FIN1SHI§G ROEE'SLEEVE. FOR EXTRUDED THERMOPLASTI C FILNIThls |nvegg>gé (bP:J
relates“generial l.y t.o an inproved raoll-for use in 5. extrusmn p%a(aqﬁa_g% O
part|cularly t he extrusion of thernoplastic sheet o film Mre

particularly, this invention relates to an inproved finishing roll that may
be used to extrude thernoplastic articles having a controll'ed texture. Mst
particularly, this invention-relates toa-finishing roll conprising an
‘inner roll that is covered wWith an intefmediate elastonmeric |ayer and an
outer 10 thernoplastic sleeve that nay be used to produce extruded

t her nopl astic sheet or filmwth | ow surface roughness and | ow opti cal

bi refringence suitable for a wi de nunber of applications, including optical
medi a applications. BACKGROUND OF THE | NVENTI ON I nj ecti on nol ded

pol ycarbonate is widely used in optical nedia 15 applications, such as

CD- ROMs. The use of extruded polycarbonate filns in certain optical nedia
appl i cati ons has been suggested, for exanple, in US. Patent Nos. 4,790, 893,
4,836, 874, 4,968,370, 5,466,319 and 5,579,296. These patents each generally
suggest an apparatus and/ or process which uses a continuou§ or

sen - cont i nuous sheet d*INISPBWRQﬁWSEEVHMMEM‘HHMOI"LASHC
FILM

This invention relates generally to an improved roll for use in
5 extrusion processes, particularly the extrusion of thermoplastic sheet or film.
hkne;xuﬁaﬂady,ﬂMsinvmnﬁnlﬁmne;u)aninqnovaifhmﬂﬁngroﬂ1hat
may be used to extrude thermoplastic articles having a controlled texture.
Most particularly, this invention relates to a finishing roll comprising an inner
roll that is covered with an intermediate elastomeric layer and ‘an outer
10 thermoplastic sleeve that may be used to produce extruded thermoplastic’
sheet or film with low surface roughness and low optical birefringence
suitable for a wide number of applications, including optical media
applications. |
BACKGROUND OF THE INVENTION
Injection molded polycarbonate is widely used in optical media
15  applications, such as CD-ROMs. The use of extruded polycarbonate films in
certain optical media applications has been suggq;stea;.fpr example, in US.
Patent Nos. 4,790,893, 4,836,874, 4,968,370, 5466,319 and 5,579,296. These
patents each generally suggest an apparatus and/or: process which uses a
continuous or semi-continuous sheet or film of polycarbonate to manufacture
20 laminated optical media articles, such as CD-ROMs. These patents mdxcate



20 ¢ | am nat ed optlcal medi a articles, such as CD-ROVs. These.patents
indicate -2- that the optical properties of the polycarbonate are
‘critical. In particular, the patents indicate that surface roughness and
optical birefringence of the filns should aﬁbroxinate t he opti cal
characteristic of injection nolded optical nedia articles. 5

Ext ruded pol ycarbonate filns generally have acceptable | evel s of clarity
and strength foh.pphd 6 cﬁ&ﬁj ?ﬂés%lsﬂx :#‘y c%l.b]lﬁ‘?a&ﬁ Céhe
properties, abrasion r |stan chem c eS|stance a surtace roughness.
Optical birefripgenteindicate almssurﬁcefroughndss‘ dred eptieall birefpingeate péithe ifiAEt h
wi thin thernoplastic materials. In polycarbonate, optical birefringence is
10 known to beskmddcapgtoxanateeme optical ioharactenistics of vinjactiont molde eoptital
Some optical n%géa k@atlons require a substrate that has a polished
surface (i.e §U££§ roughness) on both sides and a birefringence of

lrneEZiSat QSBI izga?lmongr?%gtﬁﬁé a% M er11en“| calgalgl?lly gérg&?’%?ie&ﬂ o(\fal
resistance. Al Sdari§Pind 8trength for optical applications, but lack acceptable birefringence
properties, abrasion resistance, chemical resistance and surface roughness.
Optical blrefnngence is a measure of the difference in optlcal path length
within thermoplastlc matenals In polycarbonate, optical bu'efrmgence is
10 known to be directly related to intrinsic stress within the material. Some

optical media applications require a substrate that has a polished surface (i.e.
low surface roughness) on both sides and a birefringence of less than 25 nm,
preferably less than 10 nm. Other requirements for optical media applications
include abrasion, chemical and ultraviolet (UV) resistance. Also, optical
15 media applications require consistent substrate thickness, and the ability to
die cut the cured article immediately after lamination. . Furthermore, the
substrate should be a barrier to water vapor. R
Conventional extrusion equipment typically comprises an extruder, a
slotted die, and a two-roll (ie., opposing upper and lower rolls) stack of
20 chrome plated finishing rolls to control the final thickness of the extruded
film.  Such equipment is known to produce polycarbonate having high levels
of optical birefringence that are unacceptable for optical media applications.
US. Patent No. 5,242,742 (hereinafter the “742 patent”) describes a
number of prior art methods for producing extruded theﬁnophsﬁc films
25 having reduced optical birefringence, and proposes a method for producing
thermoplastic sheet or films wherein the optical birefringence path difference
does not exceed 50 nm. The ‘742 patent also suggests that the method
described therein can be usedto c_ontrol surface roughness or smoothness to

less than 300 nm on one éurf;cé. -However, some optical media applications



15 < nedi a applications require consistent substrate thickness, and the
ability to die cut the cured article inmmediately after |am nation.

*Furt hernore, the substrate should be a barrier to water vapor. Conventional
extrusion equi pment typically conprises angextruder, a slotted die, and a
two-roll (i.e., opposing upper and lower rolls) stack of 20 chrone plated
finishing rolls to control the final thickness of the extruded film Such
equi pnrent is known to produce pol ycarbonate haviggehigh | evel s of optical

bi refringence hw&tmar%r%ﬁﬁée%%fwi@meyﬁépr beth o : plbisgfpngence and. suiace
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t her mopl asti ¢ sheet wherein the optical birefrihgence path

di fference doamcfrmt:tiealdﬁaﬂuw inosdshe smdathpfihishied aératlessubele swhichhist padsed
met hod descri bed therein can be used to control surface roughness or

smoot hnessSt o areysd: thenloxcy 1ol ehadieo-roll stack. and gaided overa planat goolingi a
applications . tend a deflecting roll.

There have been previous attempts to modify the finishing rolls used
to control the thickness of an extrudate. For example, US. Patent No.
3,756,760, discloses a polishing roll having a steel core, an elastomeric (rubber) “

10 layer, and an outer, thin, flexible layer of chrome plated nickel. When
deviations in uniform thickness of the extruded product are encountered in
the first nip during operation, instead of tending to flatten the thick spots or
skip over adjacent low spots, this flexible roll reportedly provides continuous
contact. The primary problem with this configuration is that the outer metal

15 layer is not durable, and is known to be subject to cracking.

Therefore, it is desirable to achieve lower values of surface roughness

" ‘and optical birefringence in extruded thermoplastic materials than have
previously been reported. It is also desirable to obtain such improved
properties using conventional- (e.g., standard two-roll stack) extrusion

20 technology.

