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Reference This application clainms priority to U S. Provi sional &ggpl énzgf I on
Serial 5 No. 60/173,504 filed Decenber 29, 1999, which is incorporated

§¥ 'hdrei ninits entirety. Field of the Invention This invention relates to a
© ‘process for the production of esters fromolefins and ethers. 10 Background
of the Inv&apj% Esters are conpounds which currently find use in such
areas as postl®es and herbicides, netal extracti onPGHEIRB*Tsynt heti c

| ubricants, polynerization aids for acrylic acid esters, insect
attractants and repellants, industrial fragrances, odorants and 15 cosnetic
conmponents, pharmaceuti cal applPRODBUCTION GPESPRERS 09r aphi ¢ appl i cati ons.
Esters are typically made froma two step process. First, the corresponding
carboxylic aciﬁ iz Eroduced. The acid is then reacted with an al cohol to
produce the dest £ via a condensation process. Hi gh vol une

prpdijﬁtion of di ?I kydis@ﬁ!ﬁoalilitﬁadﬂm@ﬁ&y&UngﬁoﬂﬁApﬂﬁmns%{abon) (ZjOf ?pd |
trial kyl ester rou t he, a-carbon) can _he very difficult
to prepare sfrm%dz@gS@l@i%% '%ﬁgial%dw'?@l&’éﬁwm%my’d?ﬂw-c
instability of the product esters. Koch and Ml ler (USA 2,967,873)

descri be a synﬁﬁéi ﬁl aﬁ trialkyl esters fromolefins using a catalyst

syst em of BF3H is an aliphatic al cohol of |low nolecular

wei ght and an ol ef i Thisiawentic relates 104 propdsefof the bodR tiod§1\s8tee From loltfiss dag ocess 25
al ways produces,sone carboxylic acid along with the desired ester and
requires cont ie’f?fﬁ'l adj ustnent of the water to alcohol ratio in the
recycled BF® catal yst. Commercial use of this technology is currently

enpl oyed by Ex 0 Chue 'n IIC;otht,)@ny (Baton Rouge, LA) and Shell (Pernes,

Hol I and) . Exxo nown as "neo acids" while Shell's products
are call ed Versat i cEstersars apsipoimdscaliclBmrShiyfind ade iresvplh argms aBpelticddd@@hdas cat al yst

W th Car bon Nonipiclel R elietol dkfls by i perimeslifags " 20 15 ©
t hese processegcrylisckcidgsens.dubue  ang repglphtavimdugitial fogramces, adatants@pd - Cl @
(pival | acld e s inmayil Epfadt hd plroghpni Bl 27T 10,
The major 2 9 Feirrs agdypically made from a two step process. First, the corresponding carboxylic
acid is produced. The acid is then reacted with an atcohol to produce the desired ester
via a condensation process.
High volume production of dialkyl esters (two alkyl groups at the a-carbon)
20  and trialkyl esters (three alkyl groups at the a-carbon) can be very difficult to prepare
from the corresponding acid because of the hydrolytic instability of the product esters.
Koch and Moller (USA 2,967,873) describe a synthesis of trialkyl esters from olefins
using a catalyst system of BF3-H,0-ROH where ROH is an aliphatic alcohol of low

®)

molecular weight and an olefin having six or more carbons. However, this process

25  always produces some carboxylic acid along with the desired ester and requires
continual adjustment of the water to alcohol ratio in the recycled BF; catalyst.

Commercial use of this technology is currently employed by Exxon Chemical

Company (Baton Rouge, LA) and Shell (Pernes, Holland). Exxon's products are
known as "neo acids" while Shell's products are called Versatic™ acids. Exxon

30  Chemical employs BF;-2H,0 as catalyst and Shell employs H;PO4BFyH;O ina 1:1:1
ratio (J. Falbe, "New Synthesis with Carbon Monoxide", Springer-Verlag, 1980, p.
406). Olefins used in these processes include isobutylene, propylene oligomers and
Cg - Cy) fractions. The major commercial products are 1,1,1-trimethyl acetic acid

(pivalic acid or neopentanoic acid) and neodecanoic acid or Versatic™10. The major



WO 01/47861 -2 PCT/US00/ 35467 di sadvant age of these processes is the
difficulty, relatively high cost, and process inefficiencies lﬁJH%ﬁWEling
tqe acid catalyst in the process. Celbein (Re. 31,010) discloses a one step
i~ prlocess for the preparation of esters fromolefins in the presence of

" BF3CH3OH. This process requires that unconplexed 5 BF3 be distilled from
the reaction ﬂroducts. This distillation is very inefficient and requires

the use ofYAYHMELi on resistant processing equi pnent. HESUSHHFHY t he

distillation of unconpl exed BF3, et hatrol is added to form an azeotrope
with the desired ester and a BF3.2CH30OH adduct. The distilled BF3 or fresh

BF3 is added?i-gﬂﬁ[?:ggo Qa'cets&s fsg{crmfﬁg&%ﬁgwymggh’iaﬁdﬁg&wl ed to the

reaction unit. The 1o BF3-CH3OH is a preferred because it is stronger acid
t han BF3. 2CH®effcicngies in teeyclingthescid caabyptdmthe progssopy | ene or et hyl ene can occur

at tenperatures RenRW *LAE010)RIQ5LE B ¥reP o e prdpinionsldstier ess (US
4,311, 851) also disclose the %éffpar ation . of esters froma BF3ROH conpl ex
y

catal yst. Thiremlefipsiathepresgce FH0H. 1 Lhis proress mpgizssdhpt weamplexefd s gi stil | ed

from the reagk| il B RNk A8RckETHS bigtlatia if Riytficedaid ve BF3RCH
catal yst. Large volune, conmercjal scale Eqroduct 'h:op of dialkyl and trial kyl
esters rennFeauires st SArasion resistaplPEACESEIRg SquIPRITRY 9'.°“‘F’?gég°ent ly, the

product i on ofjisfilkEsPoftRbdiplxed B/ thétifibad ddied tb forh iy hzemfdpewith theeo aci d
esters), are limted by havin 0, use_a rehegtdsvelf?é 2$ I.agdge anount of
purified aci desired estey@d afitgrGHs uel Fig distitlediBEp py ffeshyBFs isadled i e strong
acid (HF or BECH,0M fie BFPERIGH) Whih xcheuytied 8 thetrésetionainil. Tlen be recycled in
t he process.

i sti|l]atign this.acid requires Lal er ati onal
handl i ng ¥ndBEpERs 15288‘-?%&%%‘?“HN@%@@F%@%@%@‘?@%ﬂ ghly
i nefficient R&QAEEESK ofPropPlehet: ehylgiERaY ol at fR@pdrmestielodn1 0BPE i nvent i on
~provides a selective process to dialkyl and trialkyl esters from olefins

and et hers. Pﬁ@@%ﬁﬁ@rﬂprovi des a nethod to recover and recycle the acid

catal yst without jhesaeedssios d35L,851) aifdhifscloseane prifanti@sfehanfimnaduct s. The
process conprises contacting_an olefin or.ether witp %:dgé}_b&n nonoxi de and
an acid 30 c&FpROHCPBRcxBIYA i alsnegyres gt SpORrRIeRs I8 conposi ti on,

addi ng RO t Qistill@ froRy thhesction Soquos hiid théh, recyeled o dpartsd dctiee BRYROE d product
conprising BF3.2ROH fromthe ester. The acid conposition will have a nol ar
rati o of ROHSBE®from about 1.6:1 to about 3: 1, preferably from about
1.9:1 to about 3:[largeMolmp)omeesiahmyle proddctien ofidistikyliahd trialkyl esters

remains a problem in the chemical industry. Presently, the production of these esters,
particularly trialkyl esters (neo acid esters), are limited by having to use a relatively

20  large amount of purified acid catalyst and/or by having to distill off a corrosive strong
acid (HF or BF;3) from the reaction products so the acid can be recycled in the process.
Distillation of this acid requires special operational handling and specialized process
units which results in a highly inefficient process.

