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(57] ABSTRACT 

This invention relates to a paper machine clothing hav­
ing improved hydrolysis resistance and suitable for use 
in the forming, pressing or drying sections of a paper 
making machine, and has particular reference to paper 
making machine clothing used in the dryer section of a 
paper making machine, such as through air drying fab­
rics, and dryer screens. 

According to one aspect of the present invention, there 
is provided an article of paper making machine clothing 
suitable for use in the forming, pressing or drying sec­
tians of a paper making machine which article includes 
a fibre structure characterized in that the fibres of said 
structure comprise a polyester material having a hint­
ered carboxyl group and in that said fibres have a melt­
ing point greater than 260• C. The fibres are a copoly­
mer of terephthalic acid, 1 ,4-dimethylolcyclohexane 
and isophthalic acid. 

15 Claims, 4 Drawing Sheets 
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2 
may have a creep extension of Jess than 10% at 1.1 
grams per denier. 

For the purposes of this specification fibre refers to a 
shaped polymeric body of high aspect ratio capable of 

PAPER MACHINE FELTS OF A COPOLYMER OF 
1,4-DIMETHYLOLCYCLOHEXANE, 

TEREPHTHALIC ACID, AND ISOPHTHALIC 
ACID 

DESCRIPTION 

This invention relates to paper machine clothing 
suitable for use in the forming, pressing or drying sec­
tians of a paper making machine and has particular 
reference to paper making machine clothing used in the 
dryer section of a paper making machine, such as 
through air drying fabrics, and dryer screens. 

5 being formed into two or three dimensional articles as in 
woven or nonwoven fabrics. Fibre further refers to 
staple, multifilament or monofilament forms. Melting 
point is defined in this context as the temperature of the 
highest peak on the endotherm of the plot produced via 

In paper making machines, a slurry of paper making 
constituents referred to as "furnish" is deposited on a 
fabric or "wire" and the liquid constituent ofthe furnish 

10 Differential Scanning Calorimetry. By way of example 
of how melting point is determined FIG. 1 (hereinafter 
referred to) is a graph of a Differential Scanning Calo­
rimetry response of a commercial polyester with a melt­
ing point of 255• C. 

15 In another aspect of the present invention, the fibres 

is drawn or extracted through the fabric or wire to 
produce a self-cohesive sheet. This cohesive sheet is 
passed to a pressing and drying section of a paper mak- 20 
ing machine. In the pressing section of the machine, the 
paper sheet is transported by a feit to a pair of rollers 
where the feit and paper sheet are passed between the 
nip of the rollers to dewater and dry the paper sheet. 
The paper sheet itself may contain all types of chemical 25 
finishes and will be at the same time, subjected to an 
elevated temperature in order to aid the dewatering and 
drying thereof. 

may additionally have an initial modulus greater than 25 
grams per denier, an elongation at break of greater than 
15% and a tenacity of greater than 2 grams per denier. 

In a further aspect of the present invention the fibres 
may have a melting point greater than 265• C. and an 
initial modulus greater than 30 grams per denier and an 
elongation at break of greater than 25%, a tenacity of 
2.2 grams per denier. 

A further embodiment of the present invention pro­
vides that the fibres have a melting point of greater than 
zso· c. and an initial modulus greater than 32 grams per 
denier, an elongation at break greater than 30%, a te­
nacity of greater than 2.3 grams per denier and a creep 
extension of Iess than 8% at 1.5 gram per denier. 

A further aspect of the present invention provides 
that the polyester material has carboxyl groups which 
are hindered by a moiety selected from cyclicaliphatic 
and branched aliphatic glycol. The polyester may be 
poly(l,4-cyclohexandicarbinyl terephthalate). In this 

After pressing the paper sheet passes to the drying 
section of the machine where it is dried at an elevated 30 
temperature. The fabric in the drying section of the 
machine tagether with its sheet of paper tends to be 
subjected to elevated temperatures in a rigorous chemi­
cal environment. Dryer fabrics or "dryer screens" em­
ployed in the paper making industry have, traditionally, 
been formed from a variety of materials such as poly­
(ethylene terephthalate), polyphenylene sulfide and 
polypropylene. Each material has different properties 
and pricing, which affects its relative position in the 
marketplace. An important property for any material 40 
used as a drier screen in a paper making machine is that 
the material should have good hydrolytic stability and 
good dimensional stability. 

