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COVPCS| TI ONS AND METHODS FOR | NHI Bl TI NG FOULI NG ' '
OF VI NYL MONOMVERS 5 FIELD OF THE | NVENTI ON The

present invention relates to conpositions and net hods for

i nhibiting fouling of vinyl nmonomers duringltheir processing. Mre
particularly, the present invention relates to conpositions and net hods
10 for inhibiting the fouling of chlorinated hydrocarbons utilizing an
al kyl phosphonate ester or acid thereof.

COMPOSITIONS AND METHODS FOR INHIBITING FOULING
OF VINYL MONOMERS

s FIELD OF THE INVENTION

The present invention relates to compositions and methods for
inhibiting fouling of vinyl monomers during their processing. More
particularly, the present invention relates to compositions and methods

10 for inhibiting the fouling of chiorinated hydrocarbons utilizing an

alkylphosphonate ester or acid thereof.

BACKGROUND OF THE INVENTION

15 During the petrochemical processing of chiorinated hydrocarbons,
they are commonly heated to temperatures of 38°C to 815°C. This
processing typically comprises production and purification processes
such as distillation and fractionation. Ethylene dichioride (EDC) is maost

commonly used in the production of viny! chloride monomer (VCM).
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BACKGROUND OF THE | NVENTI ON 15 During the petrochem cal

processi 94 Bor i nat ed hydr ocar bons, they are ecmmsas/gszbeat ed
to tenperatures of 38[err]C to 815 err]C. This, processi ng -
typically conprises production and purification processes such as.

distillation and fractionation. Ethylene dichloride (EDC) is nost
commonly used in the production of vinyl chl?oride nonomer (VCM) .
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Et hyl ene dichloride, also known as 1, 2-dichlorethane, is produced
fromethylene by two different processes: the direct chlorination of

ethyl ene and the oxycEtyienatichonide, atléyy ketwn d3 1,ex-Hickidrethdi, ii9pratigsed
ferric chloride, tetrachloroferrate salts, alum numchloride or cupric

5 chloride as cHPR ene by two different procesggs; cineotirerichinringtiontofyl ene is

typically incorp ' TN d vinyl .chl.oride plant in
whi ch hydr ogen cﬁ{rﬁéﬁ%e?ﬂ? g%%@’eqfcehéo?rrwgﬁqd O ERYRAE UtrBet criidrithticiules
ferric chloride, tetrachloroferrate salts, aluminum chioride or cupric

5 chloride as catalysts.

Oxychlorination of ethylene is typically incorporated into an
integrated viny! chloride plant in which hydrogen chloride, recovered from
the dehydrochlorination or cracking of ethylene dichloride to vinyi

10 chloride, is recycled to an oxychlorination unit. The process further

employs an oxygen-containing gas such as air or oxygen.

As a result of these processes, ethylene dichloride will often

contain impurities such as iron complexes due to the catalyst and

15 corrosion of process equipment and other organic chioride compounds
and tars. Ethylene dichloride must be purified prior to its cracking to
produce vinyl chloride monomer and the impurities formed during the
broduction of ethylene chloride must be removed. The most common
impurities in ethylene chloride include but are not limited to butadiene,

20 chloroprene, vinylidene chloride, chlorinated methane, acetylene, and
ethylene. This is typically accomplished with washing and distillation
steps. However, after some usage the distillation and purification units
begin to foul due to the accumulation of impurities. The deposition of
these impurities, often polymeric in nature, result in less efficient

25  economies of production as well as shut-down to clean the fouled unit.
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t he dehydr jnation or cracking of ethylene dichloride to vin 10
chloridg agn#2%§%led to an oxychlorination unit. The procedSHUR ﬂ§W3
enpl oys an oxygen-contai ni ng gas such as air or oxygen.

As a result of these processes, ethylene dichloride will often

contain inmpurities such as iron conplexes dug to the catal yst and 15
corrosi on of process equi pnent and ot her orgﬁnic chl ori de conpounds

and tars. Ethylene dichloride nmust be purified prior to its cracking to
produce vinyl chloride nmononer and the inpurities fornmed during the
.production of ethylene chloride nust be renoved. The npbst comon
inpurities in ethylene chloride include but are not limted to butadiene,
20 chloroprene,shﬂﬂﬁiﬂﬁﬂﬂﬂﬂﬂgiﬂﬁéﬂlﬂﬂbrinated met hane, acetyl ene, and
ethylene. This is typically acconplished with washing and distillation
steps. However, after sone usage the distillation and purification units

begin to foul duetot |

these inpurities, oft e@%@%%ﬁe@rﬂ{e?étﬂeﬁgtfaﬂpe%%b&“ﬁ?ns @qnﬁﬁﬂﬂﬁfitoéﬁg 25
econoni es of pr odmytl imoncraenseddiriras triuprodevsingo Icheabebh&liscuierad tintt -
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fouling in vinyl monomer and chlorinated hydrocarbons.