25  Brief Summary of the Invention
The invention provides a selective process to dialkyl and trialkyl esters from

olefins and ethers. The invention provides a method to recover and recycle the acid
catalyst without the need to distill BF; from the reaction products. The process
comprises contacting an olefin or ether with carbon monoxide and an acid

30  composition containing BF;*2ROH to form a product composition, adding ROH to the
product composition, and separating an acid product comprising BFy-2ROH from the
ester. The acid composition will have a molar ratio of ROH:BF; from about 1.6:1 to
about 3:1, preferably from about 1.9:1 to about 3:1. The process may further include
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separated acid product to contact the olefin or ether. It may also Nbﬁl
desirable to contact the olefin or ether with phosphoric acid. e JUN 1004

"q'separation of the acid product fromthe product esters may take place in

" multiple separation units. The separation process may include concentrating
the acid 5 $roduct such that the nolar ratio ROH BF3 of the concentrated
acid prod&@f'“gw¥ron1 about 2:1 to abqut 4:1, preferdﬁ?ﬁmWPBWTabout 2:1to
about 3:1. The separation of the aci Jbroduct fromthe product esters may
be facilitated by the presence of a hydrocarbon, wherein the hydrocarbon

i's sel ected £h0iRpa pofiidh b 1l Lphrdrdd 18R prodiict By BMEdI &M offie bAdiRF. eRapavi ng at
| east six carbons. The |10 hydrocarbon can be added.to the reaction unit as
B‘?‘Pf? osznﬂqm

a co- sol ventalsorhe desirable o gonmast the olefin or elbgrop P one or nore separation

units as an extr gpd depudation bitRdHeid pldaGotGRMIRI Pddattieters hAR ke flike i t he process
I ncl udes contacting the olefin or  ether with %flgg carbgn noxi de and acid

conposi t i on Myltiple sepRFEIaR RIS dhe sepAration BLoFess BEing! >80 ef erably from

about 110 tgodubiaudh the Ge mokP Aiti ROHBE; of thé cohfentritel Ridiphaastiisfdnon react i on

i ncl udes contacting the olefin o etbgerz_lat aH{)_ ssure from about 30 atmto
about 200 at¥bputdildp aboytt:l, prefesablyfpmabost 28g0 Bt 5 about 160 atm Bri ef
Descri ption of t ige dpaition gfthdatidprodumedivhi thaprodutd esters niag bé facilimeder st ood by
reference to the Detailed . 20, Descri.pti pn of .t he invention when taken

t oget her wi t4Y thaREesSRE S m@@mmﬁ‘&ﬁﬁ%ﬂw‘w&mﬁ?ﬂ"a schemati c

di agr am of Odfrefsdilinetir Gibtincid hiydrecatbion BaviriganleasDet eardoas] Thescri ption of the

I nvention 25 I.n this ipventio a vari.ety of di | .and.t.ri al kyl acid
esters ard iﬁ?&ﬁﬁ%ﬂ%wgﬁﬁﬁgﬁ‘%ﬁbmﬁ‘?‘ﬁ %‘ '3%%?8(@%&%3%%8% nonoxi de, and
an aci d conpesctibn, @nl/croné érintiregpardiios wER@-hn exirectieg solv@@H i s an al cohol and BF3
I's boron trifluotide.. The. ol efin. Q% ' froma variety
of sources, incl T?‘?Qbogﬁﬁfoflu eoonlme';llgﬁrg&%sce%&c{gg%oﬁ rglr?r%e?)%%gg{ eam cr acki ng of
hydr ocar bonsethef vith the cirbom mawxisié aid aidDmpositior3d attempgratiee from gbonte| at i vel y pure
form or the can o ;§9g mﬁ | @°E- The Qgen, nitrogen,
car bon di oxi%ﬂgmoar%o%agqglres %@U}P@Eg@m xture is used, the CO
concent r asi othe edntonyletidpaeagtion|incues contecting e icy ondierara presuestomyb| y, t he CO
concent r at i oy o bPeodBsin B0kH PR tdrbiPorh RS 110BRHb ilRYdMmY Ol UME.  The

al cohol is

Brief Description of the Drawin

This invention will be better understoed by reference to the Detailed
20  Description of the Invention when taken together with the attached drawings,
wherein:
Fig. 1 is a schematic diagram of one embodiment of the invention.

Detailed Description of the Invention
25 In this invention, a variety of dialkyl and trialkyl acid esters are produced from

olefin or ether feedstocks, carbon monoxide, and an acid composition containing
BF32ROH, wherein ROH is an alcohol and BF; is boron trifluoride. The olefin
feedstock may be obtained from a variety of sources, including a dilute olefin
feedstock from the steam cracking of hydrocarbons. The carbon monoxide (CO) can
30 be used in a relatively pure form, or the CO can be mixed with an inert gas, e.g.,
hydrogen, nitrogen, carbon dioxide, or mixtures thereof, If a gas mixture is used, the
CO concentration should be at least about 40% by volume. Preferably, the CO
concentration in the gas mixture is at least about 0% by volume. The alcohol is
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n- propanol , n-butanol, 2-propanol, 2-ethyl hexanol, i sohexaddl JUN 100k
i sohept anol, isooctanol, isononanol, 3,5,5-trinethyl hexanol, isodecanol,

: “isotridecanol, 1-octanol, 1-decanol, 1-dodecanol, 1-tetradecanol and the

m xtures thereof. Preferably, the alcohol is 5 nethanol. If MIBE is used
as the fe%e?ﬁ& , methanol is preferably used as the _alcohol. In contrast
to prior ‘e %ar bonyl ati ons, the nol ar concent r at i ST GPYHE  al cohol
shoul d be greater than the nol ar concéhtration of the BF3 in the acid
conposition. Typically, the nolar concentration of alcohol to the nolar

concentrat i ORjedted Rbm BletBario$, nfprdpanod Btand]; Bprdpdn®, ABAYhednct, Preferably from
about 1.9:1 tq about 3:1, nost freferabl y ;f)rom about 2:1 to about 2.5:1.

