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Foreword

The text of document 1 5C/1 1 83/FDIS,  future edition 1  of IEC 6081 9-2,  prepared by SC 1 5C,
Specifications,  of IEC TC 1 5,  Insulating materials,  was submitted to the IEC-CENELEC parallel  vote and
was approved by CENELEC as EN 6081 9-2 on 2001 -09-01 .

The following dates were fixed:

– latest date by which the EN has to be implemented
at national  level  by publication of an identical
national  standard or by endorsement (dop) 2002-06-01

– latest date by which the national  standards conflicting
with  the EN have to be withdrawn (dow) 2004-09-01

Annexes designated "normative" are part of the body of the standard.
In this standard,  annex ZA is normative.
Annex ZA has been added by CENELEC.

__________

Endorsement notice

The text of the International  Standard IEC 6081 9-2:2001  was approved by CENELEC as a European
Standard without any modification.

__________

Page 2

EN 60819−2:2001

© BSI 21  January 20022002 yraunaJ 22 ISB ©4 © BSI 22 January 2002



CONTENTS

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

1 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2 Normative  references . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

3 General  notes  on  tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

4 Th ickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

5 Grammage  (mass  per un i t  area,  basic  mass) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

6 Diss ipation  factor and  perm i ttivi ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

7 Tensi l e  s treng th  and  e longation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

8 Edge-tearing  res istance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

8. 1 Test apparatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

8. 2 Test pieces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

8. 3 Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

8. 4 Resu l ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

9 Shrinkage  due  to  heating  i n  a i r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

9. 1 Test apparatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

9. 2 Test pieces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

9. 3 Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

9. 4 Resu l ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1 0 Electric s trength . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1 0. 1 Apparatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1 0. 2 Test pieces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1 0. 3 Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0

1 0. 4 Resu l ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0

1 1 Conductivi ty of aqueous  extract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0

1 1 . 1 Test apparatus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0

1 1 . 2 Reagents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0

1 1 . 3 Procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1

1 2 Percentage  of moisture  con tent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2

1 3 Loss  of mass  on  i gn i tion  (LOI ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2

Figu re  1  – Edge-tearing  sti rrup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3

Annex ZA (normative)  Normative  references  to  i n ternational  publ ications  wi th  thei r
correspond ing  European  publ ications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 4

Page 3

EN 60819−2:2001

2002 yraunaJ 22 ISB ©© BSI 22 January 2002



INTRODUCTION

This  I n ternational  Standard  i s  one  of a  series  wh ich  deals  wi th  non-cel l u los ic papers  for
electrical  purposes.

The  series  cons ists  of three  parts:

Part  1 :  Defin i tions  and  general  requ irements  ( I EC 6081 9-1 )

Part  2 :  Methods  of test  ( IEC  6081 9-2)

Part  3 :  Speci fications  for i nd ividual  materia ls  ( I EC  6081 9-3)

Page 4

EN 60819−2:2001

© BSI 21  January 20022002 yraunaJ 22 ISB ©6 © BSI 22 January 2002



NON -CELLU LOSIC PAPERS FOR ELECTRI CAL PU RPOSES –

Part 2:  Meth ods  of test

1  Scope

This  part  of I EC  6081 9  con tains  the  test methods  to  be  used  i n  testing  non-cel l u los ic  papers
for e lectrical  purposes  to  meet the  requ i rements  prescribed  i n  the  speci fication  sheets  of
IEC 6081 9-3.

2  N ormati ve referen ces

The fo l lowing  normative  documents  contain  provis ions  wh ich ,  th rough  reference  in  th is
text,  consti tu te  provis ions  of th is  part of I EC 6081 9.  For dated  references,  subsequent amend-
ments  to ,  or revis ions  of,  any of these  publ ications  do  not appl y.  However,  parties  to
agreements  based  on  th is  part  of I EC 6081 9  are  encouraged  to  i nvestigate  the  poss ib i l i ty of
applying  the  most recent ed i ti ons  of the  normati ve  documents  i nd icated  below.  For undated
references,  the  l atest ed i ti on  of the  normative  document referred  to  appl i es .  Members  of I EC
and  I SO  mainta in  reg isters  of currentl y val i d  I n ternational  Standards.

