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©  Pocess  for  the  manufacture  of  stretched  rope. 

©  The  stiffness  and  the  tensile  strength  of  a  rope 
containing  polymeric  filaments  manufactured  accord- 
ing  to  the  gel  spinning  process  are  substantially 
increased  by  stretching  it.  The  stretching  is  prefer- 
ably  carried  out  at  elevated  temperature  but  below 
the  melting  point  of  the  filaments. 
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PROCESS  FOR  THE  MANUFACTURE  OF  STRETCHED  ROPE 

The  invention  relates  to  a  process  for  the  man- 
ufacture  of  a  rope  comprising  polymeric  filaments 
manufactured  according  to  the  gel  spinning  pro- 
cess. 

By  'rope'  is  understood  in  the  present  applica- 
tion:  rope,  cord,  cable,  string  and  similar  structures 
comprising  filaments  or  filaments  and  fibres. 

The  gel  spinning  process  as  known  from  GB-A- 
2,042,414  and  GB-A-2,051  ,667  substantially  con- 
sists  in  preparing  a  solution  of  a  polymer,  trans- 
forming  the  solution  to  filaments  above  the  dissolu- 
tion  temperature  of  the  polymer,  cooling  the  fila- 
ments  to  below  the  dissolution  temperature  so  that 
gelation  occurs,  and  complete  or  partial  removal  of 
the  solvent.  The  filaments  can  subsequently  be 
stretched  while  the  rest  of  the  solvent  is  removed. 

Such  filaments  show  a  high  stiffness  and  a 
high  tensile  strength  compared  with  filaments  man- 
ufactured  in  a  different  manner  from  the  same 
polymer  by  spinning. 

A  rope  containing  filaments  that  have  been 
manufactured  according  to  the  gel  spinning  pro- 
cess  also  shows  a  high  stiffness  and  a  high 
strength.  That  is  precisely  why  such  a  rope  is  used 
in  situations  where  these  properties  are  of  much 
importance.  It  is  therefore  desirable  to  increase  the 
stiffness  and  the  strength  of  the  rope  still  further. 

The  object  of  the  invention  is  to  provide  a 
process  for  the  manufacture  of  a  rope  containing 
polymeric  filaments  manufactured  according  to  the 
gel  spinning  process,  with  a  higher  stiffness  and  a 
higher  tensile  strength  that  the  known  ropes.  This 
is  achieved  by  stretching  a  rope  containing  poly- 
meric  filaments  manufactured  according  to  the  gel 
spinning  process. 

Such  a  rope  shows  a  stiffness  and  a  tensile 
strength  which,  depending  on  the  degree  of 
stretching,  are  significantly  higher  than  the  stiffness 
and  the  tensile  strength  of  the  original  rope. 

It  is  surprising  that  the  stretching  causes  the 
stiffness  and  the  tensile  strength  of  the  rope  to 
increase  because  the  filaments  of  which  the  rope  is 
made  are  already  stretched  maximally  during  the 
spinning. 

The  tensile  strength  and  the  stiffness  of  the 
filaments  increase  with  increasing  degree  of 
stretching  during  the  spinning  process. 

The  degree  of  stretching  cannot  be  augmented 
unrestrictedly  because  rupture  of  the  filaments  dur- 
ing  the  production  process  occurs  with  increasing 
frequency  as  the  degree  of  stretching  is  increased. 
It  is  easy  to  determine  experimentally  at  what  de- 
gree  of  stretching  rupture  of  the  filaments  occurs 
with  such  a  frequency  that  the  corresponding  fre- 
quency  with  which  the  process  has  to  be  inter- 

rupted  is  acceptable.  This  degree  of  stretching  is 
called  the  maximum  degree  of  stretching  of  the 
filaments. 

It  is  possible  to  stretch  such  filaments  some- 
5  what  further  under  very  special  conditions,  for  in- 

stance  at  a  very  low  rate,  but  such  further  stretch- 
ing  hardly  yields  an  increase  in  the  stiffness  and 
the  strength  of  the  filaments. 

From  the  maximally  stretched  filaments  thus 
w  obtained,  yarns  can  be  manufactured  by  the  known 

processes  for  that  purpose,  such  as  bundling,  twist- 
ing  and/or  twining. 

From  the  yarns  a  rope  can  be  manufactured  by 
the  known  processes  for  that  purpose,  such  as 

75  twisting,  twining,  plaiting  and/or  laying  up. 
Besides  filaments  produced  according  to  the 

gel  spinning  process,  the  rope  may  also  contain 
other  filaments  or  fibres. 

