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BACKGROUND OF THE | NVENTI ON. This invention.relates to aq%cfuggnet al wor ki ng
fluids conprising of water and a m st suppr essing copolymer. Optionally,
the fluid may be an-oil-i n- water enul sion. Such enul sions include oil and
an enulsifier. In.addition to the m st suppressing copol yner, netal cutting
operations often involve a work 10 piecelwhich rotates at relatively high
speed, and a cutting tool both of which are lubricated by a metal working
fluid. Under these high shear condition gITLRe netal working fluid is
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20 rheology or flow control modifiers. The water soluble monomers are acryla-
mide and a salt of an ethylenically unsaturated sulfonic acid and the water in-
soluble monomer is a higher alkyl acrylamide. The ethylenically unsaturated
sulfonic acids include materials such as sodium 2-acrylamido-2 methylpropane
sulfonate. The mole percentage of acrylamide is preferably 5 to 98, more pref-

25 erably 10 to 90 mole Iierqent,,thé ‘mole percentage of the salt of the sulfonate
contain_ing monomer is prefei'éb‘_ly from 2 t0 95, and the mole percentage of the
hydrdphobic- monomer is preferably from 0.1 to 10.0, more preferably 0.2 to 5
mole peicent. o

© Acrylic polymers ate used to control misting in metal working applications.

30 . U.S. Patent 4,493,777 discloses substantially oil free aqueous industrial
ﬂulds possessing supenor lubricating and wear preventing characteristics which
are useful as hydrauh_c fluids and metal working compositions. The fluids of
'the invention conj;ﬁrise,d one {i) an'aqueous liquid and (2) a water soluble syn-
thetic addition - co’polym.ef of (a) an ethylenically unsaturated crosé-linkihg ,

35 monomer, (b) an ethylenic_:allyI unsaturated water soluble monomer and (c) an
ethylenically unsaturated water insoluble monomer. The water soluble mono-
mers include acrylamido-2-methylpropane sulfonic acid. Water insoluble



35 nononer, (b) an ethylenically unsaturated water sol uble nononer and (c)
“an ethylenically. unsaturated water insoluble nononer. The water sol uble
nmono- mers include acrylam do-2-net hyl propane sul fonic acid. Water

i nsol ubl e nononers include styrene conpounds, vinyl- esters and acrylate
esters. The cross-linking nononers are pabyvinyl conpounds which are
present in anmounts suff|C|ent ‘to control the degree of swellability of said
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metal working fluids containing high molecular weight poly(ethylene oxide)

_H

often suffer in performance when subjected to shear. Such degradation results
20  when high shear conditions cause high molecular weight poly(ethylene oxide) to
break down and lose its ab111ty to suppress mist formation. In such hlgh shear
apphca’uons, the polymer must be replenished frequently.
SUMMARY OF THE INVENTION

The present invenft_ion provides An aqueous metal working fluid compris-

25 ing water and a mist suppressing copolymer formed by copolymerizing:
' (A) at least one hydrophobic monomer selected from the group consist-
ing of ' .
A all;yl' substituted acrylamide compounds represented by the

formula: - '

R O

T e

R
30 3

wherein R; is a hydrogen or a methyi group and R, and R; are independently
hydrogen or hydrocefbyl groups, provided that the total number of carbon at-
oms in R, and R; combined is 2 to 36; and

-A(II) acrylate esters represented by the formula:



formul a: 30 [err] wherein Rerr] is a hydrogen or a nethyl group and R2
“and R3 are independently hydrogen or hydroocarbyl groups, provided that the
total nunber of carbon at- ons in R2 and R3 conbined is 2 to 36; and A(ll)
acrylate esters represented by the. fornul a: -3- [err] where Rerr] is a
hydrogen or a nmethyl 'group and R{err] is-a-hydrocarbyl group or an
al kyl -term nat ed polyether group; «(B)- at | east one hydrophilic nononer
sel ected fromthe group consisting 5 of B(l) sulfonic acids represented by
the fornmula: [err] and salts thereof, er@in Xis Oor NY, where Yis
hydrogen, a hydrocarbyl group of én,0 18 ¢ r_ben_ ons or
-R(-Sderr]H[err], Rerr] is a hydrogen or a methyl 10 group, each Ris
i ndependently an al-iphatic or aronmatic hydrocarbyl ene group containing 2 to
18 carbon at ovisere Fydisembydnogen or mdwpthyli gnoup/and By i2 2 kyddoerby)) grompramarc
“sul fonic aci %Tkﬁf't%nﬁﬁiattéd %ﬂggﬁg{'-r ad (C) at |east one ethylenically

F

unsat urated branching non ereln the salts of conponent (B) are
sel ected from t he () @hpeasbane bydrophili¢ mengmes spierted fsom) the group consisting e
earth netgl gfFlts, salts of the netals Sc, Ti, V, C, M, Fe, Co, N, Cu
and Zn, and ammoni um s . urther provided, thatif Ais A(l) then the
ratio of noles of ‘A .t_oa@fgulg@lg aflgsig?ryggn%%hyi%lpe &’r}né‘ll%(l 1), then the
ratio of noles of Ato B is 90: 1R40 Zp: 75; and where the anmpunt of
branchi ng nononer C is sufficientlto diovide reduced 20 m st fornation
when sai d aqueous. met al - wor Kb HgaG ororG s—<¥brB&e¥0sB et al - wor ki ng
conditions but not. so nuch as to cause substantial crosslinking of the
pol ynmer. DETAhl g@%ﬁ&%bﬁﬂv et XTIEO! VRV RErE e b $ydkoddhd ORRIrBYdrby1

i ncl udes hydrocarbgn, as_ we as substanti-al lI-yI . . :
group of 1 to. 18 carbon atoms or —R(-SO3H),, R, is a hydrogen or a methyl