SUMMARY OF THE INVENTION

According to present invention, there is provided an improved
finishing roll comprising a rigid core, an elastomeric covering attached to the
rigid core, and a thermoplastic sleeve that is placed over the elastomeric
covering. The rigid core preferably comprises a silicone or other heat

25 resistant elastomer. The elastomeric covering preferably comprises polytetra-
fluoroethylene (hereinafter “PTFE”).

The present invention may be used in a conventional thermoplastic

extrusion process to produce a thermoplastic film exhibiting a controlled



have nore restrictive requirenents for both optical birefringence and
surface roughness than those described in the '742 patent. Mreover, the
met hod of extruding thernoplastic filns described in the ' 742 patent IS
somewhat unpractical because it uses a snoaghb finished endl ess belt which
i's passed 5 around the [ower roll of a two-roll stack and guided over a
pl anar cooling plate and a deflecting roll. There have been previous
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layer with an average surface roughness (Ra) of 0.3 to 0.8 um. The bottom roll
was a standard chrome plated steel roll. Some uncoated, textured films
10  produced using this apparatus had the following properties: an eighty-five

degree (85°) gloss measured in accordance with ASTM D523; a haze of 90% to

100%, an Ra (average surface roughness) of 2040 nm; and an optical
birefringence path length difference of less than 10 nm. The uncoated,
textured film produced using said apparatus may be smoothed by applying a
15  curable coating to the textured surface to produce a film having an Ra of 3-10
BRIEF DESCRIPTON OF THE DRAWINGS
Fig. 1 depicts a schematic illustration of a conventional apparatus for
extruding thermoplastic materials, particularly illustrating the extruder, die,
finishing stack (first nip) and second nip.
20 Fig. 2 depicts an enlarged sectional schematic illustration of a finishing
stack as illustrated in Fig. 1.
Fig. 3 depicts a schematic cross-sectional illustration of the top roll
illustrated in Figs. 1 and 2. |
Fig. 4 depicts a schematic cross-sectional illustration of a second
25 embodiment of a top roll illustrated in Figs. 1 and 2.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to Figs. 1 and 2, extruded sheet and film of thermoplastic
materials, including without limitation polycarbonate, polycarbonate blends




20 ‘technol ogy. SUWMMARY OF THE I.NVENTI ON According to present invention,
there is provided an inproved fini'shing roll conprising a rigid core, an

&l astoneric covering attached to the rigid core, and a thernopl astic sleeve
that" is placed over the elastoneric covering. The rigid core preferably
conprises a silicone or other heat 25 resistant elastonmer. The el astoneric
covering preferably conprises polytetra- fluoroethylene (hereinafter
"PTFE"). The present_invention may be.used in a conventional -thernopl astic -
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slotted die exthUd®l producing a viscous melt of the thermoplastic material. The terms

5 sheet or film are used interchangeably herein, and are J'.I-SEd to refer. to
thermoplastic materials having a final thickness of about 0.005 to 0.030 inches.
The viscous melt is passed, under pressure provided by extruder 4, through
an opening in die 6, which opening typically has the shape of an elongated
rectangle or slot. The viscous melt assumes the shape of the die slot, thereby
10 forming a continuous sheet or film of molten extrudate 8. The sheet or film of
molten extrudate 8 is then passed through a finishing apparatus to form
finished sheet or film articles. |
A conventional finishing apparatus is a two-roll finishing or polishing
stack 10, comprising an opposing upper roll 12 and lower roll 14 spaced apart
15 by a distance that generally corresponds to the desired thickness of the
finished thermoplastic sheet or film 15. Such rolls are also sometimes referred
to as calendering rolls and the gap between them as the nip 11 of the finishing
stack. A typical finishing stack comprises opposing upper 12 and lower 14
steel rolls which are approximately 12 to 20 inches in diameter and have a
20 chrome plated surface with a surface roughness of about 0.05 pum. These rolls
are generally cooled internally by passing a fluid through the interior of the
rolls using known apparatus and methods for cooling. The temperature of
the surface of the rolls can be controlled by this method. After the finished
sheet or film exits from the nip 11 of the finishing stack 10, it typically enters
25 the second nip 21 of the idler roll 19, passes through an optional masking
station 23, through the pull roll 17, and is wound onto the winder 25.
The temperature of the rolls is controlled to a temperature that is below
Tg of the thermoplastic material that is being processed. In the gap between
the rolls, the surfaces of the sheet or film are abruptly vitrified via contact



havi ng a two-

roll finishing stack conprising a top roll of the present

I nvention was used to extrude textured filns. This top roll had a PTFE
‘outer layer with an average surface roughness (Rerr]) of 0.3 to 0.8
[err]m The bottomroll was a standard chrgae plated steel roll. Sone
uncoated, textured filnms 10 produced using this apparatus had the
follow ng properties: an eighty-five degree (85[err]) gloss neasured in
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sleeve 22 that is detachably attached to the elastomeric covering 20. The rigid
core 18 may be any material which has sufficient rigidity and other

y
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mechanical properties sufficient to form a roll that can be used to compress |

~ and size molten thermoplastics. The rigid core 18 is preferably made from

steel such as is conventionally used for finishing thermoplastic materials. The
elastomeric covering 20 is preferably made from silicone rubber or another
heat resistant elastomer. A suitable thickness for the elastomeric covering 20
is believed to be about 0.3 to 1.0 inches, with a thickness of 0.3 to 0.5 inches
being preferred. The elastomeric covering 20 may be attached to the rigid
core 18 using any suitable means for attachment. The thermoplastic sleeve 22
may be any suitable thermoplastic material such as, for example,
polyvinylfiuoride, polyvinylidenefiuoride, polychloro-trifluoroethylene and
polytetrafluoroethylene (PTFE). Most preferably, the thermoplastic sleeve isa
type of PTFE, such as TEFLON® (340 grade) PTFE. The thermoplastic sleeve
22 may range in thickness from about 0.020 to 0.200 inches. A thickness of
0.060 inches is preferred. The thermoplastic sleeve 22 should have a smooth
outer surface with an Ra of 0.3 - 0.8 um. For the purpose of this disclosure,
the Ra value is the average height of the surface profile above and below the
median line of the outer surface of the sleeve. A smoother surface on sleeve
22, will produce a smoother surface on the thermoplastic materials processed
using roll 16. Conversely, a rougher sleeve 22 surface will produce a rougher
finish on such thermoplastic materials. Accordingly, an Ra of less than 5 um
is preferred, and an Ra of less than 2.5 um is particularly preferred. It is