35 polymer, the cyclohexane ring may be substituted such 
that the two carbinyl groups may exist in one of two 
configurations, i.e. the cis- or the trans-configuration. 
While the precise mechanism is not entirely understood, 

Polypropylene is the cheapest material presently 
available; it has excellent hydrolytic stability, but poor 45 
dimensional stability at elevated temperature, and as a 
resuit it has only limited use. 

the cis-configuration imparts a relatively low melting 
point of the order of 220• C. while the trans-configura­
tion has a high melting point approaching 300• C. and is 
highly crystalline. 

The !arge size of the cyclohexane moiety within the 
polyester molecule serves to hinder a hydrolytic attack 
on the carboxyl group and is thought to provide im­
proved hydrolysis resistance. At the same time, the 
thermal properties of the material can be controlled by 
selection of the relative proportians of the cis- and 
trans-isomers to produce a material which is eminently 
suitable for use in high temperature portians of a paper 
making machine such, for example, as a dryer screen. 

The polyester material may include a proportion of a 
stabiliser. Typical stabilisers include carbodiimides 
present in an amount of 0.5 to 10%, preferably 1 to 4% 
by weight. The carbodiimide may be that of benzene-
2,4-diisocyonato-1,3,5-tris( 1-methylethyl) homopoly-
mer or it may be that of a copolymer of 2,4-
diisocyanato-1,3,5-tris(1-methylethyl) with 2,6-diiso­
propyl dissocyanate such, for example, as that commer-

Poly(ethylene terephthalate) (PET) is moderately 
priced, has exceptional dimensional stability and reason­
able hydrolytic stability. Poly(ethylene terephthalate) is ·so 
the predominant material currently used in the market­
place and in most cases, the hydrolytic stability of poly­
(ethylene terephthalate) can be improved by the addi­
tion of carbodiimide stabilisers. Polyphenylene sulfide 
has excellent dimensional and hydrolytic stability, but 55 
suffers from the disadvantage that it is extremely highly 
priced, is more difficult to work, and tends to suffer 
from brittle fracture problems in the crystalline state 
due to normal flexing experienced on the paper ma­
chine. 

According to one aspect of the present invention, 
there is provided an article of paper making machine 
clothing suitable for use in the forming, pressing or 
drying sections of a paper making machine which arti­
cle includes a fibre structure characterised in that the 65 
fibres of said structure comprise a polyester material 
having a hintered carboxyl group and in that said fibres 
have a melting point greater than 260• C. The fibres 

60 cially available under the trade name "ST ABAXOL P" 
or "STABAXOL P-100", respectively of Rhein-Che­
mie, of Rheinau GmbH, West Germany. 

The polyester fibres either alone or incorporating the 
stabiliser typically have a tensile strength of 2.4 to 4.3 
grams per denier. The fibres of the fibre structure in 
accordance with the present invention may further 
exhibitathermal shrinkage at zoo· c. of0.2% to 20.5% 
with a tensile modulus within the range of 34 to 74 
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grams per denier. In a particular embodiment of the 
present invention, the polyester material may be po­
ly(1,4-cyclohexanedicarbinyl terephthalate) and it has 
been found that the material commercially available 
under the trade name "KODAR THERMX copolyes- 5 
ter 6761" (generally, a copolymer comprised of tereph­
thalic acid, 1,4-dimethylolcyclohexane and isophthalic 
acid.) produced by the Eastman Chemical Products 
Inc., is particularly suitable in this regard. 

As stated above, one of the more important features 10 
of paper machine clothing in accordance with the pres­
ent invention is its potential use in high temperature 
sections of a paper making machine, in particular dry er 
fabrics and dryer screen fabrics, since the materiai from 
which it is made is not readily hydrolyzed. Unexpect- 15 
edly, materials in accordance with the present invention 
show an exceptional degree of stability over time when 
compared with conventional polyester materials cur­
rently employed and it is not uncommon for the half life 
of the percent retained tensile strength for articles of 20 
paper machine clothing in accordance with the present 
invention to be 1.5 to twice that of the current industry 
standard. 