DESCRIPTION OF THE RELATED ART

10 U.S. Pat. No. 5,240,469 teaches methods and compositions for
preventing fouling of ethylene dichloride distillation units. The
compositions comprise an oil-soluble polymethacrylate ester containing
from 0.1 to 25 mole percent of amino alcohol groups, a phenylenediamine
having at least one N-H bond, and a heavy aromatic soivent.

15 |
DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to methods and compositions for
inhibiting fouling in vinyl monomers during their processing comprising
20  adding to the vinyl monomer an effective antifouling amount of an

alkylphosphonate ester or acid thereof.

The alkylphosphonate esters or acids thereof useful in the present
invention have the general structure:
25

0
I _ OR;
R, -PZ Q)
OR;
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SUMVARY OF THE | NVENTI ON Di scl osed are net hods and

conposi ti 8¥X9F4593 nhi biting fouling in vi nyl nonomercr/osesios3t hei r
processing.” It has been discovered that 5 certain al kyl phosphonat e .-
esters or acids thereof are effective at inhibiting fouling in

vi nyl nononer and chl ori nated hydrocarbons. DESCRI PTI ON OF THE
RELATED ART 10 U.S. Pat. No. 54240, 469 teaches nethods and
conpositions for preventing fouling of ethylene dichloride
distillation units. The conpositions conprise an oil-soluble

pol ymet hacryl ate ester containing fromO0.1 to 25 nol e percent of

am no al cohol groups, a phenyl enedi am ne ' havi ng at | east one N-H

bond, and a heav ' I I ON OF
TIE | NVENTTON - WEFEIREY & £ Y7 “?o?%‘g'e%'falf‘ﬁ%n%doﬁg@#ﬁ%srgfe?ﬂr%éﬁ%ds and

conposi ti-ons for same or differdritkEnd arg H ouolai supstituted Ry Inoresurstitsted C  tooCihei r
processi ng conpri Si 20 adding to the vinyl nononer an effective.
antifoul i ng am)uﬁﬁ‘yggr glkenyl radicalg| ky| phosphonate ester or acid thereof .
The al kyl phosphonate esters or acids thereof useful in the present

I nventi on have the general structure: 25 [err]

5 In a preferred embodiment of the present invention, R, is a C, to
Cso alkyl radical and R; and R; are the same or different and are C; to Cs
alkyl radicals. In a more preferred embodiment, R, of Formula i is a C,4 to
Cao n-alky! radical and R, and Rj are the same or different and are C, to

C, alkyl radicals.

10
The alkylphosphonate esters of the present invention may also be
represented by the general structure:
0
15 li _ 0 ™\
Ri-P{ R4 (ih
O J

wherein Ry is a Cy to Cy alkyl or alkenyl radical and R, is a substituted or
20 non-substituted alkyl or alkenyl! radical having 1 to 40 carbon atoms. ina
preferred embodiment of Formula ll, R, is a C4 to Ca alkyl radical and Ry

is a hydroxy substituted C; to Cyp alkyl radical.

In a more preferred embodiment of this invention, R, _of Formula Il
25  is a C4 to Cao n-alkyl radical and R, is -CH,CH-(CH,OH) or
-CH2CHOHCH2— or ("CHz)z C(CHzOH)z R1 is most preferabiy C12 to C15.

The alkylphosphonate esters of the present invention can be
prepared by a number of synthetic methods known to those skilled in the

30 art. For example, compounds of the present invention can be prepared
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wherein Rlerr] is a (Jerr] to (Jerr] alkyl or alkenyl and R2 and R3 are
ei-ther the same or different and are H or a substituted or
non-substituted Cferr] to (err] al kyl or al kenyl radical.

In a preferred enbodi ment of theJSpresent invention, Rerr] is a--
Cerr] to Cerr] alkyl radical and Rerr] and Rl err] are the sane
or different and are CJerr] to (err] : al kyl radicals. In a nore
preferred enbodinent, R err] of Formula | is a (Jerr] to derr]
n-al kyl radical and R err] and Rlerr] are the sane or different and are
Jerr] to by Miteaélls-Atdurov raEEGGh Bf phospHites with halogenated matBAals,
al kyl phosphonat e esters of the present |nvent|on may al so be
represented by torebyeadical addition ofipbospijitas ith alkeres. wher ei n
Rlerr] is a derr] to (Jerr] alkyl or alkenyl radical and R4 is a
substituted or 20 non-substituted al kyl or al kenyl radical having 1 to
40 carbon atons. In a r [ rrj
's a Clerr] to C[err]Pr?flsglellbl}latglgcdgrﬁM §8?btﬂ@ ﬁ%gént%v cm’b?e yepaﬁbﬁ
substituted { erby radical addiliomalok gl diakkei ptad:sphlte to an alkene to yleldldlalkym)r e
preferred enbodi nent of this invention, err] of Fornmula I 25 is a

Clerr] to CJerr] a‘ﬁyﬁ’lh%?PhP%ﬁec%ﬁte%@Wf%Wth|b§f E@ppdnn] GReserqEnrIunys or
-CH err] CHOHCH e?ér% ge rgﬁ?ﬁ"dnecﬂfﬂﬁﬂféd by et Stk &t With- sUReBid fedgertost

preferably (ferr
to those skilled in the art, to yield compositions represented by Formula |

and Formula ll. Exemplary compounds include but are not limited to

10 pentaerythrisol and glycerol.

