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©  Method  for  applying  a  thermoplastic  adhesive  layer  to  a  body. 

©  The  invention  relates  to  a  method  for  applying 
an  adhesive  layer  consisting  substantially  of  thermo- 
plastic  plastic  to  a  body,  for  example  a  honeycomb 
plate  which  can  serve  as  core  of  a  sandwich  panel 
with  thermoplastic  covering  sheets. 

High  quality  thermoplastic  which  can  be  used  for 
fibre  reinforced  materials  usually  require  solvents 
with  a  high  boiling  point.  The  evaporation  of  the 
solvent  therefore  requires  a  treatment  at  high  tem- 
perature. 

The  invention  provides  a  method  which  can  be 
*J  performed  at  a  lower  temperature  and  comprises  to 
" this   end  the  following  steps: 
W  (1)  the  providing  of  a  body  to  which  the  adhe- 
J^jsive  layer  has  to  be  applied; 

(2)  the  making  of  a  solution  of  the  thermoplas- 
©tic  plastic  in  a  first  solvent; 
®  (3)  the  applying  of  said  solution  to  the  surface 

of  the  body  for  coating; 
©  (4)  the  at  least  partial  removal  of  said  first 

solvent  by  insertion  of  said  body  in  a  second  sol- 
UJvent,  wherein  the  thermoplastic  material  is  substan- 

tially  non-soluble,  and  wherein  said  first  solvent  is 
soluble,  and  the  holding  of  said  body  therein  for  a 

long  enough  period  of  time  such  that  said  first  sol- 
vent  is  removed  to  a  sufficient  extent  from  said 
surface  of  said  body. 
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Method  for  applying  a  thermoplastic  adhesive  layer  to  a  body 

The  invention  relates  to  a  method  for  applying 
an  adhesive  layer  consisting  substantially  of  ther- 
moplastic  plastic  to  a  body,  for  example  a  hon- 
eycomb  plate  which  can  serve  as  core  of  a  sand- 
wich  panel  with  thermoplastic  covering  sheets. 

Known  from  membrane  technology  is  a  method 
whereby  a  thermoplastic  plastic  is  deposited  from  a 
solution  onto  a  body  by  bringing  the  solution  to 
saturation  using  artificial  means.  With  the  correct 
choice  of  process  parameters  the  surface  of  the 
body  can  be  given  a  porous  structure,  as  a  result 
of  which  the  process  attains  a  great  depth  of  pene- 
tration. 

This  known  art  is  used  for  instance  in  the 
manufacture  of  semi-permeable  membranes,  which 
can  be  used  as  filters  for  a  specific  particle  size  or 
for  the  separation  of  two  phases. 

For  the  manufacture  of  sandwich  panels  con- 
sisting  of  a  substantially  plate-like  core  and  for 
example  fibre  reinforced  thermoplastic  sheets  as 
skin  layers,  an  adhesive  layer  is  applied  from  a 
solution  to  the  core  material  and  integrated  with  the 
skin  layers  by  fusing  or  diffusion.  Such  a  method  is 
described  in  applicant's  as  yet  unpublished  Nether- 
lands  patent  application  8603228.  Described  in  this 
patent  application  is  a  method  according  to  which 
the  solvent  is  partially  removed  by  evaporation. 

High  quality  thermoplastics  which  can  be  used 
for  fibre  reinforced  materials  usually  require  sol- 
vents  with  a  high  boiling  point.  The  evaporation  of 
the  solvent  therefore  requires  a  treatment  at  a  high 
temperature. 

So  for  example  n-methylpyrrolidone  (NMP),  a 
suitable  solvent  for  thermoplastics,  has  a  boiling 
point  of  above  200  degrees  C.  Heating  to  tempera- 
tures  of  this  order  demands  large  investment,  while 
moreover  much  attention  must  be  paid  to  fire  safe- 
ty.  Furthermore,  not  all  reinforcing  fibres  and  core 
materials  can  withstand  the  high  temperatures  nec- 
essary  to  remove  solvents  with  a  high  boiling  point. 