IEC 60243-1 : 1 998,  Electrical strength  of insulating materials – Test methods – Part 1 :  Tests
at power frequencies

I EC 60250: 1 969,  Recommended methods for the determination of the permittivity and
dielectric dissipation factor of electrical insulating materials at power,  audio and radio
frequencies including metre  wavelengths

I EC 6081 9-3  (a l l  parts) ,  Specification for non-cellulosic papers for electrical purposes –
Part 3:  Specifications for individual materials

I SO  1 86: 1 994,  Paper and board – Sampling to determine average quality

I SO  534: 1 988,  Paper and board – Determination of thickness and apparent bulk density or
apparent sheet density

I SO  536: 1 995,  Paper and board – Determination of grammage

I SO  1 924  (a l l  parts) ,  Paper and board – Determination of tensile  properties

3 General  notes  on  tests

I n  th is  s tandard ,  reference  i s  made i n  several  p l aces  to  I SO  publ ications  accompan ied  by a
short description  of the  method  used .  I t  i s  to  be  understood  that th is  short description  i s
meant for i den ti fication  purposes  on l y and  that a l l  detai l s  shou ld  be  taken  from  the  I SO
publ ication  i tsel f.

I n  th is  s tandard ,  the  defin i ti ons  of “specimen”  and  “ test p iece”  as  defined  i n  I SO  1 86  are  used .

– specimen :  a  rectang le  of paper or board  cu t  to  g i ven  d imensions  from  sheets  d rawn  from
selected  un i ts .

NOTE    Adapted  from  3. 4  of I SO  1 86.

– test p iece:  the  quan ti ty of paper or board  on  wh ich  the  determ ination  i s  carried  ou t i n
accordance  wi th  the  method  of test.  I t  may be  taken  from  a  specimen ;  i n  some instances  i t
may be  the  specimen  i tsel f.

NOTE    Adapted  from  3. 6  of I SO  1 86.
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3. 1   Un less  otherwise  speci fied ,  cu t  the  specimen  and  cond i tion  the  test p ieces  for not l ess

than  1 6  h  i n  an  atmosphere  of (23  ?  2 )  ?C and  (50  ?  5 )  %  r. h .  Perform  the  tests  on  the  test
pieces  i n  th is  atmosphere.

3. 2   I n  cases  of d ispute  use  the  fo l lowing  procedure.

Prior to  cond i ti on ing ,  d ry a l l  specimens  at 70  ?C to  a  moisture  conten t below 4  %.  Cond i tion

these  p ieces  for a  m in imum  of 1 8  h  at (23  ?  1 )  ?C and  (50  ?  2 )  %  r. h .

Un less  otherwise  speci fi ed ,  make tests  on  three  specimens.

4 Thi ckn ess

4. 1   Measure  th ickness  on  a  s ing le  test p iece  i n  accordance  wi th  I SO  534  using  a  precis ion

d ia l  m icrometer that appl ies  to  the  test p iece  a  stati c  l oad  equ ivalent  to  (1 00  ?  1 0 )  kPa.

4. 2   Excepti on s  to  I SO 534

– Make  one  determ ination  on  each  of the  th ree  cond i ti oned  test p ieces.

– Take the  central  va lue  as  the  resu l t  of the  th ickness  of a  s i ng le  sheet;  the  other two
determ inations  shal l  be  reported .

– Use  the  m i l l imetre  as  the  un i t of th ickness.

– Reporti ng  of the  standard  deviation  i s  optional .

5 Grammage (mass  per un i t area,  basi c mass)

5. 1   Measure  the  grammage  in  accordance wi th  I SO 536.

Princip le:  The  area  of each  test p iece  and  i ts  mass  are  measured  on  cond i tioned  test p ieces.
Mass  per un i t  area  i s  ca lcu lated .

