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It is common to use chain transfer agents in the polymerization reaction to produce
low, and especially the very low, molecular weight polymers. Hypophosphorous
acid or its salts (commonly sodium hypophosphite) are particularly desirable chain
transfer agents. These chain transfer agents are chosen primarily because they
introduce phosphinate and phosphonate functionality into polymer molecules
which confers superior performance properties in some applications. Phosphorous
acid is also known for use as a chain transfer agent, although it is considerably less
reactive than hypophosphorous acid. As used hereinafter, and in the appended
claims, the term "hypophosphorous acid” is intended to include alkali metal,

ammonium and amine salts thereof, unless a clearly different meaning is indicated.

The use of hypophosphorous acid and its benefits have been taught in several U.S.
patents. US-A-2,957,931 teaches the use of hypophosphorous acid to make organo-
phosphorus compounds including organo-phosphorus telomers. US-A-4,046,707,
US-A-4,105,551, US-A-4,127,483, and US-A-4,159,946 teach a method of inhibiting
the formation of scale-forming salts using of acrylic acid telomers made by
hypophosphorous acid chain transfer. US-A-4,621,127 teaches the use of
hypophosphorous acid as a decolorizing agent in a polymerization process.

Japanese Patent No. 02-34694 teaches the use of hypophosphorous acid chain
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This patent discloses a preference for the polymeric dialkyl phosphinate products.

EP-A-0405818 teaches a method of increasing the efficiency of the incorporation of
the hypophosphorous acid which subsequently results in an increased yield of the
di-alkyl phosphinate species. In that application, the invention required from 20-
100 percent in-process neutralization of the acid monomers in order to achieve

efficient incorporation of the hypophosphorous acid.

None of the prior art processes yields a low molecular weight soluble copolymer
composition with high levels of monoalkyl phosphinate and monoalkyl

phosphonate copolymers.

An object of the present invention is to provide a low molecular weight water
soluble copolymer composition with high levels of monoalkyl phosphinate and

monoalkyl phosphonate copolymers.

A further object is to provide a process by which one can obtain a copolymer
composition wherein the ratio of the number of monoalkyl substituted
phosphinate and phosphonate copolymers to the number of dialkyl substituted

phosphinate copolymers is at least 0.7:1.

A further objective of the present invention is to prepare low molecular weight
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unsaturated dicarboxylic acid, anhydride, salts or C;-C4 mono-esters thereof; and
optionally (d) a non-carboxylic acid monomer; wherein the dicarboxylic acid is used
in an amount effective to provide a polymer mixture in which at least 40 percent of
the incorporated phosphorus is in the form of polymeric monoalkyl phosphinate

and polymeric monoalkyl phosphonate.

According to a second aspect of the present invention there is provided a water
soluble polymer mixture containing polymeric monoalkyl phosphinates, polymeric
monoalkyl phosphonates and polymeric dialkyl phosphinates wherein at least 40
percent of the incorporated phosphorus is present as polymeric monoalkyl
phosphinate and polymeric monoalkyl phosphonate.

It has been surprisingly found that when using hypophosphorous acid as the chain
transfer agent in the polymerization of monoethylénically unsaturated
monocarboxylic acids, the typical use of from 5 to about 90 percent by weight of total
monomers of a C3-Cg monoethylenically unsaturated dicarboxylic acid results in
increased amounts of the monoalkyl phosphinate and monoalkyl phosphonate
moieties. Furthermore, we have found that when using the C3-Cg
monoethylenically unsaturated dicarboxylic acids as a comonomer, neutralization
of the monocarboxylic acid monomer(s) during polymerization has only a minor

effect on the manner in which the phosphorus becomes incorporated into the



phosphi nat e ‘and pol yneric nnnoalkyl-phosphonate.-”-It has been surprisingly
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than 50,000, preferably less than 10,000 and most preferably less than 5,000.
The process is aqueous based and can be run in a batch or semicontinuous mode.