Fig. 4 depicts a schematic cross-sectional illustration of a second.25
enbodi ment of a top roll illustrated in Figs. 1 and 2. DETAI LED DESCRI PTI ON
‘OF THE PREFERRED EMBODI MENTS Referring to Figs. 1 and 2, extruded sheet and
filmof thernoplastic materials, includingithout [imtation

pol ycar bonat e, pol ycarbonat e bl ends and pol ycarbonate co-pol yners, are
conventional ly produced by a nethod which conprises feeding thernoplastic
resin 2 froma resin hopper 3 into extruder 4 which heats the resin above
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Referring to Fig. 4, it is believed that another embodiment of the

present invention is a roll 26 which comprises of a rigid core 28 that has a

sleeve 30 applied directly over the rigid core 28. The rigid core 28 would be
10 as described above, but the sleeve 30 would combine the functionality of the
elastomeric covering 20, and the thermoplastic sleeve 22 shown in Fig. 3. The
sleeve 30 would comprise an elastomer/thermoplastic blend, a co-polymer, or
possibly a composite or laminate of an elastomer and thermoplastic material.
Referring to Fig. 3, it is believed that the elastomeric cover 20 alters the
15 overall compliance of roll 16 as compared to prior art rolls, while the
thermoplastic sleeve 22 provides a compliant, durable covering for the
elastomeric material that also has low surface roughness. Together, the
materials of the improved roll affect the shear stress applied to extrudate as it
passes through the nip 11 between the rolls. In addition, the improved roll 16
20  has less capacity to remove heat quickly from the extrudate which results in a
higher temperature in the film as it exits the nip 11. These two factors are’
believed to reduce intrinsic stress/birefringence in the finished film because
the film has more opportunity to recover from stress following the finishing
operation.
25 A roll of the present invention will provide a shear stress to
polycarbonate processed as described above within a range of about 150-350
psi. The birefringence of the extruded product has been observed to be
directly related to this compressive shear stress such that the optical
birefringence can be controlled and lowered to less than 10 nm using a roll



finished sheet or filmarticles. A conventional finishing apparatus is a
two-roll finishing or polishing stack 10, conprising an opposi ng upper rol
"12 and lower roll 14 spaced apart 15 by a distance that generally
corresponds to the desired thickness of thg finished thernoplastic sheet or
film15. Such rolls are also sonetines referred to as calendering rolls and
the gap between themas the nip 11 of the finishing stack. A typical
finishing stack conprises opposi ng upper 12 and |lower 14 steel rolls which
are appr oxi magedording tothepresentdnvention.aevidl banndersteod by thosgskilled fn at ed

surface with surface. roughness of .about 0.05 rrlm . These.roll s are
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any introduced stresses are trapped within the vitrified material. The film is
extremely sensitive to deforming forces during vitrification. Even small
10  deforming forces will lead to shear between already vitrified and still molten
. zones. At the boundaries between these zones, the shear stresses are thought
to cause molecular orientation which may be stored in the vitrified material as
intrinsic stress. A beam of light passing through such orientated regions
exhibits an unacceptable optical birefringence.
15 Examples
In accordance with the present invention, low birefringence, one side
“textured, one side polished polycarbonate films were produced using a
conventional extrusion process. The overall extrusion apparatus is illustrated
in Fig. 1. This conventional process employed a two-roll finishing stack 10
20 wherein the conventional standard chrome plated steel top roll 12 was
substituted with a roll of the present invention as illustrated in Fig. 3.
Specifically, the roll of the present invention comprised a rigid steel core
which was about 12 inches in diameter, a silicone rubber covering that was
0.375 inches thick, and a PTFE finishing sleeve having a thickness of 0.060
25 inches and an Ra ranging from 0.3 to 0.8 um.

In a typical example, a one-side polished, one-side textured
polycarbonate film (0.005" to 0.030") was formed by extrusion using the above
described apparatus. The extruded polycarbonate resin was an extrusion
grade resin (LEXAN®ML9735) that had a melt flow of six (6) to nine (9) grams



-6-*with the calendering rolls. Therefore, upon contact with the rolls,
only the interior portion of the filmrenmains in the thernoplastic or
‘nolten state. Referring to Fig. 3, an inproved roll 16 of the present
~invention may be substituted for either theg upper 12 or lower 14 roll in a
conventional finishing 5 stack 10. The inproved roll 16 conprises arigid
core 18, an elastoneric covering 20 attached to the outer surface of rigid
core 18, and thernoplastic sleeve 22 that is detachably attached to the
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coated to lower the surface roughness and improve the abrasion and chemical
resistance and haze resistance of the film. The coated films achieved a final
haze, ASTM D 1003, of 0.1 to 0.5 % and a surface gloss of ninety-two percent N
10 (92%). This low haze allows for enhanced optical resolution. The coating was
applied to the textured side and cured to produce an Ra of 3 to 10 nm.
During the curing of the coating, the heat tends to further anneal the film and
redﬁce the stress level. _
In the gap or nip, the shear stress (SS) on the extrudate in the region of the
15  upper roll may be calculated from the compressive strength (CS) of the upper
roll and the coefficient of friction (COF). SS = CS * COF. The compressive
strength is measured for a 0.001" offset. As shown in Table 1, the SS for PTFE
is about 150-350 psi, and the SS for the silicone rubber roll is about 600 - 1600
psi. In turn, the SS for the chrome roll is greater than 60,000 psi.
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may* be any suitable thernoplastic material such as, for exanple, -

pol yvi nyl fl uori de, polyvinylidenefluoride, polychloro trlfluoroethylene and
‘pol ytetrafluoroethyl ene (PTFE). Mst preferably, the thernoplastic sleeve
is a 20 type of PTFE, such as TEFLON (34Q1grade) PTFE. The thernopl astic
sl eeve 22 may range in thickness fromabout 0.020 to 0.200 inches. A

t hi ckness of 0.060 inches is preferred. The thernoplastic sleeve 22 should

have a snmooth outer surface with a £.0.3 -.0.8 rr t he_purpose
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to use PTFE f o Tedsiledodalus(psi)se it (58080 | ovf 708900 ci ent $f12500040000n
(002)1 and | owl—cohpressive strenath The. . COE _denends.on-sevaral variahbl es,

Compressive Stress (psi) 1700 1000-2000 90,000
k (Btu/ft hr °F) 0.14 0.02 21.3
COF /polish steel 01-02 |0.6-08 0.7-1.0

Because shear stress is stored in the film as residual stress which
produces birefringence, the lower shear stress which results with the PTFE

sleeve is a significant advantage because it results in low birefringence

(8]

thermoplastic films. Therefore, it is generally desirable that the material used
for the outer sleeve have a low COF.

An optical media substrate (coated film) requires the combination of low
birefringence (iess than 25 nm), high gloss (low surface roughness) and high
clarity, as measured by % haze. For an optical media substrate; the % haze
10  must be 0.1 (max) to avoid scattering the laser. A low % Haze in a coated film

is best obtained using an uncoated film having a gloss of from 85-100%. The

uncoated film gloss is inversely proportional to the film surface roughness.

The gloss is strongly effected by the shear stress (S5=CS *COF) on the roll

material. Only the PTFE material met these requirements, as is clearly
15  illustrated in Table 2.

Referring agéin to Fig. 1, the comparative data in Table 2 include the
process conditions and resultant film characteristics for a typical polycarbonate
film having a thickness of 0.010 inches made using three different upper rolls
12 in a two-roll finishing stack as described herein. The silicone rubber and

