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(54)  Static  dissipative  laminate. 

©  A  static  dissipative  laminate  consistently  hav- 
ing  an  internal  resistance  less  than  2  x  1  06  and  a 
resistance  to  ground  measurement  of  about  5  x 
106  and  a  surface  resistance  in  the  static  dis- 
sipative  range  even  at  a  very  low  humidities  is 
produced  by  the  use  of  an  ionic  salt  and  an 
humectant  in  the  overlay  and  further  by  the  use 
of  a  special  top  core  sheet  containing  0.6-1.0% 
by  weight  of  carbon  fibers. 
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Field  of  Invention 

The  present  invention  relates  to  static  dissipative 
laminates  and,  more  particularly,  to  a  static  dissipa- 
tive  laminate  having  one  or  more  layers  containing 
sheets  of  carbon  fiber  paper  below  a  decor  layer. 

Background  of  the  Invention 

Considerable  interest  exists  for  static  dissipative 
and  electrically  conductive  laminates  for  use  in  vari- 
ous  environments,  including  static  dissipative  work 
surfaces  and  conductive  flooring  materials.  Among 
the  prior  patents  there  may  be  mentioned  are  the 
patents  to  Wilks  et  al  U.S.  patent  3,922,383;  cannady 
et  al  U.S.  patent  4,480,001;  Cannady  U.S.  patent 
4,540,624;  Berbeco  U.S.  patent  4,454,199  and  Ber- 
beco  U.S.  patent  4,455,350.  The  use  of  carbon  black 
filled  paper  is  known,  as  is  the  use  of  salts,  noting 
patents  such  as  Meiser  U.S.  patent  3,650,821  and 
Economy  et  al  U.S.  patent  3,567,689.  However,  no 
one  product  is  suitable  for  all  static  dissipative  and 
conductive  environments,  because  different  usages, 
i.e.  environments,  require  different  properties. 

Grosheim  et  al  U.S.  patent  4,472,474  belongs  to 
the  prior  art  mentioned  above,  but  is  of  further  interest 
in  disclosing  the  use  of  an  electrically  conductive  fibr- 
ous  web  in  order  to  impart  greater  conductivity  to  the 
laminate,  this  conductive  web  being  preferably  highly 
loaded  with  conductive  particles.  As  a  non-preferred 
alternative,  conductive  fibers  can  be  used.  Example  5 
specifically  mentions  the  use  of  carbon  fiber-contain- 
ing  conductive  webs  of  90%  and  40%  carbon  fibers. 

Cannady  U.S.  patent  4,540,624  discloses  anti- 
static  laminates  containing  long  carbon  fibers,  these 
carbon  fibers  being  uniformly  distributed  throughout 
at  least  the  top  decorative  sheet  of  the  laminate. 

Prior  static  dissipative  laminates  suffered  from 
certain  disadvantages  in  addition  to  being  either  too 
conductive  or  not  conductive  enough.  Thus,  some  of 
these  static  dissipative  laminates  have  an  upper  sur- 
face  containing  carbon  particles  for  providing  a  con- 
ductive  path  from  the  upper  surface  of  the  laminate  to 
the  interior.  This  can  result  in  dusting  of  conductive 
material  from  the  surface  of  the  laminate  as  it  wears, 
which  conductive  material  by  itself  will  result  in  dam- 
age  due  to  electrical  short  circuits.  In  addition,  the 
color  of  these  laminates  is  limited  to  black,  which  can 
provide  human  engineering  problems. 

Another  problem  which  occurs  with  such  prior  sta- 
tic  dissipative  laminates  is  that  the  surface  of  the  lami- 
nate  tends  to  lose  its  electrical  conductivity  when  the 
relative  humidity  drops  in  wintertime.  Measured  resis- 
tivity  of  conventional  static  dissipative  and  conductive 
laminates  is  strongly  dependent  on  relative  humidity, 
and  can  change  several  orders  of  magnitude  between 
50%  relative  humidity  and  15%  relative  humidity.  Prior 
art  static  dissipative  and  conductive  laminates  do  not 

perform  well  at  relative  humidities  below  25-30%.  For 
this  reason,  work  areas  may  have  to  be  humidified, 
which  is  not  always  desirable  due  to  the  possibility  of 
inducing  corrosion  in  certain  products  and  in  certain 

5  equipment  as  well.  In  addition,  the  necessity  for  pre- 
cise  humidification  increases  the  cost  of  handling  the 
electronic  components. 