The radical addition of the dialkyl phosphite with the alkene may
proceed in the presence of a free radical initiator either neat or in
solution. Convention_ai initiators such as peroxides, azo compounds and

15 -UV light may be used. Exemplary dialkyl phosphite compounds include
but are not limited to diethyl and dimethy! phosphite. Exemplary alkane
compaunds include but are not limited to C, to C3p o4 olefins and
mixtures thereof.

O

B H H - CH, lrla _ o

| 0~
Rs

z (1)

25 where Rs is the residual after polymerization of a C, to C30=< olefin, n is
an integer greater than 1 and Z is a combination of R, and R;, or Ry as

previously defined.
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The al kyl phosphonate esters of the present invention can be

pr epar ed W Ia4T89®ber of synthetic net hods known to those skcrivsssiaspsst he
30 art. For -exanpl e, conmpounds of the present,invention can be prepared
WD 98/ 47593
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by M chaelis-Arbuzov reaction of phosphitesgw th halogenated materi al s,

or by radical addition of phosphites with al kenes.

Preferably, the conpounds of the present invention are prepared 5 by
radi cal addition of a dialkyl phosphite to an al kene to yield dialkyl

al kyl phosphonate esters represented by Fornmula 1. These conpounds

Co those ski 1 ed i URGeHHE tod¥eretiPEaidhan (A elind i A8y ormia 1
and Fornula I'l. JegqmH @fdnaﬁ@mﬁﬁugﬁﬁtémhqﬁéamgneaééh Béhédtﬂé&@@ﬂlﬁlmlzelo

pent aeryt hrisol and glycerol. he radi cal addition-of the
di al kyl phosphi tlee genaratian af rejfimenigyspecies repr@ﬂamte@@yﬁormwa pil.eSbrd@ref a

free radical initiator eit Convent j onal
initiators suchPQY FBE'F'B%?%CBEO” %??“EE%WH%G%W F ecoxgreq?}g/y KPEWD Talogs;
used. Exenpl ary Hhwadvey! it PhRsRIBIE @neiBReRdE tB(‘énﬁ'ﬂ%y the comgé%‘ds‘”ﬂf?h@m
limted to diethyl and di nethyl phosphite. Exenplary al kan

conpounds i ncl u@eemmt lavenhn:m withaut separeti@) er plrificat@refar|refraavi] of thleski ns
and m xtbur es reof .

For purposes of the present invention, the term “alkylphosphonate

10 esters” is defined to include the acid version thereof.

it is to be understood that the phrase "vinyl monomers” as used
herein signifies various and sundry petrochemicals possessing the vinyl
grouping. Non-limiting examples include acrylates and diolefins, as well
15 as, chlorinated hydrocarbons such as viny! chloride monomer and
ethylene dichloride. Other petrochemicals within the ambit of the present
invention include olefin and naphthenic process streams, aromatic

hydrocarbons and their derivatives and ethylene glycol.

20 The total amount of alkylphosphonate ester or acid thereof used in
the methods of the present invention is that amount which is sufficient to
inhibit polymerization and fouling and will vary according to the
conditions under which the vinyl monomer is being processed and
exposed to high temperatures. At higher processing temperatures and

25  higher vinyl monomer contamination, larger amounts of the

alkylphosphonate ester or acid thereof may be required.
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err wher e err] is the residual after polynerization of a
[C[er]r] to V&Jé’?lﬁs%?err] ol e]Bi[ n, ]n S an i nteger gre_at*’é?ffllis!ﬂwﬁzﬁ and Z
is a conbination of Rerr] and R err], or Rerr] as previ ously -
def i ned. ' SUBSTI TUTE SHEET (RULE 26)
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| f desired, the reaction conditions utilized during the radical o
addi tion of dial kyl phosphite with the al kene can be nodified to m nimze
t he generation of polyneric species represented by Fornmula I11. The non-
pol yneric reaction products can be readily recovered by known net hods;

For purposes of the present invention, the term “an effective
antifouling amount” is defined as that amount of alkylphosphonate ester
or acid thereof that will inhibit fouling of vinyl monomers. Preferabiy;”ihis
amount will range from about 10 parts to about 2,500 parts of

5  alkylphosphonate ester or acid thereof per million parts of vinyl monomer.
More preferably, this amount ranges from about 10 parts to about 1,000

parts per miilion parts or vinyl monomer.

