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15 (Meth)acrylic acids are monomers used to prepare many polymeric materials.
However, their tendency to polymerize makes their manufacture, transportation and
storage difficult. This is especially true in processes involving manufacturing and
reclaiming the monormers, in which elevated operating temperature increases undesired
polymerization. Under such circumstances, polymer formation becomes so severe that

20 the polymer precipitates and fouls process equipment. Eventually, equipment
shutdown and cleaning is required for removal of the polymeric foulant.

Conventionally, polymerization inhibitors are used in (meth)acrylic acid
processes to prevent undesired polymerization. Typical polymerization inhibitors are
phenolic compounds, amines, quinones, nitroxyl compounds and certain inorganic

25 complexes. Phenothiazine (PTZ), hydroquinone (HQ) and monomethyl hydroquinone
ether (MEHQ) are examples of the most widely used inhibitors. These inhibitors are
designed to interrupt the polymerization reactions and prevent formation of the
polymer. However, none of the available inhibitors are efficient enough to completely
eliminate undesired polymer formation. Even in the presence of these inhibitors,

30  polymer formation and subsequent fouling is still substantial, so that periodic cleaning

1s part of routine operation.
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or a mixture thereof, wherein R; is independently selected at each occurrence from

15  hydrogen and methyl; R; is selected from alkyl, aryl, cycloalkyl, alkylaryl, arylalkyl,
aminoalkyl, aminoaryl, hydroxyalkyl, alkoxyalkyl, oxoalkyl and haloalkyl; and R3 and
R4 are independently selected from hydrogen, alkyl, aryl, alkylaryl, arylalkyl,
aminoalkyl, aminoaryl, hydroxyalkyl, alkoxyalkyl, oxoalkyl and haloalkyl, or R3 and
R4, together with the nitrogen atom to which they are attached, form a heterocyclyl

20 group; and

b) 0 to about 95 mole percent of one or more vinylic monomers.

DETAILED DESCRIPTION OF THE INVENTION

25  Definitions of Terms

“Alkoxy” means an alkyl-O- group where alkyl is defined herein.

Representative alkoxy groups include methoxy, ethoxy, propoxy, butoxy, and the like.



- single hydrogen atom Preferred al kyl have from4 to about 22 carbon atons.
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15 “Alkylene” means a divalent group derived from a straight or branched chain
saturated hydrocarbon having from 1 to about 30 carbon atoms by the removal of two
hydrogen atoms. Preferred alkylene have about 3 to about 15 carbon atoms.
Representative alkylene groups include methylene, ethylene, propylene, isobutylene,
and the like.

20 “Amino” means a group of formula Y'Y?N- and quaternary salts thereof where
Y' and Y? are independently hydrogen, alkyl, aryl, heterocyclyl or arylalkyl as defined
herein. Representative amino groups include amino (-NH>), methylamino, ethylamino,
iso-propylamino, fert-butylamino, dimethylamino, diethylamino, methylethylamino,
piperidino, and the like.

25 “Aminoalky!l” means an amino-alkylene- group wherein amino and alkylene are
defined herein. Representative aminoalkyl groups include 3-dimethylaminopropyl,
dimethylaminoethyl, and the like.

“Aminoaryl” means an amino-arylene- group where amino and arylene are
defined herein.

30 “Aryl” means substituted and unsubstituted aromatic carbocyclic radicals and
substituted and unsubstituted heterocyclic radicals having about 5 to about 14 ring

atoms. Representative aryl include phenyl naphthyl, phenanthryl, anthracyl, pyridyl,
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15 atoms, in which one or more of the atoms in the ring system is/are element(s) other than

carbon, for example nitrogen, oxygen or sulfur. Preferred ring sizes of rings of the ring
system include about 5 to about 6 ring atoms. The heterocyclyl is optionally
substituted by one or more hydroxy, alkoxy, amino or thio groups. Representative
saturated heterocyclyl rings include piperidyl, pyrrolidinyl, piperazinyl, morpholinyl,

20  thiomorpholinyl, and the like. Representative aromatic heterocyclyl rings include
pyrazinyl, pyridyl, pyrimidinyl, isoxazolyl, isothiazolyl, pyrazolyl, pyrrolyl, pyrazolyl,
triazolyl, and the like.

“Haloalkyl” means an alkyl group as defined herein substituted by one or more
halogen atoms. Representative haloalkyl groups include chloromethyl, bromoethyl,

25 trifluoromethyl, and the like.

“Hydroxyalky!l” means an alkyl group as defined herein substituted by one or
more to hydroxyl groups, provided that no more than one hydroxy group may be
attached to a single carbon atom of the alkyl group. Representative hydroxyalkyl
include hydroxyethyl, 2-hydroxypropyl, and the like.

30 “(Meth)acrylamide” means acrylamide and methacrylamide.

“(Meth)acrylic acid means methacrylic acid and acrylic acid.



~and nethacrylic acid, particularly the recovery and purification processes
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15  Preferred Embodiments

This invention is a composition comprising (meth)acrylic acid and one or more
antifoulant polymers containing (meth)acrylate or (meth)acrylamide repeating units and
use of the composition to mitigate the fouling in the recovery and purification section
of the (meth)acrylic acid manufacture process and related processes.

20 As used herein, “(meth)acrylate and/or (meth)acrylamide-containing polymer”
means homopolymers or copolymers prepared by polymerization of (meth)acrylate
and/or (meth)acrylamide monomers and optionally one or more suitable vinylic
Monomers.

The polymerization is by any number of free radical polymerization techniques

25 known in the art including, for example, bulk, solution, gel, suspension or emulsion
polymerization.

In an emulsion polymerization, the desired monomers are dissolved in an
aqueous phase, one or more emulsifying agent(s) are dissolved in an oil phase and
emulsifying the water phase in the oil phase to prepare a water-in-oil emulsion, and

30  polymerizing the monomers dissolved in the water phase of the water-in-oil emulsion

to obtain the polymer as a water-in-oil emulsion. If so desired, a self-inverting
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obtain the water-in-oil self-inverting enulsion. Free radi cal y| Iﬁihn%os
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A gel polymerization is defined as a process for producing polymers as dry

20  powders. The preparation of high molecular weight water-soluble polymers as dry
powders using a gel polymerization is generally performed as follows. An aqueous
solution of water-soluble monomers, generally 20-60 percent concentration by weight,
along with any polymerization or process additives such as chain transfer agents,
chelants, pH buffers, or surfactants, is placed in an insulated reaction vessel equipped

25  with a nitrogen purging tube and cooled in an ice bath. Polymerization initiator(s) are
added to the cooled solution, the solution is purged with nitrogen, and the temperature
of the reaction is allowed to rise uncontrolled. When the polymerized mass is cooled,
the resultant gel is removed from the reactor, shredded, dried in an oven to a moisture
content of about 10 percent, and ground to the desired particle size.

30 In a solution polymerization, the monomers, initiators and any additional
additives are combined in a solvent in which the polymer is soluble. The solvent and

concentration are selected such that the resulting polymer solution is reasonably
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‘mal ei ¢ aci d, rrahﬁha:cryia:tedlwmgpﬁpylﬂﬁtlakquzﬁ&jlﬂ}edfyllaﬂxﬁnoéthmrﬁreﬂﬂc@mted and fumaric

acid esters. ot her pref p the ant i f.oul ant lymer is

sel ected from ?F@}le@y EHUTH 31/f“e§]8 E‘ﬁ?% i 33899 @P’h‘%ﬁ ﬁ‘é%?aﬁfyletgﬁ

acryl at e- co- st ymeherylge| y 2 et hyI hexyl acr yl at e- co- di et hyl am noet hyl

met hacryl ate, pgly 2- th co vin ate, | y ethyl

met hacryl at e, ﬂg'l %"t?uég i HQ@W&%{ é%?f%ﬁ‘%’wo"??ﬁgtﬁﬂir yl ate, poly
et hyl hexyl pet hﬂgﬁé&ﬁ&gmepol y lauryl net hacr yI ate, poly dodecyl

nmet hacryl at e, poly 30 oct adecyl net hacr%ll ate, poly benzyl nethacryl ate,
pol yet hoxy met Hg&{?]pg}y@lopﬁby)y'xethyl methacrylamide, methacrylic acid sodium salt and

dimethylaminoethyl methacrylate sulfuric acid salt.
In another preferred embodiment, the vinylic monomer is selected from
ethylene, propylene, butadiene, isoprene, styrene, vinyl acetate, vinyl chloride, vinyl

20  pyrrolidone, vinyl caprolactam, tetrafluoroethylene, vinylidene chloride, vinyl sulfonic
acid, acrylonitrile, methacrylonitrile, vinyl methyl ether, vinyl cyclohexane, acrolein,
vinyl butyl sulfide, vinyl ethyl ketone, vinyl pyridine, allyl acetate, allyl alcohol, allyl
amine, maleic acid, maleic acid esters, maleic anhydride, fumaric acid and fumaric acid
esters. ]

25 In another preferred aspect, the antifoulant polymer is sells:cted from poly 2-
ethylhexyl acrylate, poly 2-ethylhexyl acrylate-co-styrene, poly 2-ethylhexyl acrylate-co-
diethylaminoethyl methacrylate, poly 2-ethylhexyl acrylate-co-vinyl acetate, poly ethyl
methacrylate, poly isobutyl methacrylate, poly cyclohexyl methacrylate, poly
ethylhexyl methacrylate, poly lauryl methacrylate, poly dodecyl methacrylate, poly

