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We, THE GOODYEAR TIRE &  batch is generally added at or near the end of
RUBBER   COMPANY;  a   corporation  the polyester forming process, i.e. at
or near' organised under the laws of the State of Ohio,  the end of the
condensation reaction. The  50 ' Unite 'States of America, of 1144 East
Mar-  drawbacks to these solutions are, in the main, 5  ket Street, Akron,
Ohio, 'United States of  economic. in nature., For example, in pro-
America, do hereby declare the invention, for  cesses employing
pigment/glycol slurries, the which we pray that a patent may be granted
addition of dispersing agents -to avoid agglo-. to us, and the method by
which:it is to be  meration of the: finely divided pigment par-  55
performed, to be particularly described in and  tides not only adds to the
cost of the final 10  by the following statement:-.              product
but can also change the properties of It is well known to add fiiely
divided pig-  the final product. In processes involving the menting agents
to high . molecular weight  use of pigmented masterbatches the prepara-
-linear polyesters used .in the production of - oof     f the polyester
matrix involves not. only  60 fibers, the most commonly employed pigment-
additional expense but also additional process 15  ing agent being titanium
dioxide. It is also well  steps as well. known that. -these finely' divided
pigmenting    There has now been discovered an improve- agents can be added
to such polyesters through  .ment in the pigmentation of high molecular the
use of pigment/glycol slurries. Further-  weight. linear, polyester derived
from free di-  65 more, it is known that possibly the single most
carboxylic acids and glycols employing a pig- 20  important problem
associated 'with the., pig-  ment/glycol slurry where the slurry is added .
mentation' of such polyesters employing pig-  during the process of
preparing said poly- ment/glycol slurries is the inability to achieve
esters and which improvement essentially eli- a uniform  and homogeneous
distribution of  minates agglomeration of the finely divided   70. :said
finely dividedpigments in the' polyesters  pigment, thereby assuring a
uniform  and 25 being pigmented. This problem. is particularly  homogeneous
dispersion of finely divided pig- prevalent in the pigmentation   high
molecu-  ment in said polyester without the need zof a. liar weight linear
polyesters derived from free  dispersing agent and avoids the costly
prepara- .:dicarboxylic acids and glycols employing such  tion of
.pigmented.: masterbatches.  . 75 slurries, especially when -such slurries
are    According to the invention there is provided 30 added during the
process of making the -poly-  a process for preparing a uniformly pigmented
ester. The problem 6o agglomeration of the  polyester comprising reacting a
mixture. of at -pigment partile's in this particular instance is  least one
dicarboxylic acid and at least one attributed to the rather severe reaction
condi-  glycol in a solvent consisting of preformed  80 ' ions existing at
the tim  of: addition of the  polyester having a niumber average molecular
35 pigment.          -  -           o         weight ranging from 300 to
2000 in a reaction :-'Va~rioussolutions have- been offered for  vessel at a
temperature ranging from above. 'overcomingthis problem, including theuse
-of  the melting point of said solvent to 3000C dispersing agent or
agents4in combination  and at a pressure ranging from 20 to 1000  85 with.
the pigment/glycol..lurry or, the ester  pounds per square inch gauge
pressure, dis- forming reactants employed .in the production  tilling out
the water formed in the reaction at oflthe high molecular weight polyester.
