COPOLYESTERS, METHOD OF MAKI NG SAME AND PACKAG NG MATERI ALS 2096156 _ B
Pol y(-et hyl.e e terephthal ate) resins are exceilint nol di ng conpounds for - .ll
meki ng packgges and packaging materials. In oné inportant application such
 packagi ng ndf erials and packages such as  bottles or packaging filmare

used to pac age conesti bl es intended for human consunption, wherein the
resin 15 j comes in direct contact wth the food or beverage product -
packaged. Ifn recent years it h Eg reasi, that a
- di sadvant ag rof usi ng 'such resrﬂ@O ﬁ? TF 35?’§§¥¥ o] ?es ‘i's that

\H if or mi ng the packagi ng mat eri MA*E‘%F”Ur a cont ai ner’

ibottle, - one thermal- 20 degradati on of the product takes place,

_resultlng ifl sone cases in discoloration. More |nportantly, it has _becone
apparent thak an inportant product of such deconposition are al dehygrﬂsgﬁl5ﬁ
- sugh as acethldehyde whi ch .affects the flavor of some food products such a
, beverages angd, noreover, because of the presence of acetal dehyde therein,
~sugh bevera eS or . foodstuffs may be considered to be unfit for human,
consunptlon by govern- 5 . nental regulatory bodi es. The foregoing is
.reqognrzed nn ‘U, S. patent 4,064, 112.. Vari aus nethods have been proposed to
regul at e th' pol ymeri zation process-and the handling of the resul'ting
resins_to mjinimze the formati on and presence of. acetaldehyde in the 10 _
findal Packading materi al or container. For: instance, in the aforenentioned
U. iS. patenn it is stated that it is known to produce the high viscosity
poliyesters iy solid state poly-. ' _ - : '

e

== o .ﬁ:‘:ﬁﬁ-

-3'5;0 B Poiy(ethylene terephthalate) resins'are excellent
moldlng compounds for maklng packages and packaging materlals.

In one important appllcatxon such packaglng materlals and

packages, such as bottles or packaglng £ilm are used to package

| comestlbles intended for human consumptlon, whereln the resin

AP St e St b

15 _ ' comes in dlrect contact with. the food or beverage product

i packaged. In recént years 1t has become 1ncreas1ngly apparent
"that a disadvantage of u51ng such res1ns in the packaglng of
_comestlbles is that in formlng the packaglng materlals oxr
hpackages, such as fllm or a contaxner or bottle, some thermal

{20 _ .degradatlon of ‘the product takes place, resultlng in’ some cases

in dlscoloratlon. More 1mportant1y, it has become apparent

that-an important-product of such decomposition are aldehydes

-



“this aids ‘in fi:ninizing the deconposition and 15 the formation of
al dehydes. " Pres€nt . conmer ci al netgods for proggping po|y(et hyl ene
terepht hal ate) resins of a siid abl.e viscosity®tor nolding produces polyners -
that are | ow encugh in acetalhehyde content to satisfy standards for
packagi ng of ‘beverages i-n|arge bottles 20 However, inprgvenent
the acetal dehydd c8RERms Acekaddehyde which saﬁf&cﬁseakgoam rfbé) FRE %ﬁ%‘q
ottl es of smal l¥er _size such as 6-1/2 and 8 Qz. si i the ratig_of
E,\u}r'face area of ft hBrBé?‘?% i/%ﬁ%?stéef'ﬁﬁagﬁ Lﬁﬁd'o?m?ﬁévﬁgf P’F%’ﬁ“ts?erruc tﬁgrger
than in |arge bgtt | 1484} Bakh! BéyerddBY O4 foddstutss
nment i s desi red?;al Egélsﬁﬁ%%r%€%aéﬁga}g§§%§%g% . such packagY?lE 'érgeg';i ns for
-packagi-ng foodstiuf hayapd dsneiideged 280bet MELit E6as hukhAScorsunptivn by govern-
of the present isnvention to proVide containers and packaging materials for
packagi ng cenesfi biiest8d regulatoryabofiedst e foregpingi iis beacagnieedninel. S.
of polyesters i based on terephthalic acid wherein the deconposition
products,. speci fli cRrE§nECL(W4ddhfde, can be controlled to a | ower val ue

than in packagi fg- mat eri al § d contajners, made fro et hyl.e -
terephthalate).%lt s a fu?Y?#%pqﬁbﬁg?ﬁog?S?#E? é@bﬁ%ggé%%ét#éh#ﬁéyz&sgvi g
new copol yest er ir eg) hghd Ctl?&ilﬁnﬁﬁih Sofl flid lredditing resins
esters, ethylen fg yggfggﬁ I s(4- %??%-%é%roxy; et ox%pﬂenyl %ulfonggﬁf?h
increased therndl gbhagihihize lthed Formation &kl gresehcehof! syetildehyde in the
provide a 10 ess for making new copol yesters-fromterephthalic

acid or 10 final packaging material or container. For instance, in the

condensatipn‘undér an inert gas bl anket or vacuum and it is i mplied that <iE%)

T~

aforementioned U. S. patent it is'gtated that it is known to

P —
T

produce the high viscosity polyesters by solid state poly-

condensation under an inert gas blanket or vacuum, and it is .
implied that this aids in minimizing the decomposiﬁion and
the formation of aldehydes. R v

[ ———

15

Present commercial methods for producing poly (ethylene

teréphthaléte) resins of a suitable viscosity for molding

S e s BTt e E T e & BDE Se TEY o S e et it Ll Al S 8 VR D $° P T o e e e Oomn 0@

produces polymers that are.low enough in acetaldehyde content :
to satisfy standards for packaging Bf beverages in large bottles
20 However, i;provement in the‘aceﬁalaehyde content of Such polymer:
is desired for méking beverage bottles of smaller size such as
6-1/2 and 8 oz. sizes, since the ratio of surface area of the
bottle walls to the volume of the bottle is much larger than

in large bottles, such as for instancé.quart bottles. .Improvg-
25 ment is desired also iﬁ other applications of such packaging
resins for packaginglfooastuffs and beverages and other
comestibles. -

It is an object of the present invention to provide. .
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céhtainers and packaging materia;s for packaging comestibles'

30 such as foodstuffs and liquid beverages made of polyesters '



, C[erﬁﬂ al kyl esters, ethylene glycol and bis(4-[ekr]:hydro- &

t7“but al so nore inportantly to-olRain a polyester t hat generates

dsi of in the process of forming -a packaging material or container.

Trus: o150 M RALNERLS53 1800 RISEE o dbinile 1By EESal U1 I

of a par@so preform-or € exirusion By injec

to nmake- 4 -Copid fidally 2eltaldeRYad] Wi MedcBAtrdéIVA RS 22Qower value
tenperatgres well above the nelting point tenperature. A further object,
course, is thamwriwiphckagingamatetialerand coathigerg made S pbigh is a
product - §of such method. O her objects, as well as aspects and advant age
of -t he i fjvekethyiene tarepbshadppalent- froma study of this specifi- 25

cation. According tqQ.one aspect. of i nvention there is, provided a
t her%opl gst i ¢ copol &é’saér a H‘v’%ﬁﬁrﬁr\g’jﬁ?&ef’ an?iE’E%%?'!'il igveniienotes g /

220err) | vhFaTEaL A cbpeliefaradiih Rl R rorsplitite REid ancl 0| o

thermopl pstigs EP-cPULKYL BEtebdy! él@hﬂén@"‘@i?&aﬂeéﬁd‘tbié &pShidroRyL he

‘range 0.8 to 0.7 dl/gm which is the nelt polynmerisation 5 product of

react ant § cetisstphenydsssalifehe ywiih Ancreasedntliemsr | stabddikyom

terephthglic acid and its Cerr] to C[er;]tglk¥; esters, with B) reactan
e inv

bi s(4-[eftt] - hydr oxy &thdgyprether chigamef ention to provide a
10 process for making new copolyesters from terephthalic acid or

; its C4~Ca alkyl esters, eghylene_glycoi.and bis (4-~hydro-
[ xyethoxyphenyl) sulfbge so as to obtain a copolgester of low
' acetaldehyde content,.but also more impg;tantly to obtain a
- polyester that_generaﬁes much less acetaldehjde on heating at
15 j temperatures normallf-used for extrusion in the.process of
forﬁipg-a packggip§-material or container. Thus, extrusion sf
' poiyesters to make sheet or £ilm, or the free.extrusion of a .
{. parison or preform.qr the extrns;on by injection'molding of a
preform to make a container by_subsequent blow molding, involves
20 . temperatures well above the melting poinﬁ temperature. A
further object, of course, is to provide'éuch a container or
packaging material which.is a product-of such method. |
" Other objects, as well as aspects and advantages, o:
_ the inwentioﬁ wili become apparent from a study of this specifi-
25 cation. '
| ~ According to one a;éect of my invention there is
provided a fhermoplastic copolfester, having an inherent viscosit

of over 0.65 dl/gm, a Tg of at least 82°C. and a melting point

30

o
\oxyghenyl) sulfone so as to obtaing copol yester of |ow acetal dehyd;

esﬁ acet al dehyde on heating at 15 t enperatures nornal l.y used {or
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and et h¥l ene glycol, 10 wherein the anmount of said S o ’<
bi s¢4-[err]-hydroxyet hoxyphenyl) sulfone is 2-12 nol percent of the am)unt) .

of A reactéant(s) and.the conbi ned anount ‘of B reactants is 110 to. 300 nol
percent of the anmpunt of A reactant(s). The product, said solid state
copol'yester, is nore resistant-to decom 15 ghgsition in the nolten state to
form acet al dehyde than (1) the same copol yester of ‘the sane or | ower
inherent viscosity but nmade entirely by polynerisation and conden- sation
fQ/the nolten stReak @f (@ Inasg eZZQﬁQnem.‘mle -1 Hitten|sailel)d reketed\p g+ d

t ant
~state pol ycondenRsHdets £¥1 o Yredh |°¥:1t dqﬁ ‘1"[2’,9?- Coﬂtecr é&por an

aspect of the present Invention t re are provi d ai ners nmade

by melt -for m ng RHyeRLen s Bt%’it%rﬂ)\ﬂ@}'%ﬁmmf@r sricﬁcqs:letyprie'se:ne
i nventi on. range lo B CbSISQﬂe/ | WidleM £ AR ¥RAE By %ﬂ Cgﬁ o, 12

h d b 4- I X etho hen sul fone "(h
| B‘é&;’eﬂéncbirﬂé ST F GOAT RTINS, SRR TG SaRer Al @t about 220C
or 221C, and that such\)pczte}awimties? belecyedajﬂdnswéﬁe@rmmlajw avdld laﬁ‘dcﬁnt_
30 ‘crystallini g d.O 1J%er(.:mt 1 %sé_%%%ef reig:%pl on to a higher nol ecul ar
P &Y .

wei-ght, .while hi er percemt age ol ymers of -l-owner _
crystallinity and | o) metqtagxqml LS(ﬂ-anmmmmmw)ymlﬂw&e

As a * RIPFAVMEE d¥r,actical method can ba devised to produce
copol yesters byé’?‘ol | d state po ycondensatlon wherge such co- polyesters -

contai n mucH%v Perthien@mesint pf, said digd4nf-hydroxyethoxyphenyl)

sulfone is 2-12 mol percent of the amount of A reactant(s)
and the combined amount of B reactants is 110 to 300 mol
-percent of the amount of A reactant(s) The producq,
said solid state copolyester, is more resistant to decom-
15 position in the molten state to form acetaldehyde than
(1) the same copolyester of the same or lower inherent
viscosity but made entirely by polymerisation aﬁd conden-
sation in the molten state or (2) poly(ethylene tere-
phthalate) made by solid state polycondensation or by
20 melt polymerisation.