30  octadecyl methacrylate, poly benzyl methacrylate, polyethoxy methacrylate, poly
hydroxypropyl methacrylate, poly dimethylaminoethyl methacrylate, poly
diethylaminoethyl methacrylate, poly 3-dimethylaminopropy! methacrylamide, poly



hydr oxypr opyl nethacryl ate, poly dinethyl am noethyl nethacrylate, poly

. di et hyl ami noet hyl nethacryl ate, poly 3-di methyl anunopropyl net ha(9r5yﬂlﬁ£rﬁ[]6fe
poly 7 WO ®@OM0PBH516 0 5 DEC 2005 PCT/ US2003/ 027 22 PCT/US2003/027522

vi nyl pyrrolidone-co-di netyl am noet hyl nethacrylate, poly |auryl

met hacryl ate-co- ethyl ene glycol dinethacrylate,' poly |auryl

nmet hacryl ate-co-acrylonitrile, poly lauryl nethacryl ate-co-(N butyl
acrylam de), poly lauryl nethacrylate-co-vinylpyridine, poly lauryl -

met hacryl at e- coviflylgiriytldang- a@eﬂeﬁlmﬁmbaﬁﬁmﬂab@m@@bw lidryion@backyldrechy| 5

th | at | t hyl
et h:gwl at 6. oo @xlgmggyﬁo l?e Bﬁfé g ﬁ%ﬂ%fﬁmwm -S9rRCTyioPi IR ROBY luny ¢ y |
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met hacryl am de, lapwl lyeth@maéﬁsﬁdledly Hd)eﬁld ingthaoslite, pogoﬁltyt‘)ro i?éthyI am noet hyl

G ot hy ! am ot Al ool § kRt Rt oL AR By Bblidope-
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met hacryl at e, pmbtyylgro@kbwﬂaem ImetGElatie, @@ly\tﬂld’ﬂhécryﬂh’@@hats&imm@m xseltyhoxy
met hacryl ate, paly V| nyl pyr roI i done- co- di net yl am noet hyl net hacr¥l at e,

poly lauryl metHEehylegiecty! wetieuiae spiyrcqcidmeleang 20 yHua aetigemipte e yI
net hacryl at gy C&m@ﬂi&]ﬂn%bt@lw th&hacBt¥.cd-a8He¥ ﬂ@ﬁﬂ?ﬁf@%oﬂk%ﬂ@@i bt B it

acrylam de), poly lauryl rmethacryl ate-co-diethylam noeth nmet hacryl at e,
-pol y f1 uoroal kyl et hylt 2RBH PEF ST e a6Pesh thegniifoutaat pq;%ﬁnv 1@1%@{@%@&1@%& hyl

met hacryl at e- Coetl){}jlllfb),(&/lp%fyrlﬂé 'pglglrkeeitﬁﬂﬁex 1'3'3}911%5‘95 al._ed gglgIZQ%yYhe Ity ﬁﬁaté2 ;}Iyl

acryl am de-co-styrene, poly acrylate-tco met"hyl am noet
met hacryl at e- codldbﬂémwoefﬂml‘metb@y}’lat@ﬂmboz-gfbb’léd?edy¢rym¢va‘0n)§llaa¢t€e The

(7ot vt . iy (LR M ROTAGTR 0 LM Ly
1,000 to about pddy RO 6Ghacylaef @r-ahylyneabeat dibeO@bryiate, pde ldurd O@:t0Flasrd nor e
e Used neat  or B PN B AT DRt O < fRar BT reeeRd y o o
(et h) acryl at e aABHcBNaté-BRE B HoBIKY UfetRRANAL, Db RHIUBR IR @Etﬁa&;ﬂbtbﬂo
atertal s at OO L STRST ALY S L 1 SONNSILSES Of o FRRL LG TN (handl i ng,
i nj ection
vinylcaprolactam, poly N-tert-butyl acrylamide-co-styrene, poly butyl methacrylate-co-
20 dimethylaminoethyl methacrylate-co-dodecyl methacrylate-co-octadecyl methacrylate.
The (meth)acrylate and/or (meth)acrylamide-containing antifoulant polymers of
this invention typically have a weight average molecular weight of about 1,000 to about
2,000,000, preferably about 5,000 to about 500,000 and more preferably about 10,000
to about 300,000.
25 The antifoulant polymers can be used neat or blended with a suitable solvent.
Most of the poly (meth)acrylate and/or (meth)acrylamide-containing polymers are solid
materials at room temperature. For the convenience of application (handling, injection
and distribution), a suitable solvent is often required to formulate the polymers into a
liquid form. A suitable selvent not only should dissolve the polymer, but also has to be
30  compatible with the (meth)acrylic acid process. Potential solvents are aliphatic

distillates, acrylic acid, methacrylic acid, alkyl- acrylate, methacrylate, commercial

extraction solvents, aromatics, alcohols, ethers and ketones.



~and distribution), a suitable solvent is often required to fornulate the
.polynmers intoa liquid form A suitable solvent not only shoul RIETE T

t he pol yrmer wdsifsdlse has to be 30 conmpatible with the (nepdyastybicsacid
process. Potential solvents are aliphatic distillates, acrylic acid, :

met hacrylic acid, alkyl- acrylate, nethacrylate, comercial extraction

sol vents, aromatics, alcohols, ethers and ketones. 8 WD 20114/035516 0 5 DEC
2005 PCT/ US2003/ 027522 Accordingly, in another preferred aspect, the

antifoul ant conpositi i ne [ L% I - rltaﬁ |
anti foul ant conposi ti%gcogcg{ lgﬁlg%noﬁ%gpﬁ%zr%gﬁ%ggtf%ﬁor eo'glargi%tc)%ﬁgér}sﬁon [ spér sant
anti foul ants. Thtenprseeapet nad golvenisor t ant when a foul i ng situation

originates from5 several fouljng saurces other than pol J.zed,.
(meth)acrylic acid. ﬁ?&ntlgql‘zaﬁé?og’?ﬂfltlo%ﬁpia%Bd?cé‘H{@n?rﬁ‘{/)’“B%%{"%“a PFRE PV e
than the (neth) asitrbahms and/i06spbdiBlynpériant aRtefouRi¥imbitinngigheley fems f or
certain fouling fromother causes. In this case a conbination of the
(met h) acryl at & aPfRIFSFfouhe 1yEEs Shearideoberriashimrg ey amsids Qiher qisBerrs

di spersant anti fQubamntsmh b msfa.%ﬁeaiv@&ﬁah%eqmetﬁ)%ﬁm@gncgmhl%@lbacryl&ﬁde-

Accordingly, in another preferred aspect, the antitoul ant ‘conposition
further conpri sesntamiag pelymensdordiedpe fading Som|atheapaistsen thiseisercenbagipecal, t he

di t I i o [ ' h
e sant s o e FRBEASOTAL ML MR AL ik Bl LR BePB BBy ch o
acid esters, pol yntifedimts wilbensurs effcient fouliy @nireli des of pol yam nes, 15

al kyl phenol et hoxyl at e al.kyl phenal -fornmal. dehyde resins, fatty.acid esters,
fatty acra diaus. tatsesry B P BT FRe ey ale 5P BBtsr eiatisditheBs and
pol ysacchari de etdieprseant oraned ditpesantdhe anti f oul ant conposition may al so
i ncl ude polymerization inhibitors Pol rization inhipitors are .
conventional ly used td 28§ ﬁrrpégfg”?ﬂﬁ{%?g?%egg?ﬁ’&%?ﬁef%}ﬁt OQéﬁVﬁS“ stituted
(nmeth)acrylic achgl @diatidosuch hiddReybenagRsIBHIctacial adithdy Qitd, @by are used in
conbination in (nmeth)acrylic acid processes. The term pracess i
pol ymeri zati on i FAPBYIERT SUREBRECARTRO]Y 183MGIISReSRCciHC 2ibimBAM AL PYNAMIBFS known
pol ymeri zatiqn i gy Bhérfa[e&?hoxymg,ca];@gﬁgeﬁouf&nﬁmawdelrémgfagg? g&_w Blfers, IfsityoRRET ved

|

using the antifoulant polyners of 'this invention in addition to process
amides, fatty acid imidazolines, fatty alcohol ethoxylates and polysaccharide ethers and

acetates.

The antifoulant composition may also include polymerization inhibitors.

Polymerization inhibitors are conventionally used to suppress undesired polymerization
20 in (meth)acrylic acid production.

In many cases multiple inhibitors are used in combination in (meth)acrylic acid
processes. The term process polymerization inhibitor means any use, singly or in
combination, of known polymerization inhibitors. Improvement in controlling fouling
is observed using the antifoulant polymers of this invention in addition to process

25  polymerization inhibitors to (meth)acrylic acid processes.

Accordingly, in another preferred aspect, the antifoulant composition further
comprises one or more polymerization inhibitors.

In another preferred aspect, the polymerization inhibitors are selected from
hydroquinone, hydroquinone monomethyl ether, phenothiazine, 4-hydroxyl-2,2,6,6-

30 tetramethylpiperidino-1-oxyl, other nitroxyl compounds, N-alkylphenylenediamines,
nitrosated N-alkylphenylenediamines, hydroxylamines, nitrosophenylhydroxylamines,

nitrosodiphenylamine, copper complexes, manganese complexes, and mixtures thereof.