Two  of  the  high  pressure  decorative  laminates 
having  static  dissipating  or  conducting  properties  use 

10  a  highly  conductive  impregnated  layer  below  the 
decor  sheet.  Of  these,  one  has  an  excessive  surface 
resislivity  and  it  appears  that  the  upper  layer  is  not  suf- 
ficiently  conductive.  The  other  uses  quarternary 
ammonium  compounds  in  the  upper  layer,  along  with 

15  the  conductive  carbon  containing  paper  therebelow, 
and  while  this  laminate  is  adequate  at  normal  relative 
humidity  (about  50%),  it  is  inadequate  at  low  relative 
humidities.  A  third  product  of  yet  another  manufac- 
turer,  although  somewhat  better,  is  still  inadequate  at 

20  low  relative  humidities. 
Prior  art  static  dissipative  laminate  has  also  intro- 

duced  the  problem  of  field  suppression.  This  occurs 
when  the  laminate  is  constructed  of  a  highly  conduc- 
tive  layer  buried  under  a  relatively  non-conducting 

25  surface.  When  a  charged  object  is  placed  on  the  lami- 
nate  surface,  a  field  is  induced  in  the  buried  conduc- 
tive  layer  forming  what  is,  in  effect,  a  leaky  capacitor. 
The  overall  result  is  that  to  an  outside  observer,  e.g. 
a  static  electricity  sensing  meter  such  as  an  elec- 

30  trometer,  a  zero  electrical  potential  exists  when,  in 
reality,  the  field  is  hidden  within  the  laminate.  When  an 
object  such  as  an  electronic  component  is  lifted  from 
the  laminate  surface,  the  charge  reappears  thereby 
creating  the  static  electricity  hazard  sought  to  be 

35  avoided. 
An  excellent  static  dissipative  laminate,  des- 

cribed  in  Ungar  et  al  U.S.  patent  4,784,908,  which 
laminate  has  served  the  industry  well,  uses  a  carbon 
particle  filled  paper  two  layers  down  from  the  surface 

40  decorative  laminate.  This  black  paper  contains  a  non- 
uniform  dispersion  of  carbon  particles  which,  in  the 
finished  laminate,  tend  to  enhance  the  conductivity  of 
that  layer.  The  carbon  particles  are  extremely  small, 
submicron  in  size.  Thus,  electrical  continuity  in  the 

45  layer  is  dependent  on  high  concentrations  of  carbon 
particles  to  achieve  low  resistances.  Even  then,  the 
resistance  is  somewhat  dependent  on  resin  content 
because  the  greater  the  resin  content,  the  more  the 
resin  coats  each  individual  particle  and  insulates  it 

so  from  neighboring  particles. 
Moreover,  the  use  of  carbon  black  paper  creates 

tremendous  handling  and  control  problems.  The  car- 
bon  black  paper  has  a  highly  non-uniform  distribution 
of  carbon  which  creates  widely  varying  electrical 

55  properties  locally  within  the  paper.  Also,  the  wet  ten- 
sile  strength  varies  throughout  a  roll  of  such  carbon 
black  paper  as  a  result  of  the  uneven  carbon  distribu- 
tion,  often  making  it  difficult  to  uniformly  impregnate 
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with  resin. 
Another  disadvantage  of  the  carbon  black  paper 

is  that  the  yields  using  this  carbon  black  paper  have 
not  been  found  to  be  optimal  because  of  wastage, 
partly  due  to  some  of  the  aforementioned  problems. 
There  have  also  been  found  to  be  cross-contami- 
nation  problems  with  the  use  of  carbon  black  in 
decorative  laminate  processes. 

Summary  of  the  Invention 

It  is,  accordingly,  an  object  of  the  invention  to 
overcome  the  deficiencies  and  problems  of  the  prior 
art,  such  as  indicated  above,  and  without  loss  of  the 
advantages  of  the  laminates  of  Ungaretal  U.S.  patent 
4,784,908. 

It  is  another  object  to  provide  for  the  safe  and 
effective  dissipation  of  static  electricity  from  work  sur- 
faces. 

Still  another  object  is  to  provide  an  improved  sta- 
tic  dissipative  and  non-conductive  laminate  having  a 
controlled  and  consistent  internal  resistance  less  than 
2  x  106  ohms,  and  a  resistance  to  ground  measure- 
ment  of  about  5  x  1  06. 

It  is  yet  another  object  of  the  present  invention  to 
provide  an  improved  static  dissipative  laminate  hav- 
ing  a  reduced  disparity  between  surface  resistivity 
and  lower  layer  resistivity,  and  therefore  a  static  dis- 
sipative  laminate  in  which  there  is  no  field  suppres- 
sion  problem. 