In another important aspect of the present invention
there are provided plastic containers made by melt forming
the described 1mproved copoiyésters of the present
invention. .

25 | I have discovered that my copolyesters made with
2-12 pe rcent charged bis(4- P_—hydroxye thoxyphenyl) _sulfone
(herein called BSE) can be made having a crystalline
- melting point of at least about'220°c, or 221°C, and that
such polymers can be crystallised to contain sufficient
30 crystallinity .- to permit solid state reaction to a higher
molecular weight, while higher percentages of BSE yield
polymers of lower crystallinity and lower melting point,
‘or with no tendency to crystallise. " As a



-~ ssargel yyproceed because of the inability of the ethylene glycol -to diff

4 : )

Ot bé mai ntai ned in particulate formduring pol ycondensation 5 . ¢
Jalse izt cannot adequately be crystallized. Therefore, if a-’

ﬁpa tfcul ate mass is heated for polycondensation the reaction would

ye

to The surface of the mass to be withdrawn fromthe reaction zone.” - 10

| -have fﬁrtdunseﬁueneeernd phadtnlo meehbdr eal dvé ripvilsednescppdb@ges of BS
recited flerein are intrinsically very much nore thermally stable at work
t'enper at {ir @PRAIFEStensi by Dswlid|atate pgﬂ-mcgnmwn ehetrat sdchoz®t di ng

t he pres nt inve tlon th ﬁﬁé when, nagg mel t olynerlzatlon al one or
(2) polly : o tARA aFEr ? d%‘éﬂh o¥pr) L2t RETERRGL, sa’-'r'ﬁ1 H’Msvreﬁ*epiﬂ%m‘
thon ?he!c%%g%“ﬁy"néﬁ%éé%% 46 iR eab i %%1 ook A%, el uenedar iy
solg d st At eRa@W LEScakhdt KR BeCoSysta |z\é'33rs'rhé9e£ore %ﬁa

“intrinsiffally less stable at -working tenperatures above therr t1ng

poi nts ajjd nonpariticubate aneds | ide hedtedl for palydttidensatiohotha fidagtivhce!

or contagners. _Furthernore, | havé discovered that inclusion of 2-12
per cent - BSwouddc pearrelyep¥oaned) besausadof hthe rinakidityi aEnthesetdfylene

deconposjiti oduc suc cet al_ dehyde, contai ners and packagin
mat eri al ﬁgé g? 1&'71’155 %Peg’theoéb‘ﬁg?éef?o% mags #0i Ba vithdrawure c

be enpl oye Nge t 0|nt is lower than poly(ethylene
terephth Ig?%? %gslggaﬁghétc additive. 30 - 6-

10 X have further discovered that copolyesters havzng the
percentages of BSE recited herein are intrins1cally very much .

more thermally stable at working temperatures above their psC

T e e

melting points when. solid stated according to the present
invention than (1) when made by melt: polymerization alone or

et tvem————

15 (2) poly (ethylene terephthalate) .

" While the prior art has melt polymerized, crystallized
poly (ethylene terephthalate) while flushing with nitrogen, then
the crystalline prepolymer is heated to effect polycondensation
_ in the solid state below its melting tempereture such polymers
.20 are intrinsically less stable at working temperatures above
their melting points and contain more acetaldehyde after |
extrusion to form £ilm, sheet or containers.

Fnrthermore, I have discovered that inclusion of 2-12
percent BSE lowers the melting point and this further minimizes
25 the-decomposition products; such as acetaldehyde, in containers
and packaging materials suchdas £ilm and sheet because a lower

extrusion temperature can be employed since the melting po;nt

et~ et s et ettt e e Al ity o .

is lower than poly(ethylene terephthalate) havxng no such

additive.
30
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Accordig to another aspect of the present invention there is provided a /f
proecess for, maki ng a thernoplastic co- polyester which is intrinsically /
nore stabl & than poly. (ethylene terephthal ate) toward deconposition to form—
5 unwanited products such as acetal dehyde, which. conprises 1) nelt

pol yrreri sing reactants consisting essent- Lglly of A)reactant(s) selected
fromterephthalic: aeid and its (Jerr] to™C al kyl esters with 10
B).reactants, bis(4-[err] -hydroxyethoxyphenyl) sulfone and ethylene glycol,
Wh?Tein t he apnunt OfAcebddhhg(eo[anothéydaspyethOXyphenybéseutfﬂmeeﬁ?ianIZ
nol percent o e S opd] B
reactants is 118R§Sggggghggﬁfé éesgéﬁggéf}?ﬁgﬂgﬁ%ﬁgtgogﬁégfg%gggﬁﬁ%s?,'

until the pol y-poakyesteeawhich psotntrinatcablynmerenstableothay pély.2 to
0.7 dl /I'gm. 2) ' h f he | § Ah e,
reducing it to gg?%*gﬂ?%tge?gpﬁ$gﬁgaﬁéétEgghféragéa ?%g%ﬁiéﬁhggpgéﬁﬁculate
copol yest er$ andn¥antedcpredycss| suchi ascagebaldehyde, suhicheompnises e

copol yester by pol ycopjleng@l tOpolinésosing "réat fahtHCEGMSL SL1RE I6sS 06
180[err] to yui$22f§om1the tenperature of the onset of nelting as indicated

by a thernogra d8Fer mi ned using a differential scanning cal orineter,
to a higher inherent viAlpeatpahbés)tselectedctrot séegplithal sai dadddher

PaE e e ool LE8SE, 0o Ly et a1 STl o0 St ep e
ni trogen dut®ng this s_t‘%bl,‘eagtﬁst%usbz)ﬂﬁﬁyﬁ -hydroxyethoxyphenyl) sulfone

o and ethylene glycol, |
wherein the amount of said bis(4-B -hydroxyethoxyphenyl)
sulfone is 2-12 mol percent of the amount of A reactant(s),
and the'combiﬁed amount of B reactants is 110 to 300 mol

15 percent of the amount of A readtant(s}, until the poly-
meric reactionlprqduct has an inherent viscosity of 0.2
to 0.7 dl/gm, | o

2) cooling the copolyester from step (1) to a

solid state, reducing it to particulate form and heat

20 crystallising the particulate copolyester, and

- 3) effecting solid state reaction of said particu-

late copolyester by polycondensation thereof, in a tem-
perature range from 180°C to just below the temperature
6f the onset of melting as indicated by a thermogram

25 determined using a differential s¢anning calorimeter, to a
higher inherent viscosity than the product of step (1),
said higher viscosity being at least 0.65 dl/gm.

In the érystallisation step the particulate co-

polyester is typical;y flushed with.a dry gés such as

30  nitrogen during this step, as is customary.



he $0|Id state polynerization step the flushing gas can be nltrogén
r], .or other inert gases, or a vacgumcan be used. |f desrred; a

: i al~Yacuum can be used in conjuncti Gn with-a flow of .one of t hé
oT'egoi ng purge 5 . gases. In the foregoing process of ny invention the
hi ghest ;enperature enpl oyed in-the nelt polynerization step is usually |
not overl 280C prelrerthis \soldd etate 2iymeriizatbon stepisthe Iflushihgast
260[err]u The crystallization step is usually effected

mainly i sne Géﬁp‘éﬁ a"’ejtﬁfr@ﬁnggoﬂo"?d’@!‘tﬁ?{ dRert gasese QR RIASEERe s tooﬁ_;'-ﬁ |

155 3 R 5 0|1
can be abo §3l‘§%‘fer r‘ftﬁiﬂt R0\5180, b8 ol % Urie F3regoing ALY | CTPD ek ds
crydtal fF' A “contal ped L1 1he o aduct . Sore T Ut e exhel Luetat i pr
naz be rk qU|Pedy|n &nng QrRIPing Rt QF (Y iPHetgﬁP?iﬁh3§¥
Stages of okiana Eﬁ‘ﬁﬁ# "l 8108 *'P*ﬁ’-‘;ﬁﬂ}%g SehpCi iy,
hbout _1ahp oy e 280 CP L“m?ﬁ iRt Pt U

since mufth Yeswt 2Boge.cent results in a polyner that has so few crystals
that it Binply sticks and agglonerates when attenpting the solld state
pold@ondgnsat i on at ‘rhm crystpllirahion stepciapsualily effneteémmwnztn 0

BB £ IR RECIR Y g SRR LE R T

- low, the crystallization rate will_be impracticebly slow; if .

D

-

Snacmen

" too high trouble with sticking and eggiomeration is encountered.
However, during the latter stages of c;ysteilizetion the crystal-
15 1lization temperature can be above 180°C. without sticking

because es crystallization broceeds the sticking temperature

beepmes'h;gher with the increasisg proportion of crystalline
polymer contained is.the_product. Some routine experimentatidn
may be required in a given case if one wants to effect the latter

20

25

30 PET. Compare the acetaldehyde amounts formed at temperatures

stages of crystallization at the highest possible temperature
without encountering sticking.

The lcwest temperature for any practicably rapid rate
of reaction in the polycondensatzon step of the present process
is about 180°C. This limits the amount of BSE that can be
included sinee-much over 12 percent results in a polymer that
has so few crystals that it simply sticks end_agglomerates when
attempting the solid state polycondensation at this temperature.

