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(54) Title: ACRYLIC POLYMER COMPOSITION
(57) Abstract

An acrylic polymer composition containing: (a) a first amount of a polythiol capped polymer formed by reacting a polythio! of the
form (HS-Y)n-X, wherein X is a core group, each Y group is independently a linking group, n is an integer from 3 to 8, preferably from 3
to 6, with at least one mono olefinically unsaturated monomer capable of attaching to and forming a group Z, which is an acrylic polymer
chain, on the sulphur atom in each of the groups (HS-Y); and (b) a second amount of a volatile solvent, and wherein the polythiol capped
polymer is differentiated from a linear polymer having the same molecular weight as the polythiol capped polymer and which linear polymer
is formed from substantially the same each Z group as the polythiol capped polymer in that a first amount of the linear polymer is: (i) not
totally solvated by the second amount of volatile solvent; or (if) when solvated by the second amount of volatile selvent provides a solution
which has a viscosity that is at least 25 %, preferably at least 30 % and especially at least 40 %, greater than the viscosity of the first
amount of the polythiol capped polymer in the second amount of the volatile sclvent. The acrylie polymer composition can be used as a
delivery system, particularly for an acrylic polymer, with a reduced solvent content thereby reducing solvent emissions to the atmosphere.
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Acrylic Polymer Compasition

The present invention rejates to an acrylic polymer composition and in particular an
acrylic polymer composition suitable for use as a coating or ink resin.

Inks, coatings, adhesives and similar Mmaterials often require the yse of a Suitabile

§ polymer, such as a (meth)acrylate polymer. The polymer is usually used in a defivery system
comprising a volatile solvent carrier which in use can be evaporated so as to leave a residue
containing the polymer on the desired surface. In some instances the residue is then
subjected to further treatment, for example heat treatment, in order to effect additional cturing
of the residue.

10 Increasing environmental and legislative pressure make it desirabie to reduce the
amount of solvent that is used. One option is to increase the polymer content of the delivery
system. However, the polymer content can usually not be increased to a significant extent
before the solvent becomes saturated with the polymer. Furthesmore, merely increasing the
polymer content can detrimentally effect the flow properties of the polymer composition such

15 that it is no longer able to be used for ils intended purpose.

Altematively, the polymer may be modified by reducing its average molecular
weight. For certain polymers this may be achieved by increasing the amount of chain transfer
agent, e.g. a mercaptan, used in the potymerisation process. The lower molecular weight
polymer may then be used in increased quantity in the delivery system. Unfortunately,

20 although the flow properties of the polymer composition can be maintained, other key
properties then deteriorate, for example a coating formed from the polymer compasition tends
to become brittle.

A further alternative, is to use a polymer which has a conventional average
molecular weight but wherein the range of molecutar weights about the average is much

25 narrower, i.e. the dispersivity of the polymer is low. However, the usual methods of preparing
sueh narrow molecular weight distribution polymers, for example as described by J A Simms
et al, J Coating Technology, Vol 59, No 752, PP 125 - 131, tend to be expensive and require
careful control to limit the presence of contaminants, such as oxygen and water, which can
adversely effect the progress of the polymerisation.

30 A still further aitemative is to use a so-called star polymer as described in the
reference above. The star polymers therein described are produced threugh group transfer
polymerisation and are high molecular weight, multiarmed polymers that contain tightly
crosslinked cores. Such polymers are stated as praducing significantty lower viscosity paint
when compared with conventional linear resins of comparable molecular weight. However, as
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discussed above, the described method of group transfer polymerisation is
relatively complex.
It has now been found that an acrylic polymer composition containing a
relatively higher proportion of acrylic polymer in a volatie solvent can be
5 prepared wherein the acrylic polymer is in the form of a polythiol capped
polymer. Such a polythiol capped polymer can be prepared in a relatively facile
manner using conventional polymerisation methods using the polythiol as a
chain transfer agent. The resulting polymer compositions possess satisfactory
flow and other key properties and enable less solvent to be used.
10 Accordingly in a first aspect, the present invention relates to an acrylic
polymer composition in the form of a coating or ink resin, which acrylic polymer
composition contains

