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- BACKGROUND OF THE | NVENTI ON Thi s invention rel amMﬂmmpresi %’:EB%Z
hydrocarbon oil and nore particularly to 5 a poly f oam ng agent

in such oil. Suppression of foam generated in using ¥Wocarbon oils is of
maj or inportance with additives in mnor effective anmount in such oils
being wdely used for this purpose. Typical are ate polyners
disclosed in U.S. 3,166,508 to Fields As there”,mmmmm,"mgmm additives in
such oils to inprove oil-related performance can aggravate he tendency to
foam and a continuing need exists to inhibit such und&%i r abl e foani ng 15

over a w de range of lSe, congd QNS , ., Ha A | rbon oil
formul atirons. SUMWSHRIEE B RVENTHON-NOYT-T1p gearbotoi |
conposi tions have been deveBAg&EAGRGUND OFhdHEedNVENTIIOMce to 20 foam ng.

Accordingly, a principal ﬂ?i&?%n%négéﬁ f@i’%@%bo{@o' fobfliREOVI de

conposi tions of hydrocarbon oi ichresrs oam ng over~a wi de range of
use conditi ons.rexs snthery dbpeaxbon @bl priodi Heranpatkyrudarpyl Foer

anti -foam Bg ageHoifyeMEE Ak SUEhh IRy O¥SenhE OB Bgehesk st ant conpositions.
O her objects of "thi's invention wll ih part be obvious,and will in part
appear fromthe 30 fol | oW ¥RPRETIIPtPoHnT oY EPBFhRteFhéBelgh8%0t her

obj ects are acegmldEhasbbyo PIHVididg ha FOAPOEHI0An6E WRther resistant to
f oam ng conpri sid%rgdr,ocarbon geidg h%/l ng a t endency to foaT and a

f oam i nhi bi ti n§ 1€ EL Y SHs ot F R EHES iR 0RGr BN BFT 87 18n acryl ate
copol ynmer cont diediingg wialelnernigzetl fdmarhimteehrpoRe 5 FEE3i282 2racryl ate
nononer ptqavidi a posi t.ive amunt  of. i he. tg abo 1 ight %
fluorine ggsed tg’n tahcgry\ile"’}tg%tpogjfy’?%es c%lpg(')gfy(?réeér(j.jI lllﬁgufgt‘m‘?f %gtségoggr yl ate
nmonomer in thet® &delldst.e dopdihame natgl efetladt yadditheesoinubach(Rf )
PQOCOCH=CH2 | whereit, Rind:ove fdiuornqald dhiatp & £ dthgRbe coghai ning group
having 3 to 20 carbon atoms, optionally, carbon bonded H or O substituents
may be present 2B89TBVSHEIEd N SENRTEEN Heth TR 1R 1SRRI P& Br esent f or
every two C at geed extilke Rt grioiid ind prdviviededifabldefobhihgR~ contains

at Least termnal CF,, group, Q.is _a polyvalent organic.conpecting group
and p is 1 or degaﬁﬁg@%ﬁsaﬁfﬂﬁ%\?%%&%%&si % %/‘F‘é?%r%& yner

anti - foam ng addi hewvebhysirgoaribcantdil ifipmovest ¥es$ st ance to foani ng of
hydrocarbon oils. Such fl uorigpema&yPHeVieed deENYe dif esence of pol yneri zed
fluorinated 20 acryl ate as a nonomer_ conponent. of the acrylate polynmer. The
anount of such bound f| udEhd MaFoMes R RIp AP YhetoBpPPeEEioBSt 0 |

i nhibit foam ngavar besnWdelellkpe@oREasi driarfed areBd st dode of ot he

hydr ocar b$6e1 oi% in.which the acrylate copolynmer is 25 dispersed. A positive
amount (gf eat et *FRaf92ero) up to about 15 wei ght percent fluorine (F) based
on the weight of the acrpcabtedimgdlyymer ranitncimivotfjegentti shjeneral |y
adequate for carb i A\ [ﬁ%g L t Lght
percent 30 pr ?g&?ggggﬁdag. g’% ?Igjo%l%éeit g:ht perlctglnc_grpsrmﬁ qg’g‘?'#%‘??%ﬁéﬂme
preferred fluoPihavBdchcrpisdss doRsHEYd iVethdwiidrstdrgen®h ¥e8bove and is
" disclosed in ByppaeanoRatent Specification 35 Publication Nunber 0234601

Bl lish ly 24, 1991.
, pub ESed July ' %%other object is to provide an acrylate

polYme; anti-foaming agent for use in such improved
foaming-resistant compositions.

Other objects of this invention will in
part be obvious and will in part appear from the

30 following description and claims.