It has  such a rate that the pressure remains constant also been proposed
to employ pigmented  within said range, adding a condensation poly-
asterbatches wherein- the pigment is dis-  merisation catalyst and then
heating the mix- 90 persed in a polymeric matrix which may or  ture at a
temperature of from 265 .to 2800C 



45 may not be the same as the polyester to which  at a pressure of one
millimeter of mercury the masterbatch is to be added. When the  pressure or
less until a high molecular weight masterbatch procedure is employed the
master-  polyester having an intrinsic viscosity of at    2
~~~~~~~1,504,831    ..                             .2 least .0.4 is formed
-and during.h   oreo       rplre bengtaserdhrto said process adding a
slurry. consisting of a      e.Th  temperature. used for te esteraificae
pigmenting agenit and a gly~ol td hemxu;  reaction of the dicaxtoxylic
acid. withthe gly-! the slurry hving been heatedt.lDa: temera    colshould
bea  es  shg   sthe melting 5 tore from 90C to PC below ~~~the boiling
pittm turatt  of therprfme   molte  low  70 of  aid 1glyl pro   oadii
adhae    molecular weih pleer solvent. but not  so .slurry qte. reacstion
mixtr of dcrxyc hih(e.ntgeaterthan 300Castcue add andglycolinthe  rfreioyse
a larg  degree of degradatiOn of..said solvent -solvent when the tempertr
fsi  ecin whic  can result in a               deces  nth   eial .10 mitr
sfo   10  t    0    n  h   rs    roperteie of. the uimat podct; Thus the
75 sure m i  the rezea'ction vessel, is from 20 to  70  te6mperatu~re can
range from',1500C. to.3000C. pound;   d  squar  inhguepesure; te and is:
preferably oprte rom. 2200 C. to prefrme poyeser olvntein   deried frm
2600C. The temperature used in the polycon- the same dicarboxylic acid(s.)
and: glycols asdensation or polymerization of the low miole- 15 sad hig
moleular weight poleser           cular weight polyester product resulting
from   80 It s peferedthat.the dicarbbxylic acd be   he  sterification
reacinrne.rm25C seleted romaromatic diarboxylic adids an    to, 2800C..
mixtures                        armtc.           Tepesrsthereof, and
mixtures of*aoai  i    'h   rsue employed in the esterification carbozylic
dds and satrated aliphaticdi   of tedicaboylic adid and the glycol range
20cazb6xylic adids havin  from4 to 10'carbon   from:20 to 1000pounds persur
ncgue8 g  toms; and the glycolI be saeletedfo  glycols  pressure and
preferably -from 20 to 100 pounds of te. sriesHO(CH2)jjOH  where ~.n is.a
per square inc gauge presueThcoena integer ranging from 2 to 10 and
cyclhexn   tion or polymerizaion6h stage of the process is diols.
.operate wunider. reduced- pressures, ihe. aor 25 In a particularly preerrd
process. accord-, below 1 millimeter. of! mercury pressure..   90 in  othe"
ineto  h   rmtcdcroyi              In  ddition to the above pressure'and
teni- adid is terephthaIC acid. and. the glyco  is  perature conditions.
required for the coniden- ethylene'glycol.
sation or polymerization:saeo  h   rcs Also. it is preferred that tesurshud
asiblpoyrztonctalys is ialso .re- 30consistoof titanium dioxidde-as
pigment.ting aget  quid1  Sultable polymrztion catlssae9 and. ethiylene
glycol as -the. glycol .       aniy of the wPell .knowin ca~talyt uled for
the As use  throghout this-seiiato   h    polycondensiation. of  esters.
including antimnon term, "polyester". is. intended toinlue  ot   t ioie
zinc boreate, litharge., lead. acetate homopolyesters and copoystr.The tem
and, mgeimoide. Nocataly'st is require A5 "igh molecular weig'isdfndaapoy
frth  iniileteriflcation reaction although  100 ester having. an:itiscvsost
fa  es   catalyists such as. zinc. acetate, manganese ace- 0.4 and
preferably. 0.6 a   eaue i ns   04    tate and alkali mdetal alcohlates can
Ibe.  em- phenol/tetrachloroethanie  mixe   sovn     tployed' if desired.
fIn addition, alkali metal 300C.