5. 2   Excepti on s  to  I SO 536

– Ignore  clauses  5  and  6.

– Make  one  determ ination  on  each  of the  th ree  cond i tioned  test p ieces  having  an  area  of not
l ess  than  0, 05  m

2
.

– Determ ine  the  mass  to  an  accuracy of 0 , 5  %.

– Take the  central  va lue  as  the  resu l t;  report the  other two  values.

6 Di ssi pati on  factor and  permi tti vi ty

6. 1   Use  any appropriate  apparatus  described  i n  I EC  60250  for measurement of d iss ipation
factor and  perm i ttivi ty.  Test at l east three  specimens.  Un less  otherwise  speci fied ,  cond i tion

test p ieces  as  per 3 . 1 .

6. 2   Un less  otherwise  speci fied ,  test at  room  temperature  i n  accordance wi th  3 . 1  us ing
al ternati ng  vol tage  at  a  frequency between  48  Hz and  62  Hz wh ich  provides  a  stress  of
approximatel y 0 , 4  MV/m .

6. 3   Report the  med ian  va lues  for d iss ipation  factor and  perm i tti vi ty.
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7 Tensi l e  strength  and  el ongati on

7. 1   Determ ine  tensi l e  s treng th  and  e longation  i n  accordance wi th  I SO  1 924  un less  otherwise
speci fied  i n  the  speci fic  sheets  of I EC  6081 9-3.

Princip le:  Test p ieces  approximatel y 1 5  mm  wide  and  250  mm  long ,  cu t i n  each  of the
principal  d i rections  of the  paper,  are  cond i ti oned ,  clamped  i n  a  tens ion-testing  mach ine,  and
exposed  to  tensi l e  forces  sufficien t to  cause  the  test p iece  to  break.

7. 2   Excepti on s  to  I SO 1 924

– Test n i ne  test p ieces  cu t so  that the  long  d imension  i s  paral le l  to  the  mach ine  d i rection  of
the  paper.  These  resu l ts  are  MD  tensi l e  strength .

– Test n ine  test p ieces  cu t so  that the  long  d imension  i s  para l le l  to  the  cross  d i rection  of the
paper.  These  resu l ts  are  CD  tens i l e  s trength .

– Take the  centra l  va lue  of the  n i ne  determ inations  as  the  resu l t  for each  d i rection .

– Report  the  h i ghest  and  the  l owest values.

– Al ternativel y,  the  resu l ts  may be  expressed  as  breaking  strength  i n  metres  rounded  off to
the  nearest 1 00  m .

8 Edge-teari ng  resi stance

8.1  Test apparatu s

The test apparatus  cons ists  of

– an  edge-tear s ti rrup  frame (see  fi gure  1 ) ;

– a  V-notched  p late  wi th  a  th ickness  of (1 , 25  ?  0 , 05)  mm,  for use  wi th  the  s ti rrup  frame;

– a  V-notched  p late  wi th  a  th ickness  of (2 , 50  ?  0 , 05)  mm,  for use  wi th  the  s ti rrup  frame;

– a  tens ion-testi ng  mach ine  i n  accordance  wi th  cl ause  7 .

8.2  Test pi eces

Cut n ine  test  p i eces  1 5  mm  to  25  mm  wide  and  at  l east 250  mm  long  in  such  a  way that  the
long  d i rection  is  paral l e l  to  the  mach ine  d i rection  of the  paper.  Label  these  as  MD  test p ieces.

Cu t n ine  add i tional  test pieces  having  the  same d imensions  bu t wi th  the  long  d i rection  paral le l
to  the  cross  d i rection  of the  paper.  Label  these  as  CD  test p ieces.

Exam ine  the  edges  of each  test  piece.  D iscard  and  replace  any test p ieces  wh ich  conta in  a
n ick or other defects  due  to  the  cu tti ng  that  wou ld  i n fl uence  the  test resu l ts.