These and other objects are accomplished
by providing a composition of matter resistant to
foaming comprising a hydrocarbon oil haviné a
tendency to foam and a foam-inhibiting amount

35 dispersed in the hydrocarbon o0il of an acrylate

copolymer containing polymerized fluorinated



31In Formula I, Rf is a nonovalent, fluorinated, aliphatic, prefeugﬁl EB 2002
saturated, organic radical having at |east three and as many as t t§
carbon atons. The skeletal chain of Rf 5 can be straight, branched or, if
sufficiently large, cyclic and can include catenary dival ent oxygen atons
or trivalent nitrogen atons bonded only to carbon atons. Preferably, Rt is
fully fluorinated, but carbon bonded hydrogen or'chlorine 10 atons can be
present as substituents on the skel efal chain of Rf provi ded not nore than
one atom of hydrogen or chlorine is presentlfor every two carbon atons in

t he 'skel etal chain of Rf and further provided that Rf contai.ns at |east a
termnal 15 perflu roneth I ou le radjcals containipg a | arge
nunber of carb8f* Xﬁ "?66 Fg’d%q]lfidtr@f Q‘?ﬁ)%’élﬁ%n?'&?‘ﬁ?ﬁgogot nore than
about 14 car boiflatanimeans p:rcefaﬁj’d’tﬂ:d 19 neeidlat g8 fhubcbhe bissa@d! ynuy~e
fluorine |ess e flc%ﬁniﬁy %h%%' % waller 20 radicals. Preferably Rf has an
aver age of abou ®6"t0o &ar bory at |n Formula | is an organic

pol yval ent (e.g. dlvalenﬂbauﬁhuanunﬁ;qﬁwﬁﬂr¥iﬂﬁﬁeﬁpmqmeEXEMpthean acrylic
or alicyclgc r ., - Qf lyval ent (e.
g. dival enfb)) aragk |act%r ac}ﬁﬁggly%%fxag%gtt?tﬂe?féﬁﬂgpcﬁg%ﬁe a{)%l;r@lp% can contain,
for exanple, skeletal nitrogen, ok§geRC6PCEECHar atons or catbonyl i nino,

sul fonyl i m no, whErB@nOR, CAE b@nflubasw@bﬁat@cl i‘a&@.c‘é’ls'd:lé‘htﬂatllﬁl% or

substituted by hal og gn atons, Hydroxyl, alk or- aryl, cal s and
preferably is FFQBPf §LEG ph&C €% &#ﬁ?ﬁt'ﬂmpsfiﬁ E&ﬁ%@ ¥ad|cals i ncl ude
- C~~-, -CZHn- carBiBhondeaHsr ox C@~H&hst1@H&GﬁhM

C-HoCON (L Fb ) PEatRase hot’gordbtign e Eigh et 558 e (g e o

(R6) CHZCH ( CH8yrander@z HASOZNatRE)s @@HBJmaﬁheQQORQ AedHpgovdded 4 al kyl
radical . Prefeigblyy Ot nOHendafibhar 960sSCBNCLERNnEaHET,. 5
Preferably nononers of Fornula 1 contaln at [ east about 30 and preferably
about 40 to 609REP@htQpéﬁcénP©ﬂVﬁ6@ﬁﬁé OREF IS AU HRshohe? $Rof  For mul a
1 include: 10 £9&1lp, SN ©€H3). CHZOCOCH=CH2, C6F13C2HgSC2HA0COCH=CH2, C2 FS
C6F10CH20 CH2, C F, SCHz - C ES T& ) CZHQOCCSCH=CH2, ( CF3
) ZCF ( CF 6CHzCH ( OH ) OC2F4CZHA0COCH=CH2, 15
CBFI . CzH4SC2N ( C3H, EiH¢@¢ﬁ€H¢@H@Cry@ﬁtEl5@@Hq@@NH@QFbGEEﬂP¢ﬂE&, C3F~ (
|_FOFz0) 7 | gp%cgz L3 SRR GBI L G ROIITC. 2 0
C3F~ ) ZCGI-BSOZ &Iha CFoCr2 OF5-CF \ NCFz CF2CON( CH3)
czH40000H:CHz~f0arnan250éFb®ﬁzoeBFb0ncpééﬁeHzﬁU(CfU-ﬁahaorez?e|1zﬁ:>COCH:CHz 30 ,
Particularly p@ﬁé@iﬁ@@l Bgzuehlenﬁkedea@éyb&t @dm»m@rﬁrzsedaffl&aij@tédare
commercially avail abl e under the trademark Fl uorad.as FX- FX14 and

FX- 189 from M AREY ?EeNFﬁlﬁgmaﬂamﬁﬁnﬁPEEFEFPﬁg S Y HE© paul |

M nnesot a. FX 3&l{ders, ZTON-ambyhpebﬁlamumommﬂaNESUhknnanadU) eh@yl

acryl ate; FX-14, d cryl e.
ethylperfluorooc%g%égguﬁgg ﬁﬁgg)bggﬁgﬁaggtﬁgbﬁngfgt ﬁé%éﬁﬁ?s

2- (Nbut yl per f | V¥ 08t WhESuFhenarMBEF &t cacffrarelaUemiritdnomers have

the follow ng &H@EHESén 01191 k2 i GhF¥nhE3 aceiftd LSz C CH=CHz

where n= 7 5 5
dlsperse A positive amount (greater than zero)

up to about 15 weight percent fluorine (F) based on
the weiéht of the acrylate copolymer anti-foaming
agent is generally adequate for most hydrocarbon
0oils with about 0.10 to about 5 weight percent

30 preferred and 0.20 to 2 weight percent most
perferred.