The  invention  has  for  its  object  to  propose  a 
method  which  does  not  have  the  said  drawbacks  of 
the  known  art  and  moreover  has  as  starting  point 
known  processes  from  the  field  of  membrane  tech- 
nology. 

In  order  to  achieve  this  object  the  invention 
provides  a  method  as  described  in  claim  1  . 

Use  can  advantageously  be  made  of  the  meth- 
od  as  claimed  in  claim  2.  With  the  use  of  a  body  in 
the  form  of  a  honeycomb  plate,  closing  of  the 
honeycomb  cells  by  the  solution  can  occur.  By 
applying  the  steps  as  claimed  in  claim  3,  cells  that 
may  have  been  closed  with  spring  open. 

In  preference  the  method  as  in  claim  4  is 
employed.  This  results  in  the  forming  of  a  porous 

structure  on  the  surface  of  the  adhesive  layer.  This 
structure  gives  the  adhesive  layer  a  stability  such 
that  it  cannot  drip  and  can  remain  fixed  for  exam- 
ple  on  the  end  wall  portions  of  the  honeycomb 

5  cells. 
As  already  described  in  the  aforementioned,  as 

yet  unpublished  Netherlands  patent  application 
8603228,  for  the  assembly  of  a  sandwich  structure 
with  a  core  plate  and  fibre  reinforced  thermoplastic 

io  skin  layers,  a  certain  percentage  of  the  first  solvent 
has  to  remain  present  in  the  adhesive  layers.  This 
can  be  achieved  in  particular  by  employing  the 
method  as  claimed  in  claim  5.  Occurring  as  a 
result  during  the  diffusion  process  in  accordance 

15  with  step  (4)  is  a  state  of  equilibrium  at  the  se- 
lected  content  of  the  first  solvent.  This  content  can 
be  controlled  very  accurately. 

Particular  advantages  are  offered  by  the  meth- 
od  of  claim  6.  It  will  be  apparent  that  through 

20  application  thereof  the  second  solvent  can  be  re- 
moved  in  very  simple  manner.  A  method  as  ac- 
cording  to  claims  7  and/or  8  may  for  example  be 
chosen.  With  respect  to  these  choices  the  invention 
is  now  elucidated  briefly  and  in  general.  Subse- 

25  quent  to  application  of  the  solution  of  NMP  as 
according  to  step  (3)  to  the  body,  the  surface 
treated  in  this  way  is  exposed  to  water  by  submer- 
sion  in  a  water  bath,  which  results  in  the  NMP 
being  dissolved  by  the  water  and  being  transported 

30  to  the  surface  by  means  of  a  diffusion  process. 
This  transport  continues  as  long  as  there  exists  a 
difference  in  concentration  between  the  water  bath 
and  the  NMP  still  present  on  the  surface.  Through 
the  exchange  reaction  small  channels  are  created 

35  in  the  solution  of  the  plastic  in  NMP,  whereby  the 
plastic  concentration  gradually  increases,  these 
channels  penetrating  more  and  more  deeply  into 
the  layer.  These  channels  also  possess  porous 
walls  themselves,  so  that  the  exchange  takes  place 

40  rapidly  and  homogeneously.  This  latter  is  a  fact 
established  on  the  basis  of  extensive  laboratory 
tests.  It  has  also  been  found  thereby  that  for  the 
applying  of  adhesive  layers  on  core  materials  the 
reaction  depth  is  great  enough  to  bridge  the  thick- 

45  ness  of  the  material. 
The  invention  will  now  be  elucidated  with  refer- 

ence  to  the  annexed  two  figures,  in  which: 
Fig.  1  shows  a  highly  schematic  view  of  a 

continuous  operating  device,  in  which  the  method 
so  according  to  the  invention  is  implemented;  and 

Fig.  2  is  a  partly  broken  away,  perspective 
view  of  a  part  of  a  simpler,  intermittently  operating 
device. 