25 polynerization inhibitors to (nmeth)acrylic acid processes. Acé%t%ﬂhéM@,

. in another preferred aspect, the antifoul ant conposition further conprises
one or nor ewPlessszAat i on i nhi bitors. I n another preferreRCREREOI/N27EHe

pol ymeri zation inhibitors are selected from hydroqui none, hydroqui none-
nononet hyl et her, phenothi azi ne, 4-hydroxyl-2,2,6,6- 30

t et ranet hyl pi peri di no-1-oxyl, other nitroxyl conpounds,

N al kyl phenyl enedi am nes, nitrosated N al kyl phenyl enedi am nes,

hydroxyl am nes, nltrOmlabﬁé%sﬁeédtrgg%bmbﬂ%sametﬁbctéfcb?a@h Mkgthige, COpper
conpl exes, manganese conpl exes, ‘and m xtures thereof. 5 DEC 2005 WO

2004/ 035516 PCT/ (U8B gnao7Boprorsss eamnriae addipeto the pigpess ﬁtrmlrmf‘éﬁcw a net hod
of preventing fo%ﬂf&gmg%p %%EBF%&%%& ﬁﬁ&d&ﬂh‘%@%@t&%@Eﬁtﬁb&%tadd' ng to

t he process stream an Tive  anti anmoun e or
(meth)acryl ate opd&mmﬁh&aamyhamhdayammmﬁmwhabypommmymmgs t he anti f oul ant

pol yners prepared by pol ri bout nt of Jone or
nore (neth)acryl & e O%O(J%g{%t})og@}oﬁ pﬂﬁeét Oﬂf)ﬂ‘blﬁ‘érfgmf)tg)afg’?%?rg

H2C=C. C, O R3 N, Réndfeobf Rrul¥t ure thereof, wherein Rl is |ndependently

sel ected at each occurrence from hydrogen and nethyl; R2 is selected from
al kyl, aryl, cycloal kyl, al kylaryl, arylal kyl, am noal kyl, am noaryl,

hydr oxyal kyl , al koxyal kyl, oxoal k- yIRand hanaIkyIR and R3 and R4 are
|ndependently sel ected fronthydrog%gc al kyl, ar lélkylaryl aryl al kyl ,

am noal kyl , ami noaryl, hydroxyal kyi", 'ﬁbxyalky 430&9a1kyl and hanaIkyI or
R3 and 15 R4, together with the n|trogEn atomto Mhl@h they are attached,
forma heterocyclyl group; and b) 0 Uq abut 95 nwferpercent of one or nore
vinylic nmonomers. The dosage of the (neth)acryl ate and/or

(met h) acryl am de- containing anitfoulant polynmers in the (meth)acrylic acid

B; g? Zf Zb: >S/ tai; Lfarlflb%f "%u c[of,fgﬁﬁmo%]ms mﬁlape&g?xgg/ sele gteé at each occuxlrén(()sg ﬁggpﬁ)

hydrogen and methyl R, is selected from alkyl, aryl, cycloalkyl, alkylaryl, arylalkyl,
aminoalkyl, aminoaryl, hydroxyalkyl, alkoxyalkyl, oxoalkyl and haloalkyl; and R; and
R4 are independently selected from hydrogen, alkyl, aryl, alkylaryl, arylalkyl,
aminoalkyl, aminoaryl, hydroxyalkyl, alkoxyalkyl, oxoalkyl and haloalkyl, or R; and
15 Ry, together with the nitrogen atom to which they are attached, form a heterocyclyl
group; and
b) 0 to about 95 mole percent of one or more vinylic monomers.
The dosage of the (meth)acrylate and/or (meth)acrylamide-containing
anitfoulant polymers in the (meth)acrylic acid process is typically about 1 to about
20 10,000 part per million (ppm), preferably about 10 to about 1000 ppm and more
preferably about 20 to about 200 ppm.
The injection of the (meth)acrylate and/or (meth)acrylamide-containing
antifoulant polymer can be done continuously or intermittently..
In a preferred aspect of this invention, one or more polymerization inhibitors as
25 defined herein are added to the process stream.
In another preferred aspect, one or more dispersants as defined herein are added
to the process stream.
The (meth)acrylate and/or (meth)acrylamide-containing antifoulant polymer and

polymerization inhibitors and/or dispersants may be added, for example, at different

10



_ preferably about 20 to about 200 ppm The injection of the (nmeth)acrylate
.and/ or (neth)acrylam de-containing antifoulant polyner can be dong DEC 2005
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one or nore polynerization inhi bitors as 25 defined herein are added to the
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general i zed (et rylic acid recovery an thon process, the
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t he Ilght conponents in_ the product..eff n the xtract on
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oper at i ng as a conbi nat I on
The extract is subsequently vacuum-distilled in a solvent recovery column. The
(meth)acrylic acid-free solvent is recycled as extraction solvent. The crude
(meth)acrylic acid stream is then purified of remaining extraction solvent and reaction
by-products in succeeding distillation towers. Design variations exist with altered
20  tower sequence order, and, or the presence of single towers operating as a combination
of towers.
Accordingly, in another preferred aspect, the (meth)acrylic acid manufacturing
processes is selected from (meth)acrylic acid recovery and purification.
In another preferred aspect, the (meth)acrylic acid process is selected from
25  processes in which (meth)acrylic acid is used in a reaction, processes where
(meth)acrylic acid exists as a significant byproduct and processes where unreacted
(meth)acrylic acid is recovered including (meth)acrylic acid esterification processes,
acrolein manufacturing processes and acrylonitrile manufacturing processes.
The foregoing may be better understood by reference to the following
30  Examples, which are presented for purposes of illustration and are not intended to limit

the scope of this invention.

11



of towers. Accordingly, in another preferred aspect, the (nmet h)a Qﬂﬁl d
. manufacturing processes is selected from (neth)acrylic acid recoverg}‘c
purificati oo hey@eQkher preferred aspect, the (meth)acrylRE/E800B/7BCesSs i S
selected from 25 processes in which (neth)acrylic acid is used in a :
reaction, processes where (neth)acrylic acid exists as a significant
byproduct and processes where unreacted (nmeth)acrylic acid is recovered
including (nmeth)acrylic acid esterification processes, acrolein

manuf acturing proggpges and acrylonitrile manufacturing processes. The
foregoing may be better understood b7y reference to the follow ng 30
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i ntended to Ilm%) g%gr scope of this invention. 11 WD 2004/035516 0 5 DEC
2005 PCT/ US2003/ B%l "Exanple 1 Preparation of 45 nole percent 2-ethyl hexyl
acryl ate/ 55 ol e per c‘embmst;bf énélthb@drxlmte(ﬂg&mmnﬂm& gbéindXeeashy (68 g) is
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increased to abouére#ed fo 206t 4TRCNHnA nefaiadd A9C fof athadbie HORE houaecanetmol
1- Dodecanet hi ol 0. 09 and azobiisobutyronitrile (0.37 g) are then added
in the nmixture. (PRE2) an H%R?r“é‘?hh‘%om%ﬂ? @ e aredhenrngded gdheaniiget B reacti on

m xture is mai ntt@l‘nP&Qtugt s Wl 1o ib%gpﬁ%“? %rcﬁhe dr%ch%ﬁ' LEGfQUE: m%all:ﬂera%{ ¥, the

tenperature is inc cased 1o aroun to maintained Tor one hour. The
pol ynmer product thaperatuwebgihteedversafmahyltiecethparatueiighicreasef] tGL o800 04r*€amdr ed

by GPC. Additional. pol rs of (peth e and/ or met h) am de with
ot her vinylid m)rﬁ?)lﬂg X?‘EO&W%E@%&WB p[rocf%q has Fé(‘fei‘%‘té eéageﬁ‘?og‘iﬁ%l&éﬁ' gﬁ
simlar manner. Jf5080benburs€ry €PCotakitioa]l podm@isSfiihb@jacoMté/iidiori S used to

simul ate the polynmer forming environpent in the recovery and purjfication
section of (met rﬁ?‘&@ml@nﬁi&“ﬂth%ﬁ%@i TPRGREIR AR ARY FIRAOTE Wt Qls Fagio are

antifoul ant addig rwmlb&lwﬁnﬁg‘s a reflux condenser on the top, a tray
section in the mddle, and a | L boiler flask at the bottom For an

experinment with acrylic acid feed, the boiler flask is filled with about 450
g of 15 A bench scale total reflux distillation unit is used to simulate the polymer

forming environment in the recovery and purification section of (meth)acrylic acid
manufacturing unit and to evaluate antifoulant additives. The unit has a reflux
condenser on the top, a tray section in the middle, and a 1 L boiler flask at the bottom.
For an experiment with acrylic acid feed, the boiler flask is filled with about 450 g of
20  acrylic acid, which is inhibited with about 200 ppm MEHQ. To ensure a safe
operation, an additional amount of inhibitor, either 0.55 g MEHQ or 0.23 g PTZ, is
added to the boiler flask. With constant heating applied from an electric heating
mantle, the boiler flask boils acrylic acid and generates inhibitor-free acrylic acid
vapor. The vapor travels up through the tray section and into the reflux condenser. The
25  tray section contains six circular shelf metal trays, and the acrylic acid condensate from
the reflux condenser drips back through the trays to the boiler flask. The unit is
operated under a pressure of 160 to 190 mm Hg.
For a typical experiment, the unit is operated in a total reflux mode for 30
minutes. During the experiment, a liquid stream, either an additive solution or a control
30  solvent, is continuously injected into the unit at a location above the tray section. The

injected solution mixes well with the reflux condensate before the condensate drains



.20 acrylic acid, which is inhibited with about 200 ppm MEHQ To ensure a

. safe operation, an additional anmount of inhibitor, either 0.55 r
0.23 g PTZ,wb3004adckgg to the boiler flask. Wth constant Rkeatisng3apptbie
froman electric heating mantle, the boiler flask boils acrylic acid and
generates inhibitor-free acrylic acid vapor. The vapor travels up through
the tray section and into the reflux condenser. The 25 tray section contains
six circular shelf netal trays, and the acrylic acid condensate from ‘the
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t he condensate drains 12 WO 2004/ 035516 O C, ,2005 PCT/ US2003/ 027522 down
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pol yner parti cl inthe liquid. 15 Two feeds ar sed, in antifoul ant
eval uati on, acr?ﬁaflﬁwgi?nditgﬁ S?’Féstl?fé%frp)?},\p er RS RGNS > Acrylic acid feed,

untreated. 15 Two feeds are used in antifoulant evaluation, acrylic acid and methacrylic acid.