The preferred fluorinated acrylate
monomer is known, has formula I above and ié
disclosed in European Patent Specification

35 Publication Number 0234601 Bl, published July 24,
1991.



FX-14: C~Fz",, SO2N- CH2CH20- C- C=CH2 where n=7.5. CgH9 O 10 FX-189: r12 FE 2000
C'FZ~, 1S02N- CHzCHzO- G- CH=CHZ ' where n=8 The perfl uoroal kyl group i §X— §
FX-14 and FX-189 is about 95% CBFl.,- with decreasing 15 anmounts of
perfluorinated | ower al kyl groups down to C9F~- . O the CB portion, about
70%is the normal (linear) isonmer and 30% a m xture of branched isoners.

FX- 189 contai ns about 49.5% F and has a nom nal nol ecul ar wei ght of &53. 20
Non-fl uorinated acryl ate nononers) in the polyneric acryl ate defoanm ng

agent conprise one or nore al kyl acrylates in which the alkyl radical has
from1l to 18 carbon atons and which is present at at |east 50 weight %in

the acrylate copol ymer. 28, Griimpad Addi!i;enal (ARSI Sy ot her than said
nonfl uori'nated al kyl, acryl| ate) copol ynerizable with such alkyl acrylate

monomer can be fgrEREmat e ¢ il Golph Yve rP X R b 88BHYAFRGE at ed styrene,
the higher al kylrgehitcd A o b Hu bt Nedd@er yhaé€Sand0abi ghay al Kyl

mal eates or fumarates and vinyl esters the hjgher aliphati.c

nonocar boxyl i caﬁcg%d’?.nt%ec taeté:fmsf 1 ugﬁrﬁasf%é%i%ﬁiﬂ Skag%ﬂgngf in the
acryl ate cépol yeer bes sadeqidite, thargprahwedient hel af snefbot enngd positive
amount up to 3 ut | ahty %.F i.n, .+ o . Using the
commerci al FX- ?é%’%x é}%&\r,]!gd %dléofnmlnmocn]é&edgé%%%%gyagg\\?é?{gﬁii s anount of
fluorinated acryyges @dworerry & wb@iterd: OOt tegeoatond hendad %
preferably aboghl%d%. ld e ol & é:lEdQ)%@ZRG e molecul ar wei ght
(wei ght average ) of the acYylate copol yner def odni'ng agent can vary
within broad | fAesigsdead derrercanbprasuided modregeabent c2Eor 5oe,

pref erabl ypaboyt o2@, 26&: 2 rERRR0Q Pafdris: t fintdV snabgye 250, 000 the

acryl ate copol tends tq settle out | ny hydrocarbon oils and | ose
def oam ng effe%ggggﬁé‘ s GHFCh OrfeIRifeBIBPilgEg‘ra\Q\éiti e Fhase A 35%PT he oi l .
When Mv is | oweE tqhamo@mtorl&rﬂ(aﬁiirxte tiengsrd=erit) thsseveeyi twand formt he
same phase as Lhe,ofl Jandd Ner §har e,cannal B el PaRe Ly T e, A5 at o
copol yner antifoamng agents containing polynerize fI‘uqu nated acryl ate
nmononer are efpeevidedathasr R:| eoneahoendtatlraRs, ai texmigsd 15 than about

1500 partssperp8ikh i8R cR@ithy 105 ygr ocarhar &l rabiemi20 dantkBipart s of
t he copol yner is greferre , but. this may be varied de e?nfgl n‘? uggn t he
nature of the di FerERoBfeeFeSE CRIFOIOG YA %‘%’ib‘l’ﬁ) TAFF Y= béi ng
sufficient. 20theagycontsiadtgonios oenteaitiarg flwaue | Mlucarigoad] uvant s
require nore of,the polyoer .than do.base-qils w.th e 1 ng
characteristi cast::o'?ﬁegggr ggﬁgtfgrgggo%ﬁr?%re d’eat'KJ em%nag&aga?l%s&%é%f%ef er abl'y
added to the hygeofarbainei Legs gifdlaitardndy ihan 2B hgrebker bon sol vent.
The foamzg-inhiRithig ef peckoblife rAChYkabe aOROLWEEILE iabdiatl gqmterially
affected by the presence of other adjuvants in the hydrocarbon oil. Since
the acryl ate copotynERELRMe@5P8Sent in 30 the oils in only very small
quantities, the use in theia Foamuier I da dirt afgarely pabycaddpuvants has

substantially po eff n rfor nt.| jtives.

