1. 2133011 PROCESS OF PRODUCI NG UV- STABI LI ZED
POLYESTER MATERI ALS This invention relates to a nmethod for producing .
pol yester materials to which UV-stabilizing substances have been added So

t hat™tfhe; end product, usually in the. formof an extruded fil m'sheet,

ri bbonver filament will 5 nore reliably w thstand anbi ent conditions and
in par- ticular will nore reliably withstand the effect of sun- |ight, Xe
wi t hout significant deterioration. Wile the end products arg, usually in
the formof film sheets, ribbohe or filanments, one of the: '&1’38'&14 10

of use of prod of the type in question is as an essen- tially :
transpar ent sh&St=gRecyl FROUNCING \UVHSTABILIZRD POLYRSTERY ze t he anount
of heat and gl are which pass MATERIALS i he wi ndow. When so used the sheets
are quite thin, and coomonly terned - filnms. The 15 i nvention will here by
speci fical |y dd3ds davention grekatemcto ta mekhédriion imroducingh fil ns,
which wll, for gurposes of, caonveni ence, be here terned "sheets", but it

will be uRfH¥ | @akeniad g rﬁfélrﬂhicﬁb L‘%V-eﬁﬁﬁbffemféls-os\mt@?q)rgducts
i whi i 20 i cated. It
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control ti IS Sx@udad | at... t i ndow. en the
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cal | e§ somdireC geliablly WIRhEUEHE lantidt) G Und dridilifiplgaRase of very -+
lightly metalized (contro

ticular will more reliably withstand the effect of Sun-
t: Y light, without significant deterioration. | ' ' Qﬁ

While the end products are usually in the form of
film, sheets, ribbons or filaments, one of the main areas
10 of use of prodﬁcts of the type in question is as an essen-
tially transparent sheet placed on or in windows in
order to minimize the amount of heat and glare which
passes through the window. When so used the sheets
are quite thin, and cbmmonly termed films. fThe
15 invention will here by specifically descriﬁed with refer-
ence to the formation of such films, which will, for
purpeses of convenience, be here terméd ﬁsheets", but it
will be understood that the invention is applicable to all ¢
end products into which the polyester material may be
20 fabricated.
It has been indicated, one of_the'main areas of use
of the sheets in question.is to control the transmission
‘of light and heat through the window. When the
polyester materials are used for this purpose, they are
25 generally called solar control films commonly taking form
of a laminate base of very lightly metalized {(control
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2. density deposition) polyester filmwhich is then lam nated to a dyed
clear W.stabilized polyester film The |lam nated structure allows the
metal to be buried between the two | ayers of polyester filmto protect 5
t he nebaLllé"toatlng from oxi dative degradation. This |am nated f|In1H
used in solar control application as solar control filmwhen applied t
wi,fidows it operates as a transparent insulation material devel oped to
redUice the transmi ssion of heat and glare fromthe sun through 10

wi ndows. This filmreduces air-conditjoning energy consunption. |t
virtually elimnates the UV rays whicH ‘are present in the sunlight, which

I n principle cause C ﬁ'}ﬁ& f@Ge gﬁﬁ%ﬁ’i Il n. Under
wi nter conditions ?FL?QE% d%ggélg oé)i#] ea§ | 0ss 1 ?bug Ie"?lhe gl ass,
thereby reduces heagpnfifaf88"8Y & Aipad il ﬂ#”ﬁﬁdﬂﬂlﬁiampbba s%@?rﬂilh“
the visible range and in the ultraviolet range. It is the ul#fraviol et

conponent of sunlighé YamiBated pstroctune ralduows ithe Metal?to bunﬂaﬁedd
interior effects such as the fading and deterioration of fabrics and
plastics within a betweent théctwd ckayers dxfsipailiytes tieratf illme toopaotectt r ol
fileme mnimze to as great a degree asﬂg?55|ble t he transm ssion of

ultraviolet |ight therBetablif cogbing farom qxdative gegragdationse Thigwhat
effective in that i%ﬂﬂﬁgﬁe%hﬁﬁw'% roorafor qri}érove r!]'t"g'ueﬁ’pggf’ﬁ B'gl | ty to
pr &vent trans- ré&
sheets are themsel ngaﬁt OrE'&La& Sflﬂ.lﬁa %h en a%%tl do rt%t W.Q:dows it operates

!} as a transparent insulation material developed to reduce
the transmission of heat and glare from the sun through
10 windows. This film reduces air-conditioning energy
consumption. It virtually eliminates the UV rays which
are present in the sunlight, which. in principle causes
fabric fading, finished surface deterioriation. Under
‘winter conditions it tends to reduce the heat loss
15 through the glass, thereby reduces heatiﬁg"energY“
consumption. ' o '
Sunlight comprises energy in the visible range and
L ' in the ultraviolet range. It is the ultraviolet
component of sunlight which is primarily responsible for
' 20 undesired interior effects such as the fading and
deterioration of fabrics and plastics within a room. It
therefore is desirable that the solar control films
minimize to as great a degree as possible the transmission
of ultraviolet light therethrough. While polyester
25 materials are somewhat effective in that regard, there is

room for improvement in their ability to prevent trans-

mission of ultraviblet'light. Moreover, such polyester




under the influence of ultraviolet |ight. It has Iong been knomn that

there are substances which, when added to the polyester, wll not onlwy-

i prave the degree to 5 whi ch t he poliyest er sheet resists .transnission of
~ uItr olet light, but also will increase the resistance of the sheets to