Fig.  1  shows  a  device  1  for  applying  an  adhe- 
sive  layer  consisting  substantially  of  thermoplastic 
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plastic  to  a  honeycomb  plate  2  which  can  serve  as 
core  of  a  sandwich  panel  with  thermoplastic  cover- 
ing  sheets. 

(  Plate  2  is  transported  through  coating  rollers  3, 
which  rollers  3  transfer  the  solution  6  present  in  the 
supply  trays  5  therefrom  via  rolls  4  onto  the  end 
wall  surfaces  of  the  honeycomb  plate  2.  The  solu- 
tion  6  consists  of  the  thermoplastic  plastic  for  ap- 
plication  in  n-methylpyrrolidone  (NMP).  Plate  2  is 
conveyed  further  in  the  direction  of  the  arrow  7  by 
the  coating  rollers  3. 

It  passes  through  a  heat  treatment  station  8  in 
which  heat  lamps  9  are  present. 

Thereafter  the  plate  2  passes  through  a  steam 
chamber  10  wherein  steam  coming  from  a  source 
(not  drawn)  is  introduced  into  steam  chamber  10 
via  steam  inlets  1  1  . 

Situated  between  the  trays  5,  in  the  heat  treat- 
ment  station  8  and  in  the  steam  chamber  10  is  a 
slot-like  passage  through  which  the  honeycomb 
plate  2  can  pass. 

The  honeycomb  plate  2  is  then  trained  through 
a  container  12  in  which  is  placed  a  mixture  13 
containing  water  with  a  predetermined  quantity  of 
NMP. 

After  leaving  the  water  bath  the  honeycomb 
plate  2  runs  through  an  after  treatment  station  14 
wherein  the  formed  adhesive  layer  is  further  dried 
by  having  air  passed  along  it,  as  is  indicated  sym- 
bolically  with  arrows  15. 

Located  downstream  relative  to  the  after  treat- 
ment  station  14  are  two  conveyor  rolls  16  which,  as 
a  result  of  an  appropriate  drive  speed,  convey  plate 
2  at  the  same  speed  as  the  coating  rollers  3. 

Subsequent  to  leaving  the  conveyor  rolls  16 
the  finished  plate  is  guided  between  two 
pressure/conveyor  belts  1  7  with  the  interpositioning 
of  protective  foils  18  which  are  carried  along  by  the 
honeycomb  plate  2  and  unrolled  from  supply  rolls 
19. 

After  leaving  the  pressure/conveyor  belts  17 
the  honeycomb  plate  2  is  provided  on  both  end 
wall  surfaces  with  an  adhesive  layer  consisting 
substantially  of  thermoplastic  plastic  which  is  cov- 
ered  in  turn  by  the  protective  foil. 

A  short  description  of  the  operation  of  the 
«  device  1  now  follows.  The  honeycomb  plate  2  is  in 

this  case  fed  to  the  coating  rollers  in  a  continuous 
form.  These  coating  rollers  3  are  driven  by  non- 
drawn  means  at  a  preselected  speed.  The  periph- 
eral  velocity  of  coating  rollers  3  corresponds  with 
the  peripheral  velocity  of  the  conveyor  rolls  1  6  and 
the  speed  of  the  pressure/conveyor  belts  17.  The 
transporting  speed  of  the  honeycomb  plate  2  here- 
by  selected  corresponds  with  a  required  submer- 
sion  time  of  the  plate  2  in  the  mixture  13  present  in 
container  12. 

Coating  rollers  3  receive  this  solution  6,  con- 

sisting  of  NMP  and  the  thermoplastic  plastic  to  be 
applied,  via  the  transfer  rolls  4  which  roll  through 

•  the  solution  6  present  in  trays  5. 
Closing  off  of  cells  of  the  honeycomb  plate  2 

5  may  occur  as  a  result  of  the  coating  treatment.  The 
treatment  in  the  heat  treatment  station  8  is  carried 
out  in  order  to  reopen  such  cells. 