Conposi tions o?e h§dr§ggP§8RQ§i F%n%%%ﬁ:%nﬁ{ r%fg@]'%[‘:ﬁﬁg1 épdrée}gtaagn% an(ngoam ng agents
are 35 storageestable everclryidct ove apddysdsiankdlcal wienl to subjected to
heat and g essyg, (Ul bNg 0RehALRGUSCANYdT RS ey dfs 0garbon oils
rendered substantiall g f oam ng-,r esi stant. by i1ncorporating a foam nhibiting
quantity of tHéipResBRt anerafdanitagisally mdr SR synthel? ccarbpBt rol eum

stocks of varyifgm¥i Scosithhesostahngs flosbrd:catd g, aiks1des1

i nt ernal ~conbustjon engines and notors, diesel fuels, lubrjcants and
pressur e trans’?le%’r?gﬁai' aS*€IGh PhdFEL S aﬁi?ﬁ'ﬁ c%t%a}r]?)‘?’b%g’g“é?rs,

hydraul i ¢ oi | sgutfiobyheémanbs, ispnedioe a@ardonydurredidebs i ngQoiks, pneumatic
t ool | ubrjcant . het t L%F carbons of any
type, i .ej'.&para ?%?%lgﬁggﬁgﬁ%nggﬁéﬁz#&ﬁ% bg{ }Eﬁaie ed. egécr ylate

copol yners ar é3f EpAY &d BE‘W’&S?? erllsirad icalspland arr pbeyaetvzasion in the
presence of a free-radincalipabakystinandueptignal lyuikpowe gol yneri zation
regul ators. When_pass pol rized m xture of mongners and freeradical

catal yst are a@??h‘f%ﬁs ﬂnég]g‘:dteo’fgﬁ)t' untih -polymBri zattdh i s “Sdbst-antial | y
conpl ete. In enci gl BCHRO! yreT,HzatjiR, adcod, s, on ofHmmeners-in an aqueous
sol ution W th sui mul si £y nts s pap .or al kyl -substituted
sul fosucc3ygnat e@’ﬁ%b?ﬁ%‘ri'zeé% n%l)(%;:rgrf]?-S’C ‘t@%ﬁ@ﬁég f‘?ﬁg'poi nt of watex. In
sol ution polynerization,the nononers are dissolved in an inert |liquid and
the eoluti4dn agitated in the presence of a catalyst at from25C to the
boiling point of the solution. Solvents are generally substantially neutral
organic liquids, e.g. aliphatic) aromatic al kyl aromatic or~ alicyclic

hydr ocar bons such as hexane, benzene, ethyl benzene or cycl ohexane; ketones
such as nethyl ethyl ketone or acetone; esters. such as ethyl acetate ox

- oy



Usabl e catal ysts include organi c peroxi de conpounds such as acetyl 25 FEB 2002
benzoyl, lauroyl or stearoyl peroxide and tert-butyl or'cunene :
hydr oper oxi de; inorgani c per-conpounds such as 9 hydrogen peroxi de,

sodi um per borate, or potassium persulfate) diazo conpounds such as

azo-bi s-isobutyronitrile, alpha, al pha-azodiisobutyram de, etc. The

pol yneri zation reaction may be batch, e.g. by agitating the reactants
(charged initially at once or partially netered in over tine during

pol yneri zation) at BO 150C until the reaction i S conplete or continuously

by constantly renoving pol yner while replenishing one or nore of~Lhe
nmononer s and/ or l yst~and re i t. wh i t\chwi se the
pol yneric react |%%!t"ﬁ(¥ )pcr?gdu'ct %ﬁ%hﬁﬁ@gggbaf at %gzl\?@g?nepﬁ(gﬂé@gtt'i on

m xture by di stand i ngHeEO.NAN s -andvheene Wir égcHe@rseahing Livateri al .
However, as notggyi Separ apiOfe PRI N0t beg neggssary hencihe reaction

m xture as a solution _of polymer i'n solvent i's uséd directly as additive to

t he hydrocar boﬁ%ﬁzw.(ﬁh@"ﬂﬁventi on is further described in the foll ow ng

iPI lustrative Exanples V\hi%‘fbﬂgéﬂ;kﬁlp}t' méﬂh;gﬁléEifﬁ 33 ilrbm'ntllbh@ 'bameaté'mon.h _
ercent ages are on a wei ght S| S. c~late o] r. Synt hesis

The fol | owi ng ﬁ%qﬁ?ﬁvgeago?%tga%n@ﬁ?ﬁ%%f%? %da$838::§8 hégggd to 77-84C.
197 gns et hyl aedidite/peaopsopeioloming ure (90/10 wt. ratio) 0.35 gm
initiator ' azoisobutyromtrile- Vazq 6 popt 5,gns
2- (N-but yl perfl uorooct angsetﬁ]%eosneanrﬁ%o?veeffh%/rﬁgé%%%I g’?f%ﬁ“ﬁ%%aé" "' FX-189
from3M Co.) ("iPADude32 gns ethyl acrylate ("EA")/2ethyl hexyl acryl ate