10 group, each R is independently an aliphatic or aromatic hydrocarbylene group
*containing 2 to 18 carbon atoms, and each n is independently 1 or 2; and
B(II) styrenic sulfonic acids and salts thereof; and '
(C) atleast one ethylenically unsaturated branching monomer;
whereiri the salts of component (B) are selected from the group consist-
15 ing of alkali metal saits, alkaline earth metal salts, salts of the metals Sc, Ti, V,
Cr, Mn, Fe, Co, Ni, Cu and Zn, and ammonium salts;
fufthqr pr_ovidé_d thatif A is -A(I) then the ratio of moles of A to B is 95:5
to 25:75; aind- if A'is A(Il), then the ratio of moles of A to B is 90:10 to 25:75;
and where the amourit of branching monoiner C is sufficient to provide reduced
20 mist formation when said aqu'éous"meté.l working fluid is subjected to metal-
working conditions but not.so much as to cause substantial crosslinking of the
polymer. ' ' o S
~ DETAILED DESCRIPTION OF THE INVENTION
The term “hydroc‘ar-by_l" includes hydrocarbon, as well as substantially
25" hydrocarbon, groups. Substantially hydrocarbon describes groups which con-
. tain non-hydrocarbon substituents which do not alter the predominantly hydro-
carbon nature of the group. -
Examples of hydrdcari)yi groups include the following:
(1)  hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl),
30 alicyclic (e.g., cyCloalkyl', cycloalkenyl) substituents, aromatic-, aliphatic- and
a]icyclic-subsﬁtuted aromatic substituents and the like as well as cyclic sub-
stituents vi/here_in the ring is compléted th_rough another portion of the molecule



.25 hydrocarbon, groups. Substantially hydrocarbon describes groups which
con- tain non-hydrocarbon substituents which do not alter the predom nantly
hydro- carbon nature of the group. .Exanples of hydrocarbyl groups include
the follow ng: (1) hydrocarbon substituents, that is, aliphatic (e.g.,

al kyl or alkenyl),.30 alicyclic (e.g. Gweloalkyl, cycloalkenyl)
substituents, aronatic-: al i phati c- and alicyclic-substituted aromatic

substituents i ke as wel | cli - it th
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Similarly, the term "hydrocarbylene" refers, by analogy to the term
“alkylene," to a divalent material of a hydrocarbyl nature. '
20 COPOLYMER '

The anti-misting aqueous compositions contain a copolymer which is

formed by the copolymerization of a water soluble monomer, often referred to

as a hydrophilic monomer,-and a water insoluble monomer, often referred to as

a hydrophob1c monomer, along w1th a branching monomer. The hydrophobic

25 monomers are alkyl substituted acrylamides, alkyl substituted methacrylamides,
acrylate esters and methacrylate esters, the hydrophilic monomers are sulfonate
molecules containing a single ethylenic linkage. When the polymer contains

alkyl substituted acrylamides and alkyl substituted methacrylamides as the hy-

~+++ = drophobic monomer then the-rnelar percentage of the hydrophobie monomer is
-30 - - preferably in the range of 25 to §S-percent based on the total of the hydrophobic
"~ and hydropfﬁlie monomers; that is, without accounting for the branching mono-
mer. In this case, the molar percentage of the hydrophilic monomer would be in

the ratio of 5 to 75 molar percerit' When the polymer contains alkyl substituted
acrylates and alkyl substituted methacrylates as the hydrophobic monomer then

35 the molar percentage of hydrophoblc monomer, thus calculated, is preferably 25
to 90 percent and the molar percentage of the hydrophilic monomer would be 10

to 75 percent.- In the polymerrz_atron reaction the ethylenic linkages polymerize



as a hydrophilic nononer,. and a water insoluble nononer, often referred to
as a hydrophobi ¢ mononer, along with a branchi ng nononer. The hydrophobic
25 nononers are al kyl substituted acryl ami des, alkyl substituted

met hacryl am des, acrylate esters and nethacrylate esters, the hydrophilic
nononers are sul fonate nol ecul es contai niftg a single et hyI eni ¢ |inkage.
Wien the pol ymer contains al kyl substituted acryl am des and al kyl
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a pol yet hyl ene backbone with hydroph| d hy iophobl c side chains.
Mononers, or anmounts of nonoémers, No cross-linking (as opposed
to branch| ng) of t he pol ymer are not desirable "Ra the present invention and
are excluded. 5 HYDRCPHCBI C MONOVERS The hydrophobi ¢ nonomer can be an

acryl am de Ofn Mgg[q\bgﬁ} ﬁg@lth @ﬁg@g ok ﬁ ngr ng %olu?""bé}ge hH}Hgato

[err] In thls can e group,

difly
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15 36 carbon atoms, or 4 to 24 carbon atoms, or 4 to 12, or 4 to 8 carbon atoms.
Other preferred ranges for the total number of carbon atoms in R, and R; are 8
to 36 carbon atoms; or 8 to 24 carbon atoms, or 8 to 12 carbon atoms. Preferred
hydrophobic monomers include N-t-butylacrylamide and N-t-octylacrylamide.
_ The hydrophobic monomer can also be an acrylate or methacrylate ester
20  of the formula: . .
- Ry 0]
CHz-——(‘)—I(IJ—O--Rg
where R, .is a hydrogen or a methyl group and Ry is a hydrocarbyl group or an
alkyl-terminated polyether group, in either case preferably containing up to 22
carbon atoms. It is preferred that Ry, particularly when it is a hydrocarbyl
25 . -group, contain between 2-18 carbon atoms, 4 tq 18 carbon atoms, 4t012,4t08
- _carbon ‘atoms, 8 to' 20 carbon atoms, 8 to 16 carbon atoms, or 8 to 12 carbon
- atoms. .
- _ NO
The hydrophilic monomers usable in the present invention are ethylenic
30 monomers containing a sulfonic acid or, when in the salt form, a sulfonate
group. These materials are referrei_i to herein as "sulfonate monomers," without
indicating, however, that they are necessarily in the salt form. Various types of



Qther preferred ranges for- the total nunber of carbon atons in R2 and R3
are 8 to 36 carbon atons, or 8 to 24 carbon atonms, or 8 to 12 carbon atons.
Preferred hydrophobi ¢ nononers include N-t-butylacrylam de and