While the invention is particularly concerned with 
materials suitable for use in the drying section of a paper 25 
making machine, it will be appreciated by the person 
skilled in the art that with the tendency towards ever 
higher temperatures in the forming and pressing sec­
tians of a paper making machine, articles of paper mak­
ing clothing in accordance with the present invention 30 
can well be produced for use in both the pressing sec­
tion and the forming section. In the forming section it is 
possible to form an open weave using monofilament 
materials which allow for adequate support of the solid 
materials in the furnish and yet allow sufficient dewater- 35 
ing to produce a coherent sheet preparatory to pressing. 
In the pressing section, by providing both the support 
layer and at least a proportion ofthe surface layer ofthe 
pressing fabric in accordance with the present inven­
tion, pressing fabrics much more tolerant of high tem- 40 
perature operation are produced. 

4 
Typical range of sizes of monofilaments used in Press 

Fabrics and Dryer Fabrics are 0.20 mm-1.27 mm in 
diameter or the equivalent mass in cross-section in other 
cross-section shapes, e.g. square or oval. 

For forming fabrics finer monofilaments are used, e.g. 
as small as 0.05 mm. While special lndustrial applica­
tions may use monofilaments up to 3.8 mm. 

Following is a description by way of example only 
and with reference to the accompanying drawing of 
methods of carrying the invention into effect. 

BRIEF DESCRIPTION OF THE DRA WINGS 

In the drawings: 
FIG. 1 is a graph of a differential scanning calorime­

try response of a commercial polyester sample having a 
melting point of 255° C. 

FIG. 2 is a graph showing the variation ofhydrolysis 
resistance against time for various samples. 

FIG. 3 is a plot ofretained tensile stregth ofa polyes­
ter sample with time in an autoclave as setout in Exam­
ple 7. 

FIG. 4 is a plot similar to FIG. 3 for the sample of 
Example 8. 

EXAMPLE 1 

A polyester commercially available under the trade 
name "KODAR THERMX copolyester 6761" (gener­
ally, a copolymer comprised of terephthalic acid, 1,4-
dimethylolcyclohexane and isophthalic acid.) supplied 
by the Eastman Chemical Products Inc. was extruded in 
a 25 mm single screw extruder having a screw with a 
compression ratio of 4.12 and a 40 mesh screen filtration 
at the end of the barre!. The material was spun after 
filtration through a 325 mesh screen supported by an 80 
mesh screen through a multi-hole die with each hole 
having a diameter of 0.625 mm (0.025"), land length of 
1.9 mm. The air gap after extrusion was 32 mm and the 
quench water temperature was 66° C. The resultant 
extrudate was subjected to an overall draw ratio which 
varied from 3.0 to 4.8 thereby producing a range of 
denier of the monofilaments. 

TABLE 1 

UNST ABILIZED FIBER PROPERTIES 

SAMPLE AVERAGE 
(Al NB No.) DENIER 

3458-63-J 393 
. 3458-63-2 371 

3458-64-1 388 

3458-64-2 506 

3458-65-1 560 

3458-65-2 424 

3458-65-3 422 

The invention, therefore, is concerned not on1y with 60 
the production of paper machine clothing (PMC) mate­
rials which may be of woven or spjral or of other suit­
able monofilament structures, in which monofilaments 
may extend in both the machine direction and the cross 
direction of the fabric, but also include other PMC 65 
structures. Such polyester may be used to produce 
PMC fabrics comprised of staple, multifilament, and/or 
monofi!ament fibres. 

ELONGATION INITIAL 
OVERALL TENACITY AT BREAK MODULUS 

DRAWRATIO (gpd) (%) (%) 

4.4 3.7 12 63 

4.8 4.5 80 

4.4 3.7 79 

3.4 2.6 26 55 

3.0 2.5 38 43 

4.0 3.7 18 59 

4.0 3.6 16 57 

EXAMPLE2 

The experiment as defined in Examp1e 1 was repeated 
for a proportion of the same copolyester material hav­
ing various proportians of up to 5% by weight of a 
carbodiimide stabilizer material commercially available 
under the trade name "ST ABAXOL P-100". The prop­
erties of the monofilament as extruded and drawn are 
set out in Table 2. 
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TABLE 2 