Monoethylenically unsaturated monocarboxylic acids useful in the present
invention include acrylic acid, methacrylic acid, vinyl acetic acid, crotonic

acid, acryloxypropionic acid and salts thereof. Preferably, the monoethylenically
unsaturated monocarboxylic acid is acrylic acid and is present at from about 10 to
about 95 percent and more preferably from about 60 to about 90 percent, based on

the total weight of monomer.

The C3-Cg monoethylenically unsaturated dicarboxylic acid comonomers useful for

- promoting the formation of the monoalkyl phosphinates and monoalkyl
phosphonates include maleic acid, itaconic acid, fumaric acid, their salts, anhydrides
and C;-C4 mono-esters thereof. Preferably, the C3-Cg monoethylenically unsaturated
dicarboxylic acid is maleic acid and is present at from about 90 to about 5 percent,
more preferably from about 40 to about 10 percent, and most preferably at from

about 15 to about 30 percent by weight based on the total weight of monomer.

In addition, non-carboxylic acid monomers may be present at levels where they are
soluble in the reaction mixture and the produced polymer is soluble in water. In

any case, the non-carboxylic monomer is less than 80 percent and preferably less
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agent. Levels from about 1 percent to about 35 percent by weight based on total
monomer or more may be used. Preferably, the hypophosphorous acid is present at
a level of from about 2 to about 25 percent by weight, based on the total
polymerizable monomers. If desired, phosphorous acid may optionally be included

along with the hypophosphorous acid.

Suitable water-soluble thermal initiators include, but are not limited to, hydrogen
peroxide, t-butyl hydroperoxide, sodium, potassium or ammonium persulfate,
sodium, potassium or ammonium perphosphate and 2,2 azobis (cyanovaleric acid)
and its corresponding salts. These are normally used in amounts of 0.05 percent to 5
percent based on the weight of total monomer. A preferred range is from about 0.5
to about 3 percent by weight of total monomer. Water-soluble redox initiators may
also be used including, but not limited to, sodium bisulfite, sodium sulfite,
isoascorbic acid, sodium formaldehyde sulfoxolate and the like used with suitable
oxidizing agents, such as the thermal initiators above. If used, the redox initiators
may be used in amounts of 0.05 percent to 8 percent, based on the weight of total

monomer. A preferred range is from about 0.5 to about 5 percent by weight of total

m .
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Polymerizations are normally run at greater than 20 percent solids {(nonvolatile
solids in aqueous polymerized product) and preferably in the 40 to 60 percent solids
range. Polymerization temperatures are generally between 60 and 120°C, with a
preferred range of from 75 to 95°C.

The process requires charging an aqueous solution of the monoethylenically
unsaturated dicarboxylic acid to the reactor, preferably under an inert atmosphere
such as nitrogen. Each of the remaining reactants, monomer, chain transfer agent,
initiator, and alkaline neutralizer if used are then co-fed into the reactor after
bringing the reactor contents to the reaction temperature. Preferably, the reactants
are added to the stirred reactor contents separately, and at a linear rate, over a
period of from about 30 minutes to about 3 hours. Linear feed rate refers to
maintaining substantially the same feed rate of reactants during the entire addition
period. Preferably, the reactants are added over a period of from about 1 to about 2

hours. In an alternative embodiment of this invention, it may be desirable to have
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The fate of the hypophosphorous acid in the polymerization reaction can be one of
several products. The reaction products formed are a mixture of species. NMR

analysis indicates the relative amounts of each of the following:
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where X is hydrogen, or an alkali, ammonium or amine cation.

The ratio of the species present in the reaction mixture is a function of the process
employed. As illustrated by the examples, the processes which employ from 5 to
about 90 percent by weight of total polymerizable monomer of a C3-Cg
monoethylenically unsaturated dicarboxylic acid as a comonomer have greater than
40 percent of the incorporated phosphorus present as the monoalkyl phosphinate
and monoalkyl phosphonate, preferably greater than 50 percent and most preferably
greater than 60 percent. Incorporated phosphorus refers to species of the type 1, 2 or
3 above wherein the hypophosphorous acid has taken part in the polymerization
reaction. In the examples below, a mono- to di-ratio is given which represents the
relative number of molecules wherein the phosphorus has been incorporated as a
monoalkyl phosphinate or monoalkyl phosphonate to the number of molecules

wherein the phosphorus has been incorporated as a dialkyl phosphinate.