———

See Example 1l. The lower limit of BSE is governed by the fact

that lower amounts do not form a polymer mﬁch more stable than |

.above the melting point peek for Examples 4 (2%BSE), 6 (1$BSE)
and 7 (PET).




. 30 ‘PEI..rcoﬁ are the acetal dehyde anounts rmed at tenperaiures above f¢
the yelting poihth peak for Exanples 4 (29BSE), (19BSE) and 7 (PET). . * '
- The solid State pol ycondensation step of the invention can be effected
from180[err] - ,fas stated, up to the tenperature of the onset of nelting

as indicated by gihe DSC thernogram This is the tenperature at which the -
~curve first risey sli-ghtty The solidstatd@ogebrdénsition'atdpt B¢ £Ré lifention
‘peak of the.therfogram Reference is nmade to a typical or schematic" -

t her nogr am shownji rean k@ effeched 3f8ar IB*C.,Ths stated ofupntbt the tetpddature
pr esent products}ragge fromabout 197[err] . for 12 percent BSE (Exanple

5) up to about. 2§4[ rﬁi.e Prpses ofrekting sc indicated &y shenDSEi hhermogmam.

G g the a0l i BN ABSenkofaERetatiire, st HRLC  the S TiRukoRtsas slitney
onset of .mel§inght eamea%ehoi-ﬂém}a 'éaw‘a&ﬁea%{;.o?@é% gaxkqug%swelﬁmgm.

I nci pi ent stlckigess | eadi ng. t 0o aggl onerati on Icul at’e "pol yne

Thus, the solid §t atefekencepy CHide Ntantd TYpioaDCsAdatnatia ¥AY 43 shown
about 224 C., prEferabLy bel ow about 219C. , based.on the 2 percenl BSE

copol yester, havjinds % Bi.ghatents’ 822 33@i.nt The andetps abltingFfa tHee present
foregoi ng di scusgion of tenperaturé, it-wll also be apparent that
pol ycondensat i onfl c #FOSWGER danreey fram apout 197%¢+ dfoxsd@gperoenthRSE (Example 5)

Crystal I 2201 on K ool Rodbloial¥h Ted 15 DU ShERRISe 2" Shhike Se nesng 12
el oo e NeE s opsrontl e Bkl 21 S BRETLRL DS mein
' temparatgre during the solid state reaction step is no more than
| |i- 5°C. below the onset of h&lting temperature; this is in.order
. to avoid any question cf'incipieﬂt séickiness léa&ipg to ._
. agglomeration of the particulate polymer. Thus, the solid state
15 'poiycondensagiqn temperature is always below about 224°C.,
preferably below about 219°C., b;sed on the 2 perxcent BSE
copolyester, having the highest melting point peak temperature.
From the fcregoin§ discussion of'temperature, it will

also be apparent that polycondenéation can begin during the

the two steps can bve#lap to a certain extent in a given case.
‘The foregoing process of the éresent invention has

numerous advantageé. Thu;, not-only is“a more.étable, improved

copolyester producéd than in the case of poly (ethylene terephtha-
25 late) but several procesg-édvant;ges result. Thus, for a given .
temperature I have discovered that the.rate of increase in
molecular weight, as reflected in relative increase in inherent-
#iscosify, is more rapid than in the casé of the s80lid state
polyme;izatioﬁ (polycoﬁdensation) of poly(ethylene terephthalate)

30  This is surprising since the rate of inherent viscosity increase
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20 . l latter stages of the crystallization step. In other words,
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~-rapid than in the case of the solid state pol ymerization (polycondensat

2 | at e) but several process advant ages res'UIt._ - 'i"hus:. for a gi ven
t dture | have discovered that theqate of increase in mol ecul ar
“webtght 7™as reflected in relative increase in isnhérent- 'viscasity, i's ng

of pol y( et hyl ene terephthal ate).. .30 This is surprising sincé the

of . i nhg¥ epk- N4 J LN of, ROk ¥ . alate) g
t he pr 3;.5 eﬁfIE %%%f{/%&%?g %Egﬁéﬁtn%ﬂaetne)s taél"ta e%é?g%%ﬁftﬁa’%ﬁgg%?é#o}i&

i nst ande, ¢4 RFL D stk 8xd 2aBi\k lthe Baing.psx ' Al thrc@iCLbRBatd the
presenti system using 5 ~ the co-reactant, BSE, allows the use of | ov
solid }tazﬁamlgsm and A8.tenperatures, 'thus saving in heat energy. i
Furt hegjmore, "use of such | ower tenperatures hel ps nininize thernmal
deconpd@si ti-on, th@his momezrapid eegahion ionthe preasente$vsSSeOPsingi on

pr oductis, . such as- acet al dehyde ] articular. 10 - Ei.nal | of cour g
thé pr ¢schie SRTRRAGEARE, (B Py%iafﬁ?%ﬁ 8ﬁ°p930%%‘?$r%§@e§%8?yners

poi i o], TH AR Sl BpmbBIRELALYY Wik SEREPANA e MR ot 1 D
packagign gﬁﬂf‘ﬁllgéfﬁr%, %Blﬁho?.ssﬁéﬁ rﬁ.d'ﬁ'el:.-f '%f%ﬁber&ﬁﬁ/eﬂélgsp mihBfs 26 EP Wher

t he m):i‘ten .. copol yester is nel or ned extrdsion to nmake a

pari sofl othe¥mdlraacomposiieion) t tids Mitimizingkily fohrition 6Ff GAWaARtEHE!
filmof sheet-.is extruded directly. Wen it is stated herein that. the
“react afjt sdecempasitions producty, uck ast acetatdehyda sin pairtiguiag. t hat

r-e- 201] but that .the usual qther _i ngredi ent g

' ctants are essential,
b&0%i nciu ,éi&¥ﬂ1 cOBrEeantRe prpsent; splid statingpalygepdansation
- process produces.polymers_inberent;y more stable aé temperatures
exceeding the polymer. melting points. Thus, the initial step
in forming containers, such as bottles, or packaging materials,
‘such as f£ilm or sheet, is a ﬁelt'forming step wherein the molten
15 - 'copolygstei is melt fqrméd by extrusion to hake # parison or-
preform, as the initial step inhéaﬁing a bottlé oxr cdnﬁainert
or film,or_sheettis extruded directly.' .'
| When it is stated herein that the reactants "coﬁsist

é;seﬁtiéliy of'—certain reactant#, this means that such re- ;
20 actants are .essential, but that the ﬁsual other ihgredients can
be included, Quch as colorants, inert fillers, polymerization
catalysts, cross-linking agenfs'to improve melt strength

(seé my Belgian patent 872,792 having an effective date under .
35 U.S.C. 102(a) and (b) of March 30, 1979,'wheréin'fiom 0.1
25 ' to 0.7 mol percent of trimellitic acid anhydride is included

to increase melt strength). 3Such other ingredients can be
inciuded if they do not deleteriously affect the basic and
_novel charécteristidslof the products of mf invention or of
the'grbcess of the present invention, as they aré desc;ibed

30 herein.
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. cat al .y_st's, cros_s-:érl'i nki ng agents to inprove nel {16 rength (see ny Bel gi an @

ipatent 872,792 havying an effective date under 35 U . S.C. 102(a) and (b) of

March 30,. 1979, wherein from0.1:25 - to O 7 nol percent of trinellitic -

aci d anhydride igi included to increase melt strength). Such other

i ngredi ents can $e i ncl uded Inf thefolitowitly @xbfiblaes Oktd Wadlibas! pthSefefids vere

and novel characteristics of the products of mnmy invention or of the process

of- the present i fivedetesmingd asecfoklawstescribed 30 -  herein. i 101In

t he' fol | owi ng exgnpl es the \égr' us properties were determ ned as foll ows:

The inherent visdosities we °n§5§€ﬁ. ¥t Misegsities werp measuyedoato?5W 25 using
yre_of 3

. of polymer i mdlili 5 f '
vvegr?g'h'? pg(r)t.g pLe%gﬁE%Oﬁ%bae%gﬁ?' rqll?l't %ﬁwéyﬁe’f eé)i][sfam'lr‘];&éf);ﬁt il,gﬁem'l.l,*ﬂliters
o > poel . " s o o e
Bgr yg‘r3 ;?n Orreag ureeI " nﬁ\fl{dh ?é'xlerraairéﬁe?f] h%k'gél&hys ?3?? %néif%?éoin ‘;tl\éﬁ{)g r g?g?’ggcéﬁé,tste ﬁ'z ..

mel ting point 10§ 2,2 t@ERAEALOEG-ethindld ANE B6YPFhedd 082 haNLAGORELGH Halre
Tc were determ nﬁd usi ng a Perkin-El nmer di.fferential scanning calorineter
nodel DSC-2, in g /imherensi viseositidshalf dveer 0 beSl deeillitSrsPpesgram medsured
3,822, 332 issue’difJuIy 2, 1974, using a heating rate of 10C./mnute.. As is
wel | - known t hesejivafuddigr Baameressentially 15.. the sanme for the -

prepol yner, the groduct of e nelt pol ri,.- zation step, as for the .
final, higher vifcosity pr o_%ﬁ%tgr%sst &é’aégs‘ﬁ°§t%?’@ﬁﬂ%ﬁnd$ﬁsaﬁ%rﬂeltmgsP°-"-n‘~=
is illustrajgd bi ma&hﬂgre. Tm and the cryétall;’.zatiqn temperature, Tc were

i' determined using a Perkin-Elmer differential scarining calorimeter:

" model DSC-2, in a manné; similaxr to that dasc:ibéci in U. s.