The alkylphosphonate ester or acid thereof may be added to the
10 vinyl monomer by an conventional method at any point along the
processing system. They may be added to the processing system as
either a dispersion or as a solution using a suitable liquid carrier or
solvent. Preferably this solvent is selected from the group of mineral oils
and heavy aromatic naphtha. Mineral oils are typically straight- and
15 branched- chain paraffinic compounds; polycyclic and fused- ring
saturated hydrocarbons based on cyclopentane and cyclohexane
prototype ring structures, collectively known as naphthenes; and,
'aromatics, both mono and polynuclear, which are unsaturated ring
structures.
20
The alkylphosphonate esters of the present invention are generally
effective at the temperatures at which vinyl monomers are processed.
For example, temperatures of 60°C to 180°C are often found in ethylene
dichloride during its processing and the compounds of the present

25 invention are particularly effective under these conditions.
The alkylphosphonate esters of the present invention may also be

desirably employed in a multi-component treatment composition. The

other components may comprise an antioxidant compound to inhibit
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5 however, it is feasible and econom cal to enploy the conpounds of the
present | WOe9st47893 wi t hout separation or purification for reggRlsedei hese

by- product §. - For purposes of fhe present-invention, the
term "al kyl phosphonat e 10 esters” is defined to include the acid ,
ver si on thereof. It is to be understood that the phrase
"vinyl nononers" as used herein si§nifies various and sundry
petrochem cal s possessing the vinyl grouping. Non-{imting
exanpl es include acrylates and diol efins, as well 15 as, chlorinated
hydr ocar bons such as vinyl chloride nononer and et hyl ene

dichloride. Qther petrochemicals within the anbit of the present

. t . . | t' H » i
i nvention incl udgyRlepibisedgol %@PFZQEBBPC%&?&%%l‘ﬁ%@%{@mﬁéﬂ%'&d other

hydr ocarbons and t'heir derivatives and ethylene g

.total anpunt of aitkglismbsphpoandsester or acid thereof used in t he
nmet hods of the present invention is that anobunt which is sufficient to

i nhibit polynerization and fouling and will vary according to the

condi tions under whi cfipg rﬂ%éﬁti’&ﬁlwimnrsé dedcRBLE Yith REGeRE t@‘rédnumaer of ,e

exposed to high tenperatures. processing tenperatures an

hi gher vi nyl snorspamificexdmpigsavhich are ao perregardad solefy adilustrative of the
al kyl phosphonate ester_or acid thereof nmay be required. WO 98/ 47593
PCT/ US98/ 05263 compositions and methods of the present invention and shouldnot be

construed as limiting the scope thereof.

EXAMPLES
10
Samples from ethylene dichloride vacuum column bottoms were
tested using the hot liquid process simulator (HLPS) apparatus. The
HLPS consists of an electrically heated rod fixed within a tube with close
annular clearance which performs as a heat exchanger. In the test the
15  sampile fluid is passed through the heat exchanger while maintaining the
rod at a constant temperature. As fouling occurs on the rod, iess heat is
transferred to the fluid which results in a decrease in the process fluid
6utlet temperature, as well as, solids deposits on the rod which blocks the
flow of the sample fluid. Antifoulant efficacy was measured by the time
20 elapsed until flow was stopped due to complete blocking of the annular

clearance.

500 mL of sample were employed with the appropriate treatment
as designated. The system was closed and pressurized with nitrogen at
25 600 psi. Flow rate was set at 3 mL/min. The rod temperature was kept at

220°C. The results of this testing are presented in Tables | and |l.
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For purposes of the present invention, the term"an effective

antifoul i MO&HBBA " is defined as that anount of al kyl phospREHASes/26%er

or acid thereof that will inhibit fouling of vinyl nononers. Preferably,
this anount will range from about 10 parts to about 2,500 parts of-
5 al kyl phosphonate ester or acid thereof per mllion parts of vinyl
nonomner . More preferably, this anoun? ranges from about 10 parts to-
about 1, 000 parts per mllion parts or vinyl nonomer.

The al kyl phosphonate ester or acid thereof may be added to the 10 vi nyl
nmononmer by an conventional nethod at any point along the processi ng
system They nay be added to the processing system as either a

di spersion or as a solTité treatrseniocampositionhs weré Busgd oA theghveritive

solvent. Pref erabIF\(/ this solvent is selected fromthe group of mineral oils
and heavy ar onat i @KylpRSPRONAIE Bste stoiqterear e typical |y strai ght- and 15
branched- chain paraffinic conpounds; polycyclic and fused- ring