20 chrome rolls 12 listed in Table 2 are prior art. The PTFE roll refers to a roll of
the present invention comprisiﬂg a rigid steel core which was about 12 inches

in diameter, a silicone rubber covering that was 0.375 inches thick and a PTFE

THIS SHEET-HAS BEEN-

This Sheet Has Been Re
i|| REPLACED

RN



such as materi al s,
case of PTFE,

surface finish, and tenperature. In addition, in the

the thermal conductivity of the sleeve i's in the range of
'0.01 to 0.1 5 ~Btu/ ft hr [err]F. It is believed that it is preferred that
the thermal conductivity of sleeve 22 be I §s than 0.2 Btu/ft hrf[err]F.
Referring to Fig. 4, it is believed that anofher embodi ment of the present

i nvention is a roll 26 which conprises of arigid core 28 that has a sl eeve
30 applied directly over the rigid core 28. The rigid core 28 would be 10
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3. The: sl eeve eyarollnl deingall 5ART was rdghremg plated zoll. The
AL

co-pol yrer BRE3 b5 oS0l AL P gt o

thernnplastlc
el astoneri ¢ coyer; gr | f ich is
17 isZhaalitfized Iferpm byQ thé“xsﬁﬁ%%{i. @N6fiv8 tOipiotdt; Fhich js
iof ¢herpslbr Aslthé gt e&hg@ in&eaded)V

conpared to prior art rol
conpliant, 3lur dieetlgaelited ¢ ties amiperay

the naterials of the inproved roII affect the
shear stress appldethe tension tmae%phsedtorpﬂsesébnt hFha.datar llﬁ;edlhﬁlqw llneT&hlen'Z

surface roughness Toget her,
the rolls. r%g rlas | ess cap E
‘F‘@H‘ & gnelt temperaturg of th

renove heat ! gui%‘gqgkiﬁwﬁ’é Sggﬂ'axed 5% _
tenperature inelfid dbRtullr fitighll &b Mdur'dss BO9F, HPsLaR! & ﬁteaé:?u'udeg

was operated in the range of about 20-63 RPM, the line speed ranged from 19.5-
10 29 feet per minute, and the temperature of the idler roll 19 ranged from 260-300

°F.

Table 2
Film Property
Top Roller Material
PTFE PTFE | PTFE |PTFE PTFE Silicone | Chrome
' _ Rubber

Birefringence| 80-100 |10-25 |10-25 |0-5 0-10 150-200 | 700-900
(nm)
Ra (um) 03-08 |04-07 {04-0.7 10407 |04-0.7 |45 0.05
Pull Roll 8 4 3 2 2 2 -14
(amps) -
Top Roller 89 94 92 90 95 100 225
Temp.(°F) .
Bottom Roll | 290 157 180 180 160 245 220
Temp.(°F)
Lot No. SOJ518 SOU)O%’ SOU782 SOU567 | SOX882 | SOE049 | SOJ944
85% Gloss 100-110 | 91-96 | 75-85 | 80-90 80-90 5-10 85-100
Uncoated
Film
% Haze 0.1-0.2 |0.0-0.1 {0.0-0.1 }0.0-01 |0.0-01 {|>20 0.0-0.1
Coated Film

The data shown in Table 2 illustrate that a roll of the present invention

may be used to produce thermoplastic films having low birefringence and low




believed to reduce intrinsic stress/birefringence in the finished film
because the filmhas nore opportunity to recover fromstress follow ng the
f1inishing operation. 25 A roll of the present invention will provide a
shedr stress to pol ycarbonate processed as .gigscri bed above within a range
of about 150-350 psi. The birefringence of the extruded product has been
observed to be directly related to thi's conpressive shear stress such that

the optical birefringence can be controlled &qwgowered to Iefa_ltha 10 nm
using a rol |  surface ar@@@haieﬁﬁg Itds fursherrshoxmn tergperatureg,p bottom

ner mopl asti cs. Tl 10 1bf faicd R?@aﬁzyoﬁméxﬁfﬁ@? Lyt B Al A
Sk Tﬁzyexpg#tfe%% kS 6 IV ol b bitlingeed e
tenperature, gl asaltingfinti oOAp t&ﬁfﬁﬂwve de@rmihed tthapethis affect e primharily
thernopl astic is cooled belom/ err about 280 err]F far polycar onate ,
no more shr mka@eperddntlu}mmwm himzlwa below Tgbefore itexits thenip 1
It is particularly important that the surface of the film that is in contact with the
standard steel roll has cooled below T;. Otherwise, the film continues to be
oriented, and will store internal stresses from the forces exerted by the pull roll ._
17, or the idler roll 19. -

10 - In operation of the invention, the bottom surface of the film (i.e., the
surface that contacts the bottom roll) is cooled to below Tg, while the top
surface (i.e., the one that contacts the top roll), and the predominant part of the
interior region of the film, are maintained in the thermoplastic state. Small
deforming forces may lead to shear between these already vitrified, and still

15 molten zones. At the boundaries between these zones, the shear causes
molecular orientation. When a beam of light passes through such oriented
regions, birefringence occurs. Therefore, to make a low birefringence film,
shear must be avoidéd. The roll according to the present invention helps avoid
shear. |

20 The coated film for optical media applications prepared by the

process described herein is also advantageous because it exhibits enhanced

compatibility with die cutting. This property is valued .by customers who

desire to efficiently die cut CD-ROMs immediately (see US. Patent No.

4,836,874), rather than waiting for the structure to cool and shrink. The

25  improved die-cutting properties of this film are due to its low birefringence,
which imparts thermal stability and helps focus the laser pick-up beam.

A conventional CD player uses a laser pick-up beam to read data

from a CD-Rom disk at a rate of 4 million bits per/second. To assist the

pick-up in its difficult task, electro-mechanical circuits are used to focus the



any- i ntroduced stresses are trapped within the vitrified material. The film
Is extrenely sensitive to deformng forces during vitrification. Even small .
10 deformng forces will lead to shear. between already vitrified and stil

nol ten zones. At the boundaries between the3® zones, the shear stresses are
t hought to cause nol ecul ar orientation which may be stored in the vitrified. -
material as intrinsic stress. A.-beam of |ight passing through such

i ent at ed [ hi pi t ' t-abl Li.cal ' [
Bcanpl o5 I accr R RERP thehBcen: I oupRrash st eERPiY FraifEns SRempel
side textured, Oﬁﬁbﬁitg?om%ﬁ‘lfﬁgﬁw.ate films were produced using a.

conventional extrusionh process. / extrusi on apparatus is
~illustrated in Fig. 1. Tii additiomntheofibhs pfothespresent dywehtiort woe rparticularly
finishing stack 10 20 wherein the conventional standard chrone plated
steel top roll lwellasuitedhdor tamyeendi use zequiringolow rshrinkagen(lessthaan 0k aat

illustrated in FLg.. 3. jfi ly, th Il of.th t . ti .

conpri Sed 31 gl BEFboANES thevRRLHRg WbuPPERtom uEh A RESHAEdle Gilting,
i bb - . o | Gl o roa

:: eia\(ignﬁa\rltjnge; %ﬁq@@n&etshsﬁg?&%og | nc%g. ang an )ﬁ?[e&rir %aﬁg.%r} ro’tr#g

0.3 to 0.8 [err]The Hlms rhadd frhccdrdaitewith the inveritiorrwhicihhave abireftififence

t ext ur ed

-+

of less than twenty-five (2_5) nm can avoid such problems typically
encountered w1th ésnvéi;ﬁénal, fligh shrinkage ﬁlms As i,ihstrated in Table
10 2, the uncoated films made using the rolls of the present invention exhibited
low birefringence. |
Although the present invention has been described in detail, it
should be understood that; various modifications, _' substitutions, or
alterations can be made without departing from the intended scope as
15 defined by the appended claims.



pol ycarbonate film (0.-005" to 0.030") was fornmed by extrusion using the
above described apparatus. The extruded pol ycar bonat '

extrusion grade resin (LEXAN err] M.9735) that, had a I ' 6) to -
nine (9) grans . -9- at ten (10) m nutes ar14300[err] ' ﬂ mﬂﬁ EEI -
nmol ecul ar wei ght of 25,000. However, the present inve to

extrude ot her anorphous and thernoplastic materials and is not limted to
t he extrusion of pol ychmstie. The nelt was forced into the nip between
the two (2) rolls. The gap 5 between.the rolls determned the film

thi ckness. The thi ckndss Amimpsvedfinishingimll fori providling 4 thehitoblestie sheB8r
film The textured fjlns were al so cpated to | oner the surface roughness

and i nprove the URE th smaothisusface ands reduceddnternal stressess saidcéinishinge

film The coated_f| chi eved a final haze, ASTM D 1003, of 0.1 to 0.5 %
and a surface gl 5%12‘:%@;%&%%“/\0 percent 10 (92% . This |ow haze allows

for enhanced optical resg)HiikA goating was applied to the textured
si.de and cured to produce)an %cg{é}%nto 10 nm During the curing of the

coating, the heat tends bpafthefrheplasticeatertiiger i | m and

2. A finishing roll according to claim 1 wherein said rigid core is

metallic. - ._
3. A finishing roll according to claim 2, wherein said rigid core is .

steel.