, patent 3,822, 332 issug& July 2, 1974, using é.hé_atigg' rate of

I 10°C./minute. . As is well-known tixase valgies are all essentially

15 ' thg same for the prepolymer, the 'product of the melt polymeri-

" “ zation steé! ‘as for ﬁhe £inal, higher .viécosity product of the
solid state po]_.ycondensétion. This is ill'usf::;:atéd by dompari;:g |
the values fqr. Example 4 h&ein.witﬁ .Example 8 of my Belgian

|  patent 872,792. - - : o

20

glass tube was flushed with nitrogen gas and sealed with a
rubber stopper. Then the sealed tube was transfered into a

heating block that was maintained at the required temperature

|
i
I ‘The determination of acetaldehyde generated by the
_ 25_ ’ polymers given in the examples and in Table 1 was effected as
| follows: | - ' '
i A 100 mg ground polymer sample, about 10-40 mesh size,
. l was weighed into a glass test tube.. The size of the test tube .
! was 1.1 cm inside diameter and 10 cm long. The content of the
30 '

|
|

"
{
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~yal fles for Exanple 4 herein with Exd\ple 8 of ny Belgian patent * |
W)92y 20 _ [err] The determnation of
aget' al déhyde generated by the 25 - polynere given in the .exanples and in

Tabt’e 1zwas effected as follows: A 100 ng ground pol yrer sanple,” about :

10- 40 mgsh,si : i e ol :
e (Gl AL LORREEY 0 RS bEclolifcaslif 11 G8 Rlpd P!

cm i nsi de e content of the 30 |
#gl ass t ibesyide fdass Badplet Pagi £4108F D12 FrofdtRe 4Rk s\Vitubed andbhejedtedppr . =
Then thg seal-ed tube was transfered. into a-heating block that was . o’
mai nt ai jeda agas chromatograph capd raxtalyzed thereim. i IThehgasxahpomaho- After 5
or 10 nfinutes, a 1 cc head- ;gace as sanpl e .was taken qut fromthe gl ags
0

tube anfl | S¥2Rh HRsa eguiPEAdOVRED  RoroRal QRaFILWER 4 RS R- Phex gl
-hr omat h i pped with g P K lym,. /8 0 D x 5
Cord. The THGx: 0% 3adeERLRR crart, hempasait=S g 44 2005 oot

terrperafurg_”gé“gaqg,!gr . dodel gt e Chapbg residual

acet al dghyde 1 n soie %’% %Eg %bl'ynprésgtv?/tgg:ggi ?néxpgéﬁ/a%reetzé%mzﬁgdebut usingia
tenperagure for heahiangebi@ual itdtaldenide! DAt suke!l gk d9redpo1iherdQbagTer | DUt
woul d npt” 10 generate further acetal dehyde. A 300 ng ground pol ynmef
sanpl e, jj absimiI2(-1ye determineddsutvaigiined ai temperztwss foashetttbng €lee si zp of
the tesf tube was 1.1.cminside diameter and 10 cm | ong. The ‘gl ass tube}was

seal ed .{ii tsarpkinghdubet $hptrvoulih de-gas $hel pelymar bwds wouddsretred inth -a

- heating]bl ock -t hat. was  mai n- 15 tainpeg at 150[err]. After 30 m nutgs,
© allcc ,ea%%eggé‘r&ﬁﬁl Ecﬁ\é%lqeoﬂ&gﬁ‘oyP 9?@&?#%?%&9@%%@? rect ed

into a Was, GO % nesh size, was weighed into a glass test tube. The

-

(D

size of the test tube was 1.1 cm inside diameterand 10 cm long.
The glass tube was sealed with a rubber stopper. Then the
' sealed tube was transfe_r_red into a heating block that was main-
15

m\

|
|
i
|
i

|
!
|
-
|
l
!

tained at. 150°c.' - After 30 minutes, a 1 cc headspace gas sample
was taken out from the glass tube and -'injected into a gas <'__-lu':oma.-'I
tograph and analyzed theréin.' The gas chromatograph was equipped
witt; a Porapak Q§ column, 1/8" 0.D. x 51 long. The injedtion

port temperature was at 200°C. » column temperature at 165°C. and

Examples 1-5 are examples of copolyesters and processes
within the scope of the iiwentioﬁ and each has the combination
of properties sét _férth hereinbefore? for copolyester cbmpositions
and processes of the invention. :

' The crystallization température peak, Tc, of copolyester

produdts of the invention ranges from a few degrees above the

'+ 135°C. crystallization 'tem'perature of PET (Example 7) for 2 per-
cent (ﬁxample 4) of the sulfone monomer (BSE) to 184°C. for 10

percent BSE (Example 3) and a few degrees higher' for the 12




1

togr aph ind;, anal yged t her ei n. The gas chr omat oé?aph was equi pped W|th a o
Porapak S coI uhgi 1/8" .0.D. x 5 long. The injection port tenperature '
t

at 200C., col umf tenperature at 165C.- and- 20 - detector tenperature a
220C. Exarrpl es 1-.5 are exanples of copolyesters and processes within the

Pere nbet or e or Tochors@h 25 RolRTybbEas 7 il O R PLAOGH ' RRpaRh LAl o

25 e eg%)@{ e F e
pnaducts of the |nvent|%§é§gggg§h??gfn§a rf&dewg?gggaggove t%; %35i i f{,& co

crystallization tenpslpdster GeadtionGibetise 7(ExaplesPErand @)t i(sExaaai:el95°c.
of the.sul fone- m}!nomer (BSE) to 184[err]. for 10 percent BSE:(Exanple 3)

and -a few degr ees hi gher fmahtlhellaumrizqmrinemmdm ysoxieeof the results
crystalli:zation t'-errper atureﬁpeak for the copolyosters having 7 percent BSE
charged i:n.she .cq- af thgcexarples el £23AgVes 1 " and 2) is about,
155[err].i Table # sumrarlzes in tabular formsomme of the results of sorre of

t he exarrpl es whi qh f ol I ow . . [err] EXAMPLE 1 (7% BSE)

ll
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- was then crystallized at [e&gﬁ

pto a 1-liter stainless steel
gad.inlet port and a condenser,:
4 o~ g di methyl_terepgﬂt %
35 " g hi's(4-[err]- hychg»(
trinellitic acid anhydrl-d
reacti on m xture was hea eﬁl
flushing with Nerr]),

distilled out-during t.hls,perlq,p.
were added to the reacti vednm xwijre.

15 .to 250C
stopped
| ess than 0.5mm Hg vacuuﬂlﬁu"'ﬂﬁe
viscosity of 0.64 dl/gm ¢f%Edi

After

nel ting peak, Tmwas at 23PEZEtdle 20

Tc, was [err],
was ground to 10-40 nesh (U S.

crystallized copoly- 25

73 _ . "
reactor equipped with a stirrer,

1 hc%/&) and
and the reaction sacdnt i nued at 27OCf r

nitroben_
were added:. 5

t he fol sow ng c
g €t hyl ene giycol *

ate (Dv®) 248.0 -

hoxyphewyl ) sl f orf( BSE)'20. 7685 -g -

0. 1225 OAcyterr] <0. : -

er a niterogen atnosphere (continuously

YWor 2 3/® houls. Methanol was conti nuously

Then 0. 145%g of. {err] .and 0.082g of [er rL{
"The regftion temperature was i-ncreased

35 minutes, the nitroggn gas fl ow was

3 1%4 .* hours, Uunder

copol yester product hadean i nher ent

fferential seanni-ng cal orinmeter (DSC)

. crysﬁal | i zation tenperature peak,.

The

and its glass transition tenperature was [err] The product
.-vlht andard  Si eye Seri es)

|t
The

inaWley mll.
ile’ flushlng W t h- dry nitrogen gas.
was- subj.ected togsoli dcstate )

pol ycondensati on at Zood‘feqf“'i hour's redi dene 'tifte und®r. a con.tl nuous fl ow
~of 700 cc/nin of dry nitrdid

product was cool €d_down to. room

@ls. After .thew7 hours refction tine, the
tenperature-and it was renpved fromthe i

solid state reactor The pgjtl ul ate solid gtated copol yester .30 pr oduct
had an inherent ‘viscosity Q \ﬂS -and a resNdual acet al""— dehyde .cont ent of
. 0.18. ppm (wei ght _acet al de |gh‘t po-I'yrr_er). n o
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1 The htgh nol ec!i;jll ar wei ght copol yest'er was heat’eccti‘- at [err] and 250C f or '5@.

| m nyt%es and- 10 “nf nut es d e unt of | acet al dehyde gas given-off (pe
“wei ght of pol}ngl)Eﬁﬁﬁﬁﬂﬁgsdbgdﬂg a- gas-chromat ograph, The results were

as follows: 5 .y : L [ . :
: s[ o ws: : 5!? Min I-'x-&gpglr J'I" 6i:'{l€e,:' stainiBss §t?€i.g‘r%a&_%§t Qqqgs%&ﬁ with a
0.32 [err] : Seiirer, nitrogln/§aseirillet port aA3MAcondenser, the £811dWing

[err] 710 n . . 0:50 [err] - 10 min 2. 12 Ei ght
aunce narfOM/neq;admheuskhﬁb_bottles are made fromsolid stated product
made under the cpnditions of this -exanple bé free_extrusion of a tubul ar

parison and bSo ﬁnnlding 15 j BR8<pari sdh. thytlt terephthalater APUT) oss = _
acet al dehyde thap bottles nade,from PET prepgared according to Exanple 7 .
herein. EXAMPLE R (7% BSE) Int 3?5’?4 i-teé) %’ﬁ%&s‘?&‘é‘%}f reactor equi pped

with a stirrer, JRitrogen gas inggtaport an £a0Rd ' '

wer e added: - 388. 4 g dinethylk?é%gphtﬁglg?%(§4g.89§§g%?4€§§ﬁ%§é%§9%rg%%%bne(BSE
47.35 g bis(4-{-hydroxyet hoxyphepyss su f @38n811285c tadd fanhe@ride (TMA

The reaction m xure was, heated, under nitrogen atnesphere, at 200C for)2
1/ 4 hours. Methapol mpé'continuonslazsﬁégiWMmadacbg’ ong .this period.
Then 0. 1458 g of {Sh203 and 0.082 g of [err] were &ddel to the reaction
m xture. Th&0tepction tenp&het geachion imixtawecwasoheated, underca gdtrogen

m nutes, .,i atmosphere (continuously fluéhing with N}), at 200°C for 2 3/4
?_hours. Methanol was éontiﬂuéusly distilled cut during this
' period. Then 0.1458g of Sb,04 and 0.082g of H;PO, were added
to the reacﬁiva mixﬁ#ra._ fhe_reactiph temperature was increased

15 | to 250°C. After 1 hour and 35 minutes, the nitrogen gas flow -
was s£opped} and ﬁhe-reiction was continued at 270°C for 3 1/4
hours, upde: }ess ?hah 0.5nm Hg vacuuﬁ. " The copolyester product
had an iﬁbarent vi#cpsity,of 0.64'd1/§m. 'Its'differentiﬁ}
scan#ipg caiorimeter (bsc) melting peak, Tm was at 236°C, the

20 crystallization temperaturelpeak, mc,'was 155°c; and its glass

A - e et A Y S i
L ey e e

transition tempéfatﬁ:e was 90°C.