salts suhasoium acetate ca  be 'employed 40.. Th  boedscribed process
can-be operate  -as stabilizer if so desired. Also, the' reactio 10 as- a
batch proesor a continuous process..Ini  ispreeal  cnd otin the absence of
oerating the'process batchwise the weight ratio   oyewith. the usual known
techniques. ofthe preformed low molecular wveih pol-        Te
preformedmotnlw oecareih estersolvnt t the total batch (add. and gly-
polyste  initially employed as the solvent for *45 co-added) will
preferably be in-the range of  the esteriflcatioii: reaction is
characterized b   1 from 30/70 to 60/40. A ratioof50/50 will  having a
number average m-rolecular:weight geneallybe wd. I cerain  ontiuousoper-
ragingfrom 300 to..2000.'. Furthermore, i tions the rati can be as high -as
98/2 or higher.  cnhave the same number average molecular 



It is most. advantageous,. however, to opeae wegtas the. finial product of
the esteri-fication 50 the procss on a cotinuo   basis. When t.he
reaction, or it can have a. differentt number 115 poesis operated on' a
continutou'sbasi's .the   avera~ge molecular. weight i.e., -it ~canhave. a
fredcarboxylic acid; and. glycol. are.cOntinp-  higher or l..ower  number
average.. moleceular ously 'added, to the  preformed .molten'.lw    eihtsic
the numer average. moleua moecla  weight polyester ..solvent prepared
weight of thefiaprdcofteseiiain from the same add ad glycol adan amount
recini    iae  bkteaonsad120 of low mo61lecular weight polyester, peoymer
ratios of the dicarboxlcadadtegyo ..product approximiately equal to the
addd and   added. to. the sytm.h   reomdmle glycol' added is continuously
withddrawn The  low molecular weigh poyse uesthe sol- lo   mlec~lar.
weight. polyese  preolme   vnwill be composdoqnt  ftesm 60 being  onunuo~sy
withdrwn is cotinuosly  acid:  and glycol: that -are. to  be reacted. For
125. tranferrdtoa polymerization appartus and   example, if it is desired
to; produce; pigmne polymerized to..~g   molecular weightresin  poyotyjne
terephthalate. the polyester:  sol- which is conjinuouly withdrawn frdmthe
vent wil lobe comprised of terephithalic acdd polymerizaton vessel a
approximaely  the   and ethylene glycol units. The initial. pre- 65. saert
a  o    oeua   egtpletrformed mnolten low.-molecular weight polyester 130
3                                      1,504,831
3 -9lvent can be ,prepared by polym ng the  ene glycol slurry prepared
above was added to His glycol ester or by, any other well known  the
reaction using nitrogenw.pressure. Prior to  65 and suitable: method.
this addition, however, the sdutry was heated'to As noted earlier, high,
molecular weight  a temperature of about 1620C. Aftr addi- 5   linear
polyesters prepared in accordance with  tion of the slurry. the pressure
was reduced to. the.above described process can.be pigmented  35: psig and
esterification of the terephthalic employing either pigment/glycol
slurries, pig-  acid commenced. Once.18.75 parts of the by-  70 mented
masterbatches  or  pigment/glycol  product water were collected and the
tempera- slurries wherein dispersing agents are em-  ture of the reaction
mixture reached 270C, 10   ployed. However, these methods have generally
40 percent of the mixture in this reaction yes- resulted in products
characterized by nonuni-  sel was transferred to a second reaction vessel
form and nonhomogeneous dispersions of pig-  Immediately after this
transfer was completed,  75 mwent particles, have proved to be disadvan-
-.195:part of antimony (as antimony glycolate) tageous from an economical
standpoint or have  was added to the reaction mixture and evacua- 15
resulted in products possessing poorer physical  tion of the pressure in
this vessel from atmos- properties. Through the use of the present in-
pheric pressure, to about 5.0 millimeters of. vention these disadvantages
can be overcome  mercury. pressure was commenced. The time  80 -   as
illustrated by the examples below. In the  required to reach 5.0
millimeters of mercury following examples all parts and percentages
pressure wag about 115 minutes. Over this 20   are by weight unless
otherwise specified.    same period of time the temperature of the.'
polymerizing polyethylene terephthalate was EXAMPLE 1 .
increased froni about Z600'C.to about 2720C.  85 A. Preparation of
Pigment/Glycol Slurry  .  At the end of this time the polymerizing poly- A
mixture consisting of 50 parts of titanium   ethylene terephthalate was
transferred to yet a dioxide (TiO2) and 50 parts of ethylene gly-  third
reaction vessel wherein the pressure was 25   col were sandmilled and the
resulting dispersion  reduced to about '0.2 millimeter of mercury put
through a 5 micron filtering element prior  pressure and the temperature of
the poly-  90 to use.        .                            merization mass
increased to about 280 C. B. Preparation  of Low, Molecular Weight  During
this time by-product ethylene glycol Polyester Solvent
was continuously removed  and -after 115 30     To a jacketed stainless
steel reaction vessel  minutes pigmented polyethylene terephthalate
equipped with an agitator, vapor take Off,  having the desired intrinsic
viscosity was ob-  95 nitrogen inlet and vent were added 129.9  tained.
