0.07 2.7 0,92 0,26
120 8u 0.12 4.3 2,45 0 .52
130 dd 0,13 3,0 0.28 0, 05

Units : Average number of rroles formed per ehain
rupture .
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Figure 1. - Relationship between cc evolutien)nd
Degradation Factor

Figure 2 .- Relationship between ~ evolution and
Degradation Factor

where N i s the mmber of bond splits , n. is the
initial deqree of po lyrrerization, D Ls the degree of
pol ymerdaati.on at any time, and DF is the degradation .
factor.

Aseries of cellulose ageing tests ..[ 5 ] · have been
per-forrred by heating eil and paper intheratio of
100 :1 in 50 ml gless syringes. All sarrel.es were
analyzed for furans content; dissolved gas; rroisture
and degree of polynerization. Test ' va r i ab l es
included :

- temperature: 120QC and 130QC
- moisture in paper : 0 ,2 % and 8 %
- oxygen level in oil :air saturated or cornpletely

degassed ails.

These variables Lead ta the following codes: 120-dd
(1202C, dried paper (0 ,2% water) and degassed oil);
120 du (120QC, dried paper and ai r saturated oil);
120 8d (120QC, wet paper (8% water) and decassed
oil); 120 8u (1202C, wet paper and air saturated eil)
and 130 ' dd (130QC, dried paper and degassed oil),
These codes are used t hroughout table 1 and figures
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Figure 3. - Relationship between furfuraldehyde evolution and Degradation Factor

2 . When the arrount of available vat e r-Ls low (120
dd and 120 du) oxygen does not affect very
mich to carbon oxides f ormatden . but i t does
affec t by a factor of 4 to furfuraldehyde
formation.

Caleulation of test r esu l ts as averaqe ' mJTber of
rml es fonred per chain rupture enables to interpret
changes in degree of po lyrrerization and by -products
evo lution in t e rms of degradation mechanism. So , f r an
the data in t abl e 1 , t he fo llowing conc lusions can be
drawn:

1. Themal degradation of cellulose i s s trongly
inf luenced by t he amounts of avai lable wa t er
and oxygen, not on l y because higher
concentrations of t hese t wo ccrecunds l ead t o
higher degradation r a t es, but a lso because they
detennine the rel ative concentrations of by­
products fo~ duri ng degradation.

experirrents were ca r ried out under both dynarrdc
(bea t ing sarroles f ran 50 to GOOQC) and isothermal
(heating sanples 2 bours at s everal selected
tereeratures) eondi tians . In both cases , air
( thernooxidative degradation) and nitrogen (pure
t hemal degradation) atmJspheres were used , During
i s othemal experiments , a disposabi e eartridge pa cked
with s i lica gel was fi tted to t be analyaer gas
outlet . At the end ot ev e r y test , t he cartridge was
washed wi th rrethanol an d analyzed by HPLC t o rrees ure
the arrou:nt of retained. f urfura l dehyde • . The r esults
obtained. wi th one of the paper s are shown in f i gures
4 and 5 . It can be seen that the Arrhenius plots of
themal degradations have the satte slope than the
Arrhenius plots of furfuraldehyde evolution . In the
three cases , dynamic, isothemal and furturaldehyde
evolution, activation energies a re in the range tram·
90 to 120 kJ/rrol. depend.ing upon t he papers . (Other
f uranic derivatives can be found r e t ained on t he
car-t.rddqe , bu t onl y at the highest t eree ratures , and
in so l ow arroun t s , t hat i t was not possibl e t o
cal eul ate t heir ki neti c paramet e r s ) .
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On the e ther hand , an i ncrease of 10QC (130
dd ) bae no t iIll'ortant cansequences to the
formation of furaruc deriva tives , e xcept for- a
s ho r t imtial period during whi ch oxygen i s
depl et.ed , but carbon oxides are fonred at a
lowe r relative rate .

3.

These dif ferences in t he formation rates of carbon
oxides and furanic derivatives , can be responsable of
t he l ack of success when t r ying to co r relate their
concentrations in t r ansf ormer s in s e rvi ce.

Finally , figur es 1 t o 3 s how a reasonable linear
relationship between by- pr oduc ts ev olution and
t hema l degradation of eellulosic papers. Such a
linear relationship has been f ound a l s o in other
aer i es of quite different experiments .