Cond i tion  and  test a l l  test  p ieces  in  accordance  wi th  3 . 1 .
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8.3  Procedu re

I f papers  having  a  th ickness  of 0 , 75  mm  or less  are  to  be  tested ,  attach  the  1 , 25  mm  th ick
plate  to  the  edge  tear sti rrup  frame.  I f th icker papers  are  to  be  tested ,  attach  the  2 , 50  mm
th ick p late.

Fasten  the  th in  tang  of the  sti rrup  frame i n  the  lower clamp (see  note)  of the  tension-testing
mach ine  so  that

– the  vertica l  centre  l i ne  of the  s ti rrup  coincides  wi th  the  l i ne  connecting  the  m id -poin ts  of
the  upper and  l ower clamps  of the  testi ng  mach ine,  and

– the  s i des  of the  V-notch  are  symmetrica l l y l ocated  re lati ve  to  the  l ine  through  the  m id-
poin ts  of the  clamps.

NOTE   The  s ti rrup  frame may be  fastened  to  the  upper cl amp,  i f des i red .  Th i s  arrangement wi l l  requ i re  re-
cal ibration  of the  zero  poin t  of the  mach ine  to  compensate  for the  mass  of the  sti rrup  assembly.

Place  the  l ower clamp of the  mach ine  such  that the  l ower edge  of the  upper clamp i s  about
90  mm  above  the  V-notched  p late.

Thread  the  test p iece  through  the  s ti rrup,  under the  p late,  and  bri ng  the  two  ends  together
and  fasten  them  i n  the  upper clamp.  Th is  procedure  wi l l  resu l t  i n  the  e l im ination  of most  of the
slack i n  the  s trip .  Take  care  not to  appl y any tearing  forces  to  the  test  piece  du ring  th is  step  of

the  procedure.

Make  the  appl ication  of the  fi rst  i ncrements  of l oad  to  the  test p i ece  very s l owly so  as  to
m in im ize  abnormal  stra ins  due  to  i nertia  effects.  Ad j ust the  appl ied  l oad  to  a  rate  that wi l l
produce tearing  wi th in  5  s  to  1 5  s .

At  the  time  of observation  of the  fi rst  tearing  i n  the  strip,  record  the  load  i n  newtons  (N ).

8.4 Resu l ts

Report  the  cen tral  values  for each  of the  two  d i rections  of the  paper.  I ncl ude  the  wid th  and
th ickness  of the  test p ieces  and  the  rate  of l oad ing .  The  un i t  for edge-tearing  res istance  i s  the

newton  (N ).

Report  the  h i ghest and  l owest val ues.

9  Shri nkage d ue to  heati ng  i n  ai r

9.1  Test apparatu s   

The test apparatus  cons ists  of

– an  instrument capable  of measuring  250  mm  d istances  to  wi th in  ?0, 2  mm;

– a  temperature-control led  oven  that main tains  ai r wi th in  the  oven  wi th in  ?5 ?C at  any set

temperature  between  1 30  ?C and  300  ?C.

9.2  Test pi eces

Cut three  rectangu lar test  p i eces,  each  having  a  d imension  greater than  245  mm  on  any edge.
One edge  shal l  be  paral le l  to  the  mach ine  d i rection  of the  paper.

Mark each  test  p iece  so  as  to  i denti fy the  mach ine  d i rection .
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9.3  Procedu re

a) Before  measuring  any d imension ,  cond i tion  a l l  test p ieces  in  accordance wi th  3 . 1  and  then
place  them  upon  a  smooth  fl at  surface  located  i n  a  room  or chamber main tained  at  the
cond i ti on ing  atmosphere.

b) Measure  and  record  the  d imensions  of each  test p iece  in  the  mach ine  and  cross-
d i rections.

c) Set the  oven  to  the  temperature  speci fi ed  i n  I EC  6081 9-3  and  a l l ow i t  to  come to  thermal
equ i l ibri um .

d) Place  the  test p ieces  i n  the  oven  i n  such  a  way that  each  is  suspended  vertical l y i n  the
chamber wi th  a  l i gh t weigh t attached  to  the  bottom  of each  test p iece  to  m in im ize  curl ing
during  the  heat  exposure.