Example 2
Acrylic acid feed, untreated.
Inhibited acrylic acid or kerosene is used as solvent in formulating most of the
20  antifoulants of this invention. Two untreated experiments are performed with each of
the solvents for a baseline fouling rate.

For the untreated experiments, substantial polymer formation is observed on the
trays and in the flask. Typically, polymer accumulation starts on the top of the trays,
and then progresses to underneath the trays. Polymer precipitation is also seen on the

25  boiler flask wall above and under the liquid line. In the untreated case, the liquid itself
is clear and free from any suspended particles, indicating the liquid did not have any
dispersing capability for polymer particles.

The experiments are terminated after 30 minutes of reflux operation. At the end
of the experiments, the trays are completely covered with a thick white polymer layer.

30  Twenty and twenty-one grams of polymer are recorded in the experiments with

kerosene and acrylic acid control solvents, respectively.
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I nhibited acrylic acid or kerosene is used as solvent in formulati ng nost of
+the 20 antifoulants of this invention. Two untreated experinents BEC 7005
per formed wisdnoegeisaf the solvents for a baseline foul i NRCYHS®WOI/FIF22 he
untreated experinents, substantial polyner formation is observed on the-
trays and in the flask. Typically, polyner accunul ation starts on the top of
the trays, and then progresses to underneath the trays. Pol yner
precipitation is also seen on the 25 boiler flask wall above and under- the
liquid line. In Exenplotreated case, the liquid itself is clear and free
from any suspendﬁ Fartl | es, indicating the liquid did not have any

di spersi ng capabf*fitiya¢ig eeBo‘FVFFérWIi%‘aatdfhlﬁ&‘Fses The experinments are terninated
after 30 minutes of r'ﬁ{eltk%tegre%&ﬁ{eﬁﬂ arcAlerbfifeaGthe sahe b e%p%geﬂﬁfareﬁedthe
trays are conpletely covered hi'ck white pol yner ?ayer Twenty
and twenty-one gﬁ?@mst thdt asolupomeef (meth)acadee Mrl(meﬂ%ném@cfmmgmmfhulant

ker osene and ont r ol I ts..res 004/,035516
5o Bee 2005 eoriidsaY g“ﬁ%“’z%r w2 asiT & Griguogly be ey eedmy\gr@éa A e
additives. The tackiai\eeeiaxexpenpnraémtauﬁalentplesafgewmdweughttth@e@msmaﬂ‘her as those

untreated, except_.that a_.solution o h),acryl ate. and/ or . .
(et h) acr yI ami de %W@?Cﬁloﬁén ‘#jﬁ‘?‘fedﬁmﬁﬁéﬂigyﬁﬁ pgn \“r?ogﬂ}e(‘)g%é“%]ronat@?yl ic
acid is continuousy, ¥nd@sleetie FRNPpdah@icd §HAsIS EREduSon diipbolynRe Birnhty@Sis aéfed

conpared at equival ent dosages on a weight to wei ght basis. The perfor mance

of an additive i3 HeBEEEBCESAUEERD ip SRIYRET IORMation i FYRRATISIOY Wa it WHreatd e
tray, and al s tRhecfik eﬁer@ﬁ@mrn@rmcmmﬁ béste Bﬁ%ﬁ? RpEd Ron¥REatf PRpBE | ON

is defined as the percentage reduction in po yner tlon I n conparison
Wi th an untreat eénd \99 mepos Apelpmbretresfirayseationeans no reduction in pol yner

formati on compar ed t or0: WAEERLEM (!l pra0Hed A0 IBANS AQRI IR L6y oY

section. Three groups o are resen represen
(meth)acryl ate a(mldtb)vacry(anmﬂdac)cmtmzyh@mltlﬁmlanomlanms ngﬂwmnva‘ntmxh @liests pdl9ymar s of

IABCAIIIREE SO e R e S

15 compiled in Table 1.
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. WD 2004/ 035516 TABLE | 0 5 D E C 2005 PCT/ US2003/ 027522

. Test Addi ti vesReducti on, Fl ask appearance er precipitate |ayer at @QDquWBI
| Dodecyl beng@@osaski@ni ¢ aci dDone' k ' ic PO 7d, no di sperpgirars26o3lo27s22 [T qu

2Poi yi sobut yl ene succinic acla Inonel arge chucks of polyner; clear |iquid,

no pol yet hyl ene am nedi spersi on 3Al kyl phenol -f or mal dehyde8Fi ne precipitates

at the bottomof flask, clear liquid, no dispersion 4Poly

vi nyt pyrrol i done-graft-bexadecenenonet hi ck pol ynmer |ayer and precipitates on

flask wall, some dispersion 5Poly vinylABLEO| i done-co-vinyl acet at enonet hi ck
pol ymer |ayer and precipitates on flask wall, sone dispersion 6Poly
2-et hyl hexyi acryl ate35n0 precipitates, clean fhisk wall, well- dispersed
liquid phase TiPal yabliawy nethacryl at e64PPRyd¥&lon,0M Flakiapeatiiadel , SOME
di sper si on 8PbLy 2-ct hyl h~xyi acryl ate-cp%styrene67no precipitates, clean
flask wall, Well dDspeitsechedHoligeci2- et hyl hexyl acr yhichpeymzopracipitad |/ Frobottom;
precipitates, [clean flask wall, \el| acefat edi sperlseHquidgPg|sgerseo |
acryt at e- co- 68ho prEviopitat weincgfidan flaskoral |, | dFes guris eidoldPEtclisant foet hyl
met hacr y| at el polyethylene amine dx;persnor_l .
3 Alkylphenoi-formaldehyde 8 Fine precipitates at the bottom of flask, clear
liquid, no dispersion
4 Poly vinylpyrrolidone-graft-hexadecene | none thick polymer layer and precipitates on flask
well, some dispersion
5 Poly vinylpyrrolidone-co-vinylacetate none thick polymer layer and precipitates on flask
wall, some dispersion
6 Poly 2-ethylhexyl acrylate 35 no precipitates, clean flask wall, well-
dispersed liquid phase
7 Polyethoxy methacrylate 64 Polymer on flask wall, some dispersion
8 Poly 2-ethylhexyl acrylate-co-styrene 67 no precipitates, clean flask wall, Well
dispersed
9 Poly 2-ethylhexyl acrylate-co-vinyl 67 no precipitates, clean flask wall, Well
acetate dispersed
10 Poly 2-ethylhexy! acrylate-co- 68 no precipitates, clean flask wall, dispersed
diethylaminoethyl methacrylate
11 Poly lauryl methacrylate-co-acrylonitrile | 95 no precipitates, clean flask wall, Well
dispersed
12 Poly lauryl methacrylate-co-(N-tert-butyl | 26 precipitates on the upper flask wall, no
acrylamide) precipitates in liquid, well dispersed
13 Poly lauryl methacrylate-co- 48 no precipitates, clean flask wall, Well
diethylaminoethyl methacrylate dispersed
14 Poly fluoroalkylethyl methacrylate-co- 94 no precipitates, clean flask wall, Well
styrene dispersed
15 Poly (N—tert-butyl acrylamide)-co- 96 no precipitates, clean flask wall, Well
styrene dispersed
16 Poly N-vinylpyrrolidone-co- 99 _ no precipitates, clean flask wall, Well
dimethylaminoethyl methacrylate dispersed
17 Poly vinylpyrrolidone-co- 71 trace precipitates on upper flask wall, most
vinylcaprolactam-co- flask wall clean, well dispersed
dimethylaminoethyl methacrylate
18 Poly lauryl methacrylate-co- 73 trace precipitates on upper flask wall, most
diethylaminoethyl methacrylate-co-(N- flask wall clean, well dispersed
tert-butyl acrylamide
19 Poly butyl methacrylate-co- 99 no precipitates, clean flask wall, Well
dimethylaminoethyl methacrylate-co- dispersed
dodecyl methacrylate-co-octadecyl
methacrylate

As shown in Table 1, antifoulant additives with poly(meth)acrylate and
5 (meth)acrylamide repeating units generally show good performance in reducing the
amount of polymer formation on the trays, in dispersing polymeric foulant in the boiler

flask of acrylic acid and in keeping the flask wall clean. In addition, copolymers of