("EHA") myxture £24&-4(6ud M,ocbabley,, 10 Wen the reactants reach reflux
t enperat ur e, pol"gﬁerizzatiaon i's continded for_one hour. Then two liquid

streams (LSl afdfLSZHAS:RoMrPg)=Gle Sefufffaddb@sPFHeb#ei nuousl y added 5

over 30 to 40 mi,n,.cHootbeHLeRSt iR, OB (OB, MIL ®cicHERB84C. LS1 = 118 gns

EA/ EHA (36/ 64 i L = ) H6A~di ssol ved in 123 gns et hyl
V@ﬁéf%ﬁﬁ%{ﬁ)é%zc&(ﬁo@r |zocg%l(ZC

acetate/i soprop ns as 10’ above. After charging LS1
and' LSZ, pol yr€FLrAAEQRF,CghRtPAdeSHfor 4 hours fol | onwed by sol vent

stripping-at a e ¢ f t ifghriHg. During stripping the pressure
is graduafL y igﬁ’ég%‘&%ég(ggagg H"g%aqt ure}g_zgcreases to about 120C. When
essential |y al C-BoFvdfONEC.H FHeaFhgl W%@?EF?:@QO%‘F@% in the
reactor), a 30-600 acryl ate copol yner sol utinn IS pggpared by addi ng
sufficient hydrocarho he, reactor.? The tylate 20 copol yner
analysis is 29.C‘7'§/b7§§3196@%3’//§g{ﬁ%§%{%%FA. Mv by size excl usion |

chr omat ogeaphy (CSEQ), Ci15, 60N 00D, )EaH0S8CHECEent al fluorine in the acryl ate
copolymer is 0.490. The foregoing procedure is repeated tw ce 25 except
using FX-13 and FX-14 @i#zuori nat ed acryl ate nononer to provide acryalte
copolyners with 0.49%el é tal F. EXAVMPLE Il Foanmi ng Resistance 30 The
test method evelmatdmg foani NGICEFSCEIGUNECH S GH[BCHERLCH f,oramdf ASTM
D892-92. B summary Nge hygrocarbon oil sanple containing finely dispersed
anti foam ng agent at 24%,8E,is blown with air at a constant rate (94t5
m/mn.) 35 for 5 mn. and then allowed to settle. The volune 'of foam
gener at ed abov€,E,REFe"HCHgVETH,) € HEEfe«CH, 11 in nm and the tinme to fully
col l apse the foamis measured in seconds. Performance in this phase is

recorded ypder Sequence (eq-ikuh alrlyT¥UASHQd M G- dhEsqt est is repeat ed
on a second 5 sanple at 94.5C with results shown under "Seq._I1" in the

Tabl es. After PFBAM-PFENTSEGMEFE &5 FFERY @ the wanePenedHr &2l $Ybrought to
24C and the pracedueplboundeq. ther epedlcathoM HlU®SAH tHs ShRwN3 Under “ Seq.

e, The Sanelgagghe%&t?%bs%%bm Minnesota Mining and
Manufacturing Company of St. Paul, Minnesota. FX-
35 13 is 2-(N-ethylperflurorcoctanesulfonamido) ethyl
acrylate; FX-14 is the corresponding methacrylate,
i.e. 2-(N ethylperfluorooctane-sulfonamido) ethyl
methacrylate. FX-189 is 2- (N-
butylperfluorooctanesulfonamido) ethyl acrylate.

40 These monomers have the following structures:



10 11l test is then heated to 1530.5C and the Seq. | procedure reeﬁgthB 2002
except at higher air flow of 2005 mM/mn. wth results of this rat

severe high tenperature test shown under "Seg. IV'. 2.5 gm defoaning agent
at 40%solids in 15 solution is diluted with solvEnt to 50 gmand 0.8 gm of
thi s defoanmer solution added to 200 gns. of test oil. The test oil blend is
vigorously shaken for 3 mn. to finely disperse the def oaner solution in
the oil. Foaming resistdnce is neasubed using 20 'different hydrocarbon
oi I s under the various sequences of the noted test nmethod. In this first
test, the hydrbcarbon oil is commercially available automati:c transm ssion
fluid (called "AFT1" and "AFTR"). Defoamer 25 conposition of the invention
is the acryl ate copol yner ofnfignple 1ggTR means a control not according to
t he i nvention. Vol unme f seguences "Seq") isinm,
and col | apse tF%élﬁn §géﬁﬂ§%2 3§ﬁ(ﬁpg Chogg hﬁﬁF?ﬁBﬂE Péf oaner O |

Def oaner . Seq. | Seq. |1 Seq. é Seq. | Type
(ppn)n1secn1secn1secn1sechn ol1° ATFl 0 EI71.585020.59445236.6210023.41no
def oanmer CTR11dj} 1520 ~dj N

200430300, 54506841452 g%@dﬁ%%m Ca;dhlfe n-7.5.