As will be illustrated in the examples given hereinafter, at least 40 percent of the
incorporated phosphorus is present as a monoalkyl phosphinate or monoalkyl
phosphonate, i.e. the polymer mixtures have a mono- to di- ratio of at least 0.7:1.
The polymer mixtures are therefore improved over those available heretofore by
the prior art processes. Under the preferred conditions of the invention, depending
upon the amount of hypophosphorous acid, the temperature of the pblymerization

and the amount of the C3-Cg monoethylenically unsaturated dicarboxylic acid
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dissolving 0.04 grams of iron sulfate to 40.0 grams with deionized water. The
promoter solution was then added to the reactor. 184 grams of a 50 percent by
weight sodium hydroxide solution was added to the stirred reactor over five
minutes. The exotherm resulting from the neutralization of the maleic anhydride
raised the temperature of the reactor contents to 80°C. The reaction mixture was
further heated to 90°C. Three cofeed solutions were prepared: a monomer cofeed of
525 grams of acrylic acid, an initiator cofeed of 10.0 grams of sodium persulfate
dissolved in 116.0 grams of deionized water, and a chain regulator cofeed of 294.4
grams of sodium hypophosphite monohydrate dissolved in 320.0 grams of
deionized water. The three cofeeds were added to the reactor linearly and separately
over two hours while maintaining the temperature of the mixture at 90 + 1°C.
Following the addition of the cofeeds, the mixture was held at 90°C for another 30

minutes and then cooled to room temperature.

The resulting polymer solution was analyzed by GPC to determine the weight
average molecular weight, and by NMR to determine the residual monomer levels

and the amount and type of incorporation of the hypophosphorous acid. The data
appear in Table I below.

Example 2
The same procedure was followed as in Example 1 except that the initial charge of

deionized water was 317.0 grams, and a fourth cofeed solution of 386.75 grams of 50
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persulfate was dissolved in 116.0 grams of deionized water. The data appear in

Table I below.

Example 6
The same procedure was followed as in Example 3 except that 40.0 grams of sodium

persulfate was dissolved in 116.0 grams of deionized water. The data appear in
TableIbelow.

Example 7

The same procedure was followed as in Example 3 except that 95.1 grams of a 50
percent by weight solution of sodium hydroxide was added to the reactor. The data
appear in Table I below.

Example 8

The same procedure was followed as in Example 3 except that 47.5 grams of a 50
percent by weight solution of sodium hydroxide was added to the reactor. The data
appear in Table I below.
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dei oni zed data appear in Table |I below. Exanpl e 7 The sane
procedure was followed as in Exanple 3 except that 95.1 grans of a 50

percent by_wei ght aol ution of sodi um hydroxi de was added to the reactor.
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the reaction was maintained at 86 + 1°C. The data appear in Table I below.

Example 11
The same procedure was followed as in Example 9 except that the temperature of

the reaction was maintained at 82 + 1°C. The data appear in Table I below.

Example 12

The same procedure was followed as in Example 1 except that the initial charge of
deionized water was 500.0 grams, no initiator promoter solution was used, the
chain regulator cofeed was made by dissolving 135.0 grams of sodium
hypophosphite monchydrate in 220.0 grams of deionized water and the

temperature of the reaction was maintained at 86 + 1°C. The data appear in Table I
below.

Example 13

~ The same procedure was followed as in Example 1 except that the initial charge of
deionized water was 550.0 grams, no initiator promoter solution was used, the
chain regulator cofeed was made by dissolving 90.0 grams of sodium hypophosphite
monohydrate in 172.0 grams of deionized water and the temperature of the reaction

was maintained at 86 + 1°C. The data appear in Table I below.