sat urated hydrocarbons basgd on cycl opentane and cycl ohexane

prototype ring structures,>collectively known as napht henes; and,

aromatics, bofh nono and pH)IynQBhear, whi ch are unsaturated ring

structures. 20 R{—P The al kyl phosphonate esters of the present
invention are generally OReffective at the tenperatures at which
vi nyl nonomers are processed. For exanple, tenperatures.of 60[err]C
to 180[err]C are often found in ethyl ene dichloride during its
rocessing a the co : " i i are
Barti cul a?l yrlgf fecti vmgg?d?ﬁ%ésﬁﬁjceg%%ﬁﬁa%ﬂghs %?at Wé}\éetgg{e : The
al kyl phosphonate esters of the present invention may al so be
desirably enployed in a multi-conponent tr t conposition. The
ot her conponents nmay conprise an anti oxi dant conpound to inhibit WO
98/ 47593 Treatment R R, and Rs PCT/ US98/ 05263
15
A dodecyl methyl
B polyisobutylene (NW<1200) methyl
C dodecyl trimethythexy!
D dodecyl glycerol
20
Table |
HLPS test
EDC Vacuum column bottoms
25 -Sample 1
Run No. Treatment Dose (ppm) Time to No Flow (min.)
30 1 Blank -- 47
2 Blank - 92
3 Blank - 62
4 A 750 130+*
5 A 200 141
35 6 A 200 140

*Run was discontinued at 130 minutes
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8 oxygen-based pol yneri zation; corrosion inhibiting conpounds;

and ot her WO98/47593 ant i f oul ant conpounds. FOBURIBERRG3 ON

‘Wi Il now be described with reference to a nunber of 5 specific exanpl es
which are to be regarded solely as illustrative of the

conpositions and net hods of the present invention and should not be
construed as limting the scope thereof. 10 EXAVPLES 10 .
Sanpl es from et hyl ene di chl oride vacuum col unm bottons were- test ed
using the hot |iquid process sinulator (HLPS) apparatus. The HLPS

consists of an electrically heated rod fixed within a tube wth close

annul ar cl earance which perforns as a heat exchanger. In the test the

15 sanple fluid is pa,&%dn{&afseﬁgéu H@ﬁ]@qt anend ' oakaLni ng the
rod at a constant tenperature. I ng otcr?tj'ﬁg on %ampbgng%lgaééweat is-
transferred to trréﬂqsinmomavmrrmlﬁwl@stﬂrtm'oved affdetveasmhibiting cowireoesenf | ui d
outl et tenperature s depqgsits on the rod which bl ocks the

flow of the sanpl® ﬁ)"i’fe\gea%??tfrm]?é‘ﬂ R} 1INRIEST tipaimeshadded. hyrthes, teskisg
20 el apsed unti lreblpempiesa ag%g&ﬁtfodg#b‘?gé Saind WLt Ere%,gﬂgeﬁl | tl[]e annul ar

cl ear ance. anpl € were

appropriate tseat nent as desi gnat ed The system was cl osed and
pressurized with nitrogen at 25 600 psi. Flowrate was set at 3 nlL/mn.
The rod tenperature was kept at 22@e ! C. The results of this

testing are presented in Tables | and I1.

HLPS Test
EDC vacuum column bottoms
10 Sample 2

Run No. Treatment Dose (ppm) Time to No Flow (min.)
1 Blank - 58
15 2 Blank - 62
3 A 200 135*
4 B 200 135*
5 C 200 135*
6 D 200 135*

20
*Maximum run time was 135 minutes

As demonstrated in Table I, the inventive compounds were able to
inhibit fouling for the entire length of the test run while those runs without

. 25 inhibitor fouled in less than half the time.

While this invention has been described with respect to particular
embodiments thereof, it is apparent that numerous other forms and
modifications of this invention will be obvious to those skilled in the art.

30  The appended claims and this invention generally should be construed to
cover ail such obvious forms and modifications which.are within the true

spirit and scope of the present invention.

SUBSTITUTE SHEET (RULE 26)



SUBSTI TUTE SHEET (RULE 26) WD 98/ 47593

PCT/ us9s/ W8284759 RS T/US98/05263
The treat ment “conposi tions were based on the inpventive '
aI Kk honate ester structure: [err] 5
}li ’]"”ﬁ' I nes the conpositions that were tested.
Table ’ l)l atrrent Rl err] 11 Rlerr] and
R[ err] 15" dodecyl met hyl
pol yi sobutyl ene (NWk1200) met hyl C dodecyl
t ri met hyl hexyl \\
Having thus described the invention, what 1 claim is: ] H' ‘m_ £0
1. A method for inhibiting fouling of vinyl monomers during

their processing comprising adding to said vinyl monomers an effective
antifouling amount of an alkylphosphonate ester or acid thereof having an

alkyl chain length of C4 to Cys.

2. The method as claimed in claim 1 wherein said

alkylphosphonate ester or acid thereof has the formula:

5 @)
I ORz
Ry — P
OR,
10  wherein R, is a Cy to Cy4 alkyl or alkeny! radical and R; and Rj are either
the same or different and are H or a substituted or non-substituted C; to

C4o alkyl cr alkenyi radical.