..The product was ground to 10-40 mesh (U. S. Standarxd
Sieve Series) in a wi}éy mill. it_wﬁs then qrystailized at 180°C
while fiushiﬂg with dry nitroéen éas. The crysiallizéd copoly-
25 ester was subjected to solid state pélycondénsation at 200°C for

7 hours_residénce time under a continuocus flow of 700 cc/min of

[T e

dry nitrogen gas. Aftpr the 7 hours reagtion'timel the brgduct

was cooled down to room temperature and it was removed from the

. .
T s~ —
- o Z

! golid state reactor. 'The particulate solid stated copolyester

product had an inherent viscosity of 1.13, and a residuval acetal-

r——————— Y 3 S B TOORYY.
e e o e e & s 17 s € et W P @ e

- 30
' dehyde contentiof 0.18 ppm (weight acetaldehyde/weight polymer).



5

fo'r 3 hours, under Iess than O 5mm Hg vacuum The co- pol yester
Qr oduct ~had an |nherent Vi SCOSI of - 0, 54, Tm was T n{
4G5 SOC, Theihigh molecuiny Boht Sladurdens e nb Rt 4 4i0e, casbee

pol ycon ,h g& S35OR 565 ek EAATER Spduueelicandl tie bt POl yest of

pr oduct erent” viscosit a residual acetal - dehyds

. content of ERjde dd¥ diiven mkeq&grmeBpramj{merﬁ was fe@asuned

A14

Rratalhya
heat ed’ ‘taférr for 5 m nutes and 10 m nutes. and the. anpunt of
~ acet al déhyge aggasgthromatidgraph.ne2her zesults wexe eBr Sodlowpaph The res

wer e .as fif ol | ows: Tenperature Ti nme ppm of acetaldeq¥q$ 30C '
nin 5 i 0. 36 ITemperature Timez5oc g. o0
[err] f5mn 5 230 10 mn 0.72 [err]
10 nin 145 200 P00 s min 0L s O 7RO

-EXANPLEpS (10@6BSE) Int R30°C | iter shandmess steel r@ad2or equipped wit

halate 2

388.4 "} g dinethyl tere 2 g ethyle
gl ycol. 47:64 g bis(4- roxyetﬁBQVB%enyl)sulfong €§7685 g
trimeg!lifitic acid anhydrl!ﬁﬂ%t 1225 - 30 himr] The reac0i®® ni xture was -
heat ed, junder throgen agggxé 10 min - 2.12

Bight ounce narrow neoked beverage bottles ‘are made
from solid stated product made under the conditions of this
! example by free extrusion of a tubular parison and blow mold1n§
the parison. ‘The bottle walls contain less acetaldehyde than
bottles made from PET prepared according to .Example 7 herein.

EXAMPLE 2 (7% BSE) _
Into a l-liter stainless steel reactor equipped with
a stzrrer, nitrogen gas inlet port and a condenser, the follow;ng

were added:

N
o

388.4 g dimethyl terephtha;ate

248.0 g ethylene glycol

47.35 g bis(4-g-hydroxyethoxyphenyl)sulfone
0.1225 g Mn(OAc,* 48,0 '

' phe reaction mixture was heated, under nitrogen

- N
. ‘n

atmosphere, at 200‘c for 2 1/4 hours. Methanol was continuously
distilled off during this period. Then 0.1458 g of Sb,0, and °
1 0.082 g of H3Po3'were added to the reaction mixture. The

reaction temperature-was increased to 240°C. After 50 minutes,

w'
.

at 262°C for 3 hours, under less than 0.5mm Hg vacuum. The co- -

polyester product had an inherent viscosity of 0.54. Tm was

T —
o e A Tk MDA, Y ST RSP S ey o

236°C, Tc was 155°C, ané Tg was 90°C.

the nitrogen'gas flow was stopped, and the reaction was continued'

[ ————_
———— T

thé nitrogen gas flow was stopped, and the reaction was continuel Et

I
5
4

e

t

i %g

\.(
s

a
stlrrer; .ni trogen ga5||§€? doort andgagpgendenser, thg, ¢! | owi ng were ad¢led:
t



» . . b ’ . ' |
25 phere, at [err] for 3 hours. Methanol was continuously distilled out @
durifmg this peri‘od. - The 0. 445 . Sb 0 I - |
t he reaction ¥n’§<‘t ure. The hﬁ% g‘f % %% %%gct,%g%okgoé ‘si\é\%é%:ea%%cggden
After one hour, bg 80ErdiaRy Oursféd”ﬁx‘&'ﬁﬁlétﬂppeﬂme mihhgtiwtééﬁol%%ter

cont i nued "at 27GC under ‘I ess than O. vacuum

The. copol yest er D&Q@ﬂﬁhthﬂddaihliﬂnﬁreht viseosity of 0080]. anats f&i&aﬁautaaetal-‘
peak was at 228G, its crystallization peak was [err] and its glass

transition team: dehyler conken®dd 0. 24Tppmpr Mthimsm&bpnbaedmm@ocmolr
State pol yconden~'- sation according taq 1. The solid state

‘copol yester pBodu@StREIVaR heskad Rt \?PQCGSl ?§/° & B795C SRE 2 ’P’e%‘?"tﬁhla“d 10 |

. tal - dehyd t f 0.09 Th h ht
ester msehéa?ea“’&e% hefy Pif i) ? SratEafdativile Yoo ved T aB peasurac
acet al dehyde gas ﬂa?op/?ovgﬁyqﬁﬁeq ”Eﬁé“fé‘éhlt‘} Q,eg$sagh£%&gr aph. .

The results weré€;as ppm of

Acet al dehyde 214C - - 5 erature . Opigle 10 of acetaldehydé30C
5 mn £ 0.25 [err] - g3gex M N P E§:§6| Tae - iUmn

0.23 [err]- '+ & 10 mn .~ ). 060 259 10 nin 9436 1 g0 15
EXAVPLE 4 (ZBOBSE) Into a 1-1i.t A508CGainl ess §tmis reactor eqlifpbed with a
stirrer, ‘nitroggn gas inlet .portaxys a condegsgin -t he fol | ovi ngs wer e added:
388. 4 g di rﬁst hyl terepht halza3tc'e;c

10 min 0.72 .
t 250°C 10 min 1.45

ey
Taie e e

'270°C 10 min ~ 5.95

15 | EXAMPLE 3 3 (10% BSE)

i e mo
(o Ay

Into a 1-1iter stainless steel reeoto: equipped. with

ey sttt
raay ————ra3

a stirre:, nitrogen gas inlet port and a condenser, the follow:.ng
wexe added: . _
. 388.4 g dimethyl terephthalate
20 -246.0 g - ethflene glycol ) _
. 67.54 g bis (448-Hgdroxyethoxyphenyi) sulfone
._0.7685’ g' ti:'idnellitic'acid anhydride
0.1225 g Mn(OAc) 45,0 o
. The reaction mixture was heated, under nitrogen atmos-

e et G et 21 St e O ST S St o

et
o T T e e = o S e B e S et e SPT BLE S % T B 1 Ok v e PSS ST 1 ¢ 0P S

25 phere, at 200°C for 3 hours. Methanol was continuously distilled

e

out during this period. The 0.1458g of sb203 and 0.082g H,PO,
were added to the reaction mixture. The reaction temperature was

increased to 250°C. After one hour, the nitrogen gas flow was

-y

stopped, and the reaction was continued at 270°c for 3 1/4 hours,

30 . under less than 0.5 mm Hg vacuum. 'rhe copolyester product had an

]
I inherent v:.scos:.ty of 0 51. ' Its Dsc melting peak was at 228°c,
its crystallization peak was 184°C, and its glass trans:_.tion tem=

perature was 90°C.

-
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Y

)

i. a

272.8 g ethylene‘@lycol 13.53 g

9 s)( 4- [err] hydroxyethoxyphenyl)sulfone 0.7685 g trinellitic aC|d anhydr

'heate&

COﬂt I nuo-u

added t
[err]

reactio

vacuum

nme ' n a | S n eratu s [drr] -
° MU et SN T R S

|n Exa

225 i~ 0.1
ﬂnhii”n. Drohal Brold m)s- isr gubjected to BULIA35hER A Kqliderio
%}%i@n’s ackbkhety ahi STRéTs6XEa staeaalcoelgedtad ] Was

e reaction- mxture he reaction tenperature was raised to

tﬁodiic& hadr ant inthewdnto ydiscgaity| ofy m,smplpad:eamtzsn acetiad~ |

iwas continued at _265C for. 3 hours, under |ess than

Thﬁ;eh}{s}?o cpaseat 9f R FRm afhenhigh rﬂ°lﬁ°§15€oyﬁi-?h€f°@®ﬂ' H?t

of 0. 73 : a uig g ?hace aﬁﬂ%%?ﬁg gg% Eﬁﬂ@gmgﬂ hQQTﬁfﬂﬁt%ﬁﬁ?OS

nol ecul a}r Wi g&gasggggl msg

a@@ﬁxﬁ%ﬁé&&ét&i)h5 ‘rhe sl tandeterds fdmo‘é:s.

ide

was

Ly

nlnutesiand 10 m nutes, t he ambunt of acetal dehyde gas that was givegn
of f was feasured in a gﬂgd‘amﬁ ogr apiime The ppesof Acetatdebydel | ows:
Tenperathre Ti me f Acetaldehyde Kk . ' [err] - 5
mn. - 0.26 10 2 . 5 mfarr] - QAN 1.120
[errho 5 mn 230°c 3.45 [8fakn 10 m ng,25 : 0. 48 250C
10 mn 4.85 .zso,c[err] 5 min 10 n1n 0.66 8.55

210°C .10 min L 0.23

230°C - 0min - 0.060

250°C 10 min T 1.90

1S EXAMPLE 4 (2% BSE)

20

25

" 30
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Into a l-liter stainless’ steel reactor equipped with
a Qtirfer, nltrogen.gas inlet port and ; condense:,,the follow1ng
were added: | '

dimethyl'terephthalate'

388.4 g
'_272.8' g ethylene glycol _
13.53 g bis(4-B-hydroxﬁethoxyphenyl)sglfone
0.5685..g trimellitic acid anhydride
. 0.1225 g Mn(OAc),°4H,0
0.1458 g Sb,0,

- The reaction mixture was heatéd, under nitrogen atmos-
phere, at 200°c,for 31/2 hours. Methanol was continuously dis~
. 3203 was added to
the reaction mixture. The reactzon temperature was raised to

tilled out during this period. Then 0. 082 g H

220°C. After 1/2 hour, the nitrogen gas flow was stopped, and
the reaction was continued ag_265°c for 3 hours, under less thag

0.5 mm Hg vacuum. The copolygste: product'had an inherent vis-

|t cosity of 0.52. its Dsc'mélting peaﬁ was at 244°C and its glass

* transition- temperature was 84°C.