e) Count the  beg inn ing  of exposure  time from  the  time  at  wh ich  the  oven  has  reached
thermal  equ i l i bri um .

f) After an  exposure  time  of (40  ?  1 )  m in ,  remove and  let the  test  pieces  cool  i n  a  dessicator.

g) After a  t ime of 4  h  i n  the  dess icator,  repeat the  determ ination  of the  d imensions  i n  each
d i rection  on  each  test p iece  i n  accordance wi th  9. 3.

h)  Calcu late  i n  per cen t the  shrinkage MD for each  test  p iece  as  fol lows:

heating) before dimension (MD

1 00 heating) after dimension (MDheating) before dimension (MD ??

i ) Calcu late  i n  per cen t the  shrinkage CD  for each  test p iece  by substi tu ti ng  the  CD
d imensions  for the  MD  d imensions  of 9. 3h).

9.4 Resu l ts

Take the  central  va lue  of the  three  values  i n  each  d i rection  as  the  resu l t.  Report the  other two
values  of percentage  shrinkage  for each  d i rection .

I denti fy the  exposure  temperature  used .

1 0  El ectri c strength

1 0.1  Apparatu s

Measure the electric strength  using  the apparatus in  accordance wi th  clause 7  of IEC 60243-1 .
The  preferred  e lectrodes  are  the  25/75  mm  electrodes  described  i n  4 . 1 . 1 . 1  of I EC  60243-1 .  I n
cases  where  the  test p ieces  have  d imensions  too  smal l  for use  by these  e lectrodes  i t  i s
perm iss ible  to  use  the  6  mm  d iameter e lectrodes  of 4 . 1 . 2  of I EC  60243-1 .

Use  e lectrodes  that  are  para l le l  and  free  from  p i ts  or other imperfections.

1 0.2  Test pi eces

Cond i tion  a l l  test  p ieces  in  accordance  wi th  3 . 1  prior to  testi ng .

Area  d imensions  of each  test  p iece  shal l  be  l arge  enough  to  prevent fl ashover around  the  test
piece.

From  each  specimen  prepare  one  or more  test p ieces  having  sufficien t area  to  obta in  a  tota l
of n i ne  breakdown  vol tage  read ings.
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1 0.3  Procedu re

Measure  and  record  the  th ickness  of each  test piece  i n  accordance  wi th  cl ause  4 .

Make  n ine  breakdown  tests  i n  a i r i n  accordance wi th  9. 1  of I EC  60243-1 .  Record  the  vol tage
for each  breakdown.

For cri terion  of breakdown ,  use  clause  1 0  of I EC  60243-1 .

1 0. 4 Resu l ts

Calcu late  the  e lectric s trength  for each  test p iece  by d i vi d ing  the  breakdown  vol tage  by the
measured  th ickness.

Report i n  accordance wi th  clause  1 2  of I EC  60243-1 .

Report  the  maximum,  central  and  lowest values.

Report  the  e lectric s trength  i n  ki l ovol ts  per m i l l imetre  (kV/mm)  or as  megavol ts  per metre
(MV/m).

Report  the  d imensions  of the  e lectrodes  used .

1 1  Con ducti vi ty of aqueous extract

1 1 .1  Test apparatu s

The test apparatus  cons ists  of

– a  conductivi ty cel l  wi th  a  known  cel l  constan t;

– a  measuring  i nstrument capable  of determ in ing  conductance to  a  m in imum  value  of 1  ?S
wi th  an  accuracy of 5  %  in  the  frequency range  50  H z to  3  000  Hz.  Al ternativel y,  the
res istance  may be  measured  wi th  the  same accuracy;

– flasks,  g lass,  acid -  and  a lka l i -res istant,  250  m l  capaci ty,  wide  mouth ,  con ical ;

– reflux condenser,  g l ass,  acid -  and  alkal i -res istan t,  for use  wi th  the  wide-mouth  flasks
above;

– anal ytical  balance  capable  of weigh ing  to  ?0, 05  g .