3. The method as claimed in claim 2 wherein R, is C4t0 C3o
alkyl radical and R, and R; are the same or different and are C, to Cs

alkyl radicals.

4, The method as claimed in claim 2 wherein Ryisa Cy4 to Cag
n-alkyl radical and R, and R; are the same or different and are C, to C;

alkyl! radicals.

This Sheet Has Been Replaced

LT
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D .dodecyl gl ycer ol 20

Table | WO98/M47593H PS t est EDC Vacuum col unm bot t oreT/USIRE52655anpl €
1 ~ Run No. Tr eat ment Dose, (ppm Time to No Fl ow

S gy o . 2w
Bl ank I,”m an

- - 4 A 12 750

130+ 5 "”m””m A 200 141 35 6

A 200 140 : *Run was di scontinued at 130
m nut es WD 98/ 47593 |

PCT/ US98/ 05263 10

As denpnstrated in Tabl e | Théheethodertdidit&PPaLRd 10a88eH said
phosphonat e net hyl ester proved effective at inhibiting fouling when

conpar ed agai nstalkylpbogphenate astern mas the formatarent added. Further, testing

results wwth a different bottons sanple are presented in Table Il. .. 5
O THIS SHEET HAS BEEN
5 O™\ REPLACED
R1 'P\ R4
o

wherein R, is a C4 to Cy alkyl or alkenyl radical and R, is a substituted or

10 non-substituted alkyl or alkenyl radical having 1 to 40 carbon atoms.

6. The method as claimed in claim 5 wherein R; is a C4 to Cag

alkyl radical and R4 is a hydroxy substituted C, to Cyq alky! radical.

7. The method as claimed in claim 5 wherein R, is a C4 to Cao
n-alkyl radical and R, is selected from the group consisting of -CH,CH-
(CH;0OH), -CH,CHOHCH,-, (-CH,); C(CH, OH)..

8. The method as claimed in claim 1 wherein said vinyl
monomer is selected from the group consisting of acrylates, diolefins, and
chlorinated hydrocarbons.

Q. The method as claimed in claim 8 wherein said chlorinated
hydrocarbons are selected from the group consisting of vinyl chioride

monomer and ethylene dichloride.

10.  The method as claim in claim 1 wherein said
alkylphosphonate ester or acid thereof is added to said viny! monomer in
an amount ranging from 10 parts to about 2,500 parts per million parts of

vinyl monomer.

This Sheet Has Been Rep

i

laced
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. HLPS Test EDC vacuum col um bottons 10 Sanpl e
'2I'aF)I e, . VRIS Tr eat nent Dose (ppm Ti me ROV/REP8EFZS ™
(min.) 1 Bl ank - A58 15 - 2 -
Bl ank - - 62 3 :

200

igg* ”!!’"JWF"I” ”m M"’ ‘ Bl?zoo 135* 6
D 200 ° 135 20 * MogeadTUm 1 UN_ i TE_W@S
135 m nutes As denonstrated in Table |1, XTSi mm;i;NSEPEFN
conpounds were able to inhibit fouling for the entire khepgidypf the
test run while those runs w t hout 25 inhibitor fouledH®%
the tine. 11.  hiel methioidsas clanéd ¢mclaaa beherelasaid bed with
respect to particul ar enbodi ments thereof, it is apparent that
numer ous ot her f8kiPhosghonate estergtipcidiheranids afdedite spid einyl menamer ine
obvi ous to those %‘}éﬁ din the art. 30 The appended clainms and this
i nvention genera?ly shoul d be construed to cover all such obvious
forms and nodifications which are within the true SUSBEEI'{ irbTEncSiHE(I:E_(I)_pe
of the present invention.
( RULE 22) 12.  The method as claimed in claim 11 wherein said solvent is

selected from the group consisting of mineral oils and heavy aromatic

naphtha.

13. A composition comprising an alkylphosphonate ester or acid

thereof and a vinyl monomer.

14.  The composition as claimed in claim 13 wherein said

alkylphosphonate ester or acid thereof has the formula;

o

I
R1—P<

OR;
ORa

wherein R, is a C4 to C4 alkyl or alkenyl radical and R; and R; are either
10 the same or different and are H or a substituted or non-substituted C, to

C4o alkyl or alkenyl radical.

15.  The composition as claimed in claim 14 wherein Ry is C4 to
Cao alkyl radical and R, and R; are the same or different and are C, to Cs

alkyl radicals.