Example 14

667 grams of deionized water énd 169 grams of maleic anhydride were added to a
five liter flask equipped with a mechanical stirrer, condenser, thermometer, and
inlets for the addition of nitrogen, monomer, initiator and sodium hypophosphite

solutions. A nitrogen stream was started in the head space and the reactor contents
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were fed into the reactor over two hours while maintaining the temperature of the
mixture at 90 + 1°C. Following the addition of the cofeeds, the mixture was held at
90°C for another 30 minutes and then cooled to room temperature. The data appear

in Table I below.

Example 15

667 grams of deionized water and 127 grams of maleic anhydride were added to a
five liter flask equipped with a mechanical stirrer, condenser, thermometer, and
inlets for the addition of nitrogen, monomer, initiator and sodium hypophosphite
solutions. A nitrogen stream was started in the head space and the reactor contents
were stirred and heated to 60°C. 104 grams of a 50 percent by weight sodium
hydroxide solution was added to the stirred reactor over five minutes. The
exotherm resulting from the neutralization of the maleic anhydride raised the
temperature of the reactor contents to 80°C. The reaction mixture was further
heated to 90°C. Three cofeed solutions were prepared: a monomer cofeed of 750
grams of acrylic acid, an initiator cofeed of 10.0 grams of sodium persulfate
dissolved in 116.0 grams of deionized water, and a chain regulator cofeed of 120.0
grams of sodium hypophosphite monohydrate dissolved in 310.0 grams of
deionized water. The three cofeeds were started simultaneously. The chain
regulator solution was fed into the reactor over 100 minutes and the other cofeeds
were fed into the reactor over two hours while maintaining the temperature of the
mixture at 90 + 1°C. Following the addition of the cofeeds, the mixture was held at

90°C for another 30 minutes and then cooled to room temperature. The data appear
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sol ut i ons mixteretdrclfC. aFalawing the pddHiqsy ofthe cofeeds, the mixture was held at
86°C for another 30 minutes and then cooled to room temperature. The data appear

in Table I below.

Example 17 - COMPARATIVE
The same procedure was followed as in Example 16 except that no sodium

hydroxide was used. The data appear in Table I below.

Example 18

500.0 grams of deionized water and 225 grams of maleic anhydride were added to a
five liter flask equipped with a mechanical stirrer, condenser, thermometer, and
inlets for the addition of nitrogen, monomer, initiator and sodium hypophosphite
solutions. A nitrogen stream was started in the head space and the reactor contents
were stirred and heated to 40°C. 184 grams of a 50 percent by weight sodium
hydroxide solution was added to the stirred reactor over five minutes. The
exotherm resulting from the neutralization of the maleic anhydride raised the
temperature of the reactor contents to 80°C. The reaction mixture was further
heated to 86°C. Three cofeed solutions were prepared: a monomer cofeed of 525
grams of acrylic acid, an initiator cofeed of 15.69 grams of 75 percent by weight 4,4-
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were stirred and heated to 40°C. 184 grams of a 50 percent by weight sodium

hydroxide solution was added to the stirred reactor over five minutes. The
exotherm resulting from the neutralization of the maleic anhydride raised the
temperature of the reactor contents to 65°C. The reaction mixture was further
heated to 86°C. Three cofeed solutions were prepared: a monomer cofeed of 375.5
grams of acrylic acid, an initiator cofeed of 7.14 grams of sodium persulfate
dissolved in 71.4 grams of deionized water, and a chain regulator cofeed of 143.0
grams of sodium hypophosphite monohydrate dissolved in 214.0 grams of
deionized water. The three cofeeds were added to the reactor linearly and separately
over two hours while maintaining the temperature of the mixture at 86 + 1°C.
Following the addition of the cofeeds, the mixture was held at 86°C for another 30

minutes and then cooled to room temperature. The data appear in Table I below.