(@)  a polythiol capped polymer formed by reacting a polythiol of the

form
15 (HS-Y)-X

wherein

0‘ X is a core group

. each Y group is independently a linking group

5.5.:: nis an integer from 3 to 8

R 20 with at least one mono olefinically unsaturated monomer selected from
an acrylic or methacrylic acid ester, having the farmula CH,=C(R)COOR?
:;;f_: where R is H, CH; or n-butyl, and R” is C1 g alkyl, Cs.1o cycloalkyl or Ce.10
':;: aryl group and optionally acrylic acid type monomers selected from

L2 31T]
. .

acrylic, methacrylic and chloroacrylic acids capable of attaching to and
o 25 forming a group Z, which is an acrylic polymer chain, on the sulphur atom
in each of the groups (HS-Y); where said acrylic type monomer, if
present, is chosen such that for each acrylic polymer chain the total
average moale percentage of functional units is less than 10%; and
(b)  avolatile solvent
30  wherein the polythiol capped polymer is differentiated from an equivalent
amount of a linear polymer having the same molecular weight and formed from
substantially the same each Z group as the polythiol capped polymer in that the
linear polymer is
(i) not totally solvated by the volatile solvent; or
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(ii) when solvated by the volatile solvent provides a solution which
has a viscosity that is at least 25%, preferably at least 30% and especially at
least 40%, greater than the viscosity of the polythiol capped polymer in the
volatile solvent.

Typically, the first amount of the polythiol capped polymer and the
volatile solvent are chosen to provide a solution which contains from 20 to 70 g
of polythiol capped polymer per 100 g of polythiol capped polymer and volatile
solvent, preferably from 30 to 70 g per 100 g and particularly from 40 to 70 g
per 100 g. The polythial capped polymer may also be blended with at least one
other polymer with which it is compatible and, when so

WNODELETEDJTY 73-50. da:
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biended, may be used to Provide solytions which contain comparable amounts of the blend as
stated above in respect of the polythiof Capped polymer.

Preferably the core group, X, fs at least part of the residue of a tri- to octa-functional

alcohol such as glycerol, sorbitol, pentaerythritol, dipentaerythritol, tripentaerythritol,

5 trime!hyloletriane. trimethylolpropane, pentahydroxypentana, triquinayl and ingsitol,

Prefarably the Hinking group, Y, is alkyiate, particularly C... alkylate and especiaily
C., alkylate,

The polythiol capped polymer is preferably formed using a tri- to octa-functionaj and
particutarty tri- to hexa-functiona; mercaptan,

10 Such a mercaptan may be an ester formed from an alcoho! as stated above and a
thio-C, ,, atkanoic acid, particulariy thio-C, . alkanoic acid. Examples of suitable acids are
2-mercaptoacetic acid, 2-mercaptopropionic acid, 3-mercaptopropionic acid,
4-mercaptobutyric acid, S-mercapiopentanoic acid, 6-mercaptohexanoic acid and
10-mercaptodecanaic acid, Preferably the acid is 2-mercaptoacetic acid or

15 3-mercaptopropionic acid. }

Examples of suitable mercaptans include trimethylolethane tris
(3-mercamopropionate), pentaerythritof tetra(3-mercapiopropionate). pentaerythrito!
tetrathiogiycolate, trimethylviethane trithioglycolate, trimethylolprapane
tn's(3-methcaptopropionate) and trimethylolpropane trithioglycolate,

20 Typically, the polythiol capped polymer is formed in a process wherein the
abovementioned mercaptans are used at levels (by weight based on the monomers
constituting the acrylic potymer chains) from 0.05 to 5%, preferably 0.1 t0 2.5% and
particularty from 0.1 to 2.0%.

The acrylic polymer chain, 2, is formed from at least one mono olefinically

25 unsaturated monomer which may be sefected from any of the mono olefinically unsaturated
monomers known in the art,

Suitable mono olefinically unsaturated monomers may be selected from the acrylic
type monomers such as acrylic, methacrylic and chloroacrylic acids (i.e. CH,=CHCICO.0H),
acrylamide and methacrylamide, acrylonitrile and methacrylonitrile, alkexyalkyl acrylamides

30 and methacrylamides, e.g. butoxymethy! acrylamide and methoxymethyl methacryiamide,
nydroxyalkyl acrylamides and methacrylamides, e.g. N-methylol acrylamide ang
methacrylamide, the meta| acrylates and methacrylates, and the esters of acrylic, methacrylic
and chicroacrylic acids with alcohols and phenois; the vinyl aromatic compounds, e.g.
styrene and substituted derivatives thereof such as the halogenated derivatives thereof and