Because t he SRexenglophsataial.dseoctangh sppnoanoh 815 eFimety| Braanglrexdecapths her t han
BF3- Rﬁ]—l theigd,maeeh gfod i,_fl’l%clahﬁdl,hi-&%olﬁ (rjel ativ_(la_l y weaker hacicd Lo co_n\(;erfjI ol e](‘ji n
or ethers to , the desjred, ester products e_siren of the aci epends
upon the rel h@?ﬂ?@ﬂﬁo#%&'@ﬁ?&aw’wﬂﬁ% %"F‘teﬁﬁéfghﬁj@w& The greater the
15 ol ar  sonmehinoRtIf MITBE &tusél a the fase eérl méthaokis préferabiyued as e ol ef in or et her
contacts the and the acid conposition for the desired anount of tine,
t he product Lo osition is cooled and the excess CO vented. An alcohol is
added to the prolhntrsonpeonddfinvarbanyjtiaRahe mbler comantationof tier ef er ably, the
al cohol wused,is ithe me al cohol that is contaj n the acid conposition.
The 20 addi t?‘l‘(‘f’i“’lﬁp"‘i@%gé‘fa@’ﬁﬁlﬁ'f'g?'é’glﬁﬁ%cemﬁ'ﬁgﬁ;f’%ﬁﬂﬂwﬁﬁ“gf an azeot r ope
Cﬁnt ai nijng t domnpoisitint Teipicaliy; the melar@onceitsation aftblmﬁ)hahqm‘ﬂndmﬁ:anaﬁddﬂ V\ﬁr oﬂuct.
The aci ro . Gont ai BF3. 2RC ) s the azeotrope, iC
cont ai ns 1§| cd F'sﬁﬁl-%ﬂ%ﬁbﬁﬂo gbc‘)fﬁg;iplée??b%é" %?'étolgb?lotﬁ@&’é%%?ﬂ?ét aci d product
?re tthﬁn s e prrefatablyt froabqit 241 ¢o abouti2al. Becmmheacélzmpm" h icamtaimf tthe aze_cl)_:]rope
romthe acid.pr. 1 y -y L. S ration steps. e
desired prodﬂcé S é?gagfrg gl s¥ .Efpﬁggﬁfﬁ‘%%g“‘éz%&‘?’@%‘é‘*{’d‘*gﬁe t he al cohol
and any r enadciv to gorevert olefy aydthers tot thexdesirrd esteramainets. alfhe erengthof hepad at i on. The
al cohol can f I L tion units, or
i el lethfle i Eciielntiion ol oPHEOLOLBITON, SERPGE

to any conbi ha thereo portion o separat e product ,
pref er ablly wnelar dongentratiopratio the weaket the &cid- i on step, is recycled to the

reactor. Distill alpeifle QEaRiFdinbe Bithdid e OO QAL aciomPERRA krian Or the acid

product is not carried out in the process. Instead, the acid product is
concent r at eddesifedzrpnt of tires, th Prodprs Fomspesitien s cqoledand theiexeess EBveme t hat may

remai n in thgn A6dhd] ip hded® the poddué\bbRSbsRBE tofueritR the rRidA! BlefeRBH;
the alcohol used is the same alcohol that is contained in the acid composition. The

20 addition of the alcohol results in the formation of an azeotrope containing the desired
ester products and alcohol, and an acid product. The acid product contains
BF;-2ROH, as well as the azeotrope, which contains alcohol and the product esters.

The azeotrope and the acid product are then separated. Complete or near
complete separation of the azeotrope from the acid product may require one or more

25  separation steps. The desired product esters are distilled from the azeotrope to give
the alcohol and any remaining acid product that may remain after the separation. The
alcohol can be recycled to the reactor, to one or more separation units, or to any
combination thereof. A portion of the separated acid product, preferably with little or
no purification step, is recycled to the reactor. Distillation of BF; from the product

30 composition or the acid product is not carried out in the process. Instead, the acid
product is concentrated by removal of alcohol and the remaining azeotrope that may
remain in the acid product following one or more separations.

In the preferred embodiment, the acid product is concentrated by removing the

alcohol and azeotrope under vacuum at elevated temperatures. The pressure during



In the preferred enbodi nent, the acid product is concentrated by renoving
the alcohol and azeotrope under vacuum at el evated tenperatures. The

~ pressure during 29 JUN 2004 WD 01/47861 PCT/ US00/ 35467 -5 the ﬁﬁi@

‘ concentration process is from about 0.01 mrHg to 200 mHg, péSHENAMby  from

- 70.1 nmmHg to 100 mmHg, nost preferably from1 mHg to 50 mmHg. The

tenperature during the acid concentration process is fromabout 30C to
about 1100l crably from about 50C to about 90C. BTN/B#Acent r at ed
acid product, which conprises primaril-y BF3.2RCH, is recycled to the
reactor. In sonme cases an acid purge streamis used to control and

mai ntain the quality of .the acjid catal I n the process. The nolar ratio
of al cohol : Bﬁ'gaclﬂFP“\éWga@GﬁE’éﬁf}sg‘P@&E’%@{ E’F@Blﬁ?:fooi’%mﬁ%@ﬁf‘&’@b'ut 2 to 5,
preferably ffromoakaHg  100mdHg, fsxsprefarabll fomiInymHg 1060 MRl That i 0 of

al cohol : BF3 is about, 2 before the acid product iis 1o recycled to the
reactor. |n [eEcRUpEKiyng the scpheo %%f@f"i“lﬂ?cgﬁﬂ? e g “'cét%?“ﬁ@ﬂ”&/c't he acid

conmposi ti on, plhaiblyfRENM6kiIsIE o se@ncent rati ons of the acid and the
al cohol shouFd be greater than the nolar concentration of the olefin or

ether in fhe readtFeencentriedpced prodpgh whith spmprisse primasibaBFs2BRHeist r at i on of t he

al cohol to t Rgyddalteithe FBA6E M dome tAEs A hicill PRedInein B usdd 18édaRst shd 15 from about
2:1 to about 20:1, preferably from about %: 1 to apout 10;1, npst preferably

from about 2miintay thaguality gf the acif ratalyst|in the progess. Jhhe mplap e efiplcrbaliBEn of BF3 to
t[\)e rmllgtr1 cmf héea&aha?cmfprddtaﬁisq}oﬁfdbmgrtog%&ﬁhbéﬁ&&ﬂ%@h@y,tf0- 5:b |1 t]9
about 1, prefera rom abo - L.to about 8:1, st preferably from
about 1:1 toﬂ'ﬁﬁéiﬁfmg’.wll?hefnﬁfyfﬁ@ f#”if&égél:b’fs Wﬁ%&‘[’f‘%@?""ﬁ“‘i’e‘sol efin or

et her is war hoyjedas thelréadtort Ne 20 presence of the acid catal yst at an
effective carbonyl gtiop t erature .and pressur .Which.mnimzes
undesirabl e si de@&‘ﬁﬁ’%ﬁ@%‘f"‘gg lé“%ﬂ?%h@?%%&@ﬁ?@“’ e catalytic
reacti on of ss@btive nilar edrentratidn®oftthesdcidyahd the alcdhiol shbly be g&ites thian thay be
performed at enperatures, fr about. 30C to abgut 200 referably from
Dbout 110C. t BoRESrenraipp oF e IFE o it an GBotuPo BAUE TPt By, “about 150C
The speci f i cmblnpeceatratioa 0f2be aladolite thrpwlar ¢copceatrition of thoolefdf orether inl ef i n or

et her “Sgn?e'SI %&ﬁ.?%ﬁ%ﬁgéﬁg%fﬁﬁg&%%ﬁf%%@?1@{,%§t%&emb-[ mnimze

undesira e reac ) i'n ol gonerizatton eactions) it
i s desirabl efrom aboait 21 to abowt 611a Tppically,dkeggolayicorceptiaion {BFs wahstmalr. This ratio

is controll i ' Melc PRy ,on pressure,
Shobtadn U 08162l B R Sk 0 604G Bl RIBON P

the rate of e extent and effect’iveness of m xing of
t he react ant abohlgl @@b@,‘t§:§{mqshprefmbly from about 1:1 to about 6:1.