200/ 2001555520. 3104. 911025. 4CH&4{CTR2 Eganple Iditto

2000- - 35265 20- - 6017. 2CbntroIAFﬁ2 0410243. 324012. 25390210. 45150. 62CTR1di tt o
2000- - 20- - 0- - - rR01 8 6TR2dF | 1, 802003104308 5¢ﬁ =61 3008r&54AL 8. 1CTRL/ CTR2di tto
200/ 2000- - 25118. 10- - 10018. SExanple Iditto

2000- - 4016. 10--4517. 2' Co rcialsilic ased a % 002EHA
copolynmer with nnlecular&g? HF( OrPgaigﬁt§6k qbgg{J' gﬁééh?~~0 13 In
this second tesnd Fhelﬂydnacabbgn 8Bk CsFa- g@athodbch@ﬁG&ﬁer types and
per forma n i v@Qo ded oaner

Dot Oarmr“g%q %ﬁﬁ@@ LE ﬁ%?f@ﬁok%@%bﬁ gd \éfﬂlkyi _E;%‘%Jd% 3 Comrol -
def oamer 0 30 *590C 0- CTQf5Gh§uCz4BOEblE§anﬁP@UF §@°3682§ i 15 Iri this
th: rd testDéftheoPMQnoqa&hearphhsbs]e&uehldnaoczl% mid&ltﬁfe Sa(a)ft#r gt ed neutral
sol vent. oaner t s.are ident as in _Table

Def oani er Typ f%?%éga 1ERPeTrSey %% %ga cPptadys aHOUt Cob ﬁ? hF ~mM m 25
~CcTR 1 o | 8%:28 B48 £TnlAiR8]1 16026c8BarEwanphe R2@53.15 0 Using the
acryl ate pplymers contalﬂbggfggo§§P;§eang E?i%%e(hQﬁﬁﬁﬁglégz y 4 189) the
followi ng results are obtal ne & .1 Seq. Il Seq Il
Seq. |V Anmountt3s Exigmende ppat AETEe| s}ﬁifpsm2§§c azs/n@? @MY B¢ 1200 ppm
AFT2 30117.7 224 5n&r2541Ry# 4019140edhenahavendata idilkyat rﬁ@fcathe .
unexpected significant foam ng-resjstan{ results in various dr.ocar bon
oils of the act§fa EOQObOFVn%g aﬁrbﬁﬂe? OBF eRd MR& %ﬁ1(ﬁﬁ€éﬁ$lng about
to 45, bound féuomtnbeé&kaﬁplﬂeiyhtn/cmnpahesannmhate @ IFmeB. 200 14
commer ci afg “Orbééi‘c% i‘aéﬁg E‘E{;ML t ASnbhE ) (%@ ¥ 't'h%?f‘esall%‘f‘rﬁj%r( CTR1)

def oanmers.” The escr |on 'S 11 astrati on and oul d not be
taken as |imtf ‘gorsn%iaﬁo%k%dPFFMé?FéhsCQﬁé’la'meérl&ﬁ% with be

such alkyl acrylate monomer can be present in the
copolymer which included alkylated styrene, the
higher alkyl (5 to 18 carbon atoms) methacrylates,

30 higher alkyl maleates or fumarates and vinyl esgters
of the higher aliphatic monocarboxylic acids.

The amount of fluorinated acrylate
monomer in the acrylate copolymer is adequate to
provide the aforementioned positive amount up to

35 about 15 weight % F in the acrylate copolymer.
Using the commercial FX-13, FX-14 and FX-189
monomer described above, this amount of fluorinated
acrylate monomer is about 0.001 to about 10 weight

o

%, preferably about 0.1 to 5 weight %.
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35 storage-stable over long time periods and also when
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Hydrocarbon oils rendered substantially
foaming-resistant by incorporating a foam-
inhibiting quantity of the present anti-foaming
polymers are synthetic or petroleum stocks of
varying viscosities such as lubricating oils for
internal'combustion engines and motors, diesel
fuels, lubricants and pressure transfer media, e.qg.
industrial lubricants, process oils, hydraulic
oils, turbine oils, spindle oils, journal bearing
oils, pneumatic tool lubricants, etc. They may be
synthetic or natural hydrocarbons of any type, i.e.
paraffinic, naphthenic, aromatic or blended.

The acrylate copolymers are prepared by
mass, emulsion or solution polymerization in the
presence of a free-radical catalyst and,
optionally, known polymerization regulators. When
mass polymerized mixture of ménomers and free-
radical catalyst are agitated at 35°C to 150°C
until polymerization is substantially complete. 1In
emulsion polymerization, an emulsion of ﬁonomers in
an aqueous solution with suitable emulsifying
agents such as soap or alkyl-substituted
sulfosuccinate 1is polymerized at from 25°C to the
boiling point of water. '

In solution polymerization, the monomers
are dissolved in an inert liquid and the solution
agitated in the presence of a catalyst at from 25°C
to the boiling point of the solution. Solvents are
generally substantially neutral organic liquids,
e.g. aliphatic, aromatic alkyl aromatic or:
alicyclic hydrocarbons such as hexane, benzene,
ethylbenzene or cyclohexane; ketones such as methyl
ethyl ketone or acetone; esters such as ethyl

» acetate or methyl propionate; chlorinated
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polymerlza 1on 1n a so vent with no deterious

effect on the hydrocarbon oil facilitates adding
the resulting polymer sclution directly to the ocil
without first separating the polymer from the
reaction media. However, at completion of
polymerization if the polymer solution is too
viscous for convenient handling, the solvent can be
stripped away and the solid poiymer redissolved in
another solvent at a concentration (typically 30 to
60 wt.% polymer) providing a less viscous, more
readily handled sclution tailored for sale to the
hydrocarbon oil formulator. Other reasons to
change the solvent are to providé one which is more
environmentally friendly, is safer in having a
higher flash point and/or is less odorous.