STABILIZED FIBER PROPERTIES 

SAMPLE 
(Al NB No) 

AVERAGE 
DENIER 

STABILIZER 
CONTENT TENACITY 

(o/c) (gpd) 

ELONGATION 
AT BREAK 

(o/c) 

INITIAL 
MODULUS 

(gpd) 

3458-90-1 
3458-91-4 
3458-91-9 

432 
431 
430 

5.0 3.5 
3.0 3.5 
1.5 3.6 

NOTE-OVERALL DRA W RATIO FOR ALL SAMPLES IS 4.0 

FIG. 2 shows graphically how the hydrolysis resis­
tance of the various stabilized and unstabilized monofil­
aments described in Examples 1 and 2 behave over a 
period of 32 days when subjected to saturated steam in 
an autoclave at a pressure of 2 atm absolute pressure. 15 
The five samples ofTable 2 are illustrated together with 
a commercial monofilament produced from poly(ethy­
Jene terephthalate) and stabilized with a cabodiimide. 
The significant point on the graph is the period in which 
the retained tensile strength has been reduced to 50%. 20 

From FIG. 2 it will be seen that the three samples 
which had the carbodiimide stabiliser present, retained 
their tensile strength over a Ionger period, in some cases 
more than double that of the other three samples which 
did not contain stabiliser. And in all samples, both stabi- 25 
lized and unstabilized, hydrolysis resistance was supe­
rior to that of conventional poly(ethylene terephthal­
ate) stabilized with a carbodiimide. 

Sampie fabrics of extruded material were formed into 
dryer screen fabrics by weaving the monofilament in 30 
both the machine and cross-machine directions. The 
fabrics were run in a dryer section vis-a-vis presently 
used fabrics of·poly(ethylene terephthalate), both alone 
and with stabilisers. It was found that the life of the 
fabrics in accordance with the present invention, 35 
showed a significant increase over those manufactured 
from traditional materials such as poly(ethylene tere­
phthalate). 

EXAMPLE 3 40 
"KODAK THERMX copolyester 6761'' (generally, 

a copolymer comprised of terephthalic acid, 1,4-dime­
thylolcyclohexane and isophthalic acid.) was fed to a 25 
mm extruder having a single flighted screw having a 
compression ratio of 4.12. A metering pump was at- 45 
tached to the extruder and used to meter polymer to a 
spin pack. The spin pack contained filters which were 
comprised of a 400 mesh screen supported by a 200 
mesh screen, which was supported by an 80 mesh 

18 
18 
18 

53 
53 
53 

m/min. The third oven had a Jength of 1.6 meters. The 
oriented monofilament was then collected on a spool 
via a tension controlled winder. The product when 
tested had a tensile strength of 3.4 gpd, an elongation at 
break of 23.5%, an initial tensile modulus of 41.0 gpd 
and a thermal free shrinkage at 200° C. of 7.6%. 

EXAMPLE4 

This Example is similar to Example 3 with the follow­
ing changes in roll stand speeds. The speeds for the first, 
second, third and fourth roH stands were 8, 28, 28 and 
25 m/min, respectively. The product which resulted 
had a tensile strength of 2. 7 gpd, an elongation at break 
of 34.8%, an initial tensile modulus of 36.3 gpd and a 
thermal free shrinkage at 200° C. of 4.6%. 

EXAMPLE 5 

This Example is similar to Examples 3 and 4, equip­
ment wise, but with changes in both oven temperatures 
and roll stand speeds. The oven temperatures were 
177°, 204 o and 500° for ovens one, two and three, re­
spectively. The speeds for the first, second, third and 
fourth roll stands were 8, 36, 39 and 39 m/min, respec­
tively. The product which resulted had a tensile 
strength of 4.6 gpd, an elongation at break of 7.4%, an 
initial tensile modulus of 74.4 gpd and a thermal free 
shrinkage at 20(t C. of 11.6%. 

EXAMPLE 6 

This Example is similar to Example 5 with the follow­
ing changes in roll stand speeds. The speeds for the first, 
second, third and fourth roll stands were 8, 32, 32 and 
32 m/min, respectively. The product which resulted 
had a tensile strength of 4.0 gpd, an elongation at break 
of 18.0%, an initial tensile modulus of 55.3 gpd and a 
thermal free shrinkage at 200° C. of 5.9%. 