det oration when subjected to ultraviolet [ight. Many such materials have

been proposed in the past. 10 IThere are in general two main nethodi,,

whi ch have been enpl oyed to produce pol yester filns protected against W

action by the addition of suchzgubstances. In ‘one nethod the UV-stabilizing

substance and the poly- ester are m.xed together and then conveyed to an

ex- 15  trsHeethr arewbheinselvesi strionglly psabjett i to ade@tersoratiion anot her
met hod the UV-stabilizing substance is in- jected into the polyner while

t he pol yner undepethg itrfiluende ofhultraviolet light. neltidwas ong been com
mercially used by 20 Garwar e Pl astics and Pol yester Linited, Bonbay,
India, and Pﬁﬁpe ﬁ@p%ﬁﬁc?ge?esﬁ??l substarees hinhe whem adsdted der abl y
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of the sheets to deterioration when subjected to
ultraviolet light. Many such materials have been i;i
proposed in the past.

10 There are ih_general two main methods which have
been employed to produce polyester films protected
against UV act;on by the addition of such'substahces. In
‘one method the UV-stsbilizing _substence and the poly-
ester are mixed together and then conveyed to anfex-

15 truder from which a desired end product is expressed.

In anbther method the UV-stabilizing substance is in-
jected into the polymer while the polymer is being
extruded. While both of these methods have been com- rd
mercially used by

20 Garware Plastics and Polyester Limited, Bombay, India,
and while the products resulting therefrom have been

. considerably improved with respect to resistance to uv
when compared to polyester films that do not contain
the UV-stabilizers, the end products have nevertheless

25 presented significant problems. In the first place,
while they are more resistant to UV than what preceded
them, they are still of relatively limited life when

subjected to strong sunlight. In the second place, the



apparently do not produce a truly honogeneous m x of pol yester and

UV- st abi li zi ng §ubstance, so that the resistance of the sheets to sunlight

i's literally 5 spotty --certain areas of the sheet deteriorate nore rapidly
than other areas. In the third place, the mxing of the polyester with the

5uvlstabiffzing ubstance has been relatively inefficient, as a result_z“)
whiich an excessilvely | arge._anount of the stabilizing 10 subst ance ' be

used,_ considerably nore than:eventually winds up performng its desire
function in the finished sheet, and this4,of course, adds appreciably to
the cost of the sheet. In the fourth place, when many UV-stabilized sheets
of the prior art aremixingsmeiholisdwhenchpvectieen &mployed win cthepast

-sol vents such as acetone‘they tend to | ose the UV-stabilizing substances
and thus their sunli g@pareativaﬁeenp‘s peglugeda tmalydhemogeneonsdnix of

‘i nst inth [ t | yhydg.i | cohol i sed t of th .
manuf act uring 20 | pPOATestaE At IVEsEsRyuizing FahEraRce . i A L
ffects th bilit f the. t ot | {ab ' t.h Jj J.ed

Japor - deposi fed al unfAasRLAPEe oLy Eag obBet FErARLERE Tt e anc
the metal adheres Pogpbksho.! BerBQiNCarERa! bt Minosheet dotdrddrddle dird™

obj ect of the présent invéntion. to prOV|ae process ?or %e manut act ur e of

pol yester film and E\&P&hqyl thhit/ BChept Bresse ! Phepha hohase® fldde, the-
whi ch has a greatly I mpr oved resi stance to ultraviolet |ight
and which nore effecmixghg bfsthespolyester with the UV-stabilizing

_ KJ’ substance has been relatively inefficient, as a result
of which an excessively large amount of the stabilizing
10 substance must be used, considerably more than
eventually winds up performing its desired function in
the finished sheet, and this, of course, adds appreciably -
to the cost of the sheet. In the fourth place, ﬁpen.
many Uv-stébilized sheets of the prior ért are
15 . scratched or exposed to boiling water or to solvents
such as acetone they tend to lose the UV-stabilizing
substances and thus their saﬁizéht fgsistance is N
W ' weakened. Moreover, in Some instances in the prior art
| polyhydric alcohol is used as part of the manufacturing
20 process, and the polyhydric alcohol in turn adversely
affects the ability of the sheet to reliably receive
the desired vapor-deposited aluminum layers; black
spots form on the metal surface and the metal adheres
poorly to the polyester film.
25 It is thé prime object of the present invention.
to provide g Brocses, 9T, She, Bpputecture of polyester
film, and particular;y/polyethylene_terephthalate £ilm,



the transm ssion therethrough of ultraviolet |ight when conpared t.o what
has existed along these lines in the past. It is a further object of *the

T

present invention to provide a nethod for nmanufacture of polyester

B sheetﬁ‘
T hi c@/gn
- -equi pieent ,

ich is nore efficient and |l ess costly than prior art nethods,
be carried out wth 10 standard avai |l abl e manufacturing
and whi ch produces an end product which is. extrenely’

wel |

v

adapt'ed to use as a solar control film It is another object of the present
invention to provide a process shich will ef fectively
honogeneously mx the polyester material and the UV-stabilizing

substance so that they will reliably stay . together
manuf act ur i Wgiphocebssandat hegeaatdy.

and 15

uniformy during
| impgoxefdurt heisishpack of tibhe present

t he
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. subj ected

pol yester gfBRGF&s which tbhpapzeuref Bicifhtchapfe Inssyneestly f &kanof the

and m@Lch will exhibit an exceptionally-long life, particularly

£P35%t scol oring, spotting or- darkening, -even

when

&

to | oby fderiddf§uothexpodjeett of ntkaspresahtghlinvetdendi ng to
the present  pnvgpti t her epd Sh3d pr “ﬁggk_- o] f . .
pr oduci ng ngt at???ze‘g Sn(l) ?/hesterforr%t enﬁ/ﬂa S v&rﬂ%h ggrnp%%? s?:St%f) heat i ng

granul es beppiBs SPFt amstHedKy; which can be carried out with
' '~ standard available manufacturing equipment, and which .
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produces an end product which is extremely well
adapted to use as a solar control film. _ ,