It  is  a  further  object  of  the  invention  to  provide 
excellent  static  dissipative  properties  regardless  of 
the  relative  humidity  of  the  surrounding  air. 

It  is  yet  a  further  object  of  the  present  invention  to 
provide  an  attractive  static  dissipative  laminate  which 
looks  like  normal  decorative  high  pressure  laminate 
and  has  good  heat  resistance,  water  resistance  and 
stain  resistance,  as  well  as  excellent  abrasion  resist- 
ance. 

It  is  a  still  further  object  of  the  present  invention 
to  provide  a  static  control  laminate  having  highly 
uniform  electrical  properties. 

These  objects  are  obtained  by  using  one  or  more 
layers  of  a  resin  impregnated  special  carbon  fiber 
paper  directly  below  the  decorative  layer,  the  special 
carbon  fiber  paper  containing  only  a  very  small 
amount  of  carbon.  The  carbon  fiber  paper  replaces 
the  carbon  black  filled  paper  of  the  prior  art  providing 
surprising  results  of  improved  properties  including 
highly  uniform  electrical  properties  when  considering 
the  relatively  minute  amount  of  conductive  fiber  used. 

Brief  Description  of  Drawing 

The  sole  figure  is  a  schematic  perspective  view, 
partly  in  section,  of  a  laminate  in  accordance  with  the 
present  invention. 

Detailed  Description  of  Embodiments 

The  figure  shows  a  static  dissipative  laminate  10 
having  a  decor  sheet  12  with  an  abrasion  resistant 

5  upper  face  as  its  upper  layer,  one  or  more  special  car- 
bon  fiber  containing  core  layers  14  therebeneath,  and 
a  plurality  of  regular  core  layers  16  therebeneath. 

The  decor  sheet  12  may  be  conventional  decor 
paper,  e.g.  solid  colored  or  patterned  such  as  by  hav- 

10  ing  a  design  printed  on  its  upper  surface  in  accord- 
ance  with  conventional  practice.  The  decor  sheet  12 
is  preferably  consistent  with  that  disclosed  in  the 
aforementioned  Ungar  et  al  U.S.  patent  4,784,908 
which  is  hereby  incorporated  by  reference.  To  give 

15  the  laminate  10  the  desired  abrasion  resistance,  the 
decor  sheet  12  may  have  an  ultra-thin  abrasion  resis- 
tant  layer  on  its  upper  face  consistent  with  the  Scher 
et  al  U.S.  patent  4,255,480  and  its  progeny,  or  the 
Ungaretal  U.S.  patent  4,71  3,  138.  To  make  the  lami- 

20  nate  scuff  resistant,  the  ultra-thin  coating  may  be 
further  modified  to  contain  solid  lubricant  in  accord- 
ance  with  O'Dell  etal  U.S.  patent  4,567,087. 

As  noted  above,  the  abrasion  resistant  decor 
layer  12  of  the  static  dissipative  laminate  1  0  of  the  pre- 

25  sent  invention  is  desirably  prepared  according  to  the 
'908  patent,  and  is  preferably  a  decorative  paper 
sheet  impregnated  with  melamine  resin  containing  an 
humectant  such  as  glycerin  and  an  ionic  salt  such  as 
sodium  formate  in  the  proportions  set  forth  in  that 

30  patent. 
One  or  more  special  core  layers  1  4  of  carbon  fiber 

containing  paper  are  preferably  utilized  directly  below 
the  decorative  layer  12  of  the  laminate  10.  In  the 
finished  layer  carbon  makes  up  approximately  1%  or 

35  less  of  the  weight  of  the  layer  in  the  form  of  randomly 
and  irregularly  distributed  carbon  fibers.  The  prefer- 
red  range  is  approximately  from  0.6  to  1  .0%  by  weight 
carbon.  The  preferred  average  and  ideal  carbon  con- 
tent  is  approximately  0.8%  by  weight.  It  has  been 

40  found  that  the  lower  value  of  carbon  content  of  about 
0.6%  by  weight  is  critical  in  the  sense  that  at  a  value 
below  the  critical  value,  which  is  0.6%  or  very  close 
thereto  depending  on  the  exact  amount  of  resin  and 
other  additives  present,  conductivity  will  be  lost. 