N-t-octyl acryl am de. The hydrophobi c nononer can al so be an acrylate or
methacryl ate ester 20 of the.fornula: [egr] where Rlerr] is a hydrogen or
a nmethyl group and R[err] is a hydrocarbyl group or an al kyl -term nated

pol yet her group, in either case preferably contai ning up to 22 carbon
atons. It is sylionatermenemars Iverhepn fpund tacbe usefpl innthe preseng invanyiono Qroy |
25 group, CQMdidF }B%Hﬁlﬁﬁc?mé&ﬁé’rrs l%?é‘ il ﬁi’ﬂ%tmﬁe& chk@axﬁﬁfe? ROnBiMAB a sull O

12, 4 to 8 carbon atons carbon at carbon atons, or 8
to 12 car bonafraﬂ%%"l Wmtﬁg@m@wag’ﬁyﬂf%‘ﬂ Ai c monomers usable in
the present invention-are ethylermrg 3@ nonomers containing a sulfonic acid
or, when in the salt form a sulfbnatellgro These nmaterials are referred
to herein as "sul f onat e .nonoaEhsC —wtG om)ﬁpﬂﬁ('c'aSOn@)rhowever t hat they
are necessarily in the salt form Varlous t ypes of - 6- sulfonate
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groups. The Mugleoule 2:aerytamidosroteshylpropane shifomis|asixl[véhich, in its salt form, is
2- I d d, which, t It f

- 2-acryl am do- %ﬁﬁéﬂ¥%PPQH@'@&1%i%qakﬁllF‘C| e inits sa orm S

“represented b OW ng err]
| i i
CH=C—C -——NH-—(IJ——CHz-—-SO3' X
CH;

The R group can also include phenyl groups, alkyl substituted phenyl groups
15 and cycloaliphatic groups. In another embodiment, the sulfonate monomer can
be a substituted acrylam1de contammg two. sulfonate groups, represented, in its

salt from, by the followmg structure:
' +

X

SO
Re O §

] Il . 4
'CHy=C—C—NH—R—S0;” X

The sulfonate groups can be attached to the same or different carbon atoms.

20 | As yet another alternative the Y in the structure NY can be a second
R(- SO3H)n group or salt of such a group.

- In addition to 2- acrylam1do-2-methylpropane sulfonic acid and its salts,
- this class of materials includes 2-sulfoethy1acrylate and -methacrylate salts and
acid and 3- sulfopropylacrylate and -methacrylate salts and acids.

25 Another type’ of hydroph111c monomer includes styrenic sulfonic acids
and salts thereof, which terms include styrene sulfonic acids and styrene sul-
fonates as well as substituted styrene sulfonic acids and substituted styrene sul-
fonates. Such materials are illustrated by the following formula:



The R group can al-so’include phenyl groups, alkyl substituted phenyl groups
15 and cycl oaliphatic groups. In another enbodi nent, the sul fonate nononer
can be a substituted acryl an de contai-ning two sul f onat e groups,
represented, in its salt from by the followi ng structure: [err] The

sul fonate groups can be attached to the sgne or different carbon atons. 20
As yet another alternative, the Y.in the structure NY can be a second
R(-SQ3H)[err] group or salt of such a-group. In addition to

2- acryl am do- 2- net hyl propane sul f ddHg=aCHl and its salts, this class of
material s includes 2- sulfoethylacrylateland nethacrylate salts and acid
~and 3-sul fopropyl.acrylate and -methacryhate salts and acids. 25

Anot her type of hydrophilic nononer i fles. styrenic sul fonic acids and
salts thereof, which terns include st- 3% ofi ¢ acids and styrene sul -
.fonates as well as substituted styrené fonic acids and substituted
. styrene sul- fonates. Such materials are illustrated by the follow ng

- formul a: -7- e du Iorr tﬁé |ab8¢re Eﬁﬁcﬁmveléqugwa%ﬁm rvﬁeh%eﬂreierm Be-
cation which s Brefer se- lected @Z‘E %rou, co EI sti'ng Z

metal cati onslecteiEEm e gEpEhcoRgHNEO qlbﬁ?t fcafies. alkping Fah ﬁ%tm% -
Sc, Ti, V, ﬂcatiﬁﬂﬁs d?etr.‘r]:ec?ansmon aetalzn S@,rrﬂl 5V, EENM, lfré,lcxfl\ISNl T?eaﬁngan@m um
i ons genera ave t he err rr r ere
Rlerr], Rlerr Otih RJ’ b%ﬁ lﬁlaR%iglbee#(i%'r‘l‘{l?y hydr ogen or
hydrocarbyl groups The term ammnl urﬁ RM salt, as used herein, is

I ntended in a ge- nerlc sense to include’a niumions or saltsmthe
strict sense, where Rerr], Rg{rr] 10- R7, and R[errl]! are each hydrogen,

as wel |l as anWh@‘ﬂRmBsoRmand s mRferablyare independensly Aydsogenypphpdrogasbyl
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atoms. 1510. R,, an8 Ry erfeeearchchymya@emp lak lwedl 8% amiwy idns drivaltsovherd wakd tlote
2-acryl am do-

L

ozf' the R groups are hydrocarbyl groups, and quaternary ammonium ions or salts,
where each of the R groups isa hydrocarbyl group. It is preferred that the total
number of carbon atoms in an ammonium cation preferably does not exceed 21
carbon atoms. - '

15 A preferred hydrophilic monomer: is the sodium salt of 2-acrylamido-2-
methylpropanesulfonic acid. . A preferréd combination of hydrophobic and hy-
drophilic monomers is the combination of t-butylacrylamide and sodium 2-
acrylamido-'z'-méthylpropahesulfonic acid, preferably in an 80:20 mole ratio.
BRANCHING MONOMERS =~ |

20 A third comi)onent of the present copolyiner is at least one ethyienical-ly
unsaturated branching monomer. ’By "ethylenically unsaturated" is meant that a
monomer contains at least ‘one C=C-double bond, and preferably a radically-
polymer'izable C—C double bond, so that the monomer can be introduced into a
copolymer as another monomer. The term "branching monomer" indicates that