By  stretching  the  rope  its  stiffness  and  tensile 
20  strength  increase.  The  stretching  is  preferably  ef- 

fected  at  elevated  temperature,  but  below  the  melt- 
ing  point  of  the  filaments.  At  elevated  temperature 
the  stretching  can  be  effected  with  less  force  or, 
using  the  same  force,  a  higher  rate  of  stretching  is 

25  achieved. 
The  stretching  of  the  rope  can  also  be  effected 

in  several  steps. 
Polymers  that  can  be  processed  to  filaments 

with  good  results  by  means  of  the  gel  spinning 
30  process  are  for  instance  polyalkenes,  polyvinylal- 

cohol  and  polyacrylonitrile. 
The  polyalkenes  preferably  have  a  weight  aver- 

age  molecular  weight  higher  than  400,000. 
Good  results  are  obtained  if  polyethylene  (PE) 

35  is  chosen  as  polyalkene.  This  PE  may  contain  a 
minor  quantity,  preferably  at  most  5  mol.%,  of  one 
or  more  alkenes  that  can  copolymerize  with  it,  such 
as  propene,  butene,  pentene,  hexene,  octene  and 
4-methylpentene,  and  possess  1  to  10,  preferably 

40  2-6,  methyl  or  ethyl  groups  per  1000  carbon  atoms. 
Other  polyalkenes  can  also  be  considered, 

such  as  for  instance  propene  homo-  and 
copolymers.  Further,  the  polyalkenes  used  may 
contain  minor  quantities  of  one  or  more  other  poly- 

45  mers,  in  particular  alkene-1  polymers. 
By  'polyvinylalcohol'  are  also  understood 

copolymers  containing  vinylalcohol  and  minor 
quantities,  preferably  at  most  5  mol.%,  of  one  or 
more  other  monomers,  such  as  vinylacetate, 

so  ethene  and  other  alkenes.  By  'polyacrylonitrile'  are 
also  understood  copolymers  containing  acrylonitrile 
and  minor  quantities,  preferably  at  most  5  mol.%, 
of  one  or  more  other  monomers,  such  as 
methacrylates,  acrylates,  vinylacetate. 

Further,  is  has  surprisingly  been  found  that 
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mm/min  until  the  elongation  of  the  rope  is  7.5%. 
The  subsequent  strength  of  the  rope  is  102  kN. 

rope  manufactured  from  not  maximally  stretched 
filaments,  preferably  manufactured  from  filaments 
with  a  degree  of  stretching  of  50%  or  more,  signifi- 
cantly  gains  stiffness  and  strength  when  stretched, 
and  can  be  given  the  same  stiffness  and  strength 
as  the  rope  manufactured  from  maximally  stretched 
filaments  and  subsequently  stretched. 

The  invention  will  be  elucidated  in  the  following 
by  means  of  a  number  of  examples  with  ropes 
made  from  polyethylene,  polypropene  and  Kevlar 
(TM). 

Rope  1  is  laid  up  using  1600  denier  polyethyl- 
ene  yarn,  type  Dyneema  (TM)  SK  60,  manufac- 
tured  according  to  the  gel  spinning  process,  and 
has  the  following  structure:  7  x  19  x  2  x  1600.  The 
strength  of  the  rope,  measured  according  to  DIN 
83305,  is  73.8  kN.  The  tensile  strength  of  the  yarn, 
measured  according  to  DIN  53834,  is  3.20  GPa. 

Rope  2  is  laid  up  using  2000  denier  polyethyl- 
ene  yarn,  type  Dyneema  (TM)  SK  60,  manufac- 
tured  according  to  the  gel  spinning  process,  the 
filaments  not  being  stretched  maximally  but  to 
80%.  Rope  2  has  the  following  structure:  7 x 1 9 x 2  
x  2000. 

Rope  3  is  laid  up  using  Kevlar  (TM)  29  1600 
denier  yarn  and  has  the  following  structure:  7 x 1 9  
x  2  x  1600.  The  strength  of  the  rope  is  51  .7  kN. 

Rope  4  is  a  randomly  chosen  rope  made  of 
polypropene  filaments;  it  has  a  strength  of  9.78  kN. 

Example  V 

Rope  1  is  loaded  5000  times  for  a  few  seconds 
to  50%  of  its  measured  strength.  The  subsequent 
strength  is  87.2  kN. 

w 

Example  VI 

Rope  2  is  stretched  at  140°  C  at  a  rate  of  5 
mm/min  until  the  elongation  of  the  rope  is  23%. 
The  subsequent  strength  of  the  rope  is  91  kN. 

75 

Example  VII 

Rope  3  is  for  10  days  loaded  to  50%  of  its 
measured  strength.  The  subsequent  strength  is 
51.3kN. 

20 

25 
Example  VIII 

Rope  3  is  loaded  5000  times  for  a  few  seconds 
to  50%  of  its  measured  strength.  The  subsequent 
strength  is  49.6  kN. 30 

Example  I 

Rope  1  is  clamped  in  in  a  Zwick  (TM)  tensile 
tester.  The  clamp-to-clamp  distance  is  60  cm. 

The  rope  is  loaded  at  room  temperature  to 
50%  of  the  measured  strength  for  10  days.  At  the 
end  of  that  period  the  rope  shows  an  elongation  of 
5%  and  its  strength  is  99  kN. 