4 A finishing-roll according to claim 1, wherein said thermoplastic
outer léyer is polytetrafluoroethylene.

5. A finishing roll according to claim 1, wherein said thermoplastic
layer ranges in thickness from about 0.020 to 0.200 inches.

6. A finishing roll according to claim 1, wherein said thermoplastic
layer has an average surface roughness of less than 0.8 microns.

7. A finishing roll according to claim 1, wherein said theﬁhoplastig:
layer is adapted to provide a compressive shear stress during the extrusion |
of said thermoplastic sheet or film in the range of approximately 150 - 350
psi. S

' 8. A finishing roll according to claim 1, wherein said thermoplastic
layer has a thermal cq}tducﬁvity ranging from about 0.1 to 0.2 Btu/ft hr°F.

9. A ﬁmshmg roll according to claim 1, further comprising a
resilient intermediate layer interposed between said core and said outer
layer.

10. A finishing roll according to claim 9, wherein said resilient
middle layer is elastomeric. | _

11. A finishing roll according to claim 9, wherein said resilient

middle layer is silicone rubber.

This Sheet Has Been.'R;ilaced to .
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reduce the stress level. In the gap or nip, the shear stress (SS) on the
extrudate in the region of the 15 upper roll may

‘conpressive strength (CS) of the upper roll and the coefﬂmm»i lﬂ ct ion

(COF). SS = CS x COF. The conpressive strenggh is nﬁmﬂ ﬁ l
offset. As shown in Table 1, the SS for PTF |s abo d the

SS for the silicone rubber roll is about 600 - 1600 pSI In turn, the SS
for the chrome roll is greater than-60, 000 psi. -10- Table 1 - Physical
and Thermal Properti e§2ofAIRmprmdalfmmn§’rroﬂesleqve, the improvement being that

Mat eri al PTFE Si.| i cone Rubber, Chrone Slt ftlerr]
134 109  said sleeve is comprised ofa ee )fa}gerti\még) o'zyeragefe@rfm

12, 000, 000 Conpr t 1ooo 2000 90, 000 k
(Btu/ft hr [err]%?‘fé‘){‘(?"s3§ f?&%éﬁ{xﬁb%m&é&& 21.3 COF /pol i sh
st eel 1-0. 33, A %ifisRing roll sleevd-atedrding to claim 12, wherein said

thermoplastic layer.is polytetrafluoroethylene. =

14. A finishing roll sleeve according to claim 12, wherein said
polytetrafluoroethylene layer ranges in thickness from about 0.020 to 0.200
inches.

15. A finishing roll sleeve according to claim ‘12, wherein' said B
polytetrafluoroethylene layer is addpted to provide a compressive shear
stress to a thermoplastic article in the range of approximately 150 - 350 psi
when said finishing roll sleeve is used on a finishing roll in a manufacturing
process for thermoplastlc articles. _ :

16. A finishing roll sleeve accordmg to claim 12, wherein said
polytetrafluoroethylene layer has a thermal conductivity ranging from about
0.1 to 0.2 Btu/ft hr°F.

17. An improved finishing apparatus capable of prov1dmg smooth_
upper and lower surfaces to a thermoplastic . sheet, said apparatus
comprising: |

a) a bottom roll for pohslung the lower surface of said sheet; and
b) a top roll for textunng the upper surface of said sheet.

18. An apparatus according to claim 17, wherein bottom roll is
chrome-plated steel,

19. An apparatus according to claim 17, wherein sa1d top roll
comprises:

a) a rigid core;
b) a resilient middle layer; and
c) a smooth, thermoplastic outer layer.

THIS SHEET HAS BEEN |
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BeCcause shear stress is stored in the filmas residual stress which
~produces birefringence, the | ower shear stress which ' PTFE
"sleeve is a significant advant age because hé results in low birefripgence 5
thernoplastic filns. Therefore, it is generally des“‘lﬂ‘!ﬁunwﬂl‘lﬁﬂ}at erial
used for the outer sleeve have a | ow COF. An optical

(coated film requires the conbination of |ow blrefrlngéncé (l'ess than 25
nm, high gloss (I ow surface roughness) and high clarity, as neasured by %
haze. For an optical nedia substrate, ‘the % haze 10 must be 0.1 (max) to
avoi d scattering the20. aéeﬁmhn@mlv@mdmgwtqcm& wherein saisksigidoore ixd
usi ng an uncoated, f.i.l m having a gl oss of from 85-100% The uncoated film
gloss is i nvers’é\eFﬂdF'oport-i onal to the filmsurface roughness. The gloss is
strongly effected bys{hg ghi ' . rial .
Only the PTFE materi%' %em ﬁfa%é}élgcglgﬂre%%,c%‘)lé C ar"ﬁ%‘ldfl'sﬁg&fcorels
illustrated in staélle 2. Referring again to Fig. 1, the conparative data in
Tabl e 2 include the process conditions and resultant filmcharacteristics
for a typical polyca2hoAafimishihgn toll iaogprding)itokdaim 19, &Hekéini saide sesilietet
using three different upper_ rolls 12 in a two-roll finishing stack as
descri bed her eifud a%?ﬂlﬁmmeﬁﬁer and 20 chrorre roI s 12 listed in

Table 2 are prior ards Xh Egro a‘r:ce(;‘r olé2 wherem said resilient
middle layer is silicone rubber.

24. A finishing roll according to claim 19, wherein said thermoplastic
outer layer is polyterafluoroethylene. | o

25. A finishing roll according to claim 24, wherein said PTFE layer
ranges in thickness from about 0.020 to 0.200 inches.

26. A finishing roll according to claim 24, wherein said PTFE has an
average surface roughness of less than 0.8 microns.

27. A fxmslung roll according to claim 24, wherein said PTFE layer
provides a compresswe shear stress to said thermoplastic sheet in ‘the range
of approximately 150 - 350 psi.

28. A finishing roll according to claim 24, wherein said PTFE layer
has a thermal conductivity ranging from about 0.1 to 0.2 Btu/ft hr°F. |

~ 29. An improved finishing apparatus capable of providing smooth
upper and lower surfaces to a thermoplastic sheet, said apparatus
comprising: | _
a) a top roll for polishing the upper surface of sheet; and
b) a bottom roll for texturing the lower surface of said sheet.