In the process of the invention, the olefin or ether is carbonylated in the

20 presence of the acid catalyst at an effective carbonylation temperature and pressure,
which minimizes undesirable side reactions to oligomers and other products. The
catalytic reaction of olefin or ethers to diatkyl and trialky] esters may be performed at
temperatures from about 30°C to about 200°C, preferably from about 110°C to about
170°C, more preferably from about 120°C to about 150°C. The specific temperature

25  requirement is a function of the olefin or ether used in the process as well as the
reaction pressure.

To minimize undesirable side reactions (typically olefin oligomerization
reactions) it is desirable to maintain a large excess of CO in the reaction. This ratio is
controlled by a number of parameters including: the reaction pressure, the rate of

30  olefin feed, and the extent and effectiveness of mixing of the reactants and catalyst in
the reaction vessel. The reaction pressure is not critical so long as a stochiometric
excess of carbon monoxide is maintained in the reactor. The total pressure in the

reactor is from about 30 atm to 200 atm, preferably from about 70 atm to about 160



the reaction vessel. The reaction pressure is not critical so long as a
stochionetric excess of carbon nonoxide is maintained in the reactor. The
total pressure in the reactor is fromabout 30 atmto 200 at&l& ef rably

"™ from about 70 atmto about 160 29 JUN 2004 WO 01/ 47861 PCT/ US

atm nore preferably fromabout 110 atmto about 160 atm These pressures
are wthin current commercial unit capabilities for such carbon nonoxide
cont ai ni ngVAN8Bsses as hydrofornylation and neoaci d F5FUEEHHn. In a

bat ch process a | arge excess of the catthon nonoxide is available to react

5 wth the olefin. In a continuous process the reaction process begins with

an excess of _acid cala nce steady state
condi tions are 3t BV Lly?rf”ﬁeg#u?ﬂ@%{m 0%951?% can nas‘?ent ai ned such that
about one rmlwnmfcu@@tpmnxﬁ@dalmmtcdpénhuee&csmhcarﬂmnmu@n@ccm@npf ol efin or

ether fed toé%%gg%g?ﬁ}d%fo{%&%g a&ﬁ'ﬁro@%ﬁér{]' on of the al cohol a phase

separation b e azeotrope nmay nhot occur.
Thi s phase separ ahahatch\pﬂotcst@plsﬁamqueﬂh!mnmoéﬁldﬁlm\’ le¢areast wel | as the

al cohol usgd %E’ermeﬂ gﬁ oBds ki reab X6 g;cgsg hoogpggfwsgg carbons in

the ol efin, and/ or the greater phase

separation. Seidsatalystaleobsl, apﬁSOalzoeerqr,@peewwoa@n@smem&can be
facilitated Ry, feéa%§f@@@dntue%neﬁneasdeu%%ahG%oléfmw%q&@,sbon can be

added to a separation unit as an extracting solvent, or added to the
reactor as a reastosfor evermeleofioiein opethas fRdhe BT eact i on. I n certain

instances it may pglodsgiteallifor of tRERNNEpHANIEREAMONBiIwdeR tHeldid Separation

unit as well as the reactor. The hydrqcarbon is a saturated, |inear and/or

branched My drRsedustigadithe sasptrage Hipy pos gesur. SFhis phasy prpprationyll dependyipgn the 1, o
hydr ocar bon '&eﬁ%@r&ﬁérmmegﬁbﬁdﬂwm&esshﬁﬁﬁﬂl@&hemnes nonanes, or

venti on ar CORRBRRCTENE HAEGH S dpUTAr IOk Seme [AAony ¢15 PRIE R Separ at i on
uni ts incl udeseprdibglui d-1iquid extraction unit including a counter-flow
The. azetrope. cont SRR o B sErer o5 BhHE Er{sat bE el 8pEFroduct . the
ester prodsictsididoofahpdtoatboml Tlredlj'ih‘bhdaoazaﬂleladmdto dvyphramiommhms amnd al cohol .
condi 1 ons. roumEREE e Gapir i Bhelal BRkinyfht AlbchdD TORC
hydr ocar bon aeactibrc din crtainfinsmnees it enap be desirdbletto %ﬂd mdmmmt ed to the
reactor or on %pa?z{uom?r{iteas S d @i }e%r.u ﬂet Idrocarbon is a saturated, linear and/or
branched hydrocarbon having at least six carbons. Preferably, the hydrocarbon is
20  selected from the hexanes, heptanes, octanes, nonanes, or any combination thereof.
The separation units that may be used in the invention are known to those of
ordinary skill in the art. Such separation units include a liquid-liquid extraction unit
including a counter-flow extraction unit with mixing wells or plates.
Following the separation of the azetrope containing the ester products from the
25  acid product, the ester products are scparated from the azeotrope, hydrocarbon and
alcohol. This separation can be carried out in a distillation column under conditions
required to obtain the desired product specifications. The hydrocarbon or alcohol
from the distillation can be recycled to the reactor or one or more separation units.
In one embodiment, phosphoric acid may be used as a co-catalyst in the
30 reaction without adversely effecting product separation, catalyst recovery, and
reaction selectivity. In some instances the addition of about 0.25 mol of HsPO4 per
mole of BF3 may result in a small improvement in product selectivity and/or product

yield of the desired ester product.




I n one enbodi nent, phosphoric acid may be used as a co-catalyst in the 30
reaction wthout adversely effecting product separation, catalyst recovery,
~and reaction selectivity. In sone instances the addition of ahqui (0425 nol
of H3PO4 per nole of BF3 may result in a small inprovenent in product
selectivity and/or product vyield of the desired ester product. 29 JUN 2004
WO 01/ 47861 PCT/ US0O0/ 35467 -7 Figure 1 describes one enbodinent of the

i nvent i on. WHI¥BE1 f ced streans into the reactor 10 i RITE¥EE 11, olefin or
ether, 12, and BF3 13. An acid recycl e?- stream 14 and an

al cohol / hydrocarbon recycle stream 15 is also directed to the reactor 10.

Fresh al cohol 16 can added tg the pracess .in an er of ways, 5
including to the Pﬁ%’é%tj‘gﬁ“r%ﬁonf ﬁgb"ggrbegfo c S ﬁ'f%‘,tg%g%aﬂ%mw
al coholj/ hydr dxdeafabbﬂllriedgdelce 11sdlefmannethdr, IZQaqchFE;jlamlrﬁcidtrME:eact ihon pr oduct
18 is directe tciad'saenpa?rﬁt%od; %Bégﬁ. b CR |8 %qu to the reaction
4'an cohol/hydroc 55 E& S0 .
) por f the

product 18 i AP Re separation’ unit 'on o acid product 21 is
separ at ed fr cesctohid. [Fresitalehold6 nanciemided to theepressssdn erydamber ofwgysr ati on  unit 20.