Example 20

500 grams of deionized water and 160.7 grams of maleic acid were added to a five
liter flask equipped with a mechanical stirrer, condenser, thermometer, and inlets
for the addition of nitrogen, monomer, initiator and sodium hypophosphite
solutions. A nitrogen stream was started in the head space and the reactor contents
were stirred and heated to 40°C. 123.8 grams of a 50 percent by weight sodium

hydroxide solution was added to the stirred reactor over five minutes. The
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t her nonet er appéﬂ: inTeble Fiwiowhe addition of nitrogen, nononmer, initiator
and sodi um hypophosphite solutions. A nitrogen streamwas started in the
head space and the reactor contents were stirred and heated to 40[err]C
184 grans o rcent by wei ght sodi um hydroxi de sol uti on was added to
the sti rred‘tsxg‘n‘l g%'l@iover five mnutes. The exothermresulting fromthe

neutral i zat P06 geimshd deibrized aninetainde3d gramad of Ad).1 pepehabyrweight ifen sulfate
reactor contents to 65/ err]C. The reaction m xture was further heated to
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and heated to 90°C. Four cofeed solutions were prepared: a monomer cofeed of 325
grams of acrylic acid, 175 grams of maleic anhydride and 200 grams of deionized
water; an-alkaline neutralizer cofeed of 451.6 grams of 50 percent by weight sodium
hydroxide and 100 grams of deionized water; an initiator cofeed of 5.0 grams of
sodium persulfate dissolved in 80.0 grams of deionized water; and a chain regulator
cofeed of 27.6 grams of sodium hypophosphite monohydrate dissolved in 66 grams
of deionized water. The four cofeeds were added to the reactor linearly and
separately over two hours while maintaining the temperature of the mixture at 90
+ 2°C. Following the addition of the cofeeds, the mixture was held at 90°C for

another 30 minutes and then cooled to room temper.ture. The data appear in Table
1 below.

Example 22
400 grams of deionized water and 162.7 grams of maleic anhydride were added to a

five liter flask equipped with a mechanical stirrer, condenser, thermometer, and

Aty
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Exanpl e 21 206 grans of deionized water and 30 grans of a 0.1 percent by
wei ght iron sulfate heptahydrate solution were added to a five liter flask
equi pped wi tBxamplecd3ani cal “stirrer, condenser, thernoneter, and inlets for
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were stirred and heated to 40°C. 262.4 grams of a 50 percent by weight sodium
hydroxide solution was added to the stirred reactor over ten minutes. The
exotherm resulting from the neutralization of the maleic anhydride raised the
temperature of the reactor contents to 86°C. Three cofeed solutions were prepared: a
monomer cofeed of 375.5 grams of acrylic acid, an initiator cofeed of 7.14 grams of
sodium persulfate dissolved in 71.4 grams of deionized water, and a chain regulator
cofeed of 143.1 grams of sodium hypophosphite monohydrate dissolved in 214
grams of deionized water. The three cofeeds were added to the reactor linearly and
separately over two hours while maintaining the temperature of the mixture at 86
+ 1°C. Following the addition of the cofeeds, the mixture was held at 86°C for

another 30 minutes and then cooled to room temperature. The data appear in Table
I below.

Example 24
200 grams of deionized water was added to a five liter flask equipped with a
mechanical stirrer, condenser, thermometer, and inlets for the addition of nitrogen,

monomer, initiator and sodium hypophosphite solutions. A nitrogen stream was




hydr oxi de and~100 grams of deionized water; an. initiator cofeed of 5.0
granms of sodium persul fate dissolved in 80.0.grans of deionized water; and .
a chain regul ator cofeed of 27.6 granms of sodi um hypophosphite nonohydrate
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addition of nitrogen, nononer, initiator and sodi um hypophosphite

solutions. A nitrogen streamwas started in the head space and the reactor
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"NaOH" are molar equivalents of base added based on the total monomer acids;
"Res. Monomer" are percent of residual monomer based on initial charge;

"Mw" is weight average molecular weight;