35 vinyl toluene; the vinyl esters, e.g. viny| acetate, and vinyl pyrrolidone.
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A preferred mono olefinically unsaturated monomer is an acrylic or methacrylic acid
ester having the formula CH=C(R)CO.OR? where R is H. methyi or n-butyl, especially methyf
and n-butyl, and R? is optionaily substituted hydrocarbyi (e.g. optionally halo or hydroxy
substituted hydrocarbyl} and in particularis & G, alkyl, a C, ., cycloalkyl or a Ceo a1yl group.

5 Specific examples of such monomers include the non-substituted esters of acrylic and
methacrylic acids such as methyl methacrylate, ethyl methacrylate, n-propyl methacrylate,
isopropyt methacrylate, n-butyl methacrylate, isobutyl methacrylate, cyclohexyl methacrylate,
isobomyl methacrylate, benzyl methacrylate, phenyl methacrytate and isobornyi acryiate and
the substituted esters of acrylic and methacrylic acids such as hydroxyethyl methacrylate and

1@ hydroxypropyl methacrylate. More particulanly, the mong olefinicaily unsaturated monomer
incorparated in the polymerisable liquid is a C,, alky! ester of methacrylic acid. Methyl
methacrylate and n-butyl methacrylate are especially preferred monomers.

The acrylic polymer chain, Z, may be formad from a mixture of mono olefinicaily
unsaturated monomers, for example a mixtura of the mone olefinically unsaturated

15 monomers specified as preferred above.

The acrylic polymer chain, 2. may typicalty be formed from 10 to 1500, for example
25 to 1500, monomer units and preferably from 20 to 800 and particularly from 50 to 800
such units. When a mixture of moncmer units is used, the copolymer may be a block or
random copotymer of such units. Preferably the copolymer is a random copolyrer as

20 produced through conventional free radical polymerisation.

The acrylic polymer chain may be formed using the potythiol as a chain transfer
agent through the potymerisation processes conventionally employed in the preparation of
poly(methacrylates). Such processes inciude bulk, soiution, emuision and suspension
potymerisation of the acrylic polymer chain. Preferably the process is g suspension

25 polymerisation process.

When used, the suspension polymerisation process is typically conducted, at ieast
initially, in the range 10 to 120°C, preferably in the range 50 to 110°C, particularly in the range
70 to 100°C and especially about 80°C.

Preferred processes are bulk, soiution, emuision ang suspension polymerisation

30 processes which employ a free radical initiator.

Suitable free radical initiaters include organic peroxides, hydroperoxides,
persulphates and azo compounds. Examples of such initiators are methyl ethyl ketone
peroxide, benzoyl peroxide, cumene hydroperoxide, potassium persulphate,
azobisisobutyronitrile (AIBN), lauroy! peroxide, 2,5-dimethyl-2,5-dl( -butylperoxy) hexane,

35 diethyl peroxide., dipropyl peroxide, dilauryl peroxide, dioiey! peroxide, distearyl peroxide

r
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di(tertiary butyly peroxide, diftertiary amyi) peroxide, tertiary butyl hydroperoxide, tertiary amyl
hydroperoxide, acetyl peroxide, propionyl peroxide, lauroyl peroxide, stearoyl peroxide,
malonyi peroxide, Suceinyl peroxide, phthaloyl peroxide, acety| benzoyl peroxide, propionyi
benzoyi peroxide, ascaridole, ammonium persuiphate, sodium persulphate, sodium

5 percarbonate, potassium percarbonate, sodium perborate, potassium perborate, sodium
perphosphate, potassium perphosphate, tetralin hydroperoxide, tertiary buty( diperphthalate,
tertiary butyl perbenzoate, 2,4-dichiorobenzoyf peroxide, urea peroxide, caprylyl peroxide,
p-chlorobenzoyl peroxide, 2, 2-bis(tertiary butyl peroxy) butane, hydroxyhepty) peroxide.