It is another object of the present ihvention to
provide a process which . will effectively and
homogeneously mix the polyester material and the

stay together uniformly duting the manufacturing
process and thereafter. o '

It is”a further objecf of the present invention
to .devise a process for mgking Uv-stabilized

other external «conditions to which it may . be
subjected, which can readily, effecfively and
reliably receive a vapor-deposited aluminum . layer
thereon, and which will exhibit an exceptionally long
life, particularly with  regard to discoloring,
spotting or- darkening, even when subjected to ‘long
periods of exposure to intense sunlight. - _
According to the present invention there is

Uv-stabilizing substance so that they will reliably

'mpnlyeshet film_ which will LesistTadver§e_climaticnand-

provided a process of . producing UV-stabilized -

polyester materials which comprises:

(1) heating polyester granules to a temperature

at which the polymer surface of the granules becomes
soft and tacky; ' o )
(2) mixing a powdered UV-stabilizing substance

v



- 35 (2) mxing a powdered UV;sfabiIizing subst ance 6. wth

sai d heated gr anul es, t her eby produci ng pol yester granules to which
said pomdered supstance i s adhered; (3) then - subjecting sai d
_pomder,garrylng 5 granules to a drying step effective to ce

t he noi sture content thereof to no nore than about. 0.005% by wei ght; and
(4) then formng said dried powder-carrying granules into a useful
body. 10 In the case of polyethylene terephthalate, the
tenperature to which the polyester granules are heated is preferably
- fromabout [err]. At those tenperatures the polyester starts to
crystalize and the heat of crystallization renders the surface of 15

‘the  polymer  grag gh._gs 59t t h%%tq;ha st iﬁ% The t%te?t%ng Zer%gdﬁﬁépg

this tenperature st1Ck e surtace 5? 't he poly
‘adhesion is beli eve@Otlaeséeénrﬂarrﬁnédeﬁ/ tRe Wehalin@aisk poederedi Isubstance
~mel't at that tenperakup@ner¥§at is believed to happen 20 ~is that the

adhesi on between the E Byner and Gg stapilizer a so good that the
‘stabilizer powder strongfy?resit®ed pei FEPLIEHHEYI of 1 SAL wisrycag&ying
granul es  toS5 whichranulles Howder adyingarstep e%ffdﬁﬂ:\i@eat tachasiiuce the

t hermsel ves. BecaHggsPugL coh@’eﬁt t %Q%% Vq:OZSr%o mof%f Efiln. abwg Ocﬁglﬁger

of t he powder ed zer 1ntro uce m X1 ng
adheres to pol yesb¥rwgightiFeandt hus giving rise to efficient use

(4) then forming said dried powder-carrying
granules into a useful body.

i\ 10 In the case of polyethylene terephthalate, the
temperature to which the polyester granules are
heated is preferably from about 150°-180°C. At those
temperatures the polyester starts to crystalize and
the heat of _crystalllzatlon renders the surface of

15 the polymer granules soft and sticky. The
stabilizers at this temperature thus stick .to the
surface of the polymer, and that adhesion is believed
to- be enhanced by the tendancy of the stabilizers to

o melt at that temperature. What is believed to happen
20 is that the adhesion between the polymer and the
stabilizer is so good that the stabilizer powder
~strongly resists being rubbed off from the polyester

k“'. granules to which the powdered particles have
N attached themselyes. Because of this adhesive
25 effect, the bulk of the powdered stabilizer

~ _introduced into: the mixing chamber - adheres to
polyester granules, thus giving rise to efficient use
of the stabilizer - a very high proportion df the
stabilizer'that is introduced finally ends up in the:

30 end product, where it performs its designed function.
The mixing of the polyester granules and the
stabilizer powder can be carried out in conventional
mixing equipment. A particularly effective method
involves a high shear mixer and, while ﬁixing of the
35 . granules alone takes place, applying heat so as to

raise the



of the stabilizer - a very high proportion of the stabilizer that is

I ntr ced finally ends up in the 30 - end product, where -t perforns it's
desi d function. The mi xing of the polyester granules and the stabilizer
powd®&-can be carried out in conventional mxing equipnment. A -

T

‘particularly effective nmethod involves a high shear m xer and, while

m xi ng of the granules alone takes place, applying heat so as to rais

t he 7.

tenperature of the granules. Wen the granul es reach about 70 C ™

crystallization of the polyner commences, after which the polyner granule
tenperature increases rapidly bgcause of the conbined effect of the

ext er nal

5 heat which is applied and the heat of crystalliztion which is

internal |y gtemparaturdhefUthet ghahuXésy SWihenathe gramitisl readte pol yner
granules in the m xeL when the outer surface of the granules soften. The

amount of st aboutz@0 €ddrystallizepion eafothe hpollymer peonmendes, end use of
the polyester material. It is usually desired that the end product contain
stabilizer | aftee whigh the(pelymer gragyuleiterpersture ingreases:ss of '

stabilizer

mat eri al s stFBR?ﬁﬁYtBe?ﬂ\ésﬂ/aP Bre j¢ombined ¢

may be_added to the m xture in ord&r to npke all owance for

fert Qi e extarmalnat :