25 the monomer is used to introduce a site of branching into the polymer. A
branching monomer will normally contain a plurality of such double bonds, and
preferably two of such bends. -

- The branching monomer can be generally represented by the formula
Z.R;;. In this formula, R;; is a hydrocarbylene group or a substituted hydrocar-

30 bylene group, or, alternatively, a plurality of hydrocarbylene groups linked by

one or more linking heteroatoms (including, therefore, ethers, polyethers, and



met hyl propanesul foni ¢ acid. A preferred conbi nati on of hydrophobr c and hy-
“drophilic nonomers is the conbinati-on of ‘t-butyl acryl am de and sodi um 2-
acryl am do- 2- net hyl propanesul foni.c acid, preferably in an 80:20 nole ratio.
BRANCHI NG MONOVERS 20 A third conponent of the present copolyner is
at | east one ethylenically unsaturated br.gaching nononer. By "ethylenically
unsaturated" is neant that a nononmer contains at |east one C=C doubl e bond,
and preferably .a radicall I ri zabl.e .C=C double b so that the
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Z[err]Rlerr]. In this formula, R err] is a hydrocarbykene.group or a
substituted hydrocar- 30 byl ene group or, alternatifvely, a plurality of

hydr ocar byl ene groups |inked %y g\n nore |i et eroat ons (i ncl udi ng,
t herefore, ethers, polyet he S éf()l yam ne gr — The R group wil|
- have a val ence of n, V\/nere TG dat &t han ope ferably 2, 3, or 4

cand normally 2. In the sane forrrula each Z is” il depeéndently a group

- contai ning at |east one ethylenic unsaturation, prefefrably such groups as

- [err] In these structures, each X is independently O or NH Wen Xis O
"the corre- sponding structuresftuRaoesters or fidne. fPhen X is NH, the
correspondi ng structures ar@-ar~@esXor & nQ@s;CEQeHX ] in these
structures is independently 10 - hydrogen or an al kyl group of 1 to 4 carbon

atoms, and eggphhedd ﬁrwdeaemnxlly lﬁweieﬁa@;m 8oreNKY | WiieauR 19fo Jthé Qofre-
car bon atons, an_ar.onat: iC

up, .an aci ou or am de
group. In préP@Pﬁ’é’@ ShaTHTes ?‘FF estegs; Qr gihe W@ﬁ‘e%%rﬁﬁa%" Zo;rgs;r Bg 15
where X i s NHtruQtirss hyelamidss @ amines) lechglfalih théselstivctdresds bﬁdile;fehdeﬁtly
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preferre
hydrogen .an ‘alkyl group of 1 to 4 carbon atoms, an aromatic group, an acid

group, an ester. group, or an amide group.
In_preferred embodlments, Risan alkylene group and Z is

15  where X is NH, Q is.hydrogen or an alkyl group of 1 to 4 carbon atoms, pref-
erably hydrogen, and each R,o is preferably hydrogen. That is, preferred
branching monomers are unsaturated N;N-alky.lenebisamides or -imides. A
highly preferred alkylene group R is-m-éthylepe; a highly preferred branching
monomer, accordingly, is N,N'-methylene bisacrylamide.

20 * Other suitable branching monomers include polyol acrylates or methacry-
lates, including ethylene glycol diacrylate, ethylene glycol dimethacrylate,
trimethylolpropane triacrylate, triineth_jllolpropane trimethacrylate, polyethyl-
ene glyeoi (n = 4 - 20) bisacrylate or -bismethacrylate, bis-(2-
acryloyloxyethyl)- dialkylammonium salts (such as halides), and bisacrylami-

25 doalkanesulfonic acids and salts thereof. Other materials which can be used in-
clude the eorrespondmg esters of glycerol pentaerythirtol, inositol and sugars



branchi.ng nononers are unsaturated NN al kyl enebi sam des or -imdes. A
~highly preferred alkylene group Ris nmethylene; a highly preferred
branchi ng nononmer, accordingly, is N-N -nethylene bisacryl am de: 20

QO her suitable branchlng nmononer s i nclude polyol acrylates or nethacry-
| ates, including ethylehe glycol diacrylave, ethylene glycol
fdinethacrylate trimet hyl ol propane triacrylate, tinmethyl ol propane

t th | at ol yet h L. (D, =4 -. 20) Di | at
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t he carbonyl funct]onali shown aboye. . Thus maa§ il divin
benzene 5 arfBRHA B dinapioperihenrengad bis-aliyl-d fﬂ%@om s
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crosslinker. cfbsslikstg monomer lor eposshinkeri Thehdistifiétiont liehmot®in ﬂmnefrﬁem thas on
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into the pol aeturé af the monomer aﬁsqlfun’k‘i@t ls;dhq imanemenini guestion aHto bemls@r-
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- prese us
lead to gel atS ﬁtanggl °rﬁgﬁlf§r%? Rﬂwmef'y CG?S %{'ﬁﬁ‘ﬁﬁmbé{‘ﬁar i WASSYT on
of antinistinplear ﬂre[)dmmmltmlfifsoefrtﬂe lpgTs;ent inventioh }setmse@fk caghleaarte:gemlon
i nvention_are’ NOL SUbst anti A slin e r i.s _one
" ani ch hereisine® HIPhAR . shrbbfiitm RS st pofE e i
anot her, nor ratdoydinghdi ttg: tpolyinersatoif cthel présent anumtm:h rapé enefl anbstentjaly and
insolubility o] %
several bonds r&éﬁhﬁk@ﬁ %?Ho@ ﬁ&%ﬁgﬁﬁg 'lgo(r)ﬁée th%p%a%%ﬁltgp? o Bofid or
linkages between one chain and another, normally leading to dramaucally in-
creased molecular weight and insolubility. In a crosslinked polymer it is neces-
20  sary to break several bonds or links, in the backbone or elsewhere, before any
substantial change in physical properties such as hydrodynamic volume is ob-
served. Rather, in the present invention the monomer is incorporated into the