I n nost enbodi an [ &1 I ' fﬁ’m' | o maximze 10
t he separgt)i g"r‘fmgFEt @ggéﬁoé?%@géﬁﬁéﬁﬁéqgh%mgﬁgo uct d(%%%y‘g{ﬁ%% the esters.
As a result, strdaimel5adipartion ofibereactidn fredyet Mdpdireeted 199 sepatatiommit2®. directed to
separation uni QRGR QG GGt 285 Af separation
unit 24 is dw‘%g%[e}sdadg%q?ﬁg reag%{graﬁc?gs.ﬁc&}egfﬂ_arr&ﬁ intsztaaﬁgg@maélﬂgeci d purge
stream 26 i s asidproidyce2ll is ssparatechirem the areduct eamtaining thefstersdy i) sepajatigh t he aci d

catal ySt i i GG embQimAldhdihRRkpRELF 1 B e P hatifisk ecOver ed - 15

fromseparation unit 24. Stream 28 i s conbined wt roduct stream 22 which

i s direct@d ths separatiomefitheacid produst fromthe pradugt spniaiping the; AFR&TNi t 30

cont ai NS 0ne gQfacidBfodud 2B frbrh SephrhtR unit 20 # BRI SpPaion et Jhahelesi red ester
products from the al cohol &%y remai ni ng ac.ig, roduct, and hydrocar bon.
ceRdi o 41s Biseied

The desired &enrceraid agid, m; e SCRRIFIOp Ml togheseacws st o product
streans 32 amgmay instaibds dn RO streath Zeriomy B RininitanaidrbitroBlei s directed to

cepar at1 on - GuAiky el cuvin e 1 Aol 3ut gpd IR0t P s or
di rect ed {s0 Sfﬁwﬁmemmt 20 via stream 36. Because t he concentrated
octl Produet 2 1ok R S0 dtl ks by Bl R0l BFS ol
of the al cohetpafatiamonit!3e. Preferably)sepamtipnmét W ontsingtine ecinerd disdlagepar at i on uni t
R L e e ARt
reacti on progueltet, and hyleqearbert. i The desired ester products exit the separation zone 30 as
20  ester product streams 32 and 32". Acid product 34 from separation unit 30 is directed
to concentrated acid product stream 25. A portion of the alcohol from separation
unit 30 may be directed to the reactor via stream 35 or directed to separation unit 20
via stream 36. Because the concentrated acid product 28 is primarity BFy-2ROH, that
is, the alcohol:BF; molar ratio in the recycled acid product 14 is about or greater than
25 2, most of the alcohol from the separation zone 30 is directed to separation unit 20.
An alcohol purge stream 40 may be used to maintain and control the quality of the
alcohol used to quench the reaction and separate the reaction products in separation
unit 20. The hydrocarbon from separation unit 30 may be directed to the reactor via
stream 37 or directed to separation unit 20 via stream 38. Fresh hydrocarbon 42 can
30 be added to the process in any number of ways. As shown, fresh hydrocarbon 42 is
added to stream 38 which is directed to separation unit 20. A hydrocarbon purge
stream 41 may also be necessary.
The esters produced from this invention can find use in a variety of

applications including, but not limited to: as a chemical intermediate in the areas of



unit 20. The hydrocarbon from separation unit 30 nay be directed to the
reactor via stream 37 or directed to separation unit 20 via stream 38.
_Fresh hydrocarbon 42 can 30 be added to the process in any nurbgwveiilhays.

-+ As shown, fresh hydrocarbon 42 is added to stream 38 which is directed to

separation unit 20. A hydrocarbon purge stream4l may al so be necessary.

The esters produced fromthis invention can find use in a variety of

appl i cat i BR8] udi ng, but not linited to: as a cheRFEE*Hf%r medi ate in

the areas of 25juivZUO4 WD 01/ 47861 -8 PCT/ US00/ 35467 pestici des and

her bi ci des; netal extraction agents; synthetic lubricants; polynerization

aid for acrylj.c,aci .ers. ] repell ants; industrial

fragrances, d‘riegrﬁ‘{'&sjhegb?%&%%?n%% I C %3%%%’2%%@?Eguﬁgfgﬁgbeqt i cal applications;

phot ogr aphi polgpgizatirmteiddoracrylisacid estersiinseet 2itgetapsind repellanisiindustgiply t he | i ke; as

a carrier ch‘?sch*og#Ew&km&E%ﬁﬁLﬁé; pRiHacifiicd apflicaidfs; enhanci ng f uel
n~all’o

conponent . hese end use areas, a very useful feature is that
t hese produphtsos_!a'phicamm#t@w;@rﬂwhfflyqu@%mérmksr?_éejﬂ‘f‘ k%@ﬁ%@étors of | ow
| evel atnps Q@-ﬁ[‘&,ﬁﬂ%&{&lsf a8 flocting efHARin@ GRS Bdndhent. '8 A bfl RS end VDL OF

gasol i ne,” sofvents and the |ike contain_ various volatile organic to
conpounds ( vee@reay, a vefyiueshul fatre inthel thesgiproducts 3ithbedo™ PHEDJERENi cal  at nospheri ¢

reactions, ﬁé@?ﬂle‘@eﬁ&ﬁwﬂ@»@le@adudakﬁhem&mﬂrrdeﬁabﬁm}:edﬁmt he atnosphere
under the i1nfluence of sunlight, to produce ozone. Ozone formation is a

probl em i n resetiond.r oposphere (| ow at nospheric or "ground-based"),
particularly in gpwokabiine, ssivontsandie ke cofthil @fricus vdlaibteganio t he phenonenon of

snmog. Since VOC em ssions are a 1 ource of ozone fornmati.on, notor
gasol i nel%nasemeaupds(¥OG#) ﬁﬁl"&?ﬁ’ﬁi‘“éﬂﬂﬁ?ﬁ}\?‘gﬁi@ca#ag?gﬁ%?ci n paints, inks,
etc. are regiaiingdlohwith bvéh ad Hifr6gen oxipdsi(MOE)n thelateiogphere &hdeythe gover nnent al
_reqgulation of_ noto asol i ne, has focused on.li.n ti volatility of
mot or gasol i“ﬁ@”%CBPE)“ FRPRITFS QS é?'éeg?m&ornrme?l Té}gngr?onﬁeor gasol i ne

vol atility iuposplegitod @slospherio ugigronadibmaty), partidularly in angrbamt or gasol i ne Rei d
Vapor Pressure. Alistin f ' t ssihasgbhne RVP limits
is found at W@ﬁ'ﬁ.‘m‘é’égﬁ%go&Hlfériol%ﬁg%glogr%ﬁ%%gﬁr{? on Gasoline
Vol atilitsy. stire dfipidne thnfstiab.asotdgesolingrmennfactire ardforulatiomandgelienys ( EPA) has
devel oped tional. e ' | ein ShRP dtcfignce. \Aei0anf,or  si X
pol | ut ant s: 2’8?1’8?”%@’[@3@%%3@5‘%‘%2{&(%% , | ead,. _ccar bon _rrofr{\%xi de, sul fur
di oxi de and goemmentsl mgation of meterEasodipahas focused on limiting the volatility o

motor gasoline sold in the United States. Currently, motor gasoline volatility is

regulated through seasonally limiting motor gasoline Reid Vapor Pressure. A listing