EXAMPLE 7 

screen. The spin pack also contained a die having 8 50 "KODAR THERMX copolyester 6761" (generally, 
holes each hole having a diameter of 1.3 mm. Polymer a copolymer comprised of terephthalic acid, 1,4-dime-
was extruded vertically from the die into a water thylolcyclohexane and isophthalic acid.) and "STA-
quench bath. The air gap between the die face. and BAXOL P" at a concentration of 2.2% was fed to a 50 
quench bath was 32 mm. The quench bath temperature mm extruder having a single barrier flighted screw 
was 66° C. 55 having a compression ratio of 3.1. A metering pump 

The extruded filament travelled through the bath for was attached to the extruder and used to meterpolymer 
an approximate quench length of0.8 mm. The filament to a spin pack. The spinpack contained filters which 
exited the bath horizontally and travelled to a first roll were comprised of a 180 mesh screen supported by a 
stand Operating at a speed of 8 m/min. The filament 250 mesh screen, which was supported by a 60 mesh 
then passed through a hot air circulating oven operating 60 screen. The spin pack also contained a die having 10 
at 121° C. The oven was 1.6 meters long. The filament holes each having a diameter of 1.5 mm. Polymer was 
exited the oven and travelled to a second roll stand extruded vertica11y from the die into a water quench 
operating at 28 m/min. The filament then passed bath. The air gap between the die gace and the quench 
through a second oven operating at 149° C. and trav- bath was 30 mm. The quench bath temperature was 66° 
elled to a third roll stand operating at 39 m/min. The 65, C. The extruded filament exited the bath horizontally 
second oven had a Jength of 1.6 meters. The filament and travelled to a first roll stand operating at a speed of 
then passed through a third oven operating at 177° F. 20 m/min. The filament then passed through a hot air 
and passed to fourth roll stand operating at a speed of 32 circulating oven operating at 121 o C. The oven was 2. 7 
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meters long. The filament exited the oven and trvelled increase in life of the clothing relative to clothing com­

prised of polyethylene terephthalate, and said fibres 
have a melting point greater than 260° C. 

to a second roll stand operating at 69 m/min. The fila­
ment then passed through a second oven Operating at 
191 o C. and travelled to a third roll stand operating at 70 
m/min. The second oven had a length of 2.4 meters. 
The filament then passed through a third oven Operat­
ing at 268° C. and passed to a fourth roll stand Operating 

2. An article as claimed in claim 1 wherein the fibers 
5 are characterized by a creep extension of Jess than 10% 

at 1.1 gpd. 

at a speed of 62 m/min. The third oven had a 1ength of 
2. 7 meters. The oriented monofilament was then col-
1ected on a spool via a tension controlled winder. The 
product when tested had a tensile strength of2.5 gpd, an 
elongation at break of 33%, and an initial modulus of 32 
gpd. 

3. An article as claimed in claim 1 further character­
ised in that the fibres have an initia1 modu1us greater 
than 25 gpd, an elongation at break of greater than 15%, 

10 and a tenacity greater than 2 gpd. 

FIG. 3 shows graphically how the hydro1ytic resis­
tance ofthe stabilized monofilament described in Exam- 15 
p1e 7 behaves over a period of 38 days when subjected 
to saturated steam in an autoclave at a pressure of 2 atm 
absolute pressure. 