. 14 .
" 15 WPLE 5 (12% BSE) Into a 1-liter stainl ess steel reactor eqw pped 4‘,
Wth-a stirrer ,mtrogen ga I et d dﬁ;as h

e Sep 472 g | LPOET oS odiRR wad g0l 160 Sa1:4" e 44 A NSt

et hyl ene gl ycol $1maﬁnergas birs HxampRehydr et doXDay BRAREE) Sohd Dferd) p];gaﬁcq had
ferr] 0.1458 g $b203 . The reaction m xture was heated, under nitrogen

atnmos- 25 - phedeanai-nmif- oriscasddysofind. 23, mndjlaereszmhaaneta/mngds conter
tinuously disti | lied O%’f gurl ng this period, Then 0.082 g [err] was added .
to-fhe reaction fi BRRy o F0S nge%%@%% wRdghtaFapelyestRfy®as heated a.t

Ao Tou B i absg, P Al 950s8 50! £tRs o8l SRECHy Rehinandotse
mm Hg vacuum Tk eaﬁﬁﬂﬂt y@ﬁtﬁeﬂlﬁﬁﬂg&eh s Aadt] %sepﬁv% SGEE ﬁeagu?'éd. in a

Its DSC nelting peak was at [err] ass transifion tenperature

[err] . The produg&s\l\aﬁr@iw&a@hd CrHet fésuly verel B8 B TowgNEer as in
Exanple 1. The s?l I'd state pol ycondensation reaction was conducted at [err]

for 7 hours withynitrogen floRepperagure/ m n.Timeéhe som ofﬁ&t%&g&ster
product bad an iftherent. 5 .vi scogiigyeof 0.68 ,arig.na resi-dua ehyde
content of"’ Ofléo bpm ‘The hi gh nof gﬁ Iar wei ght copol yester. wgfge%ﬁfiat ed at

n

[err] [err] m nutes .and 102PnGt es, ancpﬂfh? amount of deA%| de- hyde
gas that was givgn off was measuR@°tn a gas S imimmat ograph The4sesults were

as follows: 10 .* Tegggbét ure j¢ -ﬂiﬂe ppm Aé:eatsal dehyde.
o 250°C 10 min . 4.85 .
1. . 210 | 10 min 8.55

-} EXAMPLE 5 (12% BSE) _
) Into a l-liter sta:.nless steel reactor eqn:.pped w:.th
y a stirrer, nitrogen gas inlet port and a condenser, the following
| were added: o ' .
' .3.88.4 'g dimethyl terephthalate '
2'48.0 g ethylene glyool |
_ 81.18 g bis(4- &-hydroxyethyoxyphenyl) sulfone
0.1225 g Mn(OAc),-4K,0
0.1458 g Sb,0, .

2

The reaction mixture was heated, under nltrogen atmos-
phere, at 200°C for 2 hours and 20 minutes. Methanol was con-
' tinuously distilled off.during this period. Then 0.082 g
83203 was adaed'to-the reaction mixtnre. .The reaction temperatuxr:
.was.raised to 240°c. After 1 hour 35 minutes, the nztrogen gas
flow was stopped, and the reaction was continued at 262°C for
2 1/2 hours, under less than 0.5 T Hg vacuum. The copolyester
i product had an inherent viscosity of 0.51. - Its DSC meltino peak

was at 221°C and a glass transition temperat-ure of 92°C. -

s g B a—— r s e b &+ &




Therproduct wag graund and crystplldizpds ip the samél( ni;
4,85 EXAMPLE 6 (1% BSE) Into a 1-ljte inle eel reactoy equi di
Wi th o o manser Af: EBGEFATRLE hr o hpopelif Stk pRaveeraanrtian RaReeEeD

dakd; -y [ | ¢ | : ‘ot hyl |
676 Lﬁf‘sf yondyicted o€ (I sde” TPROLPE Mieh W txboen fow o IAR 0 V¢
anhydri dp &&ymin. The solid stated &4g61Pestér rddubtsBall ahCinterkht |

reactiornfj m xture ‘'was heated, under ni‘trogen atnos- phere, .at [err] for 3
1/ 4 hgurls.vidgeosityl ofal. &3 dndawekiddalta¢dtaldehlydeuconganti aof Mar200gpm.
Then 0.082 g [err] was added 30 to the reaction m xture. The reaction
t enper at{ithenddghanoteculay saightaropelyesiar ves heatedsat: 22094 25986,

( i s . i [ ) * -

9,0 vl ARl 35 S RESRREL P B0 O e
I X .

oroduct. vl S685Ebds Niad qtven G BV MRS AA7K 433, Bhrailic=bif.
pol ycondengnl irddul 83CHerw 6 £dAlevBRed in Exanple 1. - -
Temperature Time ppm Acetaldehyde .
230°c . - Smin - 0.44

250°c - 5min . 0.58

270°c 5min 1.35

230°c - 10min - 1.05

250°C 10 min .45

270°c . 10 mia ~ 4.85

[ ; [err] 5nmn - I\ 044 [err] . 5nint |
o\5%/ [er¥] 5 mn 1.35 [err] 10 min 014
151 -~

10

s R T e P Y

15

EXAMPLE 6 (1% BSE) o |
- Into a 1~liter stainless steel ieactor equipped with
20 | were added: - _ _
- 388.4 g dimsthyl terephth&late
'260.4 g ethyleme glycol o
6.76 g bis(4-G;hydroxyethyoxyphenylisulfone
0.7685 g trimellitic acid anhydride
25 0.1225 g Mn(OAc),-4H,0
0 203 | |
The reaction mixture was heated, under nitrogen atmos-

0.1458'g  sb

phere, at 200°C for 3 1/4 hours. Methanol was continuously

a stirfer, nitrogen gas inlet,pdrt and a condenser, the following |

distilled off dhring_this perioda. Then 0.082'9 HBPO3 was added
30 to the reaction mixture. The reacﬁion temperafure was raised to'g
{

250°C. After 1 hour 15 minutes, thé nitrogen gas glow was

U S o T
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stopped, and the reaction was continued at 270°C for 2 hours g

%
’

n

0
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"The sglvl d stated: copol yester product had an inheggnt viscosity of 0.83, an@
A residual acet aI -dehyde .content of 0.06 ppm The hi gh nol ecul ar wei ght

copol yest er [ heasedxautesﬂcnnc{e:r Aeskethanf®rs 5mmagu1baeuand Itharicopbigester -
and the amount’ of acetal dehyde 10 gas that was given off was neasured in
a gas chronat ogr apRrodtsE h3d an dnherenisviscowiky ofcfpbfat uEes DSCTmedtipgm

of Acet al dehyde ferr . 0 .20 [err] 5mn -
1.8 15 E l;k"aiﬁ"csigb"' 5mn - © 9.9 [err] 10
msae ' 47 250C  mqp p?:%d‘ﬁh :
23. EXAWPLE 7 (P§T) 20 ° i vas 9Eundy @‘?’%?%?' eiézs""’sta‘é‘cﬁ1 58?%?d to
equi pped with s Bblfﬂ statd Wc@ﬁaeh%@iorquéac%idnaﬁ%@f&%ed tJB.eExample 1.
follow ng were aflded: 388.4 g dinethyl terephthal ate 310.

et hyl ene gl ycol p5The solid statéd copolPed€&5 produetr had. irﬂﬁﬁxt@r[eeﬂtr idbesity

reaction m xturej was heat ed under nitrogen atnos- phere, at [err] for 3
hours. Met hanol 9 cBnﬁmﬁﬂ%layrGFéﬂNI e@%##ldﬁwﬁ#gcmt%nbaﬁ ®3 06 Phms The

0. 082 of H3PCB. dd reaction mxture The reaction
- JRid SIRGRY "eisht SopqLyestat RS 18Rt AL 230RE, 250°C,

t enperat ure was
ni trogen gas- fl of yas§e. nued at .[err] for "
2 hours 45 minutgs”un erﬁ eg meﬁlgﬂ\%%c?u i 3&? %hi) STRARH G %%etaldeh d

terephthal at@h § gas that was given off was measured in a gas chromatograph. The

results were as follows:

Temperature  Time ppm of Acetaldehxdé
230°c 5min -, 0.20 |
250°C S5 min 1.8
270°¢ S min 9.9
230°C "10 min - 0.47
250°C 10 min 16.
270°C " 0 min 23,

15

EXAMPLE EXAMPLE 7 (PET)

. 20 Into a l-liter stainless steel reactor equipped with

e T T EE—

ESES i e

a stirrer, nifroéen gas inlet port and a condenser, the following
were added: | | -
388.4 g dimethyl terephﬁhalaﬁe
. 310.0 g ethylene glycol |
25 .  0.1225 ¢ Mn(OAc)2-4H 0
0.1458 g szo3 .

The reaction mixture was heated under nitrogen atmos-
phere, at 200°c for 3 hours. Methanol was continuously distilled
off durzng thxs perlod. Then 0. 082 g of H3P03 was added to the

30 reaction m;xture. The reaction temperature was raised to 245°C.

o

e
Ty e~y




at [err] The polyester material was ground, crystallized and subjec ed
0 sqlid g:%& POLYEO L RIS, F 8R6 A MFYendgas! ED6W wdls et Landhe!
react’ion tenmperature was [err] and the reaction time was 7 hours.. The solid
state proguet réaction ivdweicontinied 46 270°%C0Eory20holrs 845 anichutescanden|
acetaldehyde content -of Q.10 ppm This polyester was heated at [err] fof 5
m nut s addssOtham A <5 g NHG“Murﬂh%fPOé&éﬁébnéﬁWetﬁﬁﬁﬁt%aﬁa& gi ven :°

o 10 T el 1 G IERLSELE N ae HIE S3101 51 o e BuBling |

(g%;?) product had an i nherent viscosity 9 0.57. Its DSC nelfing 5 Y peak

IJ—

([)eJrZrZ]s[errL’fﬁanﬁé fszec. oo 300 Lol Mo lerr] 10 b
12.7 [efr] - ik po lyester Rt & fat NRlsE ohﬁangcff@eme@aaaat us
used .in Exanple 1 the™fo I ng were adde

291.3 eubgeae&@ Yo tsyididhiskakat po?fa’&zﬁensag.iont bebetion|ax deséFibed
ethoxylated Bi sphenol A 0.4078 g pentaerythritol 0.0919 g [err] The
reaction ﬁanuanphaSLhedﬁ@draacﬁéﬁn]tQQEGE!ﬂﬂssr§&§n3%9°¢danﬁlﬁ&?pﬁéﬁ@thn

thhanol was contin o sly d I'ed _ of
! time wasI u u Eielsolgd state product had an inherent vis-

=

10 ; cosity of 0.78, and a residual_acetaldehyde content of 0.10 ppm.
ﬁ This polyester was heated at 230’;} 250°C, 270°C for 5 minutes
i and 10 minutes, and the amount of acetaldehyde gas that was given

off-waé measured in a gas cﬁromatoéﬁaph. 'The results were as

i follows: | - .