o anut es5 pr PR aBRyoh, £8, ERFAPRGERe hf e ?mﬁi%raﬁs%me”é"eﬁp”‘éime ‘

of the pol yngp s ghapyl 5eLiagf1}O QRQPété&”]TJé‘%v stabilizing
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substance is added tq the polymer-granules in the mixer .
wﬁen the euter surfeee of the granules seften. v
The amount of stabilizer added will depend upou the

particular end use of the polyester material. It is

usually desired that the end product contain stabilizer

in the range of 0.5 - 2.0% by weight, by a slight

excess of stabilizer may be added to thie mixture in order

to make allowance for materials sticking to the wall of

the mixing equipment and that generally small amount of
stabilizer which does not adhere to polymer granules.
Preferably,
/this mixing step is terminated when the temperature of -
the polymer granules rises to about 170° - 180°C. The
termination temperature is determined on the basis of -
the mixing time required. for obtaining a hdmogeneous 2

and uniform penetration of the stabilizer to the

~ polymer granules - it is believed that the UV

sfabilizing powder, when coated on the softended
polyester granules, penetrates those granules. A
normal mixing time would be around 5 to 10 minutes
ffgm thé'time of commencemént of the dixing of the
two components. It is preferred that the mixer have

a variable or adjustable speed to maximize proper



term nation tenperature is determned on the basis of 20 the mxing tine
requi red. for obtaining a honogeneous and uni form penetration of the
-stabilizer to the polyner granules - it is believed that the UV stabi i ng
powder.;~ when coated on the softended pol yester granules, penetrates those
granules. -A 25 normal mxing tinme would be around 5 to 10 m nutes from
the ti of conmmencenent of the mxing of thé&wo conmponents. It is
pFEferrpd that the m xer have a variable or adjustable speed to naxim ze

proper . 8. mXxing aNgihg ahdi tbZRIALIRIZETERE | ot &T fikesT XIThe
speed should be sufficienl to produce enough turbul ence to avoid

aggl onerati on of thempxingespeedmhaslidine sufflcient: rtce producet enought
should 5 not be so high that the polynmer granules will be ground down
excessi vel y. Aggl oneturbukenes o tavehd agglkonenatidon of the polymer
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~to the polyester gragyfitg dgndhdké étrusion more difficult. Grinding
down the granules is not wanted because it.involves
loss of polyher in the fines, and also because
10 excessively small granules wili, in the extruéion
| process, tend to degrade the quality of the polyéster
£ilm produced. | |
/ziszZizlzéep is to sepérate the polyester granules
' adhered :
with stabilizing powder/thereto from what may be termed
15 "fines" to wit, such of the stabilizer as did not
adhere itself to the polyesfér granules as well as any
ISmall parficlés of polyéster.which-may have bfoken off
or been ground dowgvtromnfhe pglyestér éranﬁiés in
L the course of the mixing steps. This separation of
20 the grannles from the riﬁes maj be accomplished by -
cooling the mixturé fb foom teﬁperature or to about
' 50°C or to any other suitable temperature and then
:'sieving it. | _
Next the polyester granules with stabilizer
25 adhering thereto are dried. It is believed that this
is an importatioﬁ aspect of the method of the present

mbisture'rehainihg in the polymer granules tends to



smal | particles of polyester which may have broken off or been ground down
fromthe polyester granules in the course of the mxing steps. This .- %
sépaon of 20 the granules fromthe fines may be acconptished by cooling
_the \@ ure to roomtenperature or to about [err] or to any other-suitable
; tenperature and then sieving it. Next the polyester granules with )
~'stabilizer 25 adhering thereto are dried. It is believed that this is an (;p
i nportation aspect of the nethod of the present invention. Qur )
i nvestigation | eads us to believe that noisture remaining in the polyner
granules tends to 9 hydrol yzeg9.hose granul es, which reduces their -
nol ecul ar wei ght, and the .l ower .the nol ecul ar wei ght of the polyner the
nore dif fi cultydnolyze dhoae ghanulesyt whdclonedugess thiedzt molebularobl em
produced by noisture is 5 exacerbated by the fact that the UV-stabilizing
subst ances tmﬁa‘ﬂéﬁpeémdem!‘q d%’?ﬂ"@pmm ¥edghts off thsi sture, and

wh th t abi md [ nb d |
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t he granule suﬂsﬂaddeee&nemseﬂvas‘sedaaﬁa cEmely abgrecQaSQe@bby wei ght . *

amounts of moisture, and when the stabilizer powder is

physically combined with the polymer granule the Q;J
moisture carried by the stabilizer will have the same
10 deleterious'effect as the.moisture initiallyicarried
by the polymer granule itself. In the making of .
polyethylene terephthalate films of about 1.25 x 107 -2,
2.5 x 107 mm (i or 1 mil) in thickness with benzephenone
.or benzotriazole type ov stabilizers, we find it desir-:
15 able to reduce the moisture content of the_granule.-
stabilizer combination to at most.about 0. 00¢5% by weight.