206 of EPA’s regulatory motor gasoline RVP limits is found at 40 C.F.R. 80.27, Controls

and Prohibitions on Gasoline Volatility.
The United States Environmental Protection Agency (EPA) has developed
National Ambient Air Quality Standards (NAAQS) for six pollutants: ozone, nifrogen
oxides (NO,), lead, carbon monoxide, sulfur dioxide and particulates. Ground-level
25 ozone, a primary component of smog, exceeds target levels in many areas of the
United States. The CAA90, for example, includes provisions to reduce urban ozone
levels. Reformulated gasoline is targeted to reduce ozone forming hydrocarbon
emissions in the United States worst ozone non-attainment areas by 15 percent in
1995 and by 20 percent by 2000. The CAA90 includes several programs to reduce
30 urban ozone including stricter automobile tailpipe emissions limits of 0.25 grams per
mile non-methane hydrocarbons and stricter gasoline Reid Vapor Pressure limits.
Therefore, ozone non-attainment has an impact on motor gasoline formulation
through regulatory seasonal Reid Vapor Pressure limitations and gasoline

reformulation,




25 ozone, a primary conponent of snpg, exceeds target levels in many areas
of the United States. The CAA90, for exanple, includes provi giPnpsi 100

. reduce urban ozone |evels. Refornulated gasoline is targeted to reduce

;- ozone form ng hydrocarbon emnmissions in the United States worst ozone
non-attai nment areas by 15 percent in 1995 and by 20 percent by 2000. The

CAA90 i ncl_ud several prograns to reduce 30 urban 0zaq ' ding stricter
aut onobi | §?‘?’6fpe em ssions limts of 0.25 granms per %r%b#g‘ﬁon- nmet hane

hydr ocar bons and stricter gasoline Rei’d Vapor Pressure limts. Therefore,
ozone non-attai nnment has an inpact on notor gasoline fornulation through

regul atory Season&onﬁ’ﬁg'zzd MRROVOPERS SN regul dibiistimihe UIESA.addthe gaa6IRei NE
reformul ati on. 29 JUN 2004 01/ 47861 -9 PCT/ US00/ 35467 ,According to

current VOC @mperents belpagie pugaf Hrneroups dopendige en Reir reachylty lo%ard) i e conponent s
bel ong t o ONgMEPhdriePhtbcherRival deipe Rthatign:on their reactivity toward

at nospheri c photochem,cal ozopne formation: (.a) Negliqible reactivity

organi c conpound@v&lﬁghﬂ%é‘ﬂ@'rvﬁl’ggﬁ’bcocﬂ?’p?‘ﬂgs‘glﬁ m%ﬂt%gm}né%swaﬁant ity of

0zone as WOUrJesbguaRiity dEisz0nk 48 ol be produeed/iyitiphametveight&t dsathene. These or ganic

conpounds arg exenpt fromthe definition pf.. d.are not considered
qegmgopt Ty g dieidh of Ty R B B

to be a VOC are nunmer ous such conpounds
exenpt ed by ¢disidemdAo bé OWOC eans @frideompositioro f Thei®@re nGinkeous ssekch  or gani ¢

conpounds, such as tert] b acet - \Whi i tion

consi derat i o??“l??“"%ﬁe’feﬁ'g{egg%he%%krgmﬁll%\??é%m}g{%g?g% ? i ca%?lﬁ %’ggﬁ’?rr‘;r)? oved

f 1 anmabi | i t yconfpoids,auch asteajaoy tatyl aatatewdich is umder ekrmptioncopsidamitiomby y and

thermal |y _ungt e .f. t Ok ' Ld'mﬁﬁlkl her oxygenat ed
and hydr dgarﬁﬁﬁp‘%’owrrhﬁlotﬁﬁvgp e coﬁg%?‘%g:t& eﬁtg%:g;‘gﬁg?o%ggt ed by the EPA
as equal | y (mie, mayietohthedizallysnd thermally ynsigble fon moton gaspling gepliegtionss based on VOC
eni ssi ons do_ not. (hakfe) df RngRIkak ARk RkbOl ool e Wndertliipber ence i n ozone
formati on anong r(no)n-exen% conpounds. For _exanple, two non-exenpt VOC
conpounds caNORawed twhaterdhy the EPA ps aqually doncaweighs basis) pod tion characteristics.

Accordi ngly, _cur 1 tE-%QH{icﬁﬁ mon%@%%ayﬁ@mc g,monm_ﬁ&! to mnimze
ozone formation by using low reactivity hydroc n conposj.tions.
Hydr ocar bién the wsts diffeteneq in pzone fWEH@?PgéQ“'E’?E’Qﬂ{'ggF?’?P"I%L h‘i‘one pr oduci ng
20 are thoseuhbewiAYReleRBEVOY tinpoluis S have driteaticAlygiffettt 2bitane. Et hane has
a neasured reactivity based on.the MR rreltﬂgt?oqm 93; m(;)én?égm Icn act, the EPA
has granted mation characteristics. Accordingly, current reg g
users to minimize ozone formation by using low reactivity hydrocarbon compositions.
Hydrocarbon compounds currently viewed as essentially non-ozone producing
20  are those which have reactivity rates in the range of ethane. Ethane has a measured
reactivity based on the MIR method of 0.35. In fact, the EPA has granted a VOC
exemption to certain solvents with reactivity values in this range including acetone
(MIR=0.48) and methyl acetate (MIR=0.12).
However, the number of known materials having reactivities of 0.50 or less
25  based on the MIR scale is relatively small. Moreover, it is a discovery of the present
inventors that many if not most of the known fluids having acceptable reactivities
with respect to ozone formation have other unfavorable performance characteristics.
For example, ethane is a gas under ambient conditions and hence is a poor choice as
an industrial solvent. Methyl acetate has an excellent MIR=0.12, but a low flash point
30 of about -12°C; acetone has an acceptable MIR=0.48, but is extremely flammable. As
a further example, tertiary butyl acetate (t-buty! acetate) has an excellent MIR=0.21,
but has limited thermal stability.
Among the most preferred fluids according to the present invention are
dimethyl carbonate and methyl pivalate, Table 1 demonstrates the extremely low




exenption to certain solvents with reactivity values in this r €.,
I ncl udi ng acetone (M Ra0.48) and nethyl acetate (M R=0.12). ver ;BU{ he
nunber of known materials having reactivities of 0.50 or |ess 25 based on

~~‘the MR scale is rel atively small. Mreover, it is a discovery of the

present inventors that many if not nost of the known fluids having
acceptable reactivities wth respect to ozone formation have_other

unf avorabl“ép‘B@?q‘brnance characteristics. For exanpl T 7is a gas
under ambi ent conditions and hence is-¥-poor choice as an industrial
solvent. Methyl acetate has an excellent MR=0.12, but a |low flash point 30

f about -12( . ' |
of about Ag"" ggf,wﬁgr.@wmﬁymmm:?om\écmcﬁdexm;-bﬁneﬁmrem? y

f I ammabl e. ) exanmpl e, tertiary butyl acetate (t-butyl acetate)
has an excel piplate)iinedntashows thaythekRA requirpradags fercsemas polvenisiy | i ty. Anong t he
nost pref err gdofabte dith BGfef FHO EghlRichH td RERSBiRting aeﬁemzzm rédcBvirydi met hy!l
carbonate and nethyl pivalate. Table 1 denonstrates the extrenely | ow WO
01/ 47861 PCT feptegpeshieduture reagtivitx based jHeSy activities - significantly | ower

t han bot h sacetone and ethane - of nmethyl pivalate. This data shows that
the EPA requirenents for exenpt solvents in accordance with current VOC
regul ati ons and oBABLEL ot i ng extrenely lowreactivity for the possible
future reactivit ysdamsocbfalbudfied ifcrehfiblaFredctiGuespran badis) éalkdaeat ed i ncrement al
reacti viti es ade@ind Bndmsthd pivhiate, relefe@nethe avee:ge of sl VOIhahissivhhly| pi val at e,
relative to the average of all VOC em ssions. Ozone Yield Relative