polymer in such a way that it serves as a branching monomer, and thereby pro-
vides reduced mist formation when the resulting metal working fluid is sub-
25  jected to metal-working conditions.
The amount of the branching monomer is normally limited to 1 mole per
100 to 10,000 moles of the I_lydrophobie and hydrophilic monomers described
above. Preferably the ratio is 1:150 to 1:2000, and more preferably 1:200 to
" 1:1000, on-a molar basis. Particular good results are observed at mole ratios of
30 - 1:400 to 1:2500. These ratios can be readily recalculated on a weight basis given
~ the molecular weight of the monomers in question. For typical materials, these
correspond approximately to 1:98 to. 1:9800, preferably 1:148 to 1:1970, more
preferably 1:1 97 to 1:980 and particularly 1:392 to 1:2450 by weight, respectively.
FORMATION OF THE COPOL YMER
35 The copolymer is generally produced by free radical polymerization.
The peiymerization can_"be done By well-known free radical methods. The gen-
eral preperties of acrylamide polymers, as well as their methods of preparation



substantial change in physical properties such as hydrodynam c volune is
ob- served. Rather, in the present inventi.en the nononer is incorporated
into the polyner in such a way that it serves as a branching nononer, and
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i nventi on. Ere erred OIO oyrrerlzatlon is solution .
EXAMBLE.l
20 A solution of 0.014 g (0.06 mmol) Na,S,04 initiator in 6 mL water is
taken up in a 20 mL syringe. The syringe is placed on a pump which is set to
deliver 0.07 mL/min. A 250 mL resin flask is charged with 0.012 g (0.08
mmol) N,N'-methylene bisacrylamide, 30 g (0.236 moles) of t-butylacrylamide,
13.5 g (0.054 molés) sodium salt of 2-acrylamido-2-methylpropanesulfonic acid
25 and 50 g methanol. The reaction mixture is heated to 70°C by a water bath.
The reaction mixture is purged with nitrogen at 8.5 L/hr (0.3 std. ft*/hr) and

stirred at 250 r.p.m. using a 3-blade stainless steel stirrer. The initiator is added
over a period of 1 hour, and midway through the addition, an additional 20 g of
methanol is added. An additional 50 g methanol is added after addition of the
30 = -initiator is complete. The reaction is stirred at 70°C for a total of 4 hours. The
. reaction mixture is collected, the solvents removed, and the copolymerized
product collected as a clear material. The amount of N,N'-methylene bisacry-
lamide comprises about 0.027 peréent by weight of the polymer,
EXAMPLE?2
35 ' Example 1 is substantially repeated except that both the initiator and the
N,N'-methylene bisacrylamide are added to the reaction mixture at a constant
rate over the course of 1 hour.



_pol yner.d zation which i's conducted in . nuch the sane manner as the

Ecopol yneri- 15 zation of the binary copolymer, described in greater detail
in copending U S. Application 08/644,600, filed May 13, 1996. Further
illustrative details are-provided in the follow ng exanples. POLYMER
PREPARATI ON EXAMPLE 1 20 A solutiem-of 0.014 g (0.06 Mol ) Na2S2C8
initiator in 6 nmL-water is taken-.up in a 20 nL syringe. The syringe is
placed on a pudR\\W . Q7 nmL/mn. A 250 nL resin flask
I s charged W*¥H=0 - = yl ene bi sacrylamde, 30 g
(0.236 nol es) of tEmnyllealcth*.lﬂxstama,allyfieﬁeajed mﬂﬁmlyuhem)sequehtwhwaiatmnﬁ

2-acryl am do-g Q0 d

reaction m xturgstlts tueat "UJ[e b g:g m%ﬁa\%gﬂeq) %@f}ﬁaﬂﬁégaar@?a%?rlgﬁage
mxture is puigbe tojal monomasgeis \@neé B lnﬂmtqdunahgtfgllowmetab]e hMorgaver,
stirred ats 25fe anfdult of fiefthnd] dldEinStha rélction mixesle i8 VhFfib&hs 1r1'31€ated
initiator is added over a period of 1 hour, and m dway through t

addition, an additional 20 g of nethanol is added. An additional 50 g

met hanol is &Ekled aNjN-metsilenebisatylhinéde3@vt.%ni t i aMeOH,g conpl ete. The
reaction is s%irzsred at 70C for aototal of 4 hours. Tha reaction mxture is
collected, th &Ivents renoyved, and the copol yneri zed product collected as
a clear materidl . The ampunt o.09% - et hyl ene bi sacr}20 | ani de conpri ses
about 0.027 pergent by weight gfggqihe polymer, EXAVPLER 35 Exanmple 1
I's substanti al I% repeat ed except that both the initiator and the

N, N - met hyl ene %i sacryl am de arll3dded. to the reacti ¥ nixture at a

constant rate gver t-he course qf24 hour. =~ EXAWPLES4y - 6 and Reference
Exanple 1 Exanple 1 is substantjally repeated with o i nconsequent i al
vari ati ons except that- the wei percent of NN -nmethyl enebi sacryl am de, as

a percentage of the total nononers, is varied as indicated in the follow ng

ftabl e. Nbreoveitde%aé?J he %@%Q&leﬁsﬁ? %IJPateg’m g%rqn+tﬂathe reaction m xture