Sheet Has Been Reilaced
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t he *‘present invention conprising a rigid steel core which was about 12 -
inches in dianeter, a silicone rubber covering that was 0.375 inches thick
and a PTFE fi-ni shing sl eeve having a thickness of 0.060 inches and an R
ranging from0.3 to 0.8 [err]m The lower roll 14 in all runs was a
standard chrone plated roll. The pull roll 17 is the take-up nmechanism for
the thernoplastic film The pull roll 17 is characterized herein by the
power used to drive the nmotor, which is 5 directly related to the anperage
setting of the r ..SFﬁm J NREEEA: | 93888% RMOPIa2Sicon forces
placed on the fiﬂsﬂg ec%jgitba rrrssL ed&bgl%c\)dw In Tglﬁqgig&were['col I é’gt ed for
several runs wherein the nelt tenperature of the nmaterial exiting the
extruder ranged from about 536ABSTRAETQFTHEBPISCLOSURE t he extruder was
operated in the range of_about 20-63 RPM the |ine speed ranged from 19. 5-
10 29 feet per minute, 3wy inventios pelates focanimpreved fipshing rald sfegygeand

from 260-300 [ efldfiod BP'ekutiding ThERBBiastc LeAEPbhE! rtfteSpdicularly, relates
" to an improved method for providing smooth uppér and lower surfaces to a
thermoplastic substrate such that said substrate is particularly useful in
optical media applications, such as CD-ROM cards. Such applications
require the use of substrates having polished surfaces on both sides and a’
birefringence of less than twenty-five (25) nm. Further requirements for
optical media applications include abrasion, chemical and UV resistance,’
substrate thickness consistency, thermal shrinkage and barrier re'sismnce. to

water vapor.

FIGURE 2



PTFE PTFE' PTFE PTFE PTFE = Silicone Chrone Rubber

Bi refringence 80-100 10-25. 10-25 . 0-5: . .0-10 '150-200 700-900 Ra
([err]m 0.3-0.8 0.4-0.7 0.4-0.7 0.4-0.7 0.4-0,7 4-5 0.05 Pull
Rol | 8 4 - 3 2 2 2 4 (anps) Top
Roller 89 94 92 90 95 . 100 225 Tenp. (F)
Bottom Rol | 290 157 180 180 = .1#%0 ° 245 220 Tenp. (F)
Lot No. © SQJ518 SOLO02 SOU782 SOUS67 SOX882 SOE049 SQJ944 85% G oss
100-110 91-96 75-85  80-90 80- 90 5-10 85-100 Uncoated F ilm %
Haze 0.1-0.2 0.0-0.1 0.0-0.1 0.0-0.166=6—4. >2.0 0.0-0.1

Coated Film The data shown in Table 2 illustrpt ai a roll of the present
invention 15 may be used to produce thernnplast ils having | ow :
birefringence and | ow
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-12- surface roughness. It is further shown that the tenperature of the
steel bottomroll 14 and the force applied by the pull roll 17, which is
‘directly related to the anperage of the notor used to drive the roll, also
affect the birefringence of the resulting film Applicants have determ ned
that this affect is primarily 5 dependent upon whether the film has cool ed
bel ow T[err] before it exits the nip 11. 1t2{% particularly inportant that
the surface of the filmthat is in contact_mnth the standard steel roll has
cool ed below T[err]. O herwise, the filmcontinues to be oriented, and wll
store internal stresses fromthe forces exerted by the pull roll 17, or the

idler roll 19. 10 | n operation of t avention, the bottom surface
of the film¢(i.e., the surface that cont s the ttomroll) is cooled to
bel ow Tg, while the top surface (i.e., one that\ contacts the top roll),
and the predom nant part of the interi egi on of {2ilm are naintained
in the thernoplastic state. Snall defo g forces y lead to shear
between these already vitrified, agd st\Ul\15 gplt n zones.. At the
boundari es between these zgnes, thg sheag c | ecul ar orjentati
When a beam of |ight passeg||t L such i ffi éé
|
6
4
16
22 /
Fig. 3
20 8 |
26

' e
39 | Fig. 4
28



regi ons, birefringence occurs. Therefore, to make a |ow birefringence film
shear nust be avoided. The roll according to the present invention helps
avoi d shear. 20 ’ The coated filmfor optical nedia applications
prépared by the process described herein ig al so advant ageous because it
exhi bits enhanced conpatibility with die cutting. This property is val ued
by custoners who desire to efficiently die cut CD-ROVs i medi ately (see US.
Pat ent No. 4,836,874), rather than waiting for the structure to cool and
shrink. The 28t ten {{f)ominutesatc3N0°Chgndraperverage polecuiar weightaek 25,000 o
its | ow birefgjngence, which inparts thermal stability and hel ps_focus the
| aser pick-up ?Neqﬁhﬁﬁmﬂﬁ*ﬁ1g§SanHiﬂﬂﬁ%ﬁ§5QQ$%$%?qiéﬁgﬂebPEKKHBO%%Gﬂdto

d data f sk 4 T
naei st the pi DTN ettt af BN ek B bhe et of BOIREMNe D
used to focus thghe nﬁ&aWaQrfdréé@eﬁltbtth@Qﬁbrﬁétkveeﬁh&\esubét@ﬁfr@llﬁmsthéétﬁhbit

excellent thermal stability to maintain a focused beam In addition, e
films of the bebsesr thewvelis determinechshe fitml thi¢kness. The thickness consistency

was approximately +/- 5% for a 0.010" film. The textured films were also

coated to lower the surface roughness and improve the abrasion and chemical
resistance and haze resistance of the film. The coated films achieved a final
haze, ASTM D 1003, of 0.1 to 0.5 % and a surface gloss of ninety-two percent
10 (92%). This low haze allows for enhanced optical resolution. The coating was
applied to the textured side and cured to produce an Ra of 3 to 10 nm.
During the curing of the coating, the heat tends to further anneal the film and
reduce the stress level. _
In the gap or nip, the shear stress (SS) on the extrudate in the region of the
15  upper roll may be calculated from the compressive strength (CS) of the upper
roll and the coefficient of friction (COF). SS = CS x'COF. The compressive
strength is measured for a 0.001" offset. As shown in Table 1, the SS for PTFE
is about 150-350 psi, and the SS for the silicone rubber roll is about 600 - 1600
psi. In turn, the SS for the chrome roll is greater than 60,000 psi.
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suited for any end use requiri ng | ow shrl nkage (less than 0.1%at 5

wel |
280[érr'F). After thermal cycling, (e.g., operations such as printing, die
cutting, and injection nolding), high shrinkage filnms can yield

unaccept abl e
have a birefr

illustrated i

results.
I ngence of

n Table 10 2,

The filnms made in
| ess than twenty-
problems typically encountered with conventional,
t he uncoated fil ns made using the rolls of the-

hi gh shr

a-%:o:or dance with the inventi on which
Ive (25) nm can avoid such

I nkage filnms. As

present invention exhi Bakled -|meadetnd'ﬁbe;md Prapettiesypf Rod Matesials

i nventi on ha
various nodi f

departing fr
CLAI M5 1.

or film havirg
finishing rolfl

[§)]

10

15

20

ccrl ucaw%bcd H—detgtt—+t+—shott-d—be—urdersteod—that
[ substitutiong, or al tep&t{"—ﬂﬁg can be made wi t hput
m e |nt ENUed—STOpPE a9y 3t ue nded—cta ns.
An i nproved finishing 'rclﬂ%on §§c nﬁ&“l’%gﬁe%‘xﬁgt i ¢ gheet
y]ﬁsyr’race and rlnged ij]g@rnal Stregspy, sard
rrWsmq a) a nigid core:
Tensxle Modulus (psi) 50,000 . 700-900 12,000,000
Compressive Stress (psi) 1700 1000-2000 90,000
k (Btu/ft hr °F) 0.14 0.02 213
COF /polish steel 0.1-0.2 0.6-0.8 0.7-1.0

Because shear stress is stored in the film as residual stress which
produces birefringence, the lower shear stress which results with the PTFE
sleeve is a significant advantage because it results in low birefringence
thermoplastic films. Therefore, it is generally desirable that the material used
for the outer sleeve have a low COF.