The  subsequent  treatment  in  the  steam  cham- 
ber  10  stabilizes  the  adhering  layer  which  has 

10  partially  penetrated  into  the  material  of  the  hon- 
eycomb  plate  2. 

In  the  following  washing  cycle,  that  is,  the 
passage  through  container  12,  washing  out  of  the 
NMP  takes  place  in  the  mixture  present  in  the 

75  container.  If  only  water  were  to  be  found  in  con- 
tainer  12,  the  NMP  can  then  be  for  the  most  part 
removed  so  that  there  is  virtually  no  longer  any 
NMP  present  in  the  adhesive  layer  present  on  the 
honeycomb  plate  2.  For  reasons  to  be  indicated 

20  briefly  hereinafter  it  is  recommended  that  some 
NMP  is  still  present  in  the  adhesive  layer  to  be 
formed.  It  is  for  this  reason  that  the  mixture  13 
consisting  of  water  and  a  desired  quantity  of  NMP 
is  preferably  used. 

25  Additional  drying  takes  place  in  an  after  treat- 
ment  station  14  at  a  temperature  above  100  de- 
grees  C,  the  boiling  point  of  water,  in  order  to 
remove  any  water  still  present  from  the  plate  2. 
The  conveyor  rolls  16  transport  the  plate  further. 

30  From  this  moment  the  treatment  of  the  plate  is 
completed  and  a  semi-manufacture  is  obtained 
consisting  of  a  honeycomb  plate  2,  the  end  wall 
surfaces  of  which  are  provided  with  an  adhesive 
layer  consisting  of  the  thermoplastic  plastic  and 

35  some  NMP.  This  plate  can  be  immediately  used  to 
form  a  sandwich  panel  by  laying  an  optionally  fibre 
reinforced  thermoplastic  covering  sheet  against  the 
plate  on  both  sides  and,  using  a  suitable  treatment, 
for  example  a  heat  treatment,  an  ultrasonic  treat- 

40  ment  and/or  a  treatment  under  pressure,  by  remov- 
ing  the  NMP  still  present  through  diffusion,  and 
joining  the  sheet  to  the  honeycomb  core. 

In  the  device  1  as  in  fig.  1  however  the  semi- 
manufacture  is  finished  by  arranging  a  protective 

45  foil  on  the  sides  provided  with  an  adhesive  layer. 
The  thus  finished  plate  can  be  transported  to  a 
user  who  makes  further  use  thereof  in  the  manner 
described. 

Fig.  2  shows  a  device  20.  Parts  corresponding 
so  to  those  as  in  fig.  1  are  designated  in  this  figure 

with  the  same  reference  numerals. 
Steam  chambers  21  comprise  here  an  in-feed 

portion  22  and  a  discharge  portion  23,  which  re- 
sults  in  the  steam  passing  along  the  coated  surface 

55  in  the  manner  indicated  with  the  arrow  24. 
After  leaving  steam  chambers  21  the  honey- 

comb  plate  25  drops  into  a  container  26  in  which  is 
to  be  found  the  mixture  13  as  described  above. 

3 
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After  submersion  for  a  sufficiently  long  period  the 
plate  is  taken  out  of  the  container  26  and  if  re- 
quired  subsequently  treated  further.  Such  an  after 
treatment  may  comprise  a  drying  process  and  if 
desired  a  finishing  as  described  with  reference  to 
fig.  1. 

Use  is  made  for  internal  parts  of  aircraft  of  a 
honeycomb  formed  from  Nomex  paper,  which  is 
drenched  in  phenol  resin  and  subsequently  cured. 
The  weight  of  this  type  of  honeycomb  is  48  kg  per 
cubic  metre. 