is varied as % MOH g
Ref. 1

10 EXAMPLE 7
Into a 500 mL resin flask is charged 254 g (0.20 moles) t-
butylacrylamide, 19.7g of a 58% solution of sodium salt of 2-acrylamido-2-
methylpropanesulfonic acid (11.4 g active chemical, 0.05 moles), 0.03 g (0.002
moles) methylenebisacrylamide, 10 g water, and 51 g methanol. The flask is
15 placed into a water bath and heated to 50°C, while stirring at 300 r.p.m. using a
3-blade stainless steel stirrer. Nitrogen is purged through the mixture at 8.5
L/hr (0.3 std. ft*/hr). ) :
In a separate beaker are mixed 0.75 g Triton™ 101 (surfactant from Un-
ion Carbide), 1.45 g Tween™ B85 (surfactant from Aldrich), 4.6 g sorbitan
20 monooleate, and 66 g naphtha (solvent). The mixture thus prepared is added to
the resin flask containing the monomers; an additional 34.5 g naphtha is also
added. '
A solution is prepared of 0.027 g Na,S,04 and 0.022 g Na,S,0; in water,
- for a total solution weight of 3.0 g. Tl'_lé solution is pumped into the reaction
25 mixture using a 'syringe pump over the course of about 1/2 hour, during which
time an additional 45 g methanol is also added. The reaction mixture is poured
into 1 L naphtha and the naptha separated to yield a polymeric residue which is
air dried for 2 hours and then oven dried at 80°C for 16 hours, yielding 29.6 g of
product.
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yield a pdly it eE’nV Jased op ee@) 3¥iog eAURHAN and t hen oven
dried at 80[err]C for 16 hours, yielding 29.6 g of product. -12- Each of
t he pol yners Hgygts } 3 through 7, and Reference Exam ple 1 are
added at a Ie 38 parts per mllion, by weight, to an enul sion of

3.5% by wei ght Tr| msol [err] naphthenic base stock in water. The viscosity
and efficiencynfle tib TonSeRRItRNSE Wekdtedsds iR RR¥As PerBEStiter (g/dL). Methanol

15  is used as solvent and measurements made at 30 °C and ¢ = 1.0 g/dL.

The ability of polymers. to reduce mist formation in a liquid solution is
evaluated by pumping the liquid to be tested at a rate of 32 mL/min through the
center tube of a coaxial air blast atomizer. Air at high pressure (200 kPa [30
psig]) flows from the outer tube of the atomizer. The test liquid is atomized

20 and the droplet spray is captured inside a 0.031 m’ (1.1 ﬁ3) enclosure during an
atomization period of 10 seconds. Once the atomization is complete, the flow
of air and liquid i is discontinued and the mist concentration within the enclosure
is measured using a portable, real-time DataRAM™ aerosol monitor (from MIE In-
struments Inc. of Bedford MA), which is a nephelometric monitor used to measure

25  airborne particle concentration by sensing the amount of light scattered by the popu-
lation of particles péssing through a sampling volume. An unadditized soluble oil
emulsion, whicﬁ can easily be broken into aerosols produces the maximum con-
centration or particles is used as a baseline. The results are presented as con-
centration of particles in mg/m’

30 The results are shown in the following table:
_ : N N'-methylene- inherent vis- water mist, mg/m3
Example bisacrylamide, wt% cosity, dL/g  solubility (a)
Ref. 1 0 2.70 yes 7.70
1 0.027 2.74 yes 7.40
3 - 0.045 - - 3.09 " yes 5.93

7. 0.08 278 yes (not determined)



5 tions are neasured using the followi ng techniques: Measurenents of

sol ution viscosity are nade by conparing the efflux tinet required for a
speci fied vol une of polynmer solution to flow through a capillary tube
(OCstwal d- Fenske capillary visconeter) with the corresponding efflux time to
of the solvent. Fromt, to and the polynenszconcentration c, the 10

I nherent viscosity is derived based on the follow ng equation [err] where
the concentration c is expressed in grans per deciliter g/dL). Met hanol 15
is used as softvent and.leasurenents ndd& at 30 [gF$] C and4d4= 1.0 g/dL. The
ability of pofymers t@gpduce mst foppstion in gebiquid ggution is
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the center tu.g.e_o.f_a._@.tf&J_al_a.L_L_bLasFaatom zer. ﬂj at hP&h pressure (200
kPa [30 psig]) flows fromthe outer tube of the atonizer. The test liquid
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solubilit
0.027 _y_ levels obtheir effectlve congegtration rangeqoMpany factors qffqggghe level of

3.09 g : ?fjl fher requlréil f3achieve an antiRistifg effect. The shapelofiBe tool and they€s
(not determ ng otk piece, ghe shear level in the particular application, and the rate of move-

15 ment of the workpiece all influence the amount of mist suppression required.
The antimisting polymer is typically used in a concentration range of 0.02
weight percent to 10 weight percent, preferably 0.05 to 2 weight percent, and

- more preferably 0.1 to 0.5 weight percent, based upon the total weight of the
composition. A mixture of the antimisting polymers may also be used to pre-

20 pare the compositions.

In addition to the antimisting polymer, the aqueous metal working fluids

" may contain additives to improve the properties of the composition. These ad-
ditives include anti-foam agents, metal deactivators, and corrosion inhibitors,
antimicrobia.l, anticorrosion, extreme pressure, antiwear, antifriction, and an-

25  tirust ag_en"ts. Such materials are well known to those skilled in the art.

‘"The metal working fluids of the present invention may also be oil-in-
water emulsions. The emulsion compositions contain the same types and
“amounts of antimisting polymers as the purely aqueous compositions discussed
above. The compositions may also contain the prdperty improving additives

30 which have been used in the purely aqueoﬁs fluids noted above.