While there is no particular ‘magic in the use of —
one type of dryer over another, provided that the
desired end result is achieved, in industrial

26 manufacture speed, reliability, and uniformity of
operation are very important. For.those reasons we
have found it very effective to utilize a standard
hopper-dryer for the drying step. Such a unit
comprises an elongated tower where the granules and

25 | adhered stabilizer are continuously introduced at the

top and moved down while hot, dry air is pumped into the

dryer from the bottom and moves up in counter-current



-Wile there.is no particular magic in the use of one type of dryer over
‘another; sprovi ded that the desired end result is achieved, in industrial 20
‘manuf acture speed, reliability, and uniformty of operation are very  x ..

i nportant.. For those reasons we have found it very effective to uti{i2¥ a
st andar d. hopper-dryer for the drying step. Such a unit conprises an
elqngated tower where the granules and 25 adhered stabilizer are
continuously-introduced at the top and noved down while hot, dry air is
punped into the dryer fromthe bottom ggd noves up in counter-current

10. direction with respect to the flow of the polymer granules. The air

ney be heated to adiEReidkUWath respedt 86 $88 £10w09f GhdoBme0t only

heats the polynmer and stabilizer to drive off noisture therefrombut 5

al so carries that pgranules.aWEhe APt ey bgpheatedoto paetémpéreaturenn-
advant ageously be used far thiso purpose is a high vacuum tanbl er dryer.
Such a piece of eq@fpt& ecoRPPi Ces Theoadrenotiromly rkeatsithe tpolymext ed
granules are fed. The unit 10 is heated, as by passing a heated fluid

through an ext er naendasteblilirerntghdvhvausff smabstiee thexeframdut yer.
The& drying takes pl ace %ﬁ Vi rtu o% thg heat transmitted to the granules
and the misture | &§Pa rEFFsbghP cmoLshune auay. As at present

advi sed we prefer to usg Lhg ROBPSL §FYShul ShOSE SR N eVhnARitls1y

tufbl er dryer because
- be used for this,purpose is a high vacuum tumbler

'R\)' _ dryer. Such a piece of equipment comprises a rotated
drum into which the coated granules are fed. The unit

10 is heated, as by passing a:heated fluid through an
external ‘jacket, and high vacuum is applied inside the
dryer. The drying takes place by virtue of the heat
transmitted to the granules and the moisture is drawn
off by the vacuun. | | '

15 3 As at present a&§ised we prefer'toﬁuse the hopper
dryer rather than the high vacuum'tumbler'dryer'because
the latter has a tendency to create more dust

i | ~ particles and, because the granules must remain in it
longer than if'the:hopper'dryer*is employed, because

20 the UV stabilizer substances tend to become degenerated.

We prefer to mount the dryer in direct communication

with the inlet to the extruder, so that the dried
granules with stabiliZer:adhered thereto will reliébly
remain in that dried condition when they are being

25 extruded. Indeed, the heater may be;diréctly mounted
abowe the extruder so that there is virtually no lost
‘motion between heater output and extruder input.

The extruder may be of conventional form for the
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the latter has a tendency to create nore dust particles and, because the
granules nust remain in it longer than if ‘the hopper dryer is enployéd,
becgusy 20 the UV stabilizer substances tend to becone degenerated. W
prefgt/to mount the dryer in direct conmunication with the inlet to the

f_“exfrudEr, so that the dried granules with stabilizer adhered thereto will __

reliably remain in that dried condition when they are being 25 ext ruded{_w«
| ndeed, the heater nmay be directly nounted abovethe extruder so that thereée
is virtually no | ost notion beyygeen heater output and extruder input. The
extruder may be of conventional formfor the material in question and

t he nateri matewyalle inxguestdoni ahdr the materiakrmaycbei éotruded a sheet, or
in any other formdesired. The extrusion step is conventional in

connect i on editherpesyasfdlamant;i al cibhen, norspesheet s orpimanyi ons or
procedures are required to extrude the polyester-stabilizer granules forned
i n accor daftbew £Armndegirednt THocAXEEUSioR fBep pis eonvenkionabvever,

t hat becauge of the,presen of .t he, UV st bi£ifer care shoul d he taken that
the extrudéP SERBeEFE 8r3§§$e§°§¥eiﬁer H%E? Al 1RO | $RRCAR”bperat ures

i nt aj 1 t t i nt ®
o e T ApReief BrkebHopRbobiika URE FIELLECE, UBuRTnet, POIN, S0
to avoid Oﬁfiﬁaseardsgasmheﬁgf‘aﬁﬁfeaofaﬁﬁéasmbé&f t aeﬁzgég?iﬁ{' on. 15,

As is well“kndown in the art, oxrdation degradation o d product,
whi ch t endgheoppesédtiteinebhtlbng art fiey ché ahéit DdhedPhdWevery Ni zed by

addi ng appropri ate

that because of the presence of the UV stabilizer care QJ
should be taken that the extruder zone temperatures as

10 well as the melt line temperatures are maintained at
a value at least 10°C_lower than the nérmal set point
so. that the polyester melt temperature does not exceed
about 275° - 280°C, in order to avoid oxidetion
_degradation of the polymer-stabilizer combination.

15 'As is well known in the art, oxidation degradation
of the end product, which tends to producegyellowing

and deterioration, may be minimized by adding appropriate

amounts of an anti-oxidant such as Erganoz, a product A
manufactured by Ciba-Geigy, prior to drying. 5
20 . While the method of the present invention has been

here described in conjunction with the use of extrusion
to form the end prcduct,-it will be understood that
_there is not essential; the end product could be fdrmed
in other ways from the dried polymer granules carrying
25 the stabilizer. o
‘The method of the present invention is
particularly designed;for.gse with polyesters, of which

polyethylene terphthalate is a typical and very widely




anounts of an antl-OX|dant such as Erganoz a product ,manuf actured by

C ba: Gei'gy, prior'to drying. 20 Wil e the method of the pr esent

i nvention hag _been here-described in conjunction with the use of extruaééé)
to formtThe ‘end product, it will be understood that there is not essent