The' molten polyester was then extruded parts of terephthalic acid and 52.3
parts of  from the third reaction vessel, cooled and diced 



ethylene. glycol. The reactor was then purged  into pellets. The product
was uniformly de- 35  with nitrogen and the vent closed. Agitation
lustered and exhibited an excellent pigment and: heating of the reaction
mixture was then   dispersion. Microscopic  examination  of a  100
commenced under a nitrogen atmosphere, 35   0.05 gram sample of the
delustered polyester pounds per square inch gauge (psig) pressure.
discosed that there was present. one TiO2 The reaction was complete when
28.1. parts of, particle in the 10 to 20 micron range and no 40
by-product.water ,was distilled off. The-ttai  partices in te 20 to 100
micron range or reaction time was between 4 to 5 hours and: above. The
polymer had an intrinsic viscosity  105 the temperature of the molten low
molecular   of above 0.4 as measured in a 60/40 phenol- weight polyethylene
terephthalate solvent was  tetracloroethane mixed solvent at 30.00C. about.
270'C. at the time of completion of           -       A         . 45  the
reaction. The low molecular weight poly-       EXAAYP'   2 ethylene
terephthalate had a number average            Comparative Example.
molecular weight of at least 300.              A  second  pigmented
polyethylene  tefe-  110 phthalate sample was prepared, with one ex- C.
Preparation  of Pigmented Polyethylene -cpon in the same manner as in
Example Terephtwlate                     . .  1 employing the same amounts
of reactants 50    To the above molten low molecular weight   and additions
and, as closely as possible, the polyethylene terephthalate solvent were
then   samepressure and temperatureconditions.The  115 added 86.6 parts of'
terephthalic acid, 35.5   one exception to the procedure employed in parts
of ethylene glycol, 0.015 part of sodium    Example 1 was that in the
present example the (as sodium acetate) and 0.004 part of phos-.
TiO2/glycol slurry was not heated prior to 55' phorus (as triethylene
diphosphite). Upon the   its. additon to the reaction mass. The final -
addition to and mixing of these ingredients   product exhibited a poorer
dispersion, ,based  120 with the low 'molecular weight solvent the   on
particle count, than was obtained in the : temperature of the mixture'
dropped to' about   product of Example 1. Upon microscopic 2170C. At this
point the pressure in the reac-   examination there was present in a 0.05
gram 60  tion vessel was increased from 35 psig -to 70   sample of the
product produ'ced in this second psig using nitrogen gas. As soon as the
pressure   example 6 particles in the' 10 ito 100' micron  125 in the
reaction vessel reached 70 psig, 0.25   range with two thirds of these
partidcles being part of the sandmilled'and filtered TiO2ethyl-  in the 20
to 100 micron range.    .4                                        154 ' ,
4 X L3.phalat  sampl -was prep :. 'Cormparative Example.
manner as in-Example 1 except here dir A  thirdpigntedpolyethylene
terephthal-  TiO2/glycol slurry was not heated and the  20 ate sample was
prepared in the same maer   sluirry added after th  pressure in .the reac-
5  as in Example 1: except that in this instance -on vessel 'had been
redued from 35 psig to the 'pressure .in: the. reaction vessel was reduce
apheric pressure.  After addition. of- the from  35 psig to atmpspheric
pressure, th'e  slrry the pressure in the: reaction vessel was heated
TiO'iglycol slurry adde   and  the f  againreai ned to 35 psig and the
reaction  25 vessel immediatey presswured back o 35 psig. ,copleted as hi
Example 1. Subsequent exami- 10 The microscopic. exainto  of, a' 0.05, gram
na'tion ,of a 0.05 gram "sample of this polyester: sample of this
polyester- disclosed 10:pafrtcles  rev~ealed':that there w~ere 16 pigment
particles in the 10 to 100-micron range withone tenth  in the10 to .100
micron range with one fourth of these- particles being in the 20 .to
00micron  of these particles falling within the 20 to 100  30 range.