15



I 1Poly lauryl nethacrylate-co-acrylonitrile 95no precipitates, cl@amgdl fﬁﬁk
.wall', Well 1 dispersed 12Poly | auryl

ni et hacryl ay626MmGdEert - butyl 26preci pitates on the upper lfdmskumwhzzno
-acrylam de)precipitates in liquid. well dispersed 13Poly | auryl

met hacryl ate-co-48no precipitates, clean flask wall, Well -diethytam noet hyl
nmet hacryl at edi spersed 14Poly fl uoroat kyl et byi net hacr yl at e-cc-94no
precipitates, clean flask wall, Wil styrenedi spersed 15Poly (N-tert-butyl
acrylam dc)-co LRI cheR ' ed
Topol y Nvi vl pyr ol EhaRe B i SHERIGASK Wl o V) o3, SEChSRERS

di ni et hyl am noetshg¥ gmmfmyme evhns'ﬁaneld'rntﬁsl@cﬂtl}csc/omyxt\pwlmmlnbmme co- 71trace
preci pitates on nost v i.capr m CO- cl ean,
el | di spersed dPaESEly f%%”}féfgfaf}?ﬁl F?Fe"’txﬁ%ireyl?"é?(é X@iﬁﬁ? JAPEGP Y “yﬁ‘cg‘ate hd

met bacryl at e- co-pbBt Wlﬁﬂﬁyfm‘lﬁlﬁhd%rbﬁ-ﬂleﬁad@d'tntlaﬁﬁbt dffeatite MifdulantsoBi refluxing

di et hyl am noet hyl net hacryl ate-co-(N-flask wall clean, well dispersed

tert-butyl acr yIaéﬁihﬂéC@Q‘F’éFfV“lﬁﬁlf%}Ym%WH%EWélf‘%thl?ér—y@%?} (Brethocpylsmideare ¢ ean
flask wal 1, Weldygl Kﬁﬁ&%ﬁ%%&ﬂ%@ﬂﬁe SEbRaesy |p%‘iﬁso%9t‘e9&l%9&ruﬁﬁﬁhe§j®%cy|

ni et haeryl at e- co- oct ade nethacryl ate As shown i Table 1, antifoul ant

addi tives with polygthyienppameslaad elkgplensl- tonmlﬁghadfs wsafrlrdtseermpﬁ@aq ¢lpigedns t s
general ly show r tion
oo et aya "’ SR SGLAAE L U0 e B s B2 IR

acrylic aci d ancroaskeepi ng the flask wall cl ean I n add| t| on, copol yners of
15 0 5 DEC 2005 WO 2004/ 035 CT/.US 1027 ( Crylat or
(rret h) acryl at’hi de m)&lg‘ ge%]]hfﬁ {ndisp e\?ﬁ%ﬁlco ?‘Feagg} gﬂ%’F&FI} lly More
effective than a homopolymer antifoulant. As shown in the table, the performance of a
copolymer antifoulant can be significantly improved through monomer selection and

monomer unit mole ratio optimization.

15 Example 4
Methacrylic acid feed, untreated.

In a similar fashion to Example 2, an untreated experiment is performed with
methacrylic acid. The methacrylic acid is inhibited with 230 ppm MEHQ. An
additional 500 ppm phenothiazine is added to the boiler flask.

20 During the experiment, polymer gradually forms and precipitates out on the
boiler flask wall above the liquid, but the tray section remains clean. Fine polymer
particles suspended in the liquid are noticed, but no precipitation occurrs during the
experiment due to agitation by the magnetic stirrer. The reflux operation lasts for about
100 minutes. After the experiment, the liquid is collected in a bottle, and left

25 undisturbed. With time, the suspended polymer particles precipitate out of the solution,
settle to the bottom of the bottle, and leave a clear liquid phase above the bottom

precipitates. This settling process takes about 4 hours in an ambient environment.

Example 5
30  Methacrylic acid feed, treated
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show good perfornmance even when pol yners of these other vinyl erncUTgaﬁ?C 2005

. thensel ves are ineffective. For exanple, poly

vi nyl pyrrol (dPRei6Rsi Nyl acetate and poly vinyl pyn-ol i done=gusthibshexadecene
are not effective antifoulants for refluxing 5 acrylic acid, but their. -
copolynmers with either (nmeth)acrylate or (nmeth)acrylam de are good.

Al t hough dodecyl benzene sul fonic acid, polyisobutenyl succinimdes with

pol yet hyl ene am nes, and al kyl phenol -f or nal dehyde based di spersants are
clained as effectiv L : 10t [ orm as
such for the acryli cegg?%‘ptm:orlglgéJsSgI.[m%dg%ee%egglﬁﬁfg?tﬁa{ngﬁé’ gigg?tgg%%dgﬁ {evfethat a
copol ymer ant i f ofibmntst #39 (esblerialsicgntimmoesly sfdced tinty ¢hetrbfan cnéamsnp dhrymgeke
antifoulant. As shown in the table, the performance of a copol yner

antifoul ant can B&EPEHi ficantly inproved through nononer sel ection and
nmononer unit nol e ratT Qpéifang Blts Bbut 160 Eratd! ehddRWRRG fdel oF arEhdlyrhaed,
untreated. In a simlar fashion to Exanple 2, an untreated experinent is
performed with REchEdesAtihe eag pithe Trpsrimerth Xemeypolyaneaparticlesar alse benédthgi t h 230
ppm MEHQ An addjf:} : A% [ Lier,dl ask.
20 Dur i ng the expdt Pan et r R RIROEL B R PR e D P B b
the boiler fl askftesaany digov&htslobseniatjon dgmdnstratedtbatithia yddtinctis ameffestied ns ¢l ean.
Fine polyner particles, suspended in the |iquid are noticed, bu

bt eci b tat fon belipFeRtRE e s ok o u R g ik vEPRane b e

magneti c stirrer expehieetitef | ux operation lasts for about 100 m nutes. After
the experinment, the liguid i.s collected in a hottle, .and left 25

undi st arbed. Wy h ¢ bl s SFH GRS Bt st S B e BBt e out of
the solution, sdahblriohat ishebd@ideeBo®that fieh Behil lseoleBr theepuepode ldadar | i quid

phase above the bottom ecipitates., This settling process takes ahout 4
hours in an anbi QWPer@W&%ﬁ%H‘ES? aliegatiops andshagep/pAnPerade theretp pythesssdilled r eat ed

16 0 5 DEC 2005 WQn@RQdRalVadirReFHonliBe 300BIHAAEGR DL T iSveRYRESIERNAL itinh

simlar to the experiment in Exanple 3, except the additive fromtesg’ 9 19,

|
Table 1, is cont bali@ited By thaplasisedl] herges Waich spme withribemeaing andiringg of he

15 equivalency of the claims are to be embraced within their scope.
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experinment. The experinent |asts about 100 mi nutes. The flask wall ﬂ? mﬁﬁﬁ
-of any polyner 5 precipitates at the end of the experinent. Fine_ po g
particles ame Absesssaen in the liquid, but there is no precimstadsBRbab0
settling of polynmer particles out of the liquid even after many days. -This
observation denonstrates that this additive is an effective dispersant,
keeping the polyneric particles fromprecipitating during and after the
experinment. 10 Although this invention has been described in detail for the
purpose of illugstsaggon, it is to be understood that such detail is solely
for that purpose and that nunerous nodifications, alterations and changes
can be nmade therein by those skilled in the art wthout departing fromthe
spirit and scope; of t ji: i > - j M e
ol ai ms. AT changes vt akFXEALAEKEREhmAR e EBaeri sLldthl B Gindid
equi val ency of t@etihhaylae oafrecth)ocrylmedeantfoekinyvpdymans, theeintif@tapppolyriet WO
2004/ 035516 q_AI M5 0 DEC 2005 ~ PCT/ US204~A 122005 1. An antifoul ant
conposi tion conp‘?rf%air?ﬁi}y(q?gf‘%e)né’@r’yl ic acid and one or nore (neth)acrylate or
(et h) acryl am dea)ant isbowtlsant opmberpercsnt of Bfe @midre ChidtatryRed otifeth)Brynapar ed
by polynerising a) about 5 to 100 nol e percent of one or nore (neth)acrylate
or (neth)acryl afPeoRPmespAfdpaIde of fornula 10 or R H20~Cr,o R3 N, R4 or a
m xture thereof, wherein R is independently selected at each occurrence
from hydrogen and nethyl; R2 is selected fromal kyl, aryl, cycloal kyl,
al kylaryl, arylalkyl, amnoalkyl, afinoaryl, hydrexyal kyl, al koxyal kyl ,
oxoal kyl and hal oal kyl ; and R3 angc=Rd_gre indepeadently selected from
hydrogen, alkyl, aryl, alkylaryl, arylral kyl, 15 am Iﬂ?dgl kyl, am noaryl,
hydr oxyal kyl , al koxyal kyl, oxoal kyl argd hal oal kyl ,R,(MR R, and

2 or 3 4

10
or a mixture thereof, wherein R; is independently selected at each occurrence from
hydrogen and methyl; R, is selected from alkyl, aryl, cycloalkyl, alkylaryl, arylalkyl,
aminoalkyl, aminoaryl, hydroxyalkyl, alkoxyalkyl, oxoalkyl and haloalkyl; and R; and
R4 are independently selected from hydrogen, alkyl, aryl, alkylaryl, arylalkyl,

15 aminoalkyl, aminoaryl, hydroxyalkyl, alkoxyalkyl, oxoalkyl and haloalkyl, or R3 and
Ry, together with the nitrogen atom to which they are attached, form a heterocyclyl

group; and
b) 0 to about 95 mole percent of one or more vinylic monomers.
20 2. The antifoulant composition of claim 1 wherein the (meth)acrylate or

(meth)acrylamide monomers are selected from methyl acrylate, ethyl acrylate, butyl
acrylate, 2-ethylhexyl acrylate, methyl methacrylate, diethylaminoethyl methacrylate,
ethyl methacrylate, isobutyl methacrylate, cyclohexyl methacrylate, lauryl
methacrylate, dodecyl methacrylate, octadecyl methacrylate, benzyl methacrylate,

25  ethoxy methacrylate, hydroxypropyl methacrylate, diethylaminoethyl methacrylate, 3-
dimethylaminopropyl methacrylamide, N-butyl acrylamide, fluoroalkylethyl
methacrylate, N-tert-butyl acrylamide, 2-hydroxypropyl methacrylamide, N-
(butoxymethyl) methacrylamide, N-(2-methylpropoxy)methyl methacrylamide,

methacrylic acid sodium salt and dimethylaminoethyl methacrylate sulfuric acid salt.