Polymerization formation of the acrylate
polymers can be conducted in the presence of
polymerization modifiers regulating the solubility
of the polymers. Such modifiers include 'chain
transfer agents such as alkyl mercaptans, e.g.
tert-butyl mercaptan or n-dodecyl mercaptan; the
polyhaloalkanes such as carbon tetrachloride,
chloroform or broﬁoform; the nitroalkanes such as
nitroethane or 2-nitropropane; liquid hydrocarbons
such as toluene, ethylbenzene, or kerosene, etc.
The chain transfer agent may be the solvent used
during the reaction or it may be incorporated as an
extraneous solvent, e.g. dioxane, acetone,
isoprépanol, paraffin hydrocarbons, etc.

Usable catalysts include organic peroxide
compounds such as acetyl, benzoyl, laurcyl or
stearoyl peroxide and tert-butyl or cumene
hydroperoxide; inorganic per-compounds such as
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persulfate, diazo compounds such as azo-bis-iso-
bﬁtyronitrile, alpha, alpha-azodiisobutyramide, etc.

The polymerization reaction may be batch,
e.g. by agitating the reactants (charged initially
at once or partially metered in over time during
polymerizatidn) at B0-150°C until the reaction is
complete or continuously by constantly removing
polymer while replenishing one or more of 'the
monomers and/or catalyst and rggulating agent.
When operating batchwise the polymeric reaction
product is usually separated from’the reaction
mixture by distilling off solvent and any unreacted
starting material. However, as noted, separation
may not be necessary when the reaction mixture as a
solution of polymer in solvent is used directly as
additive to the hydrocarbon oil.

The invention is further described in the ‘
following illustrative Examplés which are not
intended to limit the invention. Percentages are

on a weight basis.

EXAMPLE 1

Acrvlate Copolymer Synthesis
The following are charged tc a one liter

stirred reactor heated to 77-84°C.

197 gms ethyl acetate/isopropenol
mixture (90/10 wt. ratio) ‘

0.35 gm initiator
azoisobutyronitrile- Vazo® 64 from Dupont Co.

2.5 gmeg 2- (N-butylperfluorooctane-
sulfonamido) ethyl acrylate (Fluorad™ FX-185 from
3M Co.) ("FA")
132 gms ethyl acrylate ("EA")/2-
ethylhexylacrylate ("EHA") mixture (24.4/75.6 wt.
ratio) ' '
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When the reactants reach reflux
temperature, polymerization is continued for one
hour. Then two liquid streams (LS; and LS,
following) are simultaneously continuously added

5 over 30 to 40 min. to the reaction medium while at
77-84°C.

LS,
LS,
ethyl acetate/isopropanol mixture - propbrtions as

118 gms EA/EHA (36/64 wt. ratio).
125 gms Vazo 64 dissolved in 123 gms

10 above.

After charging LS, énd.Lsz, polymerization
continues for 4 hours followed b§ solvent stripping
at a pressure of about 28 inch Hg. During
stripping the pressure is gradually increased as

15 temperature increases to about 120°C. When
essentially all solvent is removed (leaving 100%
copolymer solids in the reactor), a 30-60% acrylate
copolymer solution is prepared by adding sufficient
Ihydrocarbon solvent to the reactor. The acrylate

20 copolymer analysis is 29.7% EA, 69.3% EHA and 1%
FA. Mw by size exclusion chromatography (SEC) is
60,000 Daltons. Elemental fluorine in the acrylate
copolymer is 0.49%.

The foregoing procedure is repeated twice

25 except using FX-13 and FX-14 as fluorinated
acrylate monomer to provide acryalte copolymers
with 0.49% elemental F.

EXAMPLE 11

Foaming Resistance

30 The test method evaluating foaming-
resistance is a modified form of ASTM D892-92. 1In
summary the hydrocarbon oil sample containing
finely dispersed antifoaming agent at 24+ .5°C is
blown with air at a constant rate (9445 ml/min.)

35 for 5 min. and then allowed to settle. The volume

"of foam generated above the o0il level is measured
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in ml and the time to fully coliapse the foam is
measured in seconds. Performance in this phase is
recorded under Sequence (Seq.) I in Tables
following. This test is repeated on a second
5 sample at 94+.5°C with results shown under "Seq.
II" in the Tables. After foam from Seq. II
collapses, the same sample is brought to 24°C and
the procedure for Seq. I repeatéd with results
shown under "Seq. III". The same sample' from Seq.
10 III test is then heated to 153+0.5°C and the Seq. I
procedure repeated except at hlgher air flow of
20045 ml/min. with results of thlS rather severe
high temperature test shown under "Seq. IV".
2.5 gm defoaming agent at 40% solids in
15 solution is diluted with solvent to 50 gm and 0.8
gm of this defoamer solution added to 200 gms. of
test oil. The test o0il blend is vigorously shaken
for 3 min. to finely disperse the defoamer solution
in the oil. Foaming resistdnce is measured using
20 different hydrocarbon oils under the various

sequences of the noted test method.