:    :      .  . - - - ' . ~:: . ' i.'    micron range. The table below
contains a sunmi 15        -  - ' EXAMilPLE.'4. '           ,;   mary of
the results obtained in the above Comparative Example.
examples. A..fourth.           :..POete   poyetyee    e ''TABLEI
- Pressure in       Temp.-of          Pigment Particle Size Reactor at
PTi0, Slurr             Count, Microns. (  ) 



. Example    Time of TiO2     aLTime of- No.        Addition, psig
'Aition,:,-C. .10-100    20-100         100 1  ' '       70            i
165 '                     0           0 :-2-         70           R.T. (b)
-.6           4          0 3   :     ATM(a)   -         145           10
1          0: '4                 , .,.ATM   -    - 'R.T.  16          4.
0 (a) ATM: .Atmospheric Pressure (b) R.T.: Room Temperature.: 35    The
criticality of heating 'the p /glycol  phatic dicarboxylic acids having
from 4 to 10  65 slurry priorto its adition to the initial poly-  carbon
atoms such as succinic acid, adipic acid, ester forming reactants and of"
the tempera-  and sebacic aadd. Polyesters of other glycols ture 'and
pressure conditions in .the 'reaction   can also be similarly prepared.
Representative vessel at the tme'of the addition of the slurry  esamples
of'such glycols are the polymethylene .40  have been illustrated above. It'
is . readily  Olycols of tie series HO(CH2),,OH where n  70 apparent from
these examples that unisform   isan integer from 2 to 10, such as ethylene
and homogeneous aispersion of thepigment in  glycol, propylene glycol,
tetramethylene gly- polyethylene terephthalate can be achieved   col,
hexamethylene. glycol and decamethylene using the process of the present
invention. The   glycol; cyclohexane diols such as cyclohexane 5  absence
of any one. of the three essential con- ; dimethanol; and: aromatic diols -
such as di-,8- 75 ditions results inainoniohromogeneous dispersion
hydroyethoxy benzene and .2,2-bis  [4(,- and examples have also been
includedabove   hydroxyethoxy)phenylJ  propane. The inven- which'
illustrate thispoint.'                tion can be used to prepare
copolyesters by The invention has been illustrated'above  reacting one or
more acids with one or more 50  particularly wi'th respect to 'the
ise'of'tere-   glycols;                                80 . phthalic: acid
and ethylene glycol as reactants.    Te .ivention is* especially suitable
for the It can also be used to preparegpolyesters from   preparation of
copolyesters of terephthalic acid otbet acd andotthrcd-adot e  glclys. ls.
Fo example in--.     .sucha as ethe tylenn'fept
haltrephthalae-ethylene............................... .-isead of
.terephthalic 'acid and ethyleneglycol  ,isophthalate   cplyeses
containing  tere- 5  other acids:'and other glycois can be used.   phthalic
acd yas, a:major ,portionof the acid  85 Thus thentin i is applicable'to
-thepre-  component such'as ,the'9/10, 80/20, 70/30        ..'-' paration
of polyesters .and  .opolyesrs .-of  and640c            copolyests ie  tose
c -various dicarboxylic aci'ds andvarius glycols.  cotaining'from 90to
60molpercent of ,tere- Repreii Sive  examples ofr 0adds hic.hcan   phjialic
acid:ba sed on thetotal  acid cor- 60  be used are aromatic dicarboxylic
auds .s.uch p. onent and from  10. to 40 mol percent of iso- 90
as'isophthalicacid, ortxhophthalic.ahcid, p,p'-  phthalic acid based on the
total acid compo- diphenyl dicarboxylic acid and 2,6-naphthalic   nent.
acid; cycloaliphatic dicarboxylic::acids,.suchas  WHAT WE CLAIM .IS:-
hexahydroterephthalic acid; andsturated ali-    1. A process for preparing
a uniformly pig-    4                                       1,504,831
4 EXAMPLE 3.        '           phthalate sample was prepared in the sane
Comparative Example.             manner as in Example 1 except here th A
third pigmented polyethylene t&- ththal:. TiO2/glycol slurry was not heated
and the2O ate sample was prepared i- the same matner  slurry added after
the pressure in the reac- S as in Example 1 except that in this instance
tion vessel hid been reduced from 35 psig to the pressure in the reaction
vessel was reduced  atmospheric pressure. After addition of the from  35
psig to atmospheric pressure, the  slurry the pressure in the reaction
vessel was heated TiO,/glycol slurry-Added  and the  again returned to 35
psig and the reaction  25 vessel immediately pressured back to 35 psig.