18



R4, together with the nitrogen atomto which they are attached, f[ﬁéma
-heterocyclyl group; and b) O to about 95 nole percent of one or Pl 2005
vinylic nowe‘ro_s‘m.-&? 2. The antifoul ant conposition of clarmubtmbessen the
(meth)acrylate or nmet h) acryl am de nononers are selected from nethyl .-
acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl acrylate, nethyl

nmet hacryl ate, diethyl am noethyl nethacrylate, ethyl nethacrylate, isobutyl
met hacryl ate, cycl ohexyl nethacrylate, lauryl nethacryl ate, dodecyl

nmet hacryl ate, octadecyl. nmethacryl ate, benzyl nethacrylate, 25 ethoxy

met hacryl ate, hydroxypropyl nethacrylate, diethylam noethyl nethacrylate, 3-
di met hyl am nopr 8py| et sraidoudra nordggsitien biitlyim hehgtbanhaanylfd monort(Kyiret hyl

(but oxy et hyl ) FREHEEERGT S e PO EarSe et GBS ABTHy | UG Fi e,
ut oxymet hy

nethacrylic aci dypagd l’J %‘r}oh@&@ din |.2@inNR&h Mo Q@C\'ﬁﬂ/lﬁ%ﬁe cshllﬂrfd'é” c
acid salt. I's WD 2001/0 0 5 DE 2 05 PCT/ US2003/ 027522 3.

antifoul ant conpowi fml%nlc@fndcacaylﬁmmlm@ﬂ@mlmﬁ@lewmxl|mq§h>ﬁsﬂmrnﬁmyls) are
| ected f | j i nyl
selected trom etc%%ﬂ%?& DLORY fiﬂg B‘l‘ xﬂ-li&eeoﬁyl éﬁlﬁ@?ét@&e ’vgﬁ %ﬁ—ﬁﬂﬁ alift MY

acetate, vinyl ori vin one capr
tetrafluoroethyh&mﬂaauyhykmdbmgdemhwrmdemaadwhﬂﬁkaﬂuwhdmlc aci d,
acrylonitrile, methacrylonitrile, vinyl methyl ether, vinyl cyclohexane,
acrolein, vinyl butyl sulfide, vinyl ethyl ketone, vinyl pyridine, allyl
acetate, allyl al cohGhe arﬂlfduydnt adthptRitiondl ehith Bwheteinnied ﬁinﬁ)u&mhp’dyﬂld&s 4. The

anti f oul ant ¢compQ sition of 1wheent tlfou ant p 10
sel ected froth pdf V@mwlhgf&y% Xlﬁf%( & p%%?ﬁthapézf%ﬁqfrﬁlés?ﬁ %T%e po}Yf
acryl at e- co- st yegpBexatrylae- ccealbmylla@mkm@lqwha%tﬁat@qmw Ethyhai neakixb-
met hacryl ate, poly 2-ethyl bexy e-co- vinyl acetate, poly ethyl

net hacryl at e, p&ﬂ“9’l ?%Eﬁ?u??}l’ eﬁ%‘( Watg?%’létﬁepobblé?‘wyé\ﬂ?ﬂ@ﬁ‘é% PolsyHeheryl at e,
poly ethyl hexyl ﬂé&hh@@ﬁé{b@whymw nhe@;wwata%51paﬁryllxﬁét@acq@9é YoHdasy

nmet hacryl ate, poly octadecyl net hacrﬁ ate benz et hacryl at e,

pol yet hoxy 15 rré’tefbéerryweap@y Oﬁ@ﬂ‘gﬁyw @kyﬁﬁwbwlwayw&twomm\y
di et hy! am nget flyacdpid kmb@%gyapmagléxleg%ﬁgﬁ%[ma&w&m%&ﬁwcry' ate, poly

3-di met hyl am nopr opy!l acry ,
vi nyl pyrroli donmreﬁ@cldialtrewllydmtln&mihwthmﬂnwytﬂap@y 3piningthylamimppropyl

met hacryl at e- co; eEhaXry%m‘?deg Xl?/Q/my pvrro 15]081‘1% rc &yla&nogthylarHétXacrqutE r})%?y 1X| af €-co-

methacrylate-co-ethylene glycol dimethacrylate, poly lauryl methacrylate-co-
acrylonitrile, poly lauryl methacrylate-co-(N-butyl acrylamide), poly lauryl

20  methacrylate-co-vinylpyridine, poly lauryl methacrylate-co-diethylaminoethyl
methacrylate, poly fluoroalkylethyl methacrylate-co-styrene, poly dimethylaminoethyl
methacrylate-co-vinylpyrrolidone-co-vinylcaprolactam, poly N-tert-butyl acrylamide-
co-styrene, poly N-(2-hydroxypropyl) methacrylamide, poly N-(butoxymethyl)
methacrylamide, poly N-[(2-methylpropxoy)methyl] methac:rylamide, poly methacrylic

25  acid sodium salt, poly dimethylaminoethyl methacrylate sulfuric' acid salt, and poly
butyl methacrylate-co-dimethylaminoethyl methacrylate-co-dodecyl methacrylate-co-

octadecyl methacrylate.
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acrylonitrile, poly lauryl methacrylate-co-(N-butyl acrylam de), OFSOﬁEyf N@f}” yl
- 20 net hacryl ate-co-vi nyl pyridi ne, poly lauryl '

met hacr yl ayg-26Qrdisas hyl am noet hyl nethacryl ate, poly fl REFToES2kY/EF Ty

met hacryl at e-co-styrene, poly dinethyl am noet hyl -

met hacryl at e- co-vi nyl pyrrol i done-co-vinyl caprol actam poly Ntert-butyl
acryl am de- co-styrene, poly N (2-hydroxypropyl) nethacrylam de, poly

N- (but oxynet hyl ) net hacryl am de, poly N-[(2-nmethyl propxoy) net hyl ]

net hacryl ami de,s pol ynoBt{180kEM cbfpdsi RS A0 U hBedAhE antBhnt polymer is

di met hyl am noet hyl nethacrylate sulfuric acid salt, and poly “butyl

net hacryl at e- coclgetpeirpmipali hobrlhely! aeylaact-yihaliexd ecrolbtieesyityraes, RAly Lyl at e- co-

oct adecyl neth . . 3 7522
S The. ant i foul Saeep gt boticltafion Reaio el r 2 b eI rer i
sel ect ed from palyyatad, pylybtaryy aethydrelbte, poly ehiplididphe-ac-dintedflenmoetsylyr ene,
poly 2- ethyl hexyl acryl ate-co-diethyl am nget hyl thacryl ate, po

2- et hyl hexyl’ ad?‘%}/fllaﬁ]tyzg%@pfyﬁi”ﬁ% m%fg%ctrﬁ?t&co'ﬁg’w{?@%/ﬁldgé dﬁ%?‘hé&ﬁﬁtfédio ,'ll%réﬂ y

vi nyl pyrrol i dongetigorydtitéred Yé:aish QR A0 ladryRERAG M leoa V- RO YctyBilidd), poly

met hacryl at e- co- et hyl ene gl ycol dinethacryl ate | auryl

ol
net hacryl at e- cda‘ﬁk&lr@qﬂéﬂ‘fml%tW@:diﬁﬁb’ﬂ@ﬁP%theW@b’iﬁégP9g’é‘{uém@ tefybut vl
acrylamde), p 3 - ~co-di am t hy): - ate,
pol y f1 uor oal ky o C{;ﬁﬂéﬁ{ggﬁ%&?%ﬁ@%@@@g&éﬁgﬂ*@%ﬂgﬁ?rg@%“g{* QU %g%dtehyl
met hacr yl at e- c cowimydapspiactini, golyév-tectebutyl agrly eaypdeedoass yramg, pplylbytyNmetatrylbist v |

acryl am de- ¢co- st yrene ol ut vl hacryl ate 10 co-di net hyl am noet hyl -
net Kacr yl at &- coc%ho & ﬁn%ﬂ%%{WaFre%a%%&éc&%ﬁ?%&@@?“ﬁWﬁfﬂ'gﬁ?\%ﬁ e. 6. TKe

.antifoul ant compolsictyimen of claim|1 further conprising one or nore

pol ymeri zation inhibitors. 15 7. The antifoul ant conposition of claim®6
wherein the polynerization inhibitors are selected from hydroqui none,
hydr oqui none nenonetrhy hntEbllgtt compdsetionpielah 1 AGHRPeIHMIBingdReBombieazi ne,

4- hydr oxyl -2, 2, 6, 6-t et r anet hyl pi peri di no-1-oxyl, other nitroxyl conpounds,

20 N—aIkyIpheanbﬁ&HF%ﬁPﬁ@%@xﬁgtrosated N- al kyl phenyl enedi ani nes,

hydr oxyl am pes, nitrosophenyl | iydroxyl am nes, nitrosodi phenyl am ne, copper

conpl exes, nanganese . N ‘ o

. The antifoulant composition of claim 6 wherein the polymerization inhibitors

are selected from hydroquinone, hydroquinone monomethyl ether, other phenol
compounds, phenothiazine,
4-hydroxyl-2,2,6,6-tetramethylpiperidino-1-oxyl, other nitroxyl compounds,

20  N-alkylphenylenediamines, nitrosated N-alkylphenylenediamines, hydroxylamines,
nitrosophenylhydroxylamines, nitrosodiphenylamine, copper complexes, manganese
complexes , and mixtures thereof.