1 1 . 2  Reag en ts

Disti l l ed  or deion ized  water that meets  a l l  of the  fo l l owing  requ i rements  at  25  ?C:

– volume res isti vi ty g reater than  0 , 01  M?m;

– pH  between  6 , 20  and  7, 50 ;

– total  mass  fraction  of sol ids  l ess  than  1 0–6 .
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1 1 .3  Procedure

NOTE   I t  i s  essential  that  a l l  specimens,  test  p ieces,  apparatus,  and  reagents  be  hand led  and  stored  i n  such  a
manner that  they are  not  contam inated  e i ther by con tact  wi th  hands  or exposure  to  con tam inati ng  atmospheres  that
may exi st  wi th i n  a  chem ical  l aboratory.

a) Make  a l l  determ inati ons  on  the  materia l  as  received .

b) Make  one  conductance  measurement on  each  of th ree  extractions.

c) Confi rm  that the  g lass  flask wh ich  wi l l  hol d  the  extract so lu tion  during  the  conductance
measurement i s  su i table  for use  i n  th is  method .  The  procedure  for the  determ ination  of
confi rmation  fol l ows.

d) From  a  reservoi r of reagent water,  pour approximatel y 1 25  m l  of reagent water i n to  the
g lass  fl ask that wi l l  be  used  to  hold  the  aqueous  extract solu tion  during  the  measurement
of the  conductance.  Attach  the  refl ux condenser.

e) Boi l  th is  water for approximatel y 60  m in .

f) Stopper the  fl ask to  prevent carbon  d ioxide  absorpti on  and  a l l ow the  conten ts  to  cool  to
room  temperature.

g) I f the  conductivi ty exceeds  200  ?S/m ,  repeat the  procedure  on  the  same flask or another

flask.  I f the  conductivi ty i s  below 200  ?S/m ,  the  flask i s  su i table  for use.  Use  on l y fl asks
that conform  to  the  above  cri terion .  Record  the  acceptable  conductance va lue  of the  fl ask
conten ts  and  use  th is  as  the  conductance va lue  for the  blank determ inati on  in  the
calcu lation  of 1 1 . 4 .

h) From  a  20  g  specimen,  cu t p ieces  of abou t 1 0  mm  ?  1 0  mm .

i ) Weigh  (5, 0  ?  0 , 5)  g  of the  paper and  p l ace  i t  i n  a  wide-mouth  fl ask wh ich  i s  fi tted  wi th  a
reflux condenser.

j ) Add  1 00  m l  of reagent water.

k) Heat the  flask to  boi l i ng  and  boi l  gen tl y.

l ) After gen tle  boi l ing  for approximatel y 60  m in ,  remove the  fl ask and  i ts  contents  from  the
heat.

m) Remove  the  refl ux condenser and  stopper the  fl ask to  prevent  absorption  of carbon
d ioxide  from  the  a i r.

n ) Cool  to  room  temperature.

o) Decant a  few m i l l i l i tres  of the  extract so  that the  l i qu i d  rinses  the  electrodes  of the
conductivi ty cel l  as  the  extract flows  i n to  that flask upon  wh ich  the  b lank determ ination
was  made.

p) Rinse  the  fl ask wi th  a  smal l  volume of the  extract,  then  d iscard  the  l i qu id .

q ) Repeat th is  rins ing  process  twice;  then  as  qu ickly as  poss ib le  transfer the  remain ing

extract  i n to  the  flask and  measure  the  conductance  at (23  ?  0 , 5)  ?C.

1 1 .4   Calcu late  the  conductivi ty of the  extract  sol u tion  as  fo l l ows:

? =  K (G1  – G2)

where

? i s  the  conductivi ty of extract so lu tion  i n  m icros iemens  per metre  (?S/m );

K i s  the  cel l  constant in  un i ts  of m–1 ;

G1 i s  the  conductance of extract so lu tion  i n  m icros iemens  (?S) ;

G2 i s  the  conductance of b lank i n  m icros iemens  (?S).