EXAMPLE 8 

"KODAR THERMX copolyester 6761" (generally, 
20 

a copolymer comprised of terephthalic acid, 1,4-dime­
thylolcyclohexane and isophthalic acid.) and "ST A­
BAXOL P" at a concentration of 2.5% was fed to a 70 
mm extruder having a single barrier flighted screw 25 
having a compression ratio of 2.5. A metering pump 
was attached to the extruder and used to meterpolymer 
to a spin pack. The spin pack contained filters which 
were comprised of a 180 mesh screen supported by a 
250 mesh screen, which was upported by a 60 mesh 30 
screen. The spin pack also contained a die having 50 
holes each having a diameter of 1.5 mm. Polymer was 
extruded vertically from the die into a water quench 
bath. The air gap between the die face and the quench 
bath was 57 mm. The quench bath temperature was 63° 35 
C. The extruded filament exited the bath horizontally 
and travelled to a first roll stand operating at a speed of 
17 m/min. The filament then passed through a hot air 
circulating oven at 179° C. The oven was 2.7 meters 
long. The filament exited the oven and travelled to a 40 
second roll stand operating at 58 m/min. The filament 
then passed through a second oven operating at 231 o C. 
and travelled to a third roll stand operating at 58 
m/min. The second oven had a length of 2. 7 meters. 
The filament then passed through a third oven operat- 45 
ing at 257° C. and passed to a fourth roll stand Operating 
at a speed of 52 m/min. The third oven had a,length of 
2.7 meters. The oriented monofilament was then coi­
Jected on a spool via a tension controlled winder. The 
product when tested had a tensile strength of2.6 gpd, an 50 
e1ongation at break of 39%, and an initial modulus of 32 
gpd. 

FIG. 4 shows graphically how the hydrolytic resis­
tance ofthe stabilized monofilament described in Exam­
ple 8 behaves over a period of 38 days when subjected 55 
to saturated steam in an autoclave at a pressure of 2 atm 
absolute pressure. 

We claim: 
1. An article of paper machine clothing used in the 

forming, pressing or drying sections of a papermaking 60 
machine, which article includes a fibre structure charac­
terized in that the fibres of said structure consist essen­
tially of a woven polyester material which is a copoly­
mer of terephthalic acid, 1,4-dimethylolcyclohexane 
and isophthalic acid the polyestermaterial exhibiting an 65 

4. An article as claimed in claim 1 characterised in 
that said fibres have a melting point greater than 265 o 

C., an initia1 modu1us greater than 30 gpd, an elongation 
at break greater than 25%, a tenacity of 2.2 gpd. 

5. An article as claimed in claim 1 characterised in 
that said fibres have a melting point greater than 280° 
C., an initial modulus greater than 32 gpd, an elongation 
at break greater than 30%, a tenacity greater than 2.3 
gpd. 

6. An article as claimed in claim 1 characterised in 
that the polyester material includes an effective amount 
of a stabiliser. 

7. An article as claimed in claim 6 characterised in 
that the stabiliser is present in an amount of 0.5% to 
10.0% by weight. 

8. An article as claimed in claim 6 characterised in 
that the stabiliser is a carbodiimide. 

9. An article as claimed in claim 8 characterised in 
that the carbodiimide is benzene-2,4-diisocyanate-1 ,3,5-
tris(l-methylethyl) homopolymer. 

10. An article as claimed in claim 8 characterised in 
that the carbodiimide is a copolymer of benzene 2,4-
diisocyanato-1 ,3,5-tris(1-methylethyl) and 2,6-diisopro-
pyl diisocyanate. 

11. An article as claimed in claim 1 characterised in 
that the fibre is a monofilament of either round or other 
shaped cross-sections. 

12. An article as claimed in claim 11 in which said 
fibres are monofilaments extending in the machine di­
rection. 

13. An article as claimed in claim 11 in which said 
fibres are monofilaments extending in the cross machine 
direction. 

14. An article of paper machine clothing used in the 
forming, pressing or drying sections of a papermaking 
machine, which article includes a fibre structure charac­
terized in that the fibres of said structure consist essen-
tially of a woven polyester material which is a copoly­
mer of terephthalic acid, 1,4-dimethylolcyclohexane 
and isophthalic acid the po1yester fiber material being 
selected on the basis of its ability to be woven into a 
papermachine clothing, said fibres have a melting point 
greater than 260° C. 

15. An article of paper machine clothing used in the 
forming, pressing or drying sections of a papermaking 
machine, which article includes a fibre structure charac­
terized in that the fibres of said structure consist essen-
tially of a woven polyester material which is a copoly­
mer of terephthalic acid, 1,4-dimethylolcyclohexane 
and isophthalic acid the clothing made of said polyester 
material exhibiting improved wear resistance and dura-
tion of use relative to paper machine clothing made of 
polyethy1ene terephthalate, and said fibres have a melt­
ing point greater than 260° C. 

* * * * * 
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