8. The antifoulant composition of claim 1 further comprising one or more

25  dispersants.

9. The antifoulant composition of claim 8 wherein the dispersants are selected

from alkyl substituted aryl sulfonic acids and their salts, poly isobutylene succinic acid

esters, poly 1sobutylene succinic acid imides of polyamines, alkylphenolethoxylates,
30 alkylphenol-formaldehyde resins, fatty acid esters, fatty acid amides, fatty acid

imidazolines, fatty alcohol ethoxylates and polysaccharide ethers and acetates.
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conpl exes , and m xtures thereof. 8. The antifoul ant conposition of claiml
further conprising one or nore 25 dispersants. 9. The antlfoulangggfgw5
conp05|t|gg)90¥@yghn18 wherein the dispersants are sel ecpet/ustaommabt cy
substituted aryl sulfonic acids and their salts, poly isobutylene succinic
acid esters, poly isobutylene succinic acid |n1des of pol yarni nes,
alkyiphenolethoxylates, 30 allyl phenol -fornmal dehyde resins, fatty acid
esters, fatty acid am des, fatty acid imdazolines, fatty al cohol

SIS APl YREREIAIL PR GLIRLE R P S S5 BB IGLORNLEEE © ©

further conprising one or more solvents. 11. A method of preventing fouling

in a (meth)acr ess co risin to,the process stream an
ffoctive mti Hbul i Ag SHGUHE P GRebarE ot en e Hatn oL PyFes bR Te

(et h) acryl am dedxa@ﬁoltﬁwb@@st stRemMYAeIS:tivE Afif@iih) bavmet ok ioRy S prepared by
pol yneri sing a) about to 100 nole percent of one or nore (neth)acrylate or
(met h) acryl ani (ﬁ@eth}?ﬁw&%‘?fs(n@?h)%Cﬁfl?fﬁlld%W@OWWPOM@S@%@@Q]@@UW“ 0 P2 or
R3 R4 or a WIXE#¥%€BQ95§QﬁRHM@@reIH R is independently selected at each
occurrence fro hydrogen and nethyl; R2 is selected fromal kyl, aryl,

cycl oal kyl, al kyl ar ybout atoyl lrkgle perceahfmmalof wpte, (meth)erolety lor (m@mxlyamdcyl ,
alkoxyalkyl 04% &§&k0§ %Pgﬁloalkyl and R3 and 15 R4 are independently

sel ected fron1ﬁy rogen, , aryl, alkylaryl, arylalkyl, amnoallcyl,

am noaryl , hydroxyalkyl alkoxyalkyl oxoal kyl and hal oal kyl, or R3 and R4,
t'oget her mnth the nitrogen atomto mhlch they are attached, forma

het erocyclyl group; and b) 0 to anut 95 nol e pédiicent of one or nore

.vinylic nonomers. 20 c=0 +ﬁc/CC o
i
(
Q N,
10 R or Ry Rq

or a mixture thereof, wherein R is independently selected at each occurrence from
hydrogen and methyl; R is selected from alkyl, aryl, cycloalkyl, alkylaryl, arylalkyl,
aminoalkyl, aminoaryl, hydroxyalkyl, alkoxyalkyl, oxoalkyl and haloalkyl; and R3 and

15 Ry are independently selected from hydrogen, alkyl, aryl, alkylaryl, arylaikyl,
aminoalkyl, aminoaryl, hydroxyalkyl, alkoxyalkyl, oxoalkyl and haloalkyl, or R3 and
R4, together with the nitrogen atom to which they are attached, form a heterocyclyl
group; and
b) 0 to about 95 mole percent of one or more vinylic monomers.

20
12. The method of claim 11 wherein the (meth)acrylate of (meth)acrylamide
monomers are selected from methyl acrylate, ethyl acrylate, butyl acrylate, 2-
ethylhexyl acrylate, methyl methacrylate, diethylaminoethyl methacrylate, ethyl
methacrylate, isobutyl methacrylate, cyclohexyl methacrylate, lauryl methacrylate,

25 dodecyl methacrylate, octadecyl methacrylate, benzyl methacrylate, ethoxy
methacrylate, hydroxypropyl methacrylate, diethylaminoethyl methacrylate, 3-
dimethylaminopropyl methacrylamide, N-butyl acrylamide, fluoroalkylethyl
methacrylate, N-tert-butyl acrylamide, 2-hydroxypropy! methacrylamide, N-



12. The method of claim 11 wherein the (nmeth)acrylate of (neth)acryl am de

. mononers are selected fromnethyl acrylate, ethyl acrylate, butylgggg[}/h@

2- et hyl hexylho@@isyiat e, nmethyl nethacryl ate, diethylam noeciylsnestihzacryl at e
ethyl methacrylate, isobutyl nethacrylate, cyclohexyl methacrylate, |auryl
met hacryl ate, 25 dodecyl nethacryl ate, octadecyl nethacryl ate, benzyl

net hacryl ate, ethoxy nethacrylate, hydroxypropyl nethacryl ate,

di et hyl am noet hyl net hacryl ate, 3- dinmethyl am nopropyl met hacryl am de,
N-butyl acryla [ lqeacryl am de,
2- hydr oxypr op y:'(b%xﬁgéﬂﬁ amhgaéjy%klhgl glggﬁ/ 0\’:?'EB R?me%‘gﬁ &e{ha&g%ldea

PCT/ US2003/ 027 rzgthmutccﬁ;@;ﬁrﬁeﬂmm pltrad e etiylamirgethyNn¢tRaonduth ylfirispoidyspivet hy |
met hacryl am de, nethacrylic acid sodiumsalt and di nethyl ani noet hyl

nmet hacrylate sulfuric acid salt. 13. The nmethod of claim 11 wherein the
vinylic nononeri3s) drhe nsaeﬂoamtfemlrﬁrlmmﬁrﬁh thel véméic npnopyil(Qne: sekotkadosne,

i soprene, styrene, n ace vi.n chl oride, vinyl ol i done, vinyl
caprol act am te"tﬂi‘y&ﬁqeuﬂ%l’)l’)}s‘?’ﬁy%‘& ‘gen%ﬂ ﬁnaeﬁ%e%rwk Qﬁétatev'flﬁx)lcg]é’i}fj? I acid,
acrylonitrile, ﬂ%tolﬂé&{ey%ﬁﬂ&aﬁﬂola%taﬂ'téﬁdﬂu@ﬁieth&len@tvlﬂ%ﬂldeﬁé' dAWHIE W& YR g HARe .

acrolein, vinyl butyl ide, vin et hyl ket one vi nyl pyridine, allyl
acetate, allyl ?&l%éﬁﬁlom@mISI‘FthaCéYﬁDWéﬂlen’ﬁnéllI@ethidleéler aira! pslodxengmesaltinde. 10

14, The et hod ahyi6hal Mk VAST &b LGNSRl BPLUR! ol T SELSGASE [ rom

2- et hyl hexyl acayhatedcdoacidlaet hylbiamhindethyl net hacryl ate, pol y 2 et hyl hexyl
acryl at e- co- VI nyl acetate, poly ethyl nethacrylate, poly isobutyl

met hacryl até poly cycl ohexyl nethacrylate, poly 15 et hyl hexyl nethacryl at e,
.poly lauryl methacr yﬂmm&,thqdmﬂf yladﬁ)demﬂeramMaﬁngohahq;ol)pﬁﬂrys setbctea(ﬂl@ﬁyﬂoly

met hacryl at e, et hoxy meth cr | at e,
hydr oxy%r opy! rrefftﬁyég ‘z%{yég{e f&r %bﬂéﬁxﬁw RGBS RRY AT meéi'lea‘:‘py%é‘%/?)
di et hyl am noet Wéthmb@emyﬂ Iﬂétﬁacrp@deypoay deﬂmﬁaﬁbm&m%@pwyl ietaapsly kayi de,

poly vinyl pyrroljdone-co-djnety noet hyl met hacrylate, poly |auryl

met hacr yl at e- cdneté@rﬂﬁtﬁw@hléotgw nL%ﬁfﬂé'teh%féY 93{%@@&5@%%%4&% ply

net hacryl at g- CCEmeygmmthgdr&l@te ;m* yaumuﬁéfhacmté %wdcﬂk@ﬂ ﬁfafh(am'@ mf
Ccr

acrylam de), poly lauryl netha at e-co-vi nyl pyri'dine,” poly “laury
net hacryl at e- cocHidedyh pletarmbes aylly beatyl aratyacatlas. nobleihoxy methawyiia paliy |

hydroxypropy!l methacrylate, poly dimethylaminoethyl methacrylate, poly
diethylaminoethyl methacrylate, poly 3-dimethylaminopropyl methacrylamide, poly
vinylpyrrolidone-co-dimetylaminoethyl methacrylate, poly lauryl methacrylate-co-