45  The  special  carbon  fiber  conductive  core  paper  is 
made  by  conventional  paper  making  techniques  using 
small  quantities  of  the  carbon  fibers  along  with  the 
usual  paper  making  fibers.  The  carbon  fibers  are  origi- 
nally  preferably  about  0.25  inches  in  length,  although 

so  at  least  some  of  them  usually  become  broken  during 
the  manufacture  of  the  paper.  If  the  fibers  are  sub- 
stantially  longer,  e.g.  0.5  inches  in  length,  they  tend 
to  undesirably  clump  during  the  paper  making  pro- 
cess;  if  the  carbon  fibers  are  substantially  shorter,  e.g. 

55  0.15  inches,  substantially  greater  quantities  of  these 
very  expensive  fibers  are  required  and  also  the  lami- 
nate  will  become  undesirably  stiffer.  The  carbon  fibers 
preferably  comprise  approximately  0.9-1.5%  by 
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weight  of  the  total  fibers  of  the  paper  sheet.  Use  of 
greater  than  1  .9%  carbon  fiber  make  the  paper  unde- 
sirably  stiff  and  the  resultant  laminate  more  difficult  to 
postform. 

This  special  core  paper  14  is  impregnated,  as  is 
the  conventional  core  paper  16  therebeneath,  with 
phenolic  resin  or  the  like  in  the  usual  way.  The 
phenolic  resin  may  be  either  treated  by  the  addition  of 
ion  ic  salt  and/or  humectant  as  per  U  ngar  et  al  '908,  or 
untreated;  preferably  the  phenolic  resin  used  in  the 
special  core  paper  is  untreated  whereas  that  used  in 
the  regular  core  paper  is  treated.  As  noted  above,  the 
carbon  fibers  comprise  only  0.6  to  1.0%  of  the  total 
weight  of  the  core  layers  14  in  the  completed  laminate 
10. 

No  overlay  or  any  special  bottom  layer  is  neces- 
sary.  The  core  layers  (special  layers  14  and  regular 
layers  16)  do  not  require  the  presence  of  humectant 
or  ionic  salt. 

Because  of  the  very  small  quantity  of  carbon 
which  is  present  in  the  carbon  fiber  core  paper  used 
in  accordance  with  the  present  invention,  such  a  spe- 
cial  carbon  fiber  core  paper  is  not  black  like  the  carbon 
filled  black  core  paper  of  the  prior  art,  and  therefore 
(unlike  the  carbon  black  core  paper  of  the  prior  art)  it 
can  be  placed  directly  below  the  decorative  layer  with- 
out  impairing  the  visual  effects  of  the  final  laminate. 
Indeed,  this  special  carbon  fiber  core  paper  can  be 
white  by  the  use  of  bleached  pulp  or  colored,  e.g.  gray 
or  light  brown,  such  as  by  the  use  of  dyes  and/or  pig- 
ments  to  enhance  the  appearance  of  the  final  lami- 
nate.  Moving  the  conductive  core  layer  up  to  a 
location  directly  below  the  decor  layer  eliminated  the 
need  for  any  special  treatment  of  the  phenolic  resin  in 
any  other  layers,  e.g.  the  use  of  ionic  salt  and/or 
humectant,  even  though  such  special  treatment  may 
be  desirable  for  other  reasons. 

The  following  examples  will  illustrate  the  manner 
in  which  the  invention  can  be  practiced,  it  being  under- 
stood  that  these  examples  are  not  to  be  considered 
limiting  of  the  invention: 

Series  I  Examples 

A  series  of  examples  are  run  similar  to  Examples 
3-5  of  the  Ungar  et  al  U.S.  patent  4,784,908,  except 
that  the  core  layers  containing  carbon  as  used  in  said 
Ungar  at  al  U.S.  patent  '908  are  eliminated  along  with 
the  optional  top  core  layer,  and  these  are  replaced  by 
a  series  of  conventional  core  layers  topped  with  a  spe- 
cial  carbon  fiber  core  paper  comprising  0.95%  by 
weight  carbon  fibers  based  on  the  total  paperweight. 
In  some  of  the  laminate  lay-ups,  conventional 
phenolic  resin  is  used  without  ionic  salt,  and  in  other 
lay-ups  the  phenolic  resin  used  is  consistent  with 
example  4  of  said  Ungar  et  al  USP  '908.  The  lami- 
nates  are  pressed  under  conventional  conditions,  and 
the  resultant  static  dissipative  laminates  are  found  to 

have  excellent  properties  consistent  with  the  require- 
ments  of  the  present  invention. 