4. Lar qe arrount of water (120 Bd and 120 Bu)
l eads to significatively lower arrount.s of
carbon ox i des increasi ng t he fonnation rate of
furanic derivatives. In t his case , the
presence of oxygen eontributes tc higher
arroun ts of all f our c crrp ounds •

Figure 4 . - Arrhenius
deg r adation
ni trogen.
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In effect , a t hermog ravimetrie analyzer t o measure
therma l degradat i on of severa l eell ulos i e insul a ting
pa pers by weight 1oas , was used [6] . These

Fi gure 5 . - Arrhenius
deq radati.on
oxygen .

plot s f or t he thermal
of a cellul osie paper under
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TABLE 3

Analysis resul ts in instrunent transfomers

neesurerecte indicated a very bad condition of the
paper: 251 at high voltage cable phase W, 117 at
selector-cireui. t pbase V, 61 at low va l tage cable
phase U and 84 at cable to inductance coi l .

A! t.hough furanic carpounds analysis have beeil applied
nainly to power transformers , a few exanples abcut;
their ut i li t y to instrurent transformers , have been
identified. For dna tance, table 3 gives the analysis
r esul ts of four i nst runent transf ormers installed in
the SO 1_05 • After takinq the four transformers out of
service, transformer 3 in the t ab l e was di.snantled,
and it was found that the inner Iayera of paper ,
about 20% of the overall, were bumt ; furtherrrore,
the deqree of polyrrerization of the outerrrost Iayers
of paper was 0I11y 300 .

In figures 4 and 5 K is eeactt cn . rate, Y is the
ourber of rrcl ecules oo t ye t decooposed [7 ] and [ 2FAL]
i5 furfural concentratian.

3 . AGEING CF TRANsroRMERS IN SERVICE. s:HE <::ASE
HISTrnIES

A few case historles rray serve to LlIustrate the
usefulness of furfural as an indicator of cel Iulcse
degradation r esul tdna fran Iocalized hot spots or
more general overheating .

Periodie analysis at one year interval on a 30 MVA
station transfonrer showed an increase of furfura l
fran 'n ot deteetable" to 0 . 6 ppn. lnfrared inspection
revealed a l ocae point at a 6 kV bushing with the
overheating involving an internal insulated busbar •
In another case, a 70 MVA OFAF step-up transformer
operated a t nearIy full l oad without f orced. cooling
for approxiIrately 6 hours. Winding tmperature was
cafcula bed at 150-180QC usinq equatians fran the
industry l oa ding guide . 0 ,5 pjm furfural was mea.sured
00 oil sanpled on the next day , Follow-up analysis
showed essentially stahle values with a slight
tendency to decrease in the lang term. On both cases ,
decradatdon of paper was c learly indicated al s o by
ordinary 00l\ through the sharp increase of carbon
oxides.

TRAFO CO

1 737
2 147 0
3 421
4 534

3630
8160
2710
3090

2FAL

16 .3
7.4
7.0

11 .3

3.4
2.3
2 .0
1.3

5HEF

1.4
4 .7
1.0
0 .6

The following data (table 2) were obtained fran a 7 .2
HVA power station exciter feeder . Soan after start­
up, unusually high top oil t.ereerature ca.lled for
more detailed investigations. Oil analysis at 1 600
hours showed very high levels of OJ, ~ and furans ,
suggesting rapid insulation ageing . An average
winding tmperature rise of 75QC was rreaaured ucd.er
actual operating conditions as opposed to a 60QC rfs e
design rating. Forced air cooling was fitted to the
transfomer which caused. a drop of 12-152C in top oil
t.ereerature, SUbsequent oil checks teed to conficn
the i.rrproved situation al though a moderate rise of
furfural content is still apparent . The decreasing
cancent ratian of hydroxyrrethylfurfural rray be
explained as the canbi.ned. effect of its decorecsf täcn
and re-absorption ento the solid insulations at the
lower operating tenperatures . It is inportant to
mphasize the rapid Ieee of OJ and ~ t o l evels that
at 5000 hours are quite in the normal. ·,range in
contrast to furfural.