15 Temperature Time  ppm of Acetaldehyde
i - 230°¢c  Smin 0.22
" ~ 2s0°¢” 5 min 1.58
': | ' 270°¢C Smin . - 7.95
A  23°c  10min ... 0,59

20 ! 250°C 10 min  12.7
i 270°c 0 min - 24.0
| EXAMPLE 8 |

Using the same apparafus uéed in Examﬁlg 1, the follow-

| ing were added: . . |

25 I 291.3 | g -dimethyl.terephthalate

i | . 232.8 g ethylene glycol
ke 47.5 g ethoxylated Bisphenol A
i ' " 0.4078 g pentaeryth:itol

if 0.0919 g Mn (OAZ) ,*4H,0




"2 duri ng this. perl od. Then the fbl I owi ng. Corrp"ou;'n'ds 'wer'-é'ad:ded to the .. Rds

e J ; .
nixture in'thg réactor: .. 0. 3.8 181’% t Eﬁ&@ le s hite, ,:
0. 0894 g tetrakis{2 ,4- di tglgt8 Bu? %g ﬁas kd en ?éeng é%oznﬂoé’rs
The reaction, tenpagaids & wa&mbaﬁne@éed HetHagb1] wagdc&&muoﬁ&wt aweﬁiéar 39
m nut es under ni §rogen anosphere. - Then the nitrogen gas flow was stoppe

and a vacuum of ;@mﬁnh&s@md@ wetheap ehee folldwing eaopoondscsere added to
.cont.i nued at [err,] for 3 hours 50 minutes under vacuum The copol yester,
has<an i nherent Withe ad&tugecinothe reagkorpsC nelting peak was.at [err] and

~its glass 15 t§ansition tenper r] The copol yester "was
Subjected to %o gd state poly- aé]%'ﬁéatq ghzg’aactlon as described in |
hxanpl e 1. The cbpol yester solid §t2’a§§awgr o@_gg{,h&i ﬁg.‘é;s?qgrt brown ‘i n col or.
S not

The inherent vi s&:03| ty of the product ecause a |l arge

anount 20 of {nsoluble gel wasojfoagaeg. ch@akﬁ[ﬁ,@di@.@%abﬁi@W;ldén y1]
cont ent “was O. 18| ppm EXAMPLE 9. (7% BSE) The nolt pol ynerized copol yester

of Exanple 1 wasg crystal l'i zed inside a vacéuw#f obiphextyledediphosphbritier s.
The 25 resi dupl acet al dehyde content -was 0.44 ppm This. cggol yesteor was
not subjected tgisolid stat 9&%@&%@9&“\#{3% Hogreased r360°6r agd.

o f was moasted MEEpsBeE eF AU RRNSs hier AfReyenlPinadtters g dhen the
ﬂ nitrogen gas flow was stopped and a vacuum of less than c. 4 o

"Hg was epplied. The reaction was ccnt;nued at 270°C for 3 hours

S0 minutes ‘under vacuum.  The copolyester has an_inherent vis-

.cosity of 0. 69. Tne-Dsc-melting peak was at 225°C and its glass

1S - | transition temperature was 76°C. o

_ The copolyester was subjected to solid state poly-
: condensation reaction as described in hxample 1. The copolyester
solid state product turned light brown in color. The inherent -

v:.scosity of the product was not measured because a large amount

20 of insoluble gel was formed. The residual acetaldehyde content
: was 0.18 ppm ' o
EXAMPLE 9 (7% BSE) ,
The melt polymer:.zed copolyester of Example 1 was
'crysta.llized inside a vacuum oven at 135°C for 12 hours. The
25

residual acetaldehyde ‘content was 0.44 ppm. This copolyester
was not subjected to solid state polycondensation. It was heated

at 230°C, 250°C, 270°c for 5 minutes and 10 minutes, and the

-
——e

'a.mount-_of acetaldehyde gas that was given off was measured in a

gas chromatograph. fThe results were as follows:

—
—— e —

*




o
rrperature Ti me ‘ppm of Acet al dehyde [err] 5mn. a2 35

rr] 5 mn _ 2.10 [err] 4. 45 [errf
mb ~& 4. 85Tgmpexature 0 ni Fime gpm cdi Metaldefhyde 10 ni ni

9.00 . EXAWPLE 10 (CCNNERC AL PET) A §o|rd state PET le that was: H
obt ai ned; from Zi nmer - Chad an?i M®rent vi scost tggof 0.78 and a

residual} acet al de= hyde comﬁaﬁn of 0.54mgpm This sangkddwas heated at-
210C, 2§DC 250C and [err] féucfirﬂ nugegsand 10 nrnutq545and the

acetalddhyde gas that was |ven of f S asur ed |n a chr omat o- graﬁ
The r@sufts were as follo W% nin ?a?gr Time
of Acetdl dehyde [err] 250?nr1 10 min 0. 26 236610 5 mi.n
0.54 250C 5mn . ° - 5 nig, o0 10.1 . 4
lerr] L 10 nin 270%¢ OS> 1.45 [err]
10 mn é ©6.40 ferr] . 10 m n, " 19.0 EXAMPLE 11 (15%
BSE) 25 * Usi ng the same apparatus as described ih Exanple 1

fol | owi nig m:emided (COAMERCIAL gmmr met hyl terephthal ate 233, 4 g
ethylenehg yCoO g bis(4-[err]- hydrotgethyoxyphenyl sul f one 30
0. 0919 gF[err] A solid state PET sample t was obtained from Zimmer
10 ﬁ A.G. had an inherent viscos;ty of 0.78 and a residual acetalde-
F hyde content of 0.14 ppm. This sample was heated at 210°C,

?'230°c, 250°c and 270°C for 5 minutes and 10 minutes, and the

i graph. 'The results were aS-follows.

15 .. . - Temperature Time _gpg of Acetaldehyde
E . .. 2100 5 min 0.26
I ~ 230°C 5 min . 0.54
‘g ' 250°C - 5 min T 0.30
P . .270°c -  Smim - . 10.1
. 20 [ . 210°C 10 min 0044
| | . 230°C 10 min . . 1.45
ii | - 250°C 10 min 1 6.40
‘ . 270°c  10'min 19.0
' |t EXAMPLE 11 (15% BSE) |
25 f ' Using the same apparatus as described in Example 1, the
folldwing wexre added. _
291.3 g dimethyl terephthalate
| . .~ 233.4 g ethylene glycol N
‘ ' 76.1 g bis (4~ B-hydroxyethyoxyphenyl) sulfone

30 -0.0919 ¢ Mn(OAC)2‘4HZO

ll 0.2882 g trimellitic acid anhydride

e ety e = &

i acetaldehyde gas that was given off was measured in a gas chromato-

———

rh-'&):

pm

0

t he




0.2882«g trinellitic acid anhydride 1 he reaction mxture was@

heat ed at [err] for :2 hours and at [err] for -2 hburs under nitrogen

at m)spher e. = MMt hanol was (Rhe ineactsbn wistutd sthsobeatied i afy 130°C fori 3dhours . |

. Then the foll.ow ng conpounds were added to the mixture in the reactor: 5

0.1093 g [€rr] ‘0oapdsa %4-‘? ;ﬂne‘ﬂq ﬁhBQBﬁﬁt%n‘%FrG&é'ngePe%%@ﬁ‘?- Methanol

4-di tertbutyl ph@ | Th t t

e | ror cacta' 4 Ve, fodtTY 1SRt pRE ROkt r%?é%%%w - anan ehe®

- at h Th I s .
B o i t EQS%%'H%% ﬁd%eg%ﬁ% R TRE LA LR T e F§aPeor:

~vacuum for 4 qodrs and 10 mi nutes. @ghzosppg! %tog had an |n- herent
“viscosity of 0. 77 The DSC nelting peak was 15C. 15 It was

crystallized inkthe vacuum oven at 928%5f g rripbenylphosphite rmgr am from -
“the di fferentlal" scanni ng cal ori meter showed that there was only IP%H %1l
B

crystallizationi As aresult, the BoPBR4 st é‘%iﬁé?tﬁ‘a‘ﬂ%ﬁ%‘#ﬂ&

"solid state" pdzl yconden- sation reaction was, t,t
condi ti ons -descHi bed i.n 20 Exarrpl e 1, but at %l g?ﬁ#’% ofghonz.te

Copol yester pr e;bar ed from digge ﬁ_on:@%ﬁ Qﬂ;’?&?eﬂd@@%%@d% and

bi s(4-[err]-hyditoxyet hoxyphenyl )su t po?ymerl zat1on
291..3 g of digretthphihed oy Forang2 B&Gr“uxﬂiétf rdirvigeficathosptier®ld @nAlthe

"of [err] were clfarged into a 1-liter stainless steel reactor equipped with:
‘a stirrer, nitr gnﬁt:gegen gas flow was stopped and a vacuum of less than 0.4 mm
4 Hg was applied. This reaction was continued at 275°C under
5‘ vacuum for ¢ hours and 10 minutes. The copolyester had an in-
l! herent viscosity of 0.77. The DSC meIting peak was at 215°C.

1s I It was erystellized in the vacuum oven at 125°C for 12 hours.

“ "I'he thezmogram from the differential scanning calorimeter showed

tha.t there was only slight crystall:.zaticn. As a result, the

‘ copolyesterx was partially melted when "solid state" polyconden-
i

20 %: Example l, but at only 180°c.
i :
i
!EXAMPLE 12 _
_ ! . éopol_yeste: prepa.red. from _dimethyl terephthaia.te,
- !ethylene glycoi' and bis (4~p-hydroxyethoxyphenyl)sulfone by melt
‘ polymetization. - | .
a5 | : . 2%1.3 g of dimethyl terephthalate, 233.4 g of ethylene

- glycol and 0.0919 g of Mn(om)z-m_’zo were charged inte a l-liter
| stainless steel reaetor equipped with a stirrer, nitrogen gas

!
. l:l.nlet port and a condenser. The reaction /mixture was heated to

190°c for 2 hours, 210°C for 2 hours under nitrogen atmosphere

e reacmes i s ey s
Pt

e o ey it g et
o et e
.