An optical media substrate (coated film) requires the combination of low
birefringence (iess than 25 nm), high gloss (low surface roughness) and high
clarity, as measured by % haze. For an optical media substrate, the % haze
must be 0.1 (max) to avoid scattering the laser. A low % Haze in a coated film
is best obtained using an uncoated film having a gloss of from 85-100%. The
uncoated film gloss is inversely proportional to the film surface roughness.
The gloss is strongly effected by the shear stress (SS=CSx"COF) on the roll
Only the PTFE material met these requiremenfs, as is clearly
illustrated in Table 2.

material.

Referring agéin to Fig. 1, the comparative data in Table 2 include the
process conditions and resultant film characteristics for a typical polycarbonate
film having a thickness of 0.010 inches made using three different upper rolls
12 in a two-roll finishing stack as described herein. Thé silicone rubber and
chrome rolls 12 listed in Table 2 are pridr art. The PTFE roll refers to a roll of
the present invention comprising a rigid steel core which was about 12 inches

in diameter, a silicone rubber covering that was 0.375 mches thick and a PTFE
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b) ;a detachable t her nopl astic outer | ayer sIeeve 2. A fi nishi ng roll
accor di ng to claim1, wherein said rigid:core-i.s netalli.c.
finishing roll according to claim2, wherein sai WI 4,

A finishing roll according to claim1 wherein said detachabl pI astic
outer layer. sleeve'is polytetrafluoroethyl ene. m“ ﬂﬂ“ g\m g‘gg
according to claim1, wherein said detachab| e the ayer

sl eeve ranges in thickness from about 0.02 450 200 inches. 6.

finishing roll according to claimi ,wherein said detachable ther m)pl astic
outer |layer has an average surface roughness of less than 0.8 mcrons. 7.
A finishi ngCIFZbIMS accor di ng to claim 1, -wherein said detachabl e

e extrusion oknmeERLARBRRY IRt ShSiing < HERBRRSHS sRPEtr Ak filing ' 9
appr oxi mt&ﬁhdolot'ig surfaég 'redﬁced intefink: §tfe°§%b§.gsé' ﬂ'ﬁhmﬁfﬁ@dﬂ'd&n pridigg:ai m 1,

wher-ei n sar chabl e ernoplastic olter tayer sleeve has a thermal
conducti vity T aapi ngafngmdmamando 1to 0.2 Btu/ft hr[err]F. 9. A

e o' BECr Hldahedett Fatoboi bl R SRIARRS st 0L
|Asf Ie ln :a 2{1 1) % Ir gl A firisting rolDadcorang ite climvh) evteirsinssaidl rigiesddredemetaliie] e | ayer
Afi mshmg roll according to clazm 2, wherein said rigid-core is steel.
4. A ﬁmshmg roll according to cla:m 1 wherem said detachable thermop!astnc
outer layer. sleeve is polytetraﬂuoroethylene
o Afi mshmg roll accordlng to claim 1, whereln sand detachable thermoplastlc
outer layer sleeve ranges in thtck_ness from-about 0.020 to 0.200 inches.
6.  Afinishing roll according to clair 1, wherein said detachable thermoplastic
outer layer has an average sutface roughness of less than 0.8 microns.
7. A finishing roll abc_:ording o cl'airp 1, wherein said detachable thermoplastic
outer layer sleeve provides a compressive shear stress during the extrusion of
said thermoplastic shieet or film in the range of approximately 150 - 350 psi.
8. A ﬁnishi'ng roll ab_cordin'g to clairhi 1, wherein said detachable thermoplastic
outer layer sleeve has a thermal condutivity ranging from about 0.1 to 0.2 Btu/ft
hr°F. '
9. Afinishing roll according to claim-1, further comprising a resilient
intermediate layer interposed betwéen said core and said outer layer.
10.  Afinishing roll accordmg fo cldim.9, wherein said resilient middle layer is
elastomeric.
11.  Afinishing roll accordmg fo clain 9, wherein said resilient middle layer is
silicone rubber.
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11. A finishing roll according to cl aim9, wher éi'n sai d resil i ent mddle

| ayer is silicone rubber. 12.  An inproved finishing rol | detachable

sl eeve, the inprovenent being that said detachable of a

thernopl astic | ayer having an average outer surface r - t han

0.8 mcrons. 13. A finishing roll sleeve according ﬂmﬂmﬂmﬁgiﬂﬂﬂme' n

said thernoplastic layer is polytetrafluorqethylene. T&™¢ M roll

sl eeve according to claim 13, wherein sdi d Q‘:‘po'l yt et raf | uor oet hyl ene | ayer

ranges in thickness fromabout 0.020 to 0.200 inches. 15. A finishing

roll sleeve according to claim 13, wherein said polytetrafl uoroethyl ene

| ayer IO][ ovizles Andmml \mﬁmshm%wlrsleemstheimp?v]ehmmthplr@sihatsmdtslesm in the

range of approxipate 50 - en sal LNls ve

Laed on a Bicarpe ot tharmoniaski iaves harina o vrade Sts? SuiBrr Sdiiides

articles. c}‘ﬁ uﬁh? I?:]I &.rol | sl eeve according to claim 13, V\/nereln sai d
uor oet ene

pol ytetr af ayer has a thermal conducti vi ty rangi ng from about
0.1 to 0.21%t u/Arﬁrﬁar[mg rdiFsleave accomlngﬁ@nbarmcﬂz,whegﬁmrﬁyl% 1§apab| e
of provi di g S i tetRRGSroal e A"