"Mono:Di" are the ratios of the amount of phosphorus incorporated as a monoalkyl
phosphinate or monoalkyl phosphonate to the amount of phosphorus incorporated
as dialkyl phosphinate; and

"Unrxted P" is the mole percent of phosphorus, based on the initial charge, which is
not incorporated into a polymer.
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tenperature of the reactor contents to 86[err]C. Three cofeed sol utions

were prepared: a nonomer cofeed of 375.5 grans.of acrylic acid, an S
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Fol | owi ng the addition of the cofeeds, the mixture was held at 86[err]C for:"

anot her 30 m nutes and then cooled to roomtenperature. The data appear in
Tabl e | bel ow. Exanpl e 24 200 grans of deionized water was added to a
fi%e liter flask equipped with a mechanical stirrer, condenser, o
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"Res. Mononer" are percent of residual nononer based on initial charge;

"MV is weight average nol ecul ar weight; "Mno:D " are the ratios of the

anount of phosphorus incorporated as a nonoal kyl phosphi nate or nonoal kyl
phosphonate to the anmount of pho§ﬁh_or us incorporated as dial kyl :
phosphi nate; and "Unrxted P' is the nole percent of phosphorus, based-on -
he.initial .charge, which is not incorporated into . a polyner. '
Toleradd iny Fatp 1 deionsthard yaf 1 e, 0081 LA RapPBtY BRRBHYL rai e that the use
Buge&d 'dic : ’ ' : ' ic acid in the
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umsatersed momorboxyliohcidhindreases (the ameduphos fhe incorpoestedt as nonoal kyl

hosphi nat e and nonoal kyl phosphaonate. This effect can be seen when the
F%[‘é‘ﬁﬂ?‘]ofﬂf P R§eTHATORYRR 10&“1’%’ A& ARaBaNAREGH RhQERNONate-d This present as
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present 45 haeldcharge toravhen itcigtdodibd .z Te dffdct ¥s alsbiseahiwken itheegangently from
when the neutral i zation takes '

monoethylenically unsaturated dicarboxylic acid is unneutralized, partially

neutralized, fully neutralized independently from when the neutralization takes

place i.e. prior to or during polymerization.
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place i.e. prior to or during polynerization. ——20-- QLALMS oA

process for preparing a polyner m xture contai ni mgsmg noa | kyl

phosphi nat es -and pol yneri ¢ nonoal kyl phosphonates yner|2|ng -

a) hypophosphor ous aci d, b) at 2oeast one m)noet maﬂmmm aturated -

nonocar boxylic acid or salts t her eof err]-Cerr] -
AgRidy | enical Iy unsaturated di carboxylic aC| anhydride, salts or:

%FETﬁ‘ C err] nono-esters thereof, and optlonally d) a non-carboxylic .

aci d nononer mhereln t he dlcarboxyllc acid is used in an amount effective

rovide a polynmer mxture in which at | east 40 percent of f{he

in P{S@?%ﬁsé@r i3t QB@HB&EPPB’Q‘?F FHXtUrS SansRiniRg polymericdneRPaRikyl phosphi nat e

a{mﬁ%mgﬂn : 13,5.‘% ; claim1l
aﬂg?é&?ilrrl%t e&ﬁ%@e]?%# nically ?BSS %?%%teﬁocﬁogar%glgf |6 ac@%lr%g sel ected
fra)n hgnpplphosphbtbusrmctlﬂacryl ic acid, vinyl acetic acid, crot onic acid, and
| ox prop| onic acid.. .3 rocess accordi to cl or claim?2

Ei/elaﬁ 235 aneﬁnp]“oﬁfé’rl?ﬂ‘mﬂ%ﬁdg&%‘r‘@ﬁ?‘éé“?‘}o‘?ﬂggﬂ#‘éﬁ B’f é%\lttfboxvl ic acid
is selpeipg frommaleic acid, itaconic acid, fumaric acid, their salts,
anhvdrides and Clerr]-Cerr] nono-esters thereof. 4. A process according
t ocpnyt dewst ohe yeCymrordethglerlicaliy unkaturated dixapmbyylicraddxt ure has a’ wei ght
average_ nol ecul ar wei ght of |ess than about 5, 000. 5. A process according
to anpnbydriste, salés 9?@%5@4 MRON-85teEs iereel.mng optgsallpo percent of the