the end product could be formed in other ways fromthe dried pol ymer
gragul es carrying 25 the stabilizer. The nethod of the present invention
is particularly designed for:-use with polyesters of whi ch pol yet hyl ene
terphthalate is a typical and very wi delge used menber, because

materials of that t i cul when ub ted,t xtru5|on are :
extrenely noi sture- §8ﬁ§I$ éers ﬁﬁ?%ﬁﬁ %?ﬂ:#ﬁs rﬂ% i stic of nost
ot her types of synt t I prQducts are
comonly nmade. The g% ?ﬁlfei% @Eélgh ‘?&?}ég@gr%u es % h?vle been used
in producing filmi Qxﬁfﬁﬂéﬂf‘“ﬁéiﬂ‘tﬁfel%ﬂ@ﬁ%‘t dﬁ%ﬁug‘mﬁ%haﬁ' h@'@' e on

t he market, have a noisture” content of apprOX|nater 0. 2% by weli ght.

There are nmany substhapesténsti¢ cobemoseiothérs tiped JT Isynthetie
connection wth polyester materials. Sonme are disclosed in Forster U S.

Paf. No. 2,818, 800 m&tébtalslfrdlﬂ&midntextmxdewmdMSe@néolcpmnﬂ.yRes| ns
Stabilized Wth 2-Hydroxy-5-Salicylyl benzophenone" 15 Spatz U.S. Pat.
No,3, 126, 414 of Varmade. 1 dEae polyethytene terphthalate granules which

. o? 2Ipl:9x31/4,5 Ifgl78 gn drggzegegszgg g 1(1) r]pex§oduc:l esshelr linsach):c'trdance wiggG 610

R the present invention, as available on the market,

N have a moisture content of approximately 0.2% by weight.
10 ‘There are many substances known tolbe useful as UV
stabilizers in connection with polyester materials.

Some are disclosed in Forster U.S. Pat. No. 2,818,400
of Dec. 31, 1957, entitled "Unsaturated Polyester
Resins Stabilized With 2-Hydroxy-5-Salicylylbenzophenone! |
15 . Spatz U.S. Pat. No., 3,126,414 of Mar.. 24, 1964 entitled
"4-Alkoxy-5~Halo-2~Hydroxy-Benzphenones". Dressier
U.S. Pat. No. 3,506,610 of Apr. 14, 1970 entitled
(L ' "Benzophenone Ultraviolet Light And Oxidation Stabi-
| lizers For Plastic Materials," and Hermes U.S. Pat.
20 No. 3,943,105 of Mar. 9, 1976 entitled "Process For
g " Treating Dyed and Undyed Polyester Materials With An
Agent To Overcome Or Inhibit The Destructive Effects
Of Ultraviolet Light." The ﬁrocess of the.present
invention is directed to ensuring the intimate and
25 reliable combination of powdered stabilizer with
polyeSter granule to produce'a reliably homogeneous
product, and the specific chemical composition of the

stabilizer material is not critical thereto. However,




"Benzophenone U traviolet Light And Oxidation Stabi- |izers For Plastic
Materials,” and Hermes U.S. Pat. 20 No. 3,943,105 of Mar. 9, 1976 * '~
entitTag "Process For Treating Dyed and Undyed Pol yester Naterials Wth An
Agent\_ Overconme. O Inhibit The Destructive Effects O U traviolet Light.
“The process of the present invention is directed to ensuring the intimte ..
and 25 rel i abl e conmbi nati on of powdered stabilizer with pol yester granulg’
to produce a reliably honobgeneous product, and the specific chenical
conposi tion of the stabilizer material is not critical thereto. However,
13. it is believed that the nethgd is particularly effective when used mnth
stabilizer materials of the benzotriazol e and benzophenone’ (hydr oxy
benzophenonejitt ysebeldevedx thittether method msvpabeteubﬁrhyned inb5
connection with the use of 2,2' - dihydroxy - - di nmet hoxy -
benzophenone effegtive when uapﬂaniahozyabiﬁéngnpmahenbalaan2tme hydr oxy -
3, 5-di-tertiary nyl - phenyl) - 2H benzotri azol e. These stabilizer -
subst ances aP@n§9@HiPﬁ°iﬁn9§ﬁtPSH&PPHEBBHFS hygroxy benzephenrone)} t i cul ar

I h t hal at | e intrinsi
i coosi ty of HUPess. BBAYExaRATEns FeRRTba hAvE Hean obbataet b oy woign | °
50 h d h d
havi ng. aohoatoRgeSkabl, 1H BhiCtadlh 2315 giflylrtif - B AP T X!

R e AR R o W
benzophenone, and 2-(2-hydroxy - 3, 5-di-tertiary-
amyl-phenyl)-2H-benzotriazole. These stabilizer
substances are used in conventional amounts.