16.  The composition as claimed in claim 14 wherein Ry is a Cs4
to C3o n-alkyl radical and R, and R; are the same or different and are C,

to C; alkyl radicals.
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Having thus described the invention, what | claimis:
A mANBPEY i nhibiting fouling of vinyl nonomers duPCA{rsess263
processing conprising adding to said vinyl nmononers an effective

anount of an al kyl phosphonate ester or acid thereof having the formul a:

err

wherein Rerr] is a (Jerr] to (Jerr] al kyl or al kenyl

radl cal Huﬂmﬂumuumuﬁm ei t her th&# same or different and are H or
a substi tltuted Cerr] to 10 C err] alkyl or alkenyl

radi cal . : The nethod as clainmed in claim1 wherein
Rlerr] is CJerr] to C[err] al kyl radical and R2 and R3 are the sane
or different and are (Jerr] to (err] al kyl radicals.

3. The method as chai medhencarhgdsitidn b ifimedRh@idil 13 wHepsinlsdi@ Clerr]

alkylphosphonate ester has the formula:.

0
| O™~

5 R1-P R4

o__“/

~

18. The composition as claimed in claim 17 wherein Rqis a Cq

to Cao alky! radical and R4 is a hydroxy substituted C; to Cyp alkyl radical.

19.  The composition as claimed in claim 17 wherein Ry is a C,4
to Cso n-alkyl radical and R, is selected from the group consisting of
-CHzCH-(CHzOH), 'CHzCHOHCHz*, and (-CHz)z C(CHZ OH)Z

20.  The composition as claimed in claim 13 wherein said vinyl
monomer is selected from the group consisting of acrylates, diolefins, and

chiorinated hydrocarbons.

21.  The composition as claimed in claim 20 wherein said
chlorinated hydrocarbons are selected from the group consisting of vinyl

chloride monomer and ethylene dichloride.

22. The composition as claimed in claim 13 further comprising a
solvent selected from the group consisting of mineral oils and heavy

aromatic naphtha.
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n-al kyl
Clerr]

[err]

R err]

substituted or
carbon atons

Rl err]

is a (Jerr] to (Jerr] alkyl or aI kenyl radi cal and R[eW”? 51*%55 AS BEEN
non-substituted al kyy radl cal havilng 1 BgPi4QLD -
st b e BB S i i
inal @} 1
substituted C[ergr] to (Jerr] alkyl rad% me é§0 T% rrZhod as
clainmed in claim4 V\/nereln R[err] |saC[err] to (Jerr] n-alkyl radical and

radi ool anc) ARIRHMLII WHAle same or aitrerent ang are corr) co

in-claim1l V\lnereln sai d

is a

al kyl pl?é)sphonate ester hi; the formla:

to

R4 is selected fromthe group consisting of -CHerr]CH (CH err]OH,
-CH err]CHOHCH[ err] -, (-CHerr])[err] C(CHerr]OH[err].

10

5

Having thus described the invention, what | claim is:

1. A method for inhibiting fouling of vinyl monomers during
their processing comprising adding to said vinyl monomers an effective

amount of an alkylphosphonate ester or acid thereof having the formula:

H

Ry P
~

OR;
wherein R4 is a C4 to C4 alkyl or alkenyl radical and R, and R; are either
the same or different and are H or a substituted or non-substituted C, to

C4o alkyl or alkenyl radical.

2. The method as claimed in claim 1 wherein Ry is C4to Cao
alky! radical and R, and R; are the same or different and are C, to Cs

alkyl radicals.

3. The method as claimed in claim 1 wherein R, is C4to Cxo
n-alkyl radical and R; and R; are the same or different and are C, to C;

alkyl radicals.

4. The method as claimed in claim 1 wherein said

alkylphosphonate ester has the formula:
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The Woér%}‘?‘% claimed in claim1 wherein said vinyl nonomer is
sel ected f &% group consi sting of acryl ates, diolefins, PATAUYBP6B nat ed
hydr ocar bons. : The net ho;:[rJ as clai med in claim7 wherein said.
chl ori nated hydrocar bons are selected rromthe group consisting (r)]f dvi nyl
chl ori de ene dichl ori de. 9. The nmet hod as

cl ai med |Imﬂﬂﬂmuﬂ"3mt"mtn sai d al kyl phosphonate ester or,acid thereof is .
added to Sai d viny! nondner in an anount ranging from 10 p’%r, out
2,500 parts per mllion parts of vinyl nononer. " The/ner

cI ainmed in claim1 wherein said al kyl phosphonate ester or acid tHereof
added to said vinyl nononer in a solvent.

13 : h re| n
said solvent is wherein Ry is a]é to 6 eal ?%ﬂ%ﬁe%ﬁ%ﬂ?‘é’lﬁg $§%§1§+,¥"“ er al
oi | s and heavy af@eubstituted alkyl or alkeﬁﬁ@é@d&al having 1 to 40 carbon atoms.

5. The method as claimed in claim 4 wherein R; is a C410 Cag

alkyl radical and R, is a hydroxy substituted C, to Cyo alkyl radical.

6. The method as claimed in claim 4 wherein R, is a C4 to Cxo
n-alkyl radical and R, is selected from the group consisting of -CH,CH-
(CH;0H}), -CH,CHOHCH,-, (-CH,), C(CH,OH),.