It is preferred that the ratio of initiator to poiythiol is less than 2:1 by weight, for

10 example in the range 2:1te 1:3, ang particulanly preferred that the ratio of initiator to polythiol
is lessthan 5:1 on g maolar basis, for exampie in the range 5:1 to 1:1,

When the polymerisation process is an emuision polymerisation process the
emulsifier may be chosen from those commonly used in the art. Such emuisifiers include
fatty acid soaps, rosin Soaps, sodium lauryl sulphate, polyethoxy alkyiated phenals, diactyi

15 sodium sulphosuccinate and dihexyl sodium sulphosuccinate.

When the polymerisation process requires a sofvent, such a solvent may be chosen
from those commonly used in the an, for example benzene, toluene, xylene, aliphatic esters,
naphthalene, trichlorobenzene and dimethylformamide. The volatile solvent may aiso be
chosen from such solvents or others, for example aliphatic hydrocarbons, alcohols, ketones

20 and ethers,

The present invention is illustrated by reference to the following exampies.

General Preparation of Palythiol Capped Polymer

The following preparation was used to prepare a series of mono and polythioi
capped polymers.

25 459 of Suspending agent (Natrosol HEC 250LR obtainable from Agualen Inc, a
division of Hercules Inc) were dissolved in 2.0 1 of tleionised water contained in a 5 litre flask
by heating to a temperature in the range from 40 to 50°C for 30 minutes whilst sparging with
nitrogen and stirring at a speed of 1400 pm.

A monomer premix was formed from 195 g of methyi Mmethacrytate, 300 g of n-outyi

30 methacrylate, 5 g of methacrylic acid, and the desired amount of mercaptan as indicated
betow.

4 g of AIBN initiator was washed into the deionised water using the premix whilst
maintaining 2 nitrogen blanket ang a water cooled refiux.

The temperature was raised to 76°C. The polymerisation praceeded through to

35 almost completion conversion of monomer 1o polymer whereupon the cooling water 1o the
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condensar was stopped. The polymer was then heat
within the range from 50 t0 95°C for 1 hour to complet
unreacted monomer.

reated by raising the temperature to
e the polymerisation or to drive off

After heat treating the polymer, the nitro.
5 was air cooled.

gen bianket was removed and the polymer

The cooled polymer was then filtered, washed in deionised water and drieq.

The examples are summarised as follows, wherein Examples 1 ta 3 refate to
polymers which can be used within the invention ang Examples 4 to 6 relate to polymers
which are used to provide comparative examples not accarding to the invention:

Example Mercaptan Amount of Mercaptan Amount of initiator R?raction
/ (Mfé’ﬁij

‘ F moles | % way g moies | % wiw

’ x107? wit x10°? wirt

monomer monomer
1| PETMP | 2865 054 053 417 254]  0.83 2
2 | PETMP | 664 136 133] 17 254| 0.83] 26
3 | PETMP | 1028 21 208] 417 254 083 %
4 DDM 11 054 022 417 254 o083 24
5 DbM 275 136 055 447]  254] o0g3 2
6 DDM 426 212] 085 417 254] gea 27

10 PETMP - pentaerythritol tetra (3-mercaptopropionate) - polythiol
DDM - dodecyl mercaptan - monothiol

The properties of the polymers from Examples 1 to 6 of sofutions of the polymers in tolueng

are summarised betow.

Ex GPC Data GPC Data Brookfield Viscosity Melt ]
(PMMA Standards) {Universal in toluene @ 20°C Flow
Calibration) (cP} Index
a per
I M [ M [ | MMM 30% | 0% | 50% | 56% |10mins
1_[31080/67840] 2.1 80700[130900] 1.62] 122 860/ NTD | NTD | 556 |
2_|21420[37240] 1.74]47100] 68800] 1.4 50 228 NTD | NTD | 248
3_| 14940/ 26250] 1.76/36100] 28600] 1.28| 34/ 120] 1040] 4000] 48.2
4 |34000(72700] 214 85800(143100 185/ 160| NTD J NTD ’ NTD } 5.28
__| (1)
5 |21870|43200| 1.0860900( 79500 156 78] 370 NTD NTDI 12.4
(52)| 82
® |14630|31910| 2.18/35800] 55400] 155 48| 1| WD NTD | 206
@) (80
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Note;
1. NTD - not totally dissolved
2. Meit Fiow index measured at 160°C using 3.8 kg.
K} Brookfield viscosity is in respect of 30, 40, 50 and 56 g of palymer in 100 gof
S polymer and soivent.
4. The figures in brackets represent the % increase in viscosity when a monothiol is

used.