10 - In one particular example, amorphous polyethylgne
terephthalate granules having an intrinsic viscosity
of 0.65 - 0.66. and a moisture content of about 0.2% by
weight were used.50 kg. of this material were charged
to a high sieved mixer having a heating Jjacket.. 1000
15 grams of 2,2%'-~ dihydroxy-h,4'-dimethoxyfbenzophenone
- were addéd.as_a UV stabilizer. The procedures of
increasing the temperature of the polymer granules, the _ g;)'
time when the UV stabilizer was added and the other

- details of the mixing operation were all as set forth

1

20 in the descriptipg above. The mixing time was about
six minutes from thetime the polymer was charged into the
thefmixer énd'the temperature of the mixture was about
170°C when mixing was te;minated. The granules were
then sieved, and the polymer granules were gfadﬁally

25 - fed into a2 hopper"dryer-mouﬁted-directly above the
extruder, the output from the hopper dryer was fed

directly to the extruder, and a 2.5 x 10~ mm (1 mil)
thick polyester



‘time when the UV stabili.zer was added and the other details of the m xing
operati en were all as set forth 20 in the description above. The m xi ng
‘time was about six-mnutes fromthetinme the polynmer was charged into t

- the mi-xer amd the tenperature of the nixture was about [err] when m x

was t'erm nated. The granul es were then sieved, and the pol yner granul es.
were gradually 25 fed into a hopper dryer nounted directly above the
extruder, the output fromthe hopper dryer was fed directly to the
-extruder, and a 2.5 x [err]" (1 ml)qghick polyester 14. fil mwas
.extruded. That filmwas subjected to about 2000 hours of UV radiation with

no adverse effect sfilh wasnactmudedingtThate|fdlgnwaan subjecitedhtot aboati ssi on
properties were at the end of that 2000 5 hours al nbst identical with the
- properties of the 20Q0Q HhgurstofidBH rfadiation widingonadverbrser efflectsn after
-a period of 3000 hours of subjection to_light radiation. Utraviolet

“transni ssion throuﬁﬁﬁt?ﬁﬂﬁil1ﬁﬁﬁqygih-eﬁyﬂﬂﬂﬁtaﬂnatQQQBR#Shthe ul travi ol et
ol yester T mo nebRAIARAATAAN ARORRIZL R ¥ . Stodher SRECOFoLPAE 2006 sc
ghiects of being ke Srhddt UALAIAN WLPU! BeobRE 08 OYn e
Chvention s far creay Gad (Rl 2aatag Sa8r Bl et Frlh e o
t he market. after a period of 3000 hours of subjection to light
. radiation. Ultraviolet transmission through the film
~ did not exceed 2% at 358nm. The ultraviolet
10 transmission figure equaled or exceeded figures for |
UV stabilized polyester films made by other methods,
and the resistance to the adverse effects of being
| subjected to UV radiation upon the film made by the

present invention was far superior to films made in
15 other and conventionil ways. The life of films made in

accordance with the present inventiqn is far greater than
the 1life of competitive films available on the market.
From the above it will be seen that the method

of the present invention does not require the use of

20 any special equipment and is well suited to

[T

production conditions, but produces an end preduct
which is significantly Superior_to products of
comparable composition which have heretofore been
available on the market. A very high percentage of

25 the relatively costly UV stabilizer material that is ...
introduced into the system ends up in the end product

where it performs its expected function, thus making




From the above it will be seen that the nethod of the present invention

does | require the use of 20 any special equiprment and is‘well suited *
to p ction conditions, but produces an end product which is
~signfixgantly superior to products of conparabl e conposition which have
- Feretpfore been available on the nmarket. A very high percentage of 25 t he_

frelathvely costly UV stabilizer material that is introduced into the syste@u

ends up in the end product where it perforns its expected function, thus '

maki ng 15. the process an efflbei ent one froma production point in view
th

Mor eover, - % conbi nati on of .the polyester and the UV stabilizer is
ef fected qui &l¥eyPERGeES: AR eRLAGigRY PResfrAm 2 RRedRcthaRr Potnt onbi nati on

5 may be reagdil extrgged or _oth rmﬁse-%or d'in%o n enf roduct, wth

the StabilizdR NoF¥aenHOREPYeXa the, RARBIRAYION.OT; LhE POLYEBE Rout  he
I f th h 9oLl Ly | kshed wi t hout

having to usEnnyul i BhapPegkl, S8ErYabkER GERERTRMCCT] [l oot

m ght advers t h f kX alkRN t A Z | 2 ace of a
g St 130 bAELy! Nand' LhX8utANaChafng? f%&g €he! 2diib1n8k Pon

product . 16. process 0 roducl ng stabilized
5 may be readily extruded or otherwise formed into an

oy

end product, with the stabilizer homogeneously and
permanently distributed throughout the volume of the
end product. Significantly this 1s~accqmplished
without-havigg to use any additional chemicals which,
10 in the end product, might adversely affect the
affixation of a metallized layer to a face of a

product.



-pol yester materials which conprises: 5 (1) heating pol yester

_ grgnuLe§.tb_a tenperature at which the poIyneiU%EL;ggg,QL;Lhe’gTénules
‘becones 'soft and tacky; (2) mxing a powdered ~Stabilizin stance with

said.._ heated gr anul es, t her eby pr oduci ng granul.
“to which said powdered substance is adhered:; (33\‘“\“\\\‘“1“‘&%&\)10“ ng’
powder -carrying granules to a drying step effectisvecto‘reduce the noi /
cbritent thereof to no nmore than about 0.005% 15 by wei ght; and (4
then formng said dried powder-carrying,granules into a useful body. 2.
A process as clained in claim1l1, in which ségd_polyester conpri ses
. pol yethylene terephthal ate. 20 3. A process as clained in claim
-2 wherein, in stepE&%gMSLhe pol yet hyl ene terephthal ate granul es are heated
to a tenperature o ~ 4. A process as clainmed in any one of clainms 1
to 3 in which said UV-stabilizing substance is an 25 o- hydr oxy
-benzophenone, a benzougiazohe'-gfocgggturgﬁ_thﬁf@uﬁciﬁ§ Aiedid ized
claimed in any one of clains 1 to. 4, in which, between steps (2) and (3),
fines are separate§°&¥FSFF5nWFﬁ8rbﬁ&ﬂeybb5#r??ﬂ@fbﬁ%%ules. 30 6.
A;process asScl ai ned i n(any heetiofg chalyestiet o granuleshitoh 8aiterperaitiuge

step (4) is an extrysign ste arr.i ut E#gglgfaghgr haudb¥ RREmER

(3). 7. A processags ﬁha?%}negh?nbg%gq‘gge solftrc alms 1 to glr |ﬁn wﬁi ch th%
deying step (3) isseftrand sackis 35 a tenperature of about [err]