Report  the  med ian  value  as  the  resu l t.

Report  the  h ighest and  l owest conductivi ty.
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1 2  Percentag e of moistu re content

1 2. 1   From  uncond i ti oned  specimens,  take  test p ieces  of conven ien t d imensions  wi th  mass  in

excess  of 1 0  g .  Weigh  on  a  balance  having  an  accuracy of ?0, 05  %.  Record  the  i n i ti a l  mass.

Place  test p ieces  i n  a  l aboratory oven  main tained  at (1 05  ?  3 )  ?C.  Determ ine  the  fi nal  mass
after d rying  to  a  constan t mass.  Test p ieces  shal l  be  taken  from  at  l east two  specimens.

1 2. 2    Calcu late  the  percen t moisture  con tent:

mass initial

1 00 mass)final mass(initial ??

1 2. 3   Report the  average  value  from  a l l  of the  test p ieces.

1 3  Loss  of mass  on  i g ni ti on  (LOI)

Also  known  as  ash  con ten t,  th is  test procedure  determ ines  the  l oss  of mass  after exposure  to
an  extremely h i gh  temperature.

1 3. 1   Cond i ti on  specimens  accord ing  to  3 . 1  and  take  test pieces  wi th  mass  i n  excess  of 1 0  g .

Weigh  on  a  balance  having  an  accuracy of ?0, 05  %.  Record  the  i n i ti a l  mass  for at l east three

test p ieces.  P lace  test  p ieces  i n  a  l aboratory oven  main tained  at (650  ?  5 )  ?C for 1  h .  (Use  a
tared  crucib le  i f necessary. )  Remove  test p ieces  from  the  oven ,  p lace  in  a  dess icator,  and
cool  to  room  temperature.

1 3. 2   Remove the  test  piece  from  the  dess icator and  weigh  immed iatel y.  Record  as  fi nal
mass.  Calcu late  the  LOI  as  a  percentage:

mass initial

1 00 mass)final mass(initial ??

1 3.3  Report  the  average  value  of a l l  test p ieces.
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Fi g u re  1  – Edg e-teari n g  sti rru p

____________

IEC   929/01
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-  3  - EN  91 806-2: 1 002

Annex ZA
(normative)

Normative  references to international  publ ications
with  thei r corresponding  European  publ ications

This European Standard incorporates by dated or undated reference,  provisions from other
publ ications.  These normative references are ci ted  at the appropriate places in  the text and the
publ ications are l isted hereafter.  For dated references,  subsequent amendments to or revisions of any
of these publ ications apply to this European Standard only when incorporated in  it by amendment or
revision.  For undated references the latest edition of the publication referred to appl ies (including
amendments).

NOTE When an  international  publication has been modified  by common modifications,  indicated by (mod),  the relevant
EN/HD applies.

Publ ication Year Ti tle EN/HD Year

IEC 60243-1 1 998 Electrical  strength of i nsulating
materials - Test methods
Part 1 :  Tests at power frequencies

EN  60243-1 1 998

IEC 60250 1 969 Recommended methods for the
determination  of the permittivi ty and
dielectric di ssipation  factor of electrical
i nsulating  materials at power,  audio and
radio frequencies i ncluding  metre
wavelengths

- -

IEC 6081 9-3-2 2001 Non-cel l u losic papers for electrical
purposes
Part 3:  Specifications for i ndividual
material s --  Sheet 2:  Hybrid  i norganic-
organic paper

EN  6081 9-3-2 2001

ISO 1 86 1 994 Paper and board
Sampl ing  to determine average qual i ty

EN  ISO 1 86 1 996

ISO 534 1 988 Paper and board - Determination of
thickness and  apparent bulk densi ty or
apparent sheet density

- -

ISO 536 1 995 Paper and board
Determination  of grammage

- -

ISO 1 924 Series Paper and board - Determination of
tensi le  properties

- -
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