completed as in Example 1. Subsequent exami- 10 The microscopic examination
of a 0.05 gram   nation of a 0.05 gram sample of this polyester sample of
this polyester disclosed 10 particles  revealed that there were 16 pigment
particles in the 10 to 100 micron range with one tenth  in the 10 to 100
micron range with one fourth of these particles being in the 20 to 100
micron  of these particles falling within the 20 to 100  30 



range.                                     micron range. The table below
contains a sunms 15                EXAMPLE 4.                   mary of the
results obtained in the above Comparative Example.             examples. A
fourth  pigmented  polyethylene  tere-                            ' TABLE I
Pressure in      Temp. of          Pigment Particle Size Reactor at
TiO2 Slurrv        Count, Microns C ) Example    Time of TiO2      at Time
or No.     Addition, psig   Addition, 'C.   10-100    20-100    '100 1
70              165            1          0         0 2           70
R.T. (b)         6         '4          0 3         ATM (a)           145
10          1          0 4          ATNI             R.T.          16
4          0 (a) ATM: Atmospheric Pressure (b) R.T.: Room Temperature 35
The criticality of heating the pigment/glycol  phatic dicarboxylic acids
having from 4 to 10 .65 slurry prior to its addition to the initial poly-
carbon atoms such as succinic acid, adipic acid, ester forming reactants
and of the tempera-  and sebacic acid. Polyesters of other glycols ture and
pressure conditions in the reaction  can also be similarly prepared.
Representative vessel at the time of the addition of the slurry  examples
of such glycols are the polymethylene 40  have been illustrated above. It
is readily  glycols of the series HO(CH2).,OH where n  70 apparent from
these examples that uniform   is an integer from 2 to 10, such as ethylene
and homogeneous dispersion of the pigment in  glycol, propylene glycol,
tetramethylene gly- polyethylene terephthalate can be achieved   col,
hexamethylene glycol and decamethylene using the process of the present
invention. The   glycol; cyclohexane diols such as cyclohexane 4   absence
of any one of the three essential con-  dimethanol;. and aromatic diols
such as di-,f- 75 ditions results in a nonhomogeneous dispersion
hydroxyethoxy benzene and 2,2-bis [4(,S- and examples have also been
included above   hydroxyethoxy)phenyl] propane. The inven- which illustrate
this point.                tion can be used to prepare copolyesters by The
invention has been illustrated above  reacting one or more acids with one
or more 50  particularly with respect to the use of tere-  glycols.
80 phthalic acid and ethjlene glycol as reactants.    The invention is
especially suitable for the It can also be used to prepare polyesters from
preparation of copolyesters of terephthalic acid other acids and other
glycols. For example, in-  such as the ethylene terephthalate-ethylene
stead of terephthalic acid and ethylene glycol  isophthalate  copolyesters
containing  tere- 55  other acids and other glycols can be used.  phthalic
acid as a major portion of the acid  85 Thus the invention is applicable to
the pre-  component such as the 90/10, 80/20, 70/30 paration of polyesters
and copolyesters of  and 60/40 copolyester, i.e., those copolyesters
various dicarboxylic acids and various glycols.  containing from 90 to 60
mol percent of tere- Representative examples of acids which can   phthalic
acid based on the total acid com- 60  be used are aromatic dicarboxylic
acids such   ponent and from 10 to 40 mol percent of iso- 90. as
isophthalic acid, orthophthalic acid, p,p'-  phthalic acid based on the
total acid compo- diphenyl dicarboxylic acid and 2,6-naphthalic  nent.
acid; cycloaliphatic dicarboxylic acids such as  WHAT WE CLAIM  IS:-
hexahydroterephthalic acid; and saturated ali-    1. A process for
preparing a uniformly pig- I  *!Il Ic   L   M   S   *    *   C   L  M  S
* 5    