React i vi t i @sMax—3—Hotr—Avg—RetatreReagtwt+es - —
Scenar i oEt[haneAce{ o Qe YieldRelative Reagdvities ¢ Miax R Hour deg. Relative Reactivities
0.090. 120.{08Q 50T FatanD | Aefd | Vo fe2Gh | el AccdB | 150. (9Mepaite] Fqual
0. 210. 150. BZ0—+Z6+H5009Benettt

Max 0.09 0.12 0.06 0.08 0.15 0.07

React

Max 0.16 0.14 .11 0.10 0.15 0.09

Ozone

Equal 0.21 0.15 0.12 0.12 0.15 0.09

Benefit

10 |
Table 2a shows the conversion of a portion of the data in Table 1 into
Absolute Maximum Incremental Reactivities (MIRs) for methyl pivalate. As seen
from Table 22, Absolute Ozone Formation for different levels of NO, in ROG is
highest for highest level of NO, scenario (MIR) and lowest for lowest level of NO,
15  scenario (EBIR). As a result, Absolute Reactivity in atmospheric photochemical
ozone formation for tested compounds is highest for MIR scenario and lowest for

EBIR scenario.



10 Tabl e 2a shows the conversion of a portion of the data in Table 1 into
Absol ute Maxi mum I ncrenental Reactivities (MRs) for nethyl pivalate. As
- seen from Table 2a, Absolute Ozone Formation for different |eyv@UBN &lé NO ,
:%in ROGis highest for highest |evel of NO scenario (MR) and | owest for
" lowest level of NO 15 scenario (EBIR). As a result, Absolute Reactivity in
at nospheri ¢ photochem cal ozone formation for tested conpounds is highest
for MR sO¥h4781 and | owest for EBIR scenario. 2 9 J‘tﬁﬁ“gg‘@f‘% 01/ 47861
-11 PCT/ US00/ 35467 Table 2a -- Absol utld- Reactivity Conversion Ratios $QQEt
| e&NgnehE Ozone Yield Rel ati veM R10. 090. 120. 06 Reacti vi hesMJ R10. 160. 140. 11
EBI R10. 210. 150. 12..a Qne Yiel 40 el 236 Absol ute
Reactiviti esMJ R , 20. 1230098 Tahle 2b shows

met hyl pi vfate as havi ng acceqt #p@ 1| akhianeoi ht Acetlei | | ng MBPenper ature,
evapor at i offtate—towtoxrcr Ly ;T gopd $0t VEQCY and erai Stapding S
! TR q§d§ ol 06

_ performance Qf@“"a“ﬁlé,, latiye| o ilronhental IV nreferrad exd Fenely | ow
ozone forfati &BEMEFY (slomomrt)) for @ vekls wi fle radge pf &Pl ichtions. The
conpounds presented i n Tabiy =4 snoW C ul ated sol lite R
reactivitiges for r‘nrrpnllnd':IEEI;@ef.uL_zs—ler‘,a'd'._cw o '@B Ae Pctdg{lr?.t —a| Fl ui ds
(VLPPF) and Negligibly Pollutijng Poténtial Flwids (NPPF). These|fl uids
provi de favJyora e Xl R L IVI§bes,| apwussy M de4yange ofpaeyappration
rates, and 3 € ReGiReOf—SOH-veRey e v-tr—otirer sol vent s,

HE-REY Re—conpartor Tl

¢ y
pol yners, pi‘gnents, catallyMOR ladbflives9%6c. i Qdbssary il actual

applications. Al the conpempgls| | pgted | n.trhe presqaps i nvewnioen,
especi al | y b-a—Fabtes—2a——4—are—very usefut—as substitute conventi onal
sol vents having an Absolute MR between 1.5 and 3.0 and especially in
sol vents havi ng hTable 2bShoveaethylpitalatsrds baving asceptable 2sh aoiats. bofliag 3.0 in

atmospheri c Qpn?};[exoa(f\ur}g @a%ggaﬁo?lm fow tfoQEi'ES?E(.Soﬁ Relvency and overall outstanding
5  performance as a versatile environmentally preferred exempt, extremely low ozone
formation fluid (solvent) for a very wide range of applications.

The compounds presented in Tables 3-4 show calculated Absolute MIR
reactivities for compounds useful as Very Low Polluting Potential Fluids (VLPPF)
and Negligibly Polluting Potentiat Fluids (NPPF). These fluids provide favorable

10 MIR reactivities, a very wide range of evaporation rates, and a wide range of solvency
and compatibility with other solvents, polymers, pigments, catalysts, additives, etc.,
necessary for actual applications. All the compeounds listed in the present invention,
especially in Tables 2a - 4, are very useful as substitute conventional solvents having
an Absolute MIR between 1.5 and 3.0 and especially in solvents having high

15 reactivity Absolute MIR greater than 3.0 in atmospheric photochemical ozone

formation.



2 9 JUN 2004 WD 01/47861 -12 Table 2b - Fluid Sol vent Properties
PCT/ US00/ 35467 Acetone Boiling Tenperature, C5699 Viscosity (cps,
20C) 0. 330. 74 Specific Gavity0.7920.873 Surface Tension22.323. 8 2 Jiifoi nt

.:(C)-20 *7 Evaporation Ratio to Butyl Acetatel82.2 Hansen Solubility

Par anet er Tot al 9. 28. 1 Nonpol ar7.67.2 Polar5.11.8 H Bondi ng3.43.1 Toxicity
(LD-50, ng/kg)5800 Reflects Varied Reported Literature Data Table 3 -

Cal cul at eWomy4B6lUt e M R Reactivities For N LIigibly PETUAHE S Potenti al
Fl ui ds ConDQWAbsol ute MR (gram ozondg2produced/ ruid) Methyl Pival ate0.236
(Actual neasured value) Tertiary Butyl Pival ate0.324 10 Table 4 -

Cal cul ated Absolute MR Reactivities For Very Low Pol luthip. Potential

Fl ui ds ConpoundAbsol ute MM (gWMM ozone nroduced/ grarn fluid) Ethyl

Pi val at eO. 65? _II\_IEa'a_bleBbv-fF@hﬁd Sély ﬁﬂmnm opyl I sobuO 930 | sopr opyl _
ormation. | There carrent v dre tuo abor oABE 1 o dva ualian o ¥ he fact ors
i nfl uenci ng @oiliigTemperature, °C 56 9
Viscosity (cps, 20°C) 0.33 0.74
Specific Gravity 0.792 0.873
Surface Tension 223 238
Flash Point (°C} 20 7
Evaporation Ratio to Butyl Acetate 18 2.2
Hansen Solubility Parameter Total 92 8.1
Nonpolar 7.6 72
Polar 5.1 1.8
H-Bonding 34 3.1
Toxicity (LD-50, mg/kg) 5800
* Reflects Varied Reported Literature Data

Table 3 — Calculated Abhsolute MIR Reactivities For Negligibly Polluting

5 Potential Fiujds
Compound Absolute MIR
ozone produced/, fluid
Methyl Pivalate 0.236 (Actual measured value)
Tertiary Butyl Pivalate 0.324

Table 4 — Calculated Absolute MIR Reactivities For Very Low Polluting
Potential Fluids

10

Compound Absol
(gram ozone produced/gram fluid)
Ethyl Pivalate 0.657
Neopentyl Pivalate 0.700
Isopropyl Isobutyrate 0.930
Isopropyl Pivalate 0.971

The invention includes a method of reducing atmospheric ozone formation.