TABLE 2

Analysis results of an exeiter feeder

SERVICE SAHPLING
(hours ) TEMP . (QC) OJ CD, 2FAL 5HMF

1600 83 770 13900 4.5 0 .73
1956 78 560 11000 5.2 0 .63
2935 46 310 5700 4.6 0 .44
4970 69 270 2800 5 .8 0 .3 3

Next exarrpl e eorres ponds t o a 110 kV, 90 HVA
transformer buil t in 1957. Six months after the l ast
OOA analysis , there was a failure in the 100 kV
network and, after several hours under oo-load­
working, Buchholz alann took place . tG\ did 00 s how
proofs of bad paper constitution, even cubcn oxides
eoncentrations decreased. duriog this pericxl. However,
analysis of an oil sanple taken fran the bottan of
the t ransforrre r nain tank imrediately after the
Buchholz a larm indicated 1 , 7 rrg/!<JJ f urfural dehyde and
traces furfurylal cohol. Degree of po lyrnerization

Finally, furanic eClTt'ounds analysis have been
successfully appl Led for controlling factory tests af
large power transformers [8] .

4 . STATISTICAL SlJRVEY

An statistical survey wi th the analysis resul ts of
oil sanples taken fran 5.005 transformers in s ervice
in five European countries haa been carrled out . SUCh
data has been reported by s i x l aborat od es . The
nurber of transformers analyzed by the different
laboratories ranges fran 140 to 2160 being 87 ,5 % of
the data providecl by laboratories D, E and F, as it
Ls s hown in table 4.

I t can be seen that the two laboratories wi th the
lowest nurber of resul ta , laboratories A and B, did
not report any transfoarer with rrore than 5 .01 ppn
furturaldehyde. Laboratory C reported nine
t r ansformers wi th furfural eoncentrations over than
5,01 pjm without indicat ing i f any of these results
was over 10 ppm, so these nine resul ts were
considered in the range 5 to 10 ppn.

C!le contributor reported separate statistics for
free-breathing and nerbrane sealed eonservator
transformers • The l a t t e r group contains less frequent
and considerably lowe r l evels of furans which can be
int e rpr eted as a significant support fo r the oxygen
effect shown by the laboratory tests .

Hain differenees fran laboratory to laboratory can be
found in t he percentage of transforrreI's wi th
furfuraldehyde content 00 IOOre than 0 ,1 ppn (45,3 ,
to 71 ,8 %) but if these percentages are sume:i to the
percentage of transformers in t he range 0,11 t o 0,50,
such differences ar e reduced indicating t hat the 0 , 1
ppn level is too low t o establish differenees .

The 95 % level is located in the range 1 to 5 ppn in
a11 l abo rat ories exeept in laboratory B which is in
the range 0 , 5 to 1 ppn. The 99 \. l eve l 15 located in
the range 1 to 5 PtID for laboratories A and B, in the
5 t o 10 ppn range f or laboratories e , 0 and F, and.
just in 10 ppm f or labor atory E.

More interestinq sems to be, however, to sort the
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Statisti cal Survey. Number of transformers . Into brackets the r e l a t i v e percentage

FUR FURAL LAB A LAB B LAB C LAB 0 LAB E LAB F TOTAL

TOTAL DATA

< 0, 10 93( 66 , 4) 140 (60 ,1 ) 130 (5 1,0 ) 58 3(71,8) 637(45,3) 1117 (51,7) 2700(54,0 )
0,11- 0,50 25(17,9 ) 79( 33, 9) 56(22,0) 102(12,6) 3 63 ( 25, 8 ) 722 (3 3,4 ) 1347(26,9)
0,51- 1,00 9 ( 6 , 4 ) 11 (4 ,7) 20 ( 7, 8) 53 (6,5) 175( 12,5) 147 (6,8) 415 (8,3)
1 , 01 - 5 ,00 1 3 (9,3) 3 ( 1,3) 40(1 5 ,7 ) 65 (8,0) 201(14 ,3 ) 14 4 ( 6, 7) 466 (9 ,3 )
5,01-10,00 0 ( 0) 0 ( 0 ) 9 (3,5 ) 8 (1, 0) 15 (1 ,1) 25 ( 1 ,2) 57 (1,1 )

> 10,00 0 (0 ) 0 (0) 0 ( 0) 1 ( 0, 1) 14 ( 1, 0 ) 5 ( 0,2) 20 (0 , 4 )

- So rted by VOLTAGE - sor ted by AGE
< 70 kV c 5 yea r s

c 0 , 10 1 21 6 (47 ,2 ) < 0 ,10 277 (73, 9 )
0 ,11- 0 , 50 740 ( 28,7) 0 ,11 - 0 ,50 64( 17, 1 )
0, 51 - 1, 00 25 4 (9 ,9) 0,51- 1,00 17 ( 4 , 5)
1, 01 - 5 , 00 30 7(11 ,9) 1,01- 5 , 00 16 (4 , 3)
5 , 01 - 10,00 43 (1,7) 5 ,01-10 , 00 0 ( 0 )