Example  IX 

Rope  4  is  stretched  at  150°C  at  a  rate  of  1 
mm/min  until  the  elongation  of  the  rope  is  5%.  The 
subsequent  strength  of  the  rope  is  9.06  kN. 

Examples  I,  II,  II,  IV  .and  V  show  that  stretching 
of  Rope  1  causes  the  initial  strength  to  increase 
from  73.8  kN  to  99,  87.8,  90.8,  102  and  87.2  kN 
respectively.  It  is  clear  that  at  elevated  tempera- 
tures  higher  tensile  strengths  can  be  reached 
faster. 

Example  VI  shows  that  yarns  made  of  the 
polyethylene  filaments  which  initially  have  not  been 
stretched  to  their  maximum  strength  can  be  laid  up 
to  form  Rope  2,  which  after  stretching  at  the  same 
temperature  and  with  the  same  rate  of  stretching 
as  in  Example  III  has  acquired  a  similar  higher 
tensile  strength  as  Rope  1  in  Example  III,  the 
filaments  of  which  had  been  maximally  stretched 
before  manufacture  of  the  rope. 

The  Keviar  Rope  3  of  Example  VII,  treated  in 
the  same  way  as  Rope  1  of  Example  I,  after 
stretching  shows  a  decrease  in  tensile  strength 
from  51  .7  to  51  .3  kN. 

The  polypropene  Rope  4  of  Example  IX  also 
shows  a  decrease  in  tensile  strength,  from  9.78  to 

35 

40 

Example  II 

Rope  1  is  stretched  at  1  20  °  C  at  a  rate  of  20 
mm/min  until  the  elongation  of  the  rope  is  5%.  The 
subsequent  strength  of  the  rope  is  87.8  kN. 

45 

Example  III 

Rope  1  is  stretched  at  1  40  °  C  at  a  rate  of  5 
mm/min  until  the  elongation  of  the  rope  is  5%.  The 
subsequent  strength  of  the  rope  is  90.9  kN. 

50 
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Example  IV 

Rope  1  is  stretched  at  140°  C  at  a  rate  of  5 



EP  0  398  434  A1 

1-6,  characterized  in  that  the  rope  is  manufactured 
from  partially  stretched  filaments  and  subsequently 
stretched. 

9.  Process  according  to  any  one  of  the  claims 
1-6,  characterized  in  that  the  rope  is  manufactured 
from  maximally  stretched  filaments  and  subse- 
quently  stretched. 

9.06. 
It  is  surprising  that  the  ropes  according  to  the 

invention  gain  tensile  strength,  while  other  ropes 
even  show  a  decrease  in  tensile  strength.  This 
cannot  be  attributed  to  further  stretching  of  the 
filaments,  as  appears  from  the  following  tests. 

Test  I 

The  strength  of  Dyneema  (TM)  SK  60  1600 
denier  yarn  is  determined  according  to  DIN  53834. 
The  strength  of  the  yarn  is  3.20  GPa.  The  yarn  is 
stretched  at  120°  C  at  a  rate  of  20  mm/min  until  the 
elongation  is  5%.  The  strength  then  is  3.28  GPa. 
The  stretching  has  not  brought  about  a  significant 
increase  in  the  strength  of  the  yarn,  nor  conse- 
quently  in  that  of  the  filaments. 

70 
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20 
Test  II 

The  rope  stretched  as  described  in  Example  II 
is  unravelled,  so  that  the  1600  denier  yarn  is  ob- 
tained  again.  The  strength  of  the  yarn  is  3.18  GPa. 
It  appears  that  the  strength  of  the  yam  has  not 
increased  relative  to  the  original  yam,  while  the 
strength  of  the  rope  has  increased  substantially  as 
a  result  of  the  stretching. 

25 

30 

Claims 

1.  Process  for  the  manufacture  of  a  rope  con- 
taining  polymeric  filaments  manufactured  according 
to  the  gel  spinning  process,  characterized  in  that 
the  rope  is  stretched. 

2.  Process  according  to  claim  1,  characterized 
in  that  the  stretching  is  carried  out  at  elevated 
temperature,  but  below  the  melting  temperature  of 
the  filaments. 

3.  Process  according  to  claim  1  or  2,  char- 
acterized  in  that  the  filaments  are  manufactured 
from  polyalkene  with  a  weight  average  molecular 
weight  higher  than  400,000. 

4.  Process  according  to  claim  3,  characterized 
in  that  polyethylene  is  used  as  polyalkene. 

5.  Process  according  to  claim  1  or  2,  char- 
acterized  in  that  the  filaments  are  manufactured 
from  polyvinylalcohol. 

6.  Process  according  to  claim  1  or  2,  char- 
acterized  in  that  the  filaments  are  manufactured 
from  polyacrylonitrile. 

7.  Process  according  to  any  one  of  the  claims 
1-6,  characterized  in  that  the  rope  is  manufactured 
from  unstretched  filaments  and  subsequently 
stretched. 

8.  Process  according  to  any  one  of  the  claims 
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