{t can therefore be seen that the polythiol capped polymers give rise to solutions

which are less viscous than those formed from the same amount of monothial capped

10 polymers of comparabie molecular weight ang compositian. Furthermore, a higher loading of
polythiol capped polymer can be achieved. Conversely, the monothiol, from which is derived
a linear polymer, is either not solvated or else provides a solution which has a viscosity that is
at least 25%, preferably at least 30% and especially at least 40%, greater than the viscosity of
a solution containing a Comparable amount {on a molar basis) of potythiol capped polymer.

15 Of further note is that the palythict capped polymers have inherently higher melt
flow indices than the anatogue monathiol capped polymers, Such properties atso suggest
their use in powder coating applications where a high melt flow index is desirable.
Additionally, the polythiol capped polymers may also be usefui in blends with other polymers
in order to produce a blend having a reduced melt viscosity.
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The claims defining the invention are as follows:

1.

An acrylic polymer composition in the form of a coating or ink resin,

which acrylic polymer composition contains

{8)  a polythiol capped polymer formed by reacting a polythio! of the
form

{HS-Y)s-X

wherain

X is a core group

each Y group is independently a linking group

nis an integer from 3 to 8

with at least one mono olefinically unsaturated monomer selected from
an acrylic or methacrylic acid ester, having the formula CH=C(R)COOR?
where R is H, CH; or n-butyl, and R? is Cy.5 alkyl, Cg.1; cycloalkyl or Ce.cq
aryl group and optionally acrylic acid type monomers selected from
acrylic, methacrylic and chloroacrylic acids capable of attaching to and
forming a group Z, which is an acrylic polymer chain, on the sulphur atom
in each of the groups (HS-Y); where said acryiic type monomer, if
present, is chosen such that for each acrytic polymer chain the total
average mole percentage of functional units is less than 10%; and

(b)  avolatile solvent

wherein the polythiol capped polymer is differentiated from an equivalent

amount of a linear polymer having the same molecular weight and formed from

substantially the same each Z group as the polythiol capped polymer in that the

linear polymer is

2,

(i not totally solvated by the velatile solvent; or

(i) when solvated by the volatile solvent provides a solution which
has a viscosity that is at least 25%, preferably at least 30% and
especially at least 40%, greater than the viscosity of the polythiol capped
polymer in the volatile solvent.

An acrylic polymer composition as claimed in claim 1 wherein the

polythiol capped polymer and the volatile solvent are chosen to provide a

solution which contains from 20 to 70 g of polythiol capped polymer per 100 g of

polythiol capped polymer and volatile solvent.
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3. An acrylic polymer composition as claimed in either claim 1 or claim 2
wherein the core group, X, is at least part of the residue of a tri-to octa-
functional alcohol.
4. An acrylic polymer composition as claimed in claim 3 wherein the core
group, X, is a residue of glycerol, sorbitol, pentaerythrital, trimethylolethane,
trimethylolpropane, pentahydroxypentane, triquinoyl and inositol.
5. An acrylic polymer composition as claimed in any one of claims 1 to 4
wherein the linking group, Y, is alkylate.
6. An acrylic polymer compaosition as claimed in claim 5 wherein the linking
group, Y, is Cz.q0 alkylate.
7. An acrylic polymer composition as claimed in any one of claims 1 to 6
wherein the acrylic polymer chain, Z, is formed from 10 to 1500 monomer units.
8. An acrylic polymer composition as claimed in claim 7 wherein each
acrylic polymer chain, Z, is formed from 25 to 1500 monomer units.
9. An acrylic polymer composition as claimed in any one of claims 1to 8
wherein the volatile solvent is selected from benzene, toluene, xylene, aliphatic
esters, naphthalene, trichlorobenzene, dimethyformamide,  aliphatic
hydrocarbons, alcohols, ketones and ethers.
10.  An acrylic polymer composition, as claimed in claim 1, substantially as
hereinbefore described with reference to any one of the examples.

DATED: 30 November, 1099

PHILLIPS ORMONDE & FITZPATRICK
Attorneys for:

IMPERIAL CHEMICAL INDUSTRIES PLC
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