(2) mixing a powdered UV-stabilizing substance

with said heated granules, thereby producing

KJ‘ 10 polyester granules to which said powdered substance

is adhered; _

(3) then  subjecting said  powder-carrying
granules to a drying step effective to reduce the
moisture content thereof to no more than about 0.005%

15 by weight; and

(4) then forming said dried 'powder-carrying
granules into a useful body.

2. A process as claimed in claim 1, in which
said polyester comprises polyethylene'teréphthalate.

20 3. A process as claimed in claim 2 wherein, in
step (1), the polyethylene terephthalate granules are
heated to a temperature of 1500-180°cC.

1% 4. A process as claimed in any one of claims 1
. to 3 in which said UV-stabilizing substance is an
' 25 o-hydroxy benzophenone, a benzotriazole or mixtures

thereof. ' | "

5. A process as claimed in any one of claims 1
to 4, in which, between steps (2) and (3), fines are
separated out from the powder-carrying granules, \

30 " 6. A process as claimed in'any one of claims 1
to 5, im which said forming step (4) is an extrusion
. step carried out promptly after the drying step (3). '

7. A process as claimed in any one of claims 1

to 6, in which the drying step (3) is carried out at
35 a temperature of about 1800-200°C.



17 8 A pme;u as_claimed _in claim?7, in which the drying step.(3) is

" car ed out Lle th omder-carryrng granules are agitated. 9. A précess”
as cI un‘ ﬂ II “ the drying step (3) .is carried

.out granules are agitated and fed through a

“tont er |n whi ch heate gas is provided in flow counter-current to the

fed granules. 10. A process as clained in claim7, in which 10 t he
drying step (3) is <carried out in a heated tunbler including vacuu
means to draw of f noisture. 11. A pgmocess as clained in any one of clains
to 10, in which the product of step (4) is a film sheet, ribbon or
filament. 15 12. A process of pr oduci ng W stabilized
pol yest er nat ei.al sAwprokcessmpassestain)d héat igigipol Yestiar whiotul es to a

t enper at ur t ' th ly suffac e gr.anul ec soft and
sticky; (;iéi fﬁ% Etgptaggﬁ sg%d %a?E EB % gstégﬁg?anﬁﬁﬁi and m xi ng
thenrmrthFﬁﬂﬁﬁﬁmﬂar@vl§sasrﬁﬂﬂﬂﬁ§ §E3sﬁahééte§hereby to cause said powdered

subst ance to a@hereAt:pr%ase%sheaéectwlamd esn (éﬁ)falfﬁpoﬂnihslf\#lﬁch
B povada ST ALY or BhBPes dna 18" 2pREASY, cofifng W e L Y11
powder - carpopierg cgrayings gramibes ame axitraisl andnded etxhxrmu:bmg t he
'~ a container in which heated gas 1is provided in flow
counter-current to the fed granules.
10. A process as claimed in claim 7, in which )
10 the drying step (3) is carried out in a heated . W

tumbler including vacuum means to draw off moisture.

11. A process as claimed in any one of claims 1 :
‘to 10, in which the product of step (4) is a film,
sheet, ribbon or filament. -

15 . 12. A process of producing UV stabilized
polyester materials which comprises:

(1) heating polyester granules to a temperature
at which the polymer surface of the granules becomes
soft and sticky; | |

20 (2) agitating.saié heated polyester granules'and

mixing them with a powder UV-stabilizing substance,
thereby to cause said powdered substance to adhere to
said heated granules;
(3) coolihg said powder-carrying granules and
25 ~ separating fines therefrom; |
(4) drying said powder-carrylng granules; andg
(5) then feeding said dried powder-carrying
'granules ‘into an 'ektruder and extruding the
UV-stab1llzed polyester material therefrom.
30 13. A process as clalmed in claim 12, in which
'sald polyester comprlses polyethylene terephthalate.
1l4. A process as claimed in claim 12 or 13, in
which said UV-stabilizing substance is an o-hydroxy
benzophenone, a benzotriazole or mixtures thereof.
35 15. A process as claimed in any one of claims 12




UV-stabilized pol yester material therefrom rocess as
~clatnmedsin claim12, in which said polyester c et hyl ene
terephthalate. 14. -A process as clainmed in cl aD lﬂr’um,m ch said
UV-stabiI|2|ng substance i s an o-hydroxy benzo i azol
m xtures thereof. 35 -15. A process as clalned in’ any one O%Egs
cliai ms, 12 218. to 14, in which said drying step (4) is carried out—1n a
habber dryer, and in which the dried granules are fed directly fromsaid
hopper dryer into said extruder. 5 1816. A process as clainmed in
claiml of producing UV-stabilized polyester materials substantially as
her ei nbef ore descrug§d1410 15 0. 5 30,35 :
in” w said drying step (4) is carried out
in a hopper dryer, and in which the dried granules

are fed directly from said hopper dryer
extruder.

into saiq

5 - 16. A process as claimed in claim 1 of producing
UV-stabilized polyester materials Substantially
hereinbefore described.
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