Q30vid3y
N338 SYH 133HS SiHL

7. The method as claimed in claim 1 wherein said viny!
monomer is selected from the group consisting of acrylates, diolefins, and

chiorinated hydrocarbons.

8. The method as claimed in claim 7 wherein said chiorinated
hydrocarbons are selected from the group consisting of vinyt chloride

monomer and ethylene dichloride.

9. The method as claimed in claim 1 wherein said
alkylphosphonate ester or acid thereof is added to said vinyl monomer in

an amount ranging from 10 parts to about 2,500 parts per million parts of

vinyl monomer.

10.  The method as claimed in claim 1 wherein said
alkylphosphonate ester or acid thereof is added to said vinyl monomer in

a solvent.

is Sheet Has Been Replaced

NN Aeeoseames




t hereof having t formula: [err] wher ei

Cerr] to (Jerr] alkyl or alkenyl radi LAl and Rlerr] and R err] are either -
the sane or different and are H or a substituted or non-substituted Cferr] -

to al kyl or al kenyl radical. 13.
The JM!UWI“”M?’% med in claim12 wherein Rerr] is (Jerr] to
Cerr] alkyl rdital* and Rlerr] and Rlerr] are the same or different and
are Clerr] to (err] al kyl radicals. 14.

The conposition as claimed in claim 12 wherein Rerr] is a (Jerr]
to (Jerr] n-alkyl radical and R2 and R3 are the sane or different and are

(err] o t101. Cl eTHid rridtieyd a§ adti®@dsn claim 10 wherein said solvent #b-
The conposition as clainmed in claim 12 wherein said

al kyl phosphonat &eteated fieas thengraupr eansésting of mineral oils and heavy aromatic
Lerr] naphtha.

12. A corw@sgshi,%g conprising an al kyl phosphonate ester or q’&%&{sgplpﬁﬁ%s .

12. A composition comprising an alkylphosphonate ester or acid
thereof having the formula:

-]
T
D
0 = L
“ P ORZ r—.—g E
= Ry — P 3z
OR3 W
@
: Y
wherein R, is a Cy to Cy4 alkyl or alkenyl radical and R, and Rs are either | =1

the same or different and are H or a substituted or non-substituted C; to
C4o alkyl or alkenyl radical.

13.  The compaosition as claimed in claim 12 wherein R, is C4 to

Cao alkyl radical and R; and Rj; are the same or different and are C, to Cs
alkyl radicals.

14. The composition as claimed in ciaim 12 wherein Ry is a C,4

to Csp n-alkyl radical and R; and Rj are the same or different and are C,
to C, alkyl radicals.

15. The composition as claimed in claim 12 wherein said
alkylphosphonate ester has the formula:

I
0 ™~
_
5 R1 - P \ R4
o_
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14 16. The conposition as claimed in claim15 wherein R err] is
a err] tWOO$4TP} al kyl radical and Rlerr] is a hydroxy s URKST/I§981062653C] er r ]
to CJerr] alkyl radical.

17. 18 The conposition as clainmed in claim
15 wherein Rerr]

is a (err] to (ferr] n-alkyl radical and Rierr] is
sel ected fromthe group consisting of

“CHerr] CH (CH err] OH), |
-CH err] ] ( CHerr])[err] C(CHerr]OH)[err]. . 18. -
The co ml" din claim12 wherein said vinyl nononer is
selecte

engroup COI’ISI sting of acrylates, diolefins, and chlorinated

hydr ocar bons. The conposition as cI ainmed in claim218 wherein

said chl orinated hydrocarbons are selected fromthe group consisting of
vi nyl chloride nono

conposition as cl ai Q and”_%t {f‘c%‘g;gﬁ grbf%ﬁ C%'h gp' Cé?iﬁ‘g1%w§§??/ign§’h§eﬁ g&t ed

fromthe group ¢T3} aikyheaditalEneeR pls é’h#@ro&?@ub@ﬁ%kdﬂCQt@Ck&al'R?ﬂ*Mt?al.

17.  The composition as claimed in claim 15 wherein Ry is a C,4

to Ca n-alkyl radical and R, is selected from the group consisting of

-CH,CH-(CH,0H), -CH,CHOHCH~, and (-CH,), C(CH,OH),.

-
X

18. The composition as claimed in claim 12 wherein said vinyll @

W

monomer is selected from the group consisting of acrylates, diolefins, and? =
U m

chlorinated hydrocarbons. %
[ Jn o8

i x>

LW

o)

19.  The composition as claimed in claim 18 wherein said E

chlorinated hydrocarbons are selected from the group consisting of vinyl
chloride monomer and ethylene dichloride.

20. The composition as claimed in claim 12 further comprising a

solvent selected from the group consisting of mineral oils and heavy
aromatic naphtha. -
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