Series  II  Examples 
5 

Additional  static  dissipative  laminates  are  made 
similar  to  those  of  Example  6  of  the  Ungar  et  al  U.S. 
patent  '908,  but  with  the  same  modifications  set  forth 
in  the  Series  I  examples  above,  the  special  core  paper 

10  forming  the  layer  14  being  brown  paper.  The  resultant 
laminates  consistently  have  an  internal  resistance 
less  than  2  x  106  ohms  and  a  resistance  to  ground 
measurement  of  about  5  x  106  and  less  than  5  x107, 
a  surprising  result  in  view  of  the  relatively  minute 

15  amount  of  carbon  fiber  present  in  the  brown  core 
paper  14. 

The  foregoing  description  of  the  specific  embodi- 
ments  will  so  fully  reveal  the  general  nature  of  the 
invention  that  others  can,  by  applying  current 

20  klowledge,  readily  modify  and/or  adapt  for  various 
applications  such  specific  embodiments  without 
departing  from  the  generic  concept,  and  therefore 
such  adaptations  and  modifications  are  intended  to 
be  comprehended  within  the  meaning  and  range  of 

25  equivalents  of  the  disclosed  embodiments.  It  is  to  be 
understood  that  the  phraseology  or  terminology 
herein  is  for  the  purpose  of  description  and  not  of  limi- 
tation. 

30 
Claims 

1.  In  a  decorative,  static  dissipative,  high  pressure 
laminate  of  the  type  having  a  plurality  of  consoli- 

35  dated  thermosetting  resin  impregnated  layers 
including  a  core  and  a  decor  surface  layer  con- 
taining  an  amount  sufficient  of  an  ionic  salt  and  of 
an  humectant  to  provide  a  surface  resistance  no 
greater  than  about  2x  109,  the  improvement  whe- 

40  rein: 
said  core  comprises  at  least  one  ther- 

mosetting  resin  impregnated  paper  core  sheet 
and,  provided  over  said  at  least  one  paper  core 
sheet,  at  least  one  special  thermosetting  resin 

45  impregnated  core  layer  of  predominantly  paper 
fibers  and  a  small  quantity  of  carbon  fibers  irregu- 
larly  distributed  among  said  paper  fibers. 

2.  The  laminate  of  claim  1  wherein  said  carbon  fib- 
so  ers  are  approximately  0.25  inches  in  length  prior 

to  manufacture  of  said  paper  sheet. 

3.  The  laminate  of  claim  1  wherein  said  carbon  fib- 
ers  comprise  0.6  to  1.0%  of  the  weight  of  said 

55  special  core  sheet. 

4.  The  laminate  of  claim  3  wherein  carbon  fibers 
comprise  approximately  0.8%  of  the  weight  of 

4 



7  EP  0  490  853  A2  8 

said  special  core  sheet. 

5.  The  laminate  of  claim  1  wherein  said  ionic  salt  is 
sodium  formate  and  said  humectant  is  glycerin. 

5 
6.  The  laminate  of  claim  1  wherein  said  core  is  sub- 

stantially  free  of  ionic  salt  and  humectant. 

7.  The  laminate  of  claim  1  wherein  said  core  con- 
tains  at  least  one  of  an  ionic  salt  and  an  humec-  10 
tant,  and  said  special  core  sheet  is  substantially 
free  of  ionic  salt  and  humectant. 

8.  The  laminate  of  claim  1  wherein  said  special  core 
sheet  has  a  color  other  than  black.  15 

9.  In  a  static  dissipative,  high  pressure  laminate 
comprising  a  plurality  of  consolidated  layers  hav- 
ing  EFFECTIVELY  zero  volt  charge  after  two  sec- 
onds  at  17%  or  lower  relative  humidity;  and  a  20 
decor  layer  above  said  core  layers,  said  decor 
layer  being  impregnated  with  a  thermosetting 
resin  and  an  amount  sufficient  of  glycerin  or  an 
aliphatic  tertiary  amine  together  with  an  ionic  salt 
to  provide  a  surface  resistance  no  greater  than  25 
about  2  x  109,  the  improvement  wherein: 

said  core  comprises  at  least  one  non-con- 
ductive  core  layer  topped  with  a  special  core  layer 
comprising  a  small  quantity  of  carbon  fibers 
irregularly  distributed  therein,  said  laminate  hav-  30 
ing  an  internal  resistance  less  than  2  x  106  ohms 
and  a  resistance  to  ground  measurement  of  about 
5x  106. 

1  0.  A  laminate  according  to  claim  9  wherein  said  car-  35 
bon  fibers  constitute  0.6-1.0%  of  the  weight  of 
said  special  core  layer. 
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