| The oils used in the emulsion compositions may include petroleum oils,
such as oils of lubricating viscosity, crude. oils, diesel oils, mineral seal oils,
kerosenes, fuel oils, white oils, and aromatic oils. Liquid oils include natural
lubricating oils, such as animal oils, vegetable oils, mineral lubricating oils,
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0.05 to 2 weidprivapioes eialoggnsdivmolpgeteiedl y 0.1 to 0.5 wei ght percent,
anti i ot Mg pol y el Grigs pplyiiied 43R siepvatven, Refiof oicke Srmigibydrary. 1
addi ti on to tdreupsthiame dteengnodifiedeby esterifiwgtienustheasfiedtiow eki. pnitititel anray
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Gi'ti ves 1 nol (LS ols pTRLAUEHE WisP) PRELE om0 ROy Blky A58ty
inhibitors, dneisprepaisday thenpolymerigation of sthenaoxide Ly nrepykene iaxids, the
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t hose skill e_daliﬁﬂl.dtaﬁg g&?. eﬂl'lﬁfeéjr?g gllggé] ﬁ)ﬂé&é}&%ﬂ?ﬁi ﬁg}?ﬂ' I’?ﬁ% §1r1<\é}§ dr? krimr?\{/\yelnt i on
sl 50 Be ralvishprantici Egolceibns, Upheniiand oL Sihser of UGB t he
same types aru(?lﬁﬂﬂmm(ﬁlooéndaﬁﬁlb'_?_égbbkﬂ@c Bﬁt_bi;gﬂthéfeoﬁ,sfdrre;xampﬂ@lthé _aqeléﬁusters,
conposi tions disgussed aboye,. itho g Q.contain ihe
property i nprrgﬁeﬁgé %agﬁ FP‘Pé@“%E“ﬁ e&%’rfgﬁlaﬁé% q%%irﬁgﬂgeégerf’narﬁgnp%oe& ster
aqueous fl ui df tetethyidnsvglycaheSunpls aliphdtic rethdre mayubeiused @s spothieticarils, may
I ncl ude pet rcgugﬁrggpiﬁoggé% gﬁiegﬁrlle'ihélf, di(ﬁkhrth\‘flﬁkkﬁ‘? eMlesCOSity, crude oils,

diesel oils, ‘mnera " ol ls, L . )
20 Another suitable class of synthetic oils comprises the esters of fatty acids

such as ethyl oleate, lauryl hexanoate, and decyl palmitate. The esters of dicar-
boxylic acids such as phthalié acid, succinic acid, maleic acid, azelaic acid, se-
bacic acid, fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkyl
malonic acids, alkenyl malonic acids with a variety of alcohols such as butyl
25 alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl alcobol, ethylene glycol,
diethylene glycol monoethyl ether, propylene glycol are also useful. Specific
examples of these esters include dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-
hexyl fumarate, dioctyl sebacate, diisoctyl azelate, dioctyl phthalate, didecyl
_phthalate, dieicosyl sebacate, the 2-ethylhexy! diester of linoleic acid dimer, and
30 the complex ester formed by reacting one mole of sebacic acid with two moles
of tetraethylene glycol and two moles of 2-ethyl-hexanoic acid.
Mixtures of various types of synthetic oils can also be used, provided
that they have suitable compatibility properties.
The ratio of oil to water may vary from 1:5 to 1:200. Any oil-in-water
35 emulsifier may be used to prepare the emulsions of the present invention.
Emulsifiers may be single materials or may be mixtures of surfactants. Typical
emulsifiers include alkali metal sulfonates and carboxylates, salts derived from



kerosenes, fuel oils, white oils, and aromatic oils. Liquid oils include
natural lubricating oils, such as animal oils, vegetable oils, mneral
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gl ycol . Si nplandadlefihst sulfuridedrestersiefins, meneasnmymteldqnolyrgblcbb, asdléhdlaml

di octyl et heryo di g % pabd Slits. USeu AN eO Kot i880de:2Boly (alkylactyhREe

sui tabl e cla | $7°CO e es uch
as ethyl ol eand, pdlgumeshylsidocancsit Metgﬁdlemﬂor@mqwi%lﬂ@fefﬂ%sw aydo B bri-

di car- boxylig aci d&oﬁle,gibna &§|1h51tﬁ6'&rb&§9féy%rfc ﬁ@iﬁddmﬁﬁh@lsﬁltélcd:ﬁ,—

i or  natbon bonadie erbrRe %ﬁf“””‘“ oS ke raF BB o
\éfl(r: l) ﬁf) Iy 0f2 th cohol Eamﬁh@s(idwmem&%g%réed cohbdve Rexyodrpatated hereinl byeefir-
et her, propyl ?’%}‘(‘?8 L:'(I(K B%ef)ﬁl h%gpggll ngsleeé’&\hcﬁgﬁ rwflg%tﬁéésg?ggftergl
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20 understood as modified by the word "about." Unless otherwise indicated, each
chemical or composition referred to herein should be interpreted as being a
commercial grade material which may contain the isomers, by-products, deriva-
tives, and other such materials which are normally understood to be present in
the commercial grade. However, the amount of each chemical component is
25  presented exclusive of any solvent or diluent oil which may be customarily pre-
sent in the commercial material, unless otherwise indicated. It is to be under-
stood that the upper and lower amount, range, and ratio limits set forth herein
may be independently combined. As used herein, the expression "consisting
. essentially of" permits the inclusion of substances which do not materially af-
30 - fect the basic and novel characteristics of the composition under consideration.




pht hal at e, di ei cosyl sebacate, the 2-ethyl hexyl diester of Ii i i
dinmer, and 30 the conplex ester fornmed by reacting one nol e“ﬂﬂiﬁ“ﬁzlmcml"l“l
acid with two noles of tetraethylene glycol and two noles of' 5" ¢ "L w s =
2- et hyl - hexanoi ¢ acid. M xtures of various types of synthetic oils can al so
be used, provided that they have suitable conpatibility properties. The
ratio of oil to water may vary from1l:5 to 1:200. Any oil-in-water 35

enul sifier may be used to prepare the emlbsi ons of the present i-nvention.
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be 20 understood as nodified by ¢fguord ~abgutg, Unl ess otherw se
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15 where R, is a hydrogen or a methyl group and Ry is a hydrocarbyl group or an

alkyl-terminated polyether group; _
(B) at least one hydrophilic monomer selected from the group consisting
of ' T
B(I) sulfonic acids represented by the formula:
| Ry O
Il