[ n%swporrtgxtl_ec% oxyslpchgcrlasm'o%o'n{]ert he form of polynmeric nonoal kyl phosphi nate

wherein the dicarboxylic acid is used in an amount effective to provide a polymer
mixture in which at least 40 percent of the incorporated phosphorus is in the form

of polymeric monoalkyl phosphinate and polymeric monoalkyl phosphonate.

2. A process according to claim 1 wherein the monoethylenically unsaturated

monocarboxylic acid is selected from acrylic acid, methacrylic acid, vinyl acetic acid,

crotonic acid, and acryloxypropionic acid.

3. A process according to claim 1 or claim 2 wherein the C3-Cg monoethylenically
unsaturated dicarboxylic acid is selected from maleic acid, itaconic acid, fumaric acid,

their salts, anhvdrides and C;-C4 mono-esters thereof.

4. A process according to any one of the preceding claims wherein the polymer

mixture has a weight average molecular weight of less than about 5,000.

5. A process according to any one of the preceding claims wherein at least 60 percent

of the incorporated phosphorus is in the form of polymeric monoalkyl phosphinate
and polymeric monoalkyl phosphonate.

6. A process according to any one of the preceding claims wherein the non-
carboxylic acid monomer is selected from alkyl esters of acrylic or methacrylic acid
such as methyl, ethyl or butyl acrylate or methyl, butyl or isobutyl methacrylate,
hydroxyalkyl esters of acrylic or methacrylic acids, such as hydroxyethyl or
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and pol yneri c nonoal kyl phosphonat e. 6. A process according to any one oﬂ;
the preceding clains wherein the non- carboxylic acid mononer is selected”
from al kyl esters of acrylic or nethacrylic acid such as methyl, ethyl or
butyl acrylate or nethyl, butyl- 8t 4sobutyl nethacryl ate, hydroxyalkyl
esters of acrylic or methacrylic acids, such as hydroxyethyl or
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tearyldmde) aneﬂeylby Iaotvlamuq}e anedwlohmé@ﬂmtylamﬂac phbsphaethybhosphoet hy | -
rret hacr | at e et h al cohol,s, . esters .an t hers
%‘@F}%‘SM te4 ‘P]éyl 97 ﬁ@ﬁtgﬁg %1 BIPTS 9 FHhES, aﬁfmpctﬁ@?'rﬁpybones styrene,
e]@gde %HA dﬁﬁa‘s vl sgﬁlrisald&fése@tfyréﬂﬁa gigy; rsm@m@&la SBddle  propane

ohi c or sal t r eof sol ubl e pol yner m xture
timnéaﬁ md@-p@ﬂmﬂud@Zmaﬂgﬂ ipybpane splfonit acid grosaltsethereanoal Kyl

phosphonat es and pol yneri c di al kyl phosphi nates wherein at | east 40 percent
of t he incorporated phosphorus is present as polyneric nonoal kyl

PNogRpA RSB aﬁ&n&mrm&tﬁwgﬁwﬁﬂl ghgo peéf}g&é ﬁxgon?ﬁkxlb‘ pol yner mixture

accordlng to cl wherein at | eas e i ncorporated
phospiimmuams |mlpmmmmM1mmmommaR¢Ip¢ymm dilkeyland pol yneric

onat.e.
gﬁospahmatesp w cre}n at least 40 percent of the incorporated phosphorus is present

as polymeric monoalkyl phosphinate and polymeric monoalkyl phosphonate.

8. A polymer mixture according to claim 7 wherein at least 60 percent of the

incorporated phosphorus is present as polymeric monoalkyl phosphinate and
polymeric monoalkyl phosphonate.
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