> 10,00 15 (0 ,6) > 10,00 1 (0 , 3)

70 -150 kV 6-10 years

c 0 ,10 731( 58,8 ) < 0,10 311(74,4)
0 , 11 - 0,50 307( 24 ,7) 0 ,11- 0 ,50 72 ( 17, 2 )
0, 51 - 1 ,00 94 (7,6 ) 0,51- 1 ,00 24 ( 5 , 7 )
1 , 01 - 5, 00 101 (8 ,1 ) 1,01- 5,01 10 ( 2 , 4 )
5 ,01 -10 ,00 7 (0,6) 5, 01 -10,00 1 (0, 2 )

> 10 , 00 4 (0,3 ) > 10 ,00 0 ( 0 )

> 150 kV 11-15 yea r s

< 0,10 600(66 , 7) < 0 ,10 311 ( 58 , 1)
0 ,11- 0 ,50 23 5( 26 , 1 ) 0,1 1- 0,50 142 (26, 5 )
0,51- 1 ,00 39 (4,3 ) 0,51 - 1,00 37 (6 , 9 )
1,01- 5 ,00 23 (2 ,6) 1 ,01- 5,00 38 (7 ,1 )
5 , 01 - 10,00 1 (0 ,1 ) 5 ,01-10 ,00 7 (1,3 )

> 10, 00 1 ( 0, 1) > 10, 00 0 ( 0)

- s or t e d by POWER 16- 20 y e ars
c 30 HVA

c 0 ,10 11 93 ( 45 ,1 ) c 0 ,10 372 (52, 6 )
0,11- 0, 5 0 841 ( 31,8) 0,11- 0,50 16 9(23,9 )
0 , 51 - 1,00 258 (9,8) 0 , 51- 1,00 55 (7,8 )
1, 01 - 5 , 00 301 ( 11 , 4) 1 ,01 - 5,00 6 (13,6 )
5,00-10 ,00 3 6 (1,4) 5 , 01-10,00 8 (1 ,1 )

> 10,00 16 (0 ,6) > 10 ,00 7 (1,0 )

30-100 HVA 21-30 y e a r s

c 0,10 331 ( 53 ,8 ) < 0,10 5 60 (47,6 )
0,11- 0,50 184 ( 29 ,9 ) 0 ,11- 0,50 35 1( 29,8)
0, 51 - 1,00 45 ( 7 , 3) 0 , 51- 1,00 121(10 ,3 )
1 ,01 - 5,00 48 ( 7,8) 1 ,01- 5,00 121( 10,3 )
5,01 -10,00 5 ( 0 , 8) 5,01-10,00 18 (1,5 )

> 10 ,00 2 ( 0,3) > 10 , 00 6 (0 ,5)

> 1 0 0 HVA > 30 ye ars

< 0 .10 483(6 3 ,8 ) < 0 ,10 258 ( 39 , 8 )
0 ,11- 0,50 1 95(2 5 , 8) 0 ,11- 0,50 181( 27,9 )
0, 51- 1,00 3 9 ( 5 ,2) 0,51- 1,00 88( 13 , 6)
1 , 01 - 5 ,00 3 2 ( 4 ,2) 1,01- 5 ,00 105(16, 2)
5,01 -10 ,00 7 (0,9) 5,01-10,00 13 (2,0 )

> 10 ,00 1 (0 ,1 ) > 10,00 4 (0, 6 )
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transfonrers depending upcn other charaeteristics
like voltage, power and aqe , Laborat ory A did no t
sor t their clat a , labor a tory B only provided data
correspondinq t o t ransf onner s higher than 150 kv and
100 MVA without s orting them by age , laborat ories C
and F only s orted partially their overall clata and
l abora tory 0 did not s ort their data by power .

lt can be s een that the hi.ehest. i s t he voltage and
the power t he highest 15 the number of transfoomers
with ver y l ow concentrati ons of furfur al , incticatln9
that bigger t ransformers , whi ch in rrost cesee are the
rrost iTTPortant , rrore car es are taken during their
operation i n s e rvi ce, in order to ensure a rmre
reliable function. That is the r eason vhy the resul ts
of laboratory B provided the lowest furfuraldehyde
concent r ations and l aborator y E the highest ones .