A  honeycomb  panel  of  this  material  is  provided 
on  both  sides  with  a  coating  of  polyetherimide 
dissolved  in  n-methylpyrrolidone.  The  concentra- 
tion  of  thermoplastic  in  the  solution  is  25%.  The 
coating  is  applied  with  a  weight  such  that  the 
amount  of  thermoplastic  in  the  solution  has  a 
weight  of  100  grams  per  side.  The  coating  is  pre- 
dried  for  thirty  minutes  at  a  temperature  of  240 
degrees  Celsius.  Approximately  25%  solvent  will 
then  be  found  in  the  coating.  The  skin  sheets  are 
joined  to  the  core  in  a  flat  press  at  a  temperature  of 
170  degrees  C  and  a  pressure  of  one  bar  for  a 
duration  of  ten  minutes.  In  a  peel  test  with  a  panel 
manufactured  in  this  manner  it  is  the  core  material 
that  disintegrates  and  not  the  adhesive  layer. 

Claims 

1  .  Method  for  applying  an  adhesive  layer  con- 
sisting  substantially  of  thermoplastic  plastic  to  a 
body,  for  example  a  honeycomb  plate  which  can 
serve  as  core  of  a  sandwich  panel  with  thermoplas- 
tic  covering  sheets, 

characterized  by  the  following  steps: 
(1)  the  providing  of  a  body  to  which  said 

adhesive  layer  has  to  be  applied; 
(2)  the  making  of  a  solution  of  the  thermo- 

plastic  plastic  in  a  first  solvent; 
(3)  the  applying  of  said  solution  to  the  sur- 

face  of  the  body  for  coating; 
(4)  the  at  least  partial  removal  of  said  first 

solvent  by  insertion  of  said  body  in  a  second 
solvent,  wherein  the  thermoplastic  material  is  sub- 
stantially  non-soluble,  and  wherein  said  first  solvent 
is  soluble,  and  the  holding  of  said  body  therein  for 
a  long  enough  period  of  time  such  that  said  first 
solvent  is  removed  to  a  sufficient  extent  from  said 
surface  of  said  body. 

2.  Method  as  claimed  in  claim  1,  character- 
ized  by  the  following  step: 

(5)  the  exposing  after  step  (3)  of  the  relevant 
surface  of  the  body  to  an  increased  temperature  for 
a  period  of  time. 

3.  Method  as  claimed  in  claim  2,  character- 
ized  in  that  step  (5)  is  performed  using  heat 
radiation. 

4.  Method  as  claimed  in  claim  2  or  3,  char- 
acterized  in  that  step  (5)  is  performed  using 
steam. 

5.  Method  as  claimed  in  claims  1-4,  char- 
5  acterized  by  the  following  step: 

(6)  the  addition  prior  to  step  (4)  of  a  chosen 
quantity  of  the  first  solvent  to  the  second  solvent 
such  that  a  desired  concentration  of  said  first  sol- 
vent  is  left  in  the  resulting  adhesive  layer  on  the 

w  body. 
6.  Method  as  claimed  in  claims  1-5,  char- 

acterized  by  the  following  steps: 
(7)  the  selection  of  a  first  solvent  that  has  a 

higher  boiling  point  than  the  second  solvent; 
75  (8)  the  at  least  partial  removal  of  said  second 

solvent  by  subjecting  the  relevant  surface  of  the 
body  to  a  temperature  that  is  minimally  in  the  order 
of  magnitude  of  the  boiling  point  of  said  second 
solvent. 

20  7.  Method  as  claimed  in  claims  1-6,  char- 
acterized  by  the  following  step: 

(9)  the  selecting  of  n-methylpyrrolidone  as 
first  solvent. 

8.  Method  as  claimed  in  claims  1-7,  char- 
25  acterized  by  the  following  step; 

(10)  the  selecting  of  water  as  second  sol- 
vent. 

9.  Body  with  an  adhesive  layer  consisting  of 
thermoplastic  material  obtained  by  employing  a 

30  method  as  claimed  in  any  of  the  foregoing  claims. 
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