,. sation reaction was attempted under the conditions described in .

> - em e -



'ﬁalet pott and a condenser The reactlonH%>dee was heated to [err] fotéz
'.“rs, [err] for 2 hours under ni trogen at nosphere ' Met hanol was
3

uou x. 1 1! R ftuat?ﬂ%ttﬁs%;ﬁ% 'egg dieih Gchlsgpa%ué%g JThep

err oxye oxyp eny one 3 g off[err]

[err] -€76. 1rg e mAls (AR @S pRaESky SEItbYpBRASLY Qtf\lf@id’,alol 2093 g of
[2, 4- d| tertlarybutylphenyl] 4,4' - bi phenyl - enedi phosphoni te were. added

into they rshfﬂgr 0. 255 geaft |(Bh01§?rp@r-eﬁ~ur sriphenykiphe$phd tprrand and P
nalntalnﬁd for 45 mnutes. The nitro qg% s flow was turned off and a N,
vacuum of, Peg§9? P tetrakig lRstwiintersiaryhutylohenyd] #ad’ c%t'ﬁrf%)'éd' t

o) e} dndibhitinns HCveRd aita ARE" Shi) reactdl S8, -%ééﬁetaéo?y-?'
o1 1 22t 1 B g 4P vl 3e Ol 'Eeo?'d”'%ﬁhexgaa L RPIGRTS! @Bl LU PReC

| with a'nltrogen gas inlet tube, stirrer an the 15
foll owi ng erenmtstyangasadlow: was turnedd of i a5 | vicaiap BEN eSS Lt 4 g
ethylene gl ycol ,0.0263 g zinc: acetate di hydrate 0.01398g anti nony trloﬁide
20 ;‘ 0.4 m'ﬁgemnappﬁedt The fdeasitionswas aentianedent] 2752 for
ni trogeri atﬂgzﬁhere for 3 hours. During this time, methanol was distillédd
of f The‘ heunsy, Thapirbexent Watsvcpaslwdof ot (qapolyester ofes %o Tngs
stopped fnd vacuum was gradual |y applied until less than 0:5 mm Hg. Exdess
ethylenetglycol was 25 continuously distilled off. The reaction was
- st oppgd .fﬁﬁﬁmﬂJQQHis The inherent viscOsity was 0. 83, the glass
transiti

?oly(ethylene terephthalate) was prepared by melt poly~-
merizaticn as follows' '
. Into a 500 ml 3-necked round bottom flask, equipped
with a nitrogen gas inlet tube, stirrer and a condenser, the
. 15 followmng compounds were addeds '
| 46.5 g dimethyl terephthalate
35.4 ¢ ethylene glycol
0.0263 g zinc-acetate dihydrate
- 0.01398g antlmony trxoxide o
20 The contents of the flask was heated at 200°C under
nitrogen atmosphere for 3 hours. During this tzme, methanol
was distilled off. Then the reaction temperature was raised
to 280°C, nitrogen flow was stopped and vacuum was gradually
applied until less than 0.5 mm HgQ ﬁxcess ethylene glycol was |
25 continnéusly distilled off. The reaction was stopped after 4
hours. The inherent viscosity wes 0.83, the glass transition

temperature was 72°C, and the melting point was 252°C.
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“"to 300 mol 15 der.cent..of the .amount of ‘A react ant(s). 2.  Anpl astl C
cont ai ner- made ipy nelt forming a copoly- estér of cl aim 1.

- thernopl astic d,ppol yest-er,.-'havi ng an i nher ent Vi scosi ty of ove[ 0.65 dl /gm
-a Tg of. at Iea§i [err]. anda.si wirll} n:agepmdentphmlﬂm‘seaskikhed 22 O¢he writGhvasious

. 'copol yester hay ngoéiftéveuqnma%mhnvig’emﬁen iqan; be madgeon £ollewedsin the
»dl/gm which-i t _pot t duct -of t ang t
. essgnti ally of q,’3\) 1§sg§t%f§h 3&9:‘ 835&‘%%%‘&9 figggEgg"%h&oiitﬁ?%[tleggPart‘
- to [err] alkyl t B ct ,

.L[erg]-hidYoxzet gﬁ&+) sul éﬁ%”aﬁﬁd %ﬁvﬁg é?a%é Sﬁségﬂ%FEFrPfhéxﬁhDuﬁt
. of said bis(4-[ergkofgygfogﬁgghgaﬁghenyl) sul fone is 2-12 nol percent of

. - »

tenpegature mas ferr], and the nelting poing gvas 252C. . As wll be <::§)3
evigent to those skllled in the art, various nodifications of this ' =
i nvention can be .made or followed in the |ight of the’foregoing disclosure
and di scussion Mnthout depart- ing fromthe spirit and scope of the

di scl osure or fron1the scope of the clains. . CLAI MB: 1. A

e solid statg: pol ycondensation reaction product of a therno- 5 plastic

t he amount of A:reactant(s) and the conmbi ned anobunt of B reactants is 110




A product of claim1l that is crystallised. 4. A process for %

ng a thernoplastic copolyester 20 which is intrinsically nere stabl el

T&n pol y(et hyl ene terephthal ate) toward decGr‘rhosr—H—ea—t-oMnmnt ed .
pro- ducts such as acetal dehyde, which conpri slmt'y} mel t Iyrrerl Si ng

feactants consisting essentially of 251 ’E”\" MLS) sel ected
fromterephthalic acidrand its ClL to &4 al kyl actants, bis

(4-[err] -hydroxyethoxyphenyl) sulfone and ethyl ene gI ycoI Wwherein the s
anount of %ﬁgﬂg.bl s(4-[err] hydroxyet hoxyphenyl). 30 sulfone is 2-12 nol \J.
percent o e anount of A reactant(s), and the conbi ned anount of B )
reactants is 110 to 300 nol percent of 'the anount of A reactant(s), until

EP? pO'Yl.geriCA{tﬂebhﬁﬁlﬁéeddcéo?aiy?étbﬁbehﬁﬂl?giSﬁOShhdrOﬁtOtZ to 0.7
am C e C er ro ate,

reduci ng"?-?éf’ﬁggx ?cﬁ?’ﬁf‘ ng%yéiégﬂea? ?3 ?QP‘F(: ]‘Pg?ﬁgaéﬂé #MPticul ate
CODO:yeShemelamdg3bOEhtepeahgo:ohtdleaste229aCLiwhioh salﬁh@artlculate 5"
copo est t

PP g ue kBl Ra ko RRIFEBANLARA RER Lack iR REARALE dE %  BROERELOM [oF 1]
t her Bogr piragdsier rbpedyestay havingeachower iohaneny wisq:caétminto a

hi gher i ‘&ngi‘-% g¥! écﬁs%yot baaérgﬁ p&ﬁ%ﬁt 18f tﬁ&eﬂeié)?ofﬂgg flgher 10

viscosity being~at |east 0. roduct process of : .
claimé4 pﬁtﬁgptpggpgpg of reactan sconsisting essentially of _ )
' A) reactant(s) selected from tez:ephthalic acid i
and its Cl to C4 alkyl esters, with
10 B) reactants, bis(4- B-~-hydroxyethoxyphenyl) sulfone

and ethylene glycol,
wherein the amount of said bis(4-~B -hydroxyethoxyphenyl)
sulfone is 2-12 mol percent of the amount of A reactant(s)
and the combined amount of B reactants is 110 to 300 mol
15 percent of the amount of A reactant(s). h
2. A plastic container made by melt forming a copoiy- |
ester of claim 1.
3. A product of claim 1 that is crystallised.
4. A process for making a thermoplastic copolyester
20 - which is intrinsically more stable than poly(ethylene
terephthalate) toward decomposition to form unwanted pro-
ducts such as acetaldehyde, which comprises
. 1) melt polymerising reactants consisting
essentially of |
25 A) reactant(s) selected from terephthalic acid
and its Cl to C4 alkyl esters with
' *B) reactants, bis (4- B ~-hydroxyethoxyphenyl)
sulfone and ethylene glycol, |
wherein the amount of said bis(4-P -hydroxyeth'oxyphenyl').
30' sulfone is 2-12 mol percent of the amount of A reactant(s);
and the combined amount of B reactants is 110 to 300 mol
percent of the amount of A reactaht(s), until the poly-~
meric reaction prodi;ct has an inherent viscosity of 0.2
to 0.7 dl/gm,



cryst 4% ne form 6. A process of claim 4, \/\her,ei—ﬂ——me\hghﬁtt_\zerrr\gfra- @
1 ure»‘?n step (1) is from260 to 280C. 15 7. . A prqgcess of claim

~wherein stép (3) is‘effected’in t'he tenperature ranggmmm”"mm') .

hi gher {yenperature bel ow the tenperature of onse I ﬁ el ow

[err]- whichever is |ower. 8. A process of im4 or & wher'ei staep (3)

s 20 effected in the tenperature range fromf[err] to a higher tenperature
at least [err]C below the tenperaturé of the onset of nelting or below -

[€er] whichever is | 0g%rcooling the copolyester from step (1) to a solid
state, reducing it to particular form and heat crystall--
ising ‘the particulate copolyester, and '

3) effecting solid state reaction of said particulate

5 = copolyester by polycondensation thereof, in a temperature
range:from 180°C to Jjust below the temperature of the onset

- of melting as indicated by a thermogram determined using
a differential scanning eQISfEQEter, to a higher inherent
_ _ viscosity than the product of step (1), said higher
' .- 10 viscosity being at Iemst 0.65 di/gm.
S. A product of the process of claim 4 in particulate
crystalline form. i
6. A process of claim 4, wherein the highest tempera-
ture in step (1) is from 260 to 280°C.
_ 15 7. A process of claim 4 or 6 wherein step (3) is
. effected in the temperature range from 180°C to a higher
temperature below the temperature of the onset of melting
. or below 224°C, whichever is lower.
8. A'process of claim 4 or 6 wherein step (3) is
20 effected in the temperature range from 180°C to a higher
temperature at least 5°C below the temperature of the
onset of melting or below 219°C, whichever is lower.