20 ethylene glycol dimethacrylate, poly lauryl methacrylate-co-acrylonitrile, poly lauryl
methacrylate-co-(N-butyl acrylamide), poly lauryl methacrylate-co-vinylpyridine, poly
lauryl methacrylate-co-diethylaminoethyl methacrylate, poly fluoroalkylethyl
methacrylate-co-styrene, poly dimethylaminoethyl methacrylate-co-vinylpyrrolidone-
co-vinylcaprolactam, poly N-tert-butyl acrylamide-co-styqéne, poly N-(2-

25  hydroxypropyl) methacrylamide, poly N-(butoxymethyl) methz;crylamide, poly N-[(2-
methylpropxoy)methyl] methacrylamide, poly methacrylic acid sodium salt, poly
dimethylaminoethyl methacrylate sulfuric acid salt, and poly butyl methacrylate-co-
dimethylaminoethyl methacrylate-co-dodecyl methacrylate-co-octadecyl methacrylate.
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met hacryl at e-co-styrene, poly dinethyl am noet hyl 9 DEC 2
nmet-hacryl at e- co-vi nyl pyrrol i done- co-vinyl caprolactam poly Nter buty
acryl am dew§ g()xgﬁpe poly N-(2 25 hydroxypropyl) nethageyhaamde:27poly

N (but oxynmeth met hacryl am de, poly N-j(2- methyl propxoy) et hyl ] -

met hacryl am de poly methacrylic acid sodiumsalt, poly dinethylam noethyl
net hacryl ate sulfuric acid salt, and poly butyl nethacryl ate-co-

di met hyl am noet hyl net hacryl at e- co-dodecyl nethacryl at e- co-oct adecyl

nmet hacryl at e. 0 DEC 2 0 035516 /US 003/.02. 7 2 15. The
met hod of cl ai nl%ll P‘eeflr?gt%ﬁ%l “&h l‘?ﬁ% ea““fp “tp L4 Cteg BopRahol y
2- et hyl hexyl a@- @mﬁh&ylﬁﬁhﬂ@ﬂ Eteylyéxyawrylhtatce-sqeex&t pmtamethypleky adryRitdyo- hexyl
acryl ate-co- di et hyl am noet hy thacr yl poly 2-ethyl I

acryl at e- co- vi rﬁﬁth%éwa%téyl ‘%W@/ FoRY Ve t%ﬁ%ﬁ«\yl afdate ﬁewly acethte,
vni yl pyrroli dorﬂ%h@@logfy [ﬁ%ﬁ%ér@menﬁﬁ§ b%%flﬁ?ﬁ&l%ﬁé ¥b- @in?etylarﬁm@&h?‘l the@thERhate,

met hacryl at e- co- et hyl ene gl ycol acryl ate, | auryl nethacryl at e-
co-acryl oni txi Irely 1pw9mbtéwxihtef¢et€ﬁa’&ﬂn?B}a(t:@-d@oetbw)ﬂm yHolydawry] methateylatepol y

| auryl  met hacryl d h - I

£ uor oal kyl et hyl" o "g@ey}’&f’mﬁp““ g&?e" Aﬁﬁm %’%’é@%@‘?)aﬁ%?%%‘é%w

met hacryl at e- conalhaayyllq:n)amdieﬁdtmea@d}y meuaydyla&ppd!yélobxaaﬂ(ylpﬂnl}’ymwmoey’latebu{ yl
acryl am de-co-styrene, pol ut.yl C te-co 10 di et hyl am noet hyl

net hacryl at e- c&“é%‘&e%‘{}}’ Blr%#ﬁwga&‘é?egi m@%‘ %%%%a“é’c‘i}‘l’”%aﬁgg}eyﬁoat e. 16. The

met hod of cl ai Midylckpfolictang holgQWREt ity gerld i ddgcoge! pdTP betypakiiaeylhEabl on
i'nhi bitors to the process stream 15 17. The method of claim 16 wherein the
pol ymer i zat i%n dirsndepigpethy mstheeryiaie @dlodeahmetyay s rereecyhethasgiittone
.mononet hyl ether, other phenol conpounds phenot hi azi ne,

4- hydroxyl -2, 2, 6, 6-t etranet h%/ peridi no-I|-oxyl, other nltrox?/ conpounds,
N al kyl phenyl enédi afpBsthofp ?lﬁ%kle%ﬁmrapme%r?@a PaFPI§Pelymerization

hydr oxyl am nes,ipnigih:iotthOseRkefykLydr oxyl am nes, nitrosodi phenyl am ne,
copper conpl exes, manganese conplexes , and m xtures thereof. 18. The

met hod of claim 11 further conprising adding one or nore dispersants to the

process strgam;;25 . nIfgq BRLAAMH A nGlif HDpb RS il e BELEAH 5 2T €

sel ected from al kyl
hydroquinone, hydroquinone monomethyl ether, other phenol compounds,

phenothiazine,

4-hydroxyl-2,2,6,6-tetramethylpiperidino-1-oxyl, other nitroxyl compounds,

N-alkylphenylenediamines, nitrosated N-alkylphenylenediamines, hydroxylamines,
20  nitrosophenylhydroxylamines, nitrosodiphenylamine, copper complexes, manganese

complexes , and mixtures thereof.

18.  The method of claim 11 further comprising adding one or more dispersants to

the process stream.

19.  The method of claim 18 wherein the dispersants are selected from alkyl
substituted aryl sulfonic acids and their salts, poly isobutylene succinic acid esters, poly
isobutylene succinic acid imides of polyamines, alkylphenolethoxylates, alkylphenol-
formaldehyde resins, fatty acid esters, fatty acid amides, fatty acid imidazolines, fatty

30  alcohol ethoxylates and polysaccharide ethers and acetates.
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substituted aryl sulfonic acids and their salts, poly isobutylene succinic
acid esters, poly i sobutyl ene succinic acid |n1des of polyanlneq;5n;p70
alkylphenolet Iates al kyl phenol - fornal dehyde resins, fatty acid esters,
fatty acid dWl "BF§Wty acid i mdazolines, fatty 30 alcohdﬂfﬁﬁﬁ%&yv t¥s and
pol ysaccharide ethers and acetates. 23 WO 2004/035516 0 5 DEC 2005 PCT/U'S
211113 /11 2 7 5 2 2 20. The nethod of claim 11l wherein the antifoul ant

pol ymers are dissolved in one or nore solvents. 21. The nethod of claim 11
wherein the (meth)acrylic acid process is selected from 5 éneth)acryllc
acid manuf acturi A¢ prbicesske ofciasn ) adesein the agifeplen pelyimerscat disselysd dresses
acrol ein nanufaﬁgﬂ§kggvg%gcesses and acrylonitrile manufacturing processes.
22. The nmethod of claim wherein the (neth)acrylic acid manufacturing
processes is selected from (nmeth)acrylic acid recovery and purification. 10

ani i foul ant. pol yRbr s JRSRAH CEORT! S b° GRRTaR A4 BRET SBRTRLFon

(meth)acrylics ac(ﬂeth)ﬁélgﬁ@%‘fd ﬁaﬁlﬁlﬁ@dmr %%r&éssesT BetARERNE 198 eGbRidRidnlprobgéesi n

about 1 to about 10,00 m of acryl ate or (neth)acrylanlde

anti foul ant pol yﬁﬁé@@lﬂaﬁ@u [cl=te PF@CQSB\@ apd wgslmlspwe'afmmmg prygRssefet hod of
claim 1l wherein about 10 to about 1,000 ppm of the 20 (neth)acrylate or
(meth)acrylam de antifoul ant polynmers are added to the process stream 26.
The net hod of cl a2.m 1Thewhethed of chelro G umerehnhabwh)ammc pdmerdufadiging

E)ﬁt:g)sgcr ¥|5ats,?r ggﬁ%gergge}hg se?ec}{ed?‘ro d@netlsgctrgllgcoa%{dafgctzov Ty a%gglrxrslﬁ(%glgn added to the

10
23.  The method of claim 11 wherein the (meth)acrylate or (meth)acrylamide
antifoulant polymers are added continuously or intermittently to the (meth)acrylic acid

process stream.

15 24, The method of claim 11 wherein about 1 to about 10,000 ppm of the
(meth)acrylate or (meth)acrylamide antifoulant polymers are added to the process

stream.

25.  The method of claim 11 wherein about 10 to about 1,000 ppm of the
20  (meth)acrylate or (meth)acrylamide antifoulant polymers are added to the process

stream.
26.  The method of claim 11 wherein about 20 to about 200 ppm of the

(meth)acrylate or (imeth)acrylamide antifoulant polymers are added to the process

25 stream.
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