When transforrrers are sorted by age, the tabl e
indicates t hat , with the e.xception of the data
reported by l aboratory E, which deals mainly with low
vo l t a ge and low power t ransf ormers, the condition of
IT'OS t t ranafcrmera wi th less than 10 year s in s ervice
seems to be very qood , and the f ew exceptions can
easily be related wi th thermal defaults , involving
t he insulat i ng paper.

High furfura l concentratians in oider t ransf ormers
can be due to tha canbined effect of both, themal
def aults and ag eing . depending on t he furfura l
concentration and the t ransformer ase , but there Ls
an abnomal and sudden i ncrease in f urfur'al
concentration in t ransformers ol der t han 16 yeara and
up to 30 years . Such an increase can not be explained
only by the transformer age , but could be related to
the change. duri ng the ear-Ly 60 15 fran Disk type to
Lyer type transformers .

5 . OJIlCLUSIONS

Al though furanic carPounds analysis i s a t echnique
described onl y a few yeara aqo, i t seers to be of a
gz:-ea t interest as a t oo l f or t he diagnastie and
naintenance of oil-pap er insulating s ys t ems, and now
is r outinely used by many l abomtories all around the
world . This new t echnique i s no t intended t o replace
[(;A . but it coul d be an interesting cCIJt)l ement t o
i dent i f y sare problans where cellulosic rraterial s are
involved .

Laboratory t ests indicated t hat a t least in a
t enpe rat ure range, f uranic coopounds evolution i s
directly r elated to paper ag ei ng. SUch direct
relationship can be f otmd ha th using the degree of
polyrrcrization depletion or the weight lass, which
take place during paper ageing.

Analysis of transformers in s ervice indicate that
t bis rrethod can be s uccess f ully applied t o identify
cer t ain t hermal defaul ts in which cellulasic papers
are invol ved after a sharp increase of turfural
content or when such cont ent i s in the range 1 t o 5
ppn or higher .
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RESUME

La deq radatdcn thennique des nateriaux ce ll ulosi ques
(papi er , carton et boi s ) utdHsee clans les s yatesres
d'isolation des transfomateurs produit des quantites
variabl es de derives f uraniques t els qu e : le 2­
furfural (2FAL). l e 5-hydroxymethyl -2-furfural
(511HF). le 2-acetylfurane (2ACF). le 5-m!t hyl -2 ­
furfurol (SHEF ) . le 2- furfurylalcool (2fOL) et des
acides furoiques.

Les derive.s furani.ques , clont une grande part ie reste
absorbee clans le papder , sent neararcdns legerement
s olubles clans l 'huile. Ils peuvent ät re enal yses par
chraratographie liquide ä haute perfiorrrance (HPLC) .
Leur presence peut e t re utd Haee cmrne outil de
diagnostic pour l es transforrrateurs de puis s anc e et
de rresure et appor t e r un ccrcterent. d"infomation a
l 'analys e des gaz diss ous.

Le rapport present e l es reaul t .at.s d 'essais real i.see
dana differents laborat oires eurcpeens , L'influence
des f acteurs suivants sur la deqradat.Icn du pa pier et
l a produetdcn de derives furaniques a ete e tudiee:

• hunidi te
* tesrpkrature
* oxygene

Ces essais ont rrontre que le 2FAL est le prcxluit de
decarposition 'pr eponderan t , que les acides furoiques
sant pratiquement insolubles dans l "huile et qu'ils
restent absorbes clans l e pa pi er et enfin que le 2FOL
est e instable et se decmpose rapidement en d' aut r es
substances . Des rel ations entre l e f acteur de
degradation du papi er et l es concentrations en 2FAL,
OJ et 0J.i dissous dans 1 I huH e s ant pr oposees .

L' evolution des concentrat ions en derives furaniques
dans l' huHe de certains transf ormateurs en s ervice
ayant subi des echauffements anorrraux est egal ement
dis eutee.

Enfin des etudes s tati s tiques de la dis tribution des
concentrations en der i ves furaniques, condui t es clans
plusieurs pays europeens, s ant egal ert'ent pr esentees.
Il en ressort qu e le 2FAL est le produit de
d€!gt"adation principal accarpagne de SHHF et SMEF e t
qu e les cancentrations les plus faibles sant
ass oci ees aux transfornateurs de tension et puissance
l es pl us elevees .

Ce rapport est UD re.s~ des travaux du Groupe
d'Actian CleRE 15 .01.03 entrepris depuis 1989.