-
20 . CH2=C —C —X _R(’—S O 3H )n

and salts thereof, wherein X is O or NY, where Y is hydrogen, a hydrocarbyl
group of 1 to 18 carbon atoms or -R(-SO3H)s, R4 is a hydrogen or a methyl
group, each R is independently an aliphatic or aromatic hydrocarbylene group
containing 2 to abbut 18 carbon atoms, and each n is independently 1 or 2; and
25 B(II) styrenic sulfonic acids and salts thereof; and
(C) at least one ethylenically unsaturated branching monomer;
wherein the salts of component (B) are selected from the group consisting
of alkali 'metal salts, alkaline earth metal salts, salts of the metals Sc, Ti, V, Cr,
Mn, Fe, Cé, Ni, Cu and Zn, and ammonium salts; :
30 . further provided that if A is A(I) then the ratio of moles of A to B is about
95:5 to about 25:75; and if A is A(II), then the ratio of moles of A to B is about



commercial grade material which may contain the isoners,
deriva- tives, and other such materials which are normal I y u ﬁmmu"kﬂ“ﬂl“l
present in the commercial grade. However, the anobunt of each

conponent is 25 presented exclusive of any solvent or diluent oil which

may be customarily pre- sent in the commercial material, unless otherw se
indicated. It is to be under- stood that thé" upper and | ower anount, range,
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one hydr @phobi ¢ rrmorrerrmehmiledzoikmm flirl of atlping ONSvisdreing thf hAigphabicy |
substituted J .g% f)orrpounds represented by the formula: [err] 10
wherein R[er?‘f _ érogen or a nethyl group and R2 and R3 are

i ndependent |y hydr3@gen Tore ipptil overking flgidbofslaipr 2whkedint that totdl enumbel of

nunber of Caihiondhfifs irﬂRB%%@R? ﬁféﬁq Elecg 245c bér% about 36 and A(11)

acryl ate esters represented he X where Rerr] is a
hydrogen or a net Hyl gr%p%ﬁ%i RPE‘FIPJE ﬂﬂldaoﬁy‘ﬂf%‘éa]r WPGI@IDOEH? &ydegphobic
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sel eeted 11O Lie ot SUConat.y ! il be SHUAOP eack, SRR LS
where Y is hydrbogeatomsa. hydrocar byl
6. The 'me_tal working fluid of claim 1 wherein the hydrophobic
monomer is N-t-butylacrylamide or N-t-octylacrylamide.
15 7. The metal working fluid of claim 1 wherein the hydrophilic
monomer is B(l). _
8.  The metal woi‘king fluid claim 7 wherein R contains 4 to 8 carbon
atoms. X is NH, and nis 1. ‘ :
9. The metal working fluid of claim 1 wherein the hydrophilic
20  monomer is 2-acrylamido-2-methylpropane sulfonic acid sodium salt and the
hydrophobic monomer is t-butylacrylamide.
10. The metal working composition of claim 1 wherein the branching
monomer is represented by the formula
Zanl
25 where Rypis a hydrocarbylene group or a substituted hydrocarbylene group or a
plurality of hydrocarbylene groups linked by one or more oxygen, sulfur, or
nitrogen atoms, and each Z is independently

R;
$ 1olf 109 —
Q—C=C—C—x—
Rio
O
]flo]'{ 10 1} 104|R 10

Q—c—c——X— or Q—C=C—X—C—

30  wherein each X is independently O or NH, each Rjp is independently hydrogen
or an alkyl group of 1 to 4 carbon atoms, each Q is independently hydrogen, an



group of 1 to 18 carbon atons or -R(-SBH)[err], R4 is a hydrog
met hyl group, each R is independently an ali phatl c or aromatl c ﬂ“l“Llll“lllllIIllllIHII
hydr ocar byl ene group containing 2 to about 18 carbon atons, eac

i ndependently 1 or 2; and 25 B(Il) styrenic suI fon| c acids

and salts thereof; and (C) at |east one efjgyl enically unsaturated branching
nmononer; wherein the salts of conponent (B) are selected fromthe group
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The metal wor$QUHBOSI{ION is ¥ oidtiniwater epRlsionn Rerr] contains 4 to 12 car bon

atons. 610 The neial mrxhbﬂﬁdffoymbr&fanﬁ Qi fikth] %?Eﬁbéb H@ehﬁfﬂfgoc%?m&l
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metal wor ki ng"FPREYPE SURPIIE tols%gpgfmeq é}PBf)lFﬁqnﬂf “i"ﬂﬁb}rQF 1?3 B(I1). 8.
The netal working fluid claim7 wherein R contains 4 to 8 carbon atoms. X
is NH and nis 1. 9. The netal working fluid of claim 1 wherein the
hydrophilic 20 nmononer i s 2-acryl am do-2- net hyl propane sul fonic acid
sodium salt and the



hydr ophobi ¢ nononer is t-butylacrylamde. 10. The netal working
conposition of claim1 wherein the branching nononer is represented by the
formula Z[err]R err] 25 where R err] is a hydrocarbylene group or a
substituted hydrocarbyl ene group or a plurality of hydrocarbyl ene groups

| i nked by one or nore oxygen, sulfur, or nitrogen atons, and each Z is

i ndependently [err] 30 wherein each X is independently O or NH, each
Rlerr] is independently hydrogen or an al kyl group of 1 to 4 carbon atons,

each Q is independently hydrogen, an -18- alkyl group of 1 to 4 carbon
atons, an aromatic group, an acid group, an ester group, or an am de group;
and nis 2, 3, or 4. 11. The nmetal working conposition of claim17

wherein the branching nononer is N, N -nethyl ene bisacrylam de. 5
12. The netal working conposition of claiml wherein the ratio of noles of
Cto the noles of A and B combined is aboyf 1:100 to about 1:10,000. 13.
The nmetal working conposition of claim1 wherein the aqueous conposition
further conprises an oil and an enul sifier, wherein the aqueous conposition
is an oil-in-water enulsion. 10 14. A nmethod for lubricating a
metal workpiece in a cutting operation, conprising supplying to said
wor kpi ece t heBRANGER i SULBPNATE GINTARNING PORZ.YMERS AS MIST SUPPRESSANTS IN

SOLUBLE OIL (WATER-BASED) METAL WORKING FLUIDS

ABSTRACT

Aqueous metal working fluids containing a mist suppressing branched
copolymer are disclosed. The copolymer includes hydrophobic and hydrophilic
5 monomers. Optionally, the metal working fluid may be an oil-in-water emul-

sion.