-14.  Afinishing roll sleeve according to claim 13, wherem said
polytetrafluoroethylene layer ranges in thickness from about 0.020 to 0.200
inches.
15. A finishing roll sleeve according 19 claim 13, wherein said
polytetraflugroethylene layer providea 2 Gompressive shear stress to a
thermoplastic értiele in the range of ap-p?dximately 150 - 350 psi when said
finishing roll sleeve is used on a ﬁmshn g "oll in a-manufacturing process for
thermoplastic articles. ' ‘
16.  Afinishing roll sleeve according to clalm 13, wherein said
polytetraﬂuoroethylene layer has a thelmal conductnv:ty ranging from about 0.1 to
0.2 Btu/ft hr°F.
17.  Animproved finishing apparatus capable of providing smooth upper and
lower surfaces to a thermoplastic sheet sald apparatus comprising:
a)  abottom roll for polishing | the lower surface of said sheet; and
b) a top roll for texturing: the upper surface of sald sheet.
.18, An apparatus according to clalm 1 whereln sald bottom roll is chrome-
plated steef. ' ' |
19.  An apparatus according to clalm 17, wherein saud top-roll compnses
a) -a ngld oore; S
b)  .a resuhent middle layer' 3'1d
¢)  a'smooth, detachable tbegrnoplastlc outer layer sleeve
20. A ﬁnlshmg roll accordmg to clgim 19, wherein said ngtd core is metallic.
21. Afi mshmg roll acoord;ng to claim 20. wherein said rigid core is steel.
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surfaces,to a thernoplastic sheet;, said appar at us conprising: a) a bottom
roll for polishin ace of said sheet; and b) a top roll for

ni ng
texturing the up | d.sheet; wherein said top roll conprises:
(1) arigid coreﬂ;m‘mlﬂﬂnﬁi‘” H eri ddl e layer; and (3) a snooth,
Y ¥

det achabl e t hernopl astic er sleeve. 18. An appar atus accordi ng
to claim17, wherein said bottomroll is chrone-plated steel. 19. A
finishing roll- according to claim 17, wheretf said ri gid core is netallic.
20. A finishing roll according to claim19, wherein said rigid core is

il o a2 | s AHHb ol oG A e ool rlRAaB dyers) | o

wher ei n saglastorpgtic.ent mddlie | ayer is silicone rubber. 23. A finishing
roll according to-claim17, wherein said detachabl e,thetnopl.gsti,c outer
| ayer sl eegd i sAJHISHIRG ralt aceardBgrp __.;%szhefew'ﬁﬂlﬁ%r%ﬁf%g "P@a'ra la¥&Ig5 di ng

to claim?2 'cﬁ\‘i@ 5§ '.sai d detachabl € pol ytetrafl uoroethyl ene outer |ayer
ranges in %‘HI ckng@% fom about 0.-020 to 0.200 inches.

24.  Afinishing roll according to claim‘19, wherein said detachable
thermoplastic outer layer sleeve is poiirt:etréﬂUQmethylehé.
25.  Afinishing roll according to claifri 24, wherein said detachable
polytetraﬂubroethylené outer layer sleeve ranges in thickness from about 0.020
to 0.200 inches. o
26. A finishing roll according to claimi24, wherein the outer surface of said
detachable_polytetraﬂ.uoroethylene outér layer sleeve has an average surface
roughness of less than 0.8 midrons
27. A finishing roll according to clexm{24, wherein said detachable
polytetrafiuoroethylene outer layer slesve provides a compressive shear stress to
said thermoplastic sheet in the range .oféabpmximamly 15(_) - 350 psi.
28. Afinishing roll according to cléim.;;_24, wherein said detachable
polytetrafluoroethylene outer Iayef sleave has a thermal conductivity ranging
from about 0.1 to 0.2 Btw/t hi°F. | .
29.  Animproved finishing apparatus capable of providing smooth upper and
lower surfaces to a thermoplastic sheet ‘said apparatus comprising;

a)  atop roll for polishing the -ubper surface of shest; and

b)  a bottom roll for texturifig the lower surface of said sheet.
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25. Y fini shi ng roll according to claim 23, wherein the outer surface of
saird det achabl e pol ytetrafl uoroethyl ene outer | ayemmlﬁﬂuﬁm ﬂmn ver age
surface roughness of |ess than 0.8 m crongs. 26. B m1
according to claim23, wherein said detachabl e pol ytetYafl udroét hyl ene
outer |ayer sleeve provides a conpressive shear stress to said

t her nopl ast '12 Sh%ﬁtlrﬁpi’oﬁeaq nisﬁﬁ’@&oﬂ’&eté@l%mé(bﬁéﬁé*'tue ovem&ift befig that/said A
finishing roll accordi n to claim % wherein sal d detachabl e

pol yt et r af | G8tashaRG F@ﬁ! i fammprisgg of a ihesmpoplaglic layer 'P@’r"?ﬂa?“ BYSTRRR PYtE syrface
rangi ng frogpg Bés 6F ldsd hal 038 Riciéis. hrlerr]F. 28. An i rrproved f| ni shi ng

appar at us ca abl e of providing snooth upper and | ower surfaces

t her nopl ast i1 shé‘eﬁ“'srﬁ'lﬂ ol sigsNe accrrding 49 claim 4; whgreip Q%‘bthPHT‘PP'?"d!c '%Yﬂr %hing
the upper spp ﬂgémgngngheet and b) a bottomroll for texturing the

| ower surface of said eet: wherein said bottomroll conprises

rigid core; 1f2) A fnishing wilsleeve @ceordingde clajm 43, wherein said p Iytetraﬂuoroetzxylene
layer ranges in thickness from about 0.020 to 0.200 inches.

15. A finishing roll sleeve according to claim 13, wherein said polytetrafluoroethylene
layer provides a compressive shear stress to a thermoplastic article in the range of
approximately 150 — 350 psi when said finishing roll sleeve is used on a finishing roll in a
manufacturing process for thermoplastic articles.
16. A finishing roll sleeve according to claim 13, wherein said polytetrafiuoroethylene
layer has a thermal conductivity ranging from about 0.1 to 0.2 Btu/ft hr°F.
17.  Animproved finishing apparatus capable of providing smooth upper and lower
surfaces to a thermoplastic sheet, said apparatus comprising: |

a) a bottom roll for polishing the iower surface of said sheet; and

b) a top roll for texturing the upper surface of said sheet;
wherein said top roll comprises:

(1) arigid core;

(2) a resilient middle layer; and

(3) a smooth, detachable thermoplastic outer [ayer sieeve.
18.  An apparatus according to claim 17, wherein said bottom roll is chrome-plated |
steel.
19. , Afinishing roll according to claim 17, wherein said rigid core is metallic.
20. A finishing roll according to claim 19, wherein said rigid core is steel.
21. A finishing roll according to claim 17, wherein said resilient middle layer is
elastomeric.
22. A finishing roll according to claim 21, wherein said resilient middle layer is silicone
rubber.
23.  Afinishing roll according to claim 17, wherein said detachable thermoplastic
outer layer sleeve is polytetrafluoroethylene.
24.  Afinishing roll according to claim 23, wherein said detachable
polytetrafiuoroethylene outer layer ranges in thickness from about 0.020 to 0.200 inches.
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(3) a *¥noot h, detachabl e t hernopl astic outer |ayer sleeve.

e (NN IIIH i lIIl

25.  Afinishing roll according to claim 23, wherein the outer surface of said
detachable polytetraﬂuofoethylene outer layer sleeve has an average surface roughness
of less than 0.8 microns.

26. A finishing roll according to claim 23, wherein said detachable
polytetrafluoroethylene outer layer sleeve provides a compressive shear stress to said

thermoplastic sheet in the range of approximately 150 — 350 psi.
27.  Afinishing roll according to claim 23, wherein said detachable
pdlytetraﬂuoroethylene outer layer sleeve has a thermal conductivity ranging from about
0.1 to 0.2 Btufft hr°F.
28.  Animproved finishing apparatus capable of providing smooth upper and lower
surfaces to a thermoplastic sheet, said apparatus comprising:

a) a top roll for polishing the upper surface of said sheet; and

b) a bottom roll for texturing the lower surface of said sheet;
wherein said bottom roll comprises:

(1) arigid core;

(2) a resilient middle layer; and

(3) a smooth, detachable thermoplastic outer layer sleeve.
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