In this first test, the hydroécarbon oil
is commercially available automatic transmission
fluid (called "AFT1" and "AFT2"). Defoamer

25 composition of the invention is the acrylate
copolymer of Example 1 CTR means a control not
according to the invention. Volume of foam for the
various sequences ("Seq") is in ml. and collapse
time in seconds. '

30
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In this second test, the hydrocarbon oil

is a gear oil. Defoamer types and performance

measurements are as identified above.

5 TABLE I
Defoamer . Defoamer Seq. 1 Seq. 11 Seq. 1N
Type Amt. ml ‘ ml ml
, (ppm)

10
Control - no defoamer 0 30 500 430
CTR 50 30 245 40
Example | 50 30 25 35

|
15

In this third test, the hydrocarbon oil
is turbine o0il made of saturated neutral solvent.

Defoamer types are identified as in Table I.

20 TABLE Il
Defoamer Type  Defoamer Amt. Seq. 1 Seq. 1 Seq. 111 ,
(ppm) ml ml mi
25 *CTR1 0 185 25 340
CTR2 20 15 25 305
Example 1 20 0 15 0

Using the acrylate polymers containing
30 FX-13 and FX-14 (instead of FX-189) the following

results are obtained:

Defoamet Oil Type Seq. | Seq. 11 Seq 1II  Seq. IV
Amount
35
FX13 200 ppm AFTI 15mi/8.2sec 25/17 0 30
FXi4 200 ppm AFT2 30/117.7 22/5.6 25/10.4 40/6
40

The above data illustrates the unexpected
significant foaming-resistant results in various
hydrocarbon oils of the acrylate copolymer
defoamers of the invention containing about 1%

45, bound fluorine (Example 1) in comparison with
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commercial non-fluorinated acrylates (CTR2) and
silicone-based (CTR1) defoamers.
The preceding description is for
illustration and should not be taken as limiting.
5 Various modifications and alterations will be
readily suggested to persons skilled in the art.
It is intended, therefore, that the foregoing be
considered as exemplary only and that the scope of
the invention be ascertained from the following

10 claims.
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We Claim:

1. A composition of matter resistant to

foaming comprising:

a hydrocarbon o0il having a tendency to foam, and

a. foam-inhibiting amount of an acrylate copolymer

dispersed in the hydrocarbon oil,

the acrylate copolymer containing polymerized

fluorinated acrylate monomer providing a pesitive
amount of fluorine greater than zero and up to 15
weight % based on the weight of the copolymer, and
polymerized alkyl acrylate monomer, wherein the
copolymer contains at least 50 weight % of one or more
alkyl acrylates in which the alkyl radical has 1 tc 18
carbon atoms.

2. The composition of claim 1 containing
0.10 to 5% fluorine.

3. The composition of claim 2 wherein the
weight average molecular weight of the copolymer is
20,000 to 100,000 Daltons.

4. The composition of claim 3 wherein the
fluorinated acrylate monomer is of the formula:

(R¢) ,QOCOCH=CH,
wherein R, is a fluoroaliphatic radical-containing
group having 3 to 20 carbon atoms, optionally,
carbon bonded H or Cl substituents may be present
provided not more than one H or Cl atom is present
for every two C atoms in the R, group and provided
further that R; contains at least a terminal CF,
group, Q is a polyvalent organic connecting group
and p is 1 or 2.

5. The composition of claim 4 wherein Q
is selected from -CH,-, CH,~ or —-SO,N(R®)C,H,~ where RS
is H or ¢, alkyl radical.

6. The composition of claim 5 wherein the
fluorinated acrylate monomer is selected from
2- (N-ethylperfluorooctanesulfonamido) ethyl
acrylate and 2- (N-butylperfluorooctanesulfonamido)
ethyl acrylate.
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acrylate monomer providing a positive amount of
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fluorine greater than zero and up to 15 weight % based
on the weight of the copolymer, polymerized alkyl
acrylate moncomer, wherein the copolymer contains at
least 50 weight % of one or more alkyl acrylates in
which the alkyl radical has 1 to 18 carbon atoms, and,
optionally, polymerized monomers selected from the
group consisting of alkylated styrene, Cs-i1g alkyl
methacrylates, Cs.1g maleates or fumarates, and vinyl
esters of the Cs.35 aliphatic monocarboxylic acids.

10. The composition of claim 1 wherein the
fluorinated acrylate monomer in the copolymer is 0.001
to 10 weight %.

11. The composition of claim 3 wherein the
fluorinated acrylate monomer is 2- (N-ethyl-

perfluorooctanesul fonamido) ethyl methacrylate.