There currently are two approaches to evaluation of the factors influencing ground



29 JUN 2004 WO 01/47861 -13 PCT/ US0O0/ 35467 | evel ozone formation. One is
based on the total anmount of organics emtted into the atnosphere which
ultimately conbine with nitrogen oxides in a photochem cal re@dtjyNgisio

:."_,f“'orm ozone. Based upon this, all organics are treated equivalently and all
- contribute equally to ozone formation, and for gasoline, RVP is used as the

par anetergﬁog%el ating with the amount of total orggﬁi.lﬁscwgﬁkpased into the

air thro orative pathways. Thﬁ second approa recogni zes that in
fact there are significant differencés (as nuch as about two orders of
magni tude) in ozone formation for different conpounds. Thus, the first
approach i s jevéllozéne if@matidni Oat Ispasadontbebtal mntdﬁersmg's@mdiam:ﬁh@ach. To

nmeasure specific 0z {i 1o Maxi mum

| ncrement al 2 ﬂ%ﬁ’&ﬁ‘@“{'ﬁ%@“°3p‘ﬁ%§ﬁh"“9%m H&@prﬂ & | [siﬁ%!efl ned as grans

ozone forne@mﬁwfomm@mwdamphwmwem&ém%wmﬂons per gram

of test SUbSé{ﬁ‘? e\{} O&QQQme;EHH?mdtfgﬁfggﬁﬁlﬁé Qw%ga%%%ﬁ&epormom tions
n

of the insf on are product ose absol ute maxi mum i ncrenent al

reactivitsy coradsiog witbthh/hﬂ)unt of tpsal|organies re\gased-istedhepirdhoush exapawiNend (1 ow) ,
preferably @g‘p%or@seéoﬁd Mﬁé@ﬁk&%?ﬁ@%?ﬂt&da&\émc&npw) or nost

preferably ozo gram conpound (negligible). The invention al so
i ncl udes pr(d(ﬁc_mnwg(anglalsaslabmt‘fmmcﬁfmaa}lﬁ dp A QEBHOEfF  use in internal
CO”bust'OH gm{ﬂl %ir SpRdack @ fotdcibiinchllyap@efubisamsur e | ess  than
about 4 poun S p are 1 nc Aninportant factor in determining a 20

conpound' s mmiaa H‘meﬂca’@mmgmt"l‘f'é du3}somRetds vapor

pressure, Mm@uﬁwmymmcﬂhsé@n@édpm&%ma{e more |ikely
to volatlollze Into at nosphere fromo ?ﬁ? sour ce \ﬁ Potential open

sources i nclmozqﬂsﬂl‘@%h‘ﬂéﬁém%%‘ifﬂﬁé@tm PFAHIOR EQnAltiAns PSS &P i but i on,

storage and/&{@%@&&&ﬂ&t(b&ﬁboﬁfd)fﬁﬁk SheGdHritid Dkypenated xygpostibefththe C7 to C 14
esters according to the in en'éég%ﬁgsog‘g xpected to h ve | gw 25 vapor

pressures i rinsashipEntiAAe RreduRhy WRPCEREFSR T ' preferably, the
esters have (ghsbie MIRPiS bélbwan. sgb@uug.amafmpoumm),pmmmlugess t han about

3.0 or 2.0 psi, For,6 exa t.h Pi v por Pressure of
about 1. 65 p<JRoneigrA ‘?fﬁﬁ’/'B?ﬁr‘T‘F%ﬁ’eV W)ﬁg'f“os‘ﬁmfmﬁ gbeg%?e 554 ofr reduci ng
at nospheri c ompsvad (deglighdd)i on. The net hod conprising producing a gasoline

ester has an absHRIFERTAS el 20 E%%Sd*‘m s%%%# B zone
fornati on causindnterhal kealastidnrengivest wheseintherster has@Reid Vapor Pressure less
than about 4 pounds per square inch. An important factor in determining a
20 compound’s ozone formation potential includes the compound’s vapor pressure.
Compounds with relatively high vapor pressures are more likely to volatilize into the
atmosphere from open sources. Potential open sources include, for example, sources

from production, distribution, storage and/or combustion of fuels containing

oxygenates. The Cy to Cy4 esters according to the invention are expected to have low
25 vapor pressures in comparison to MTBE and some other oxygenates. Preferably, the
esters have a RVP less than about 3.5 psi. More preferably, less than about 3.0 or 2.0
psi. For example, Methyl Pivalate has a Reid Vapor Pressure of about 1.6 psi.
The invention further includes a method for reducing atmospheric ozone
formation. The method comprising producing a gasoline fuel containing an ester for
30 use in spark-ignition engines, wherein the ester has an absolute MIR <0.5, thereby
reducing atmospheric ozone formation caused at least in part by production,
distribution, storage and/or combustion of oxygenated fuels as compared to
oxygenated fuels containing oxygenates that are photochemically reactive. Certain
hydrocarbon compounds have little or no potential to participate in photochemical




di stribution, storage and/or conbustion of oxygenated fuels as conpared to
oxygenat ed fuel s contai ni ng oxygenates that are photochem cally reactive.
Certain hydrocarbon conpounds have little or no potential tq $gdyn il pate

“in phot ochem cal 29 JUN 2004 WO 01/47861 PCT/ US00/ 35467 -14 reactions that

result in ozone formation. Well known exanpl es include nethane and et hane,
whi ch are not considered as photochem cally reactive conmpounds. Wen a
reactivi t)”%?:‘é‘l’@lfor ozone formation is enployed to e’é‘ﬁ%‘f’%“azone
formation, the contribution to ozonel4ormation derived fromthe esters of
this invention are very 5 small, significantly below that of currently

el oyed oxyaengl Gy S, 88ndfbiifion. NMFnedRSaRbleABL. RAkalas Of this
advant age thr's ena ['&S the gasoline blender to have a wi de range for
oxygen cont eatitand; abishl ang mottchesidersd ag photgthemirally reartivs fomppundsyNhengy/p

requi rement s and SED for SARSoMMibRs b¥plbRAUERIAAOBAnE PfAERbA & through
evaporative emssions. It Is even possible tg fornulate a gasoline using

the esters ofontributionitonzens fprangtionseryadifion thagstersof WSIIVEPRPNGEIFRY f or i ng

potential s a Ss‘?@iffe&ﬂ B Waor MR AbiRsyed HvgtnaRRonicRMMTBRL ure of MR
based ozo?\ess{%?’rra I on ?s t hat cor_rpouﬁ%js whi Cq, 5]% R vgl ues equal to or

ve
| oner than tFAMEmd ethangh Bepayseat drivadvantage thissagbles e gasepnaplendst i, nol'| uting i n

terms of 0zqpge{ Qfdg%%epfﬁr oxyBRTEnté0 BRI ke efe obMitasivetivh/ et RVP egul at i ons
consi dered as not contribu |ngﬂfo ozone for rratitgﬁrg}. Et han% has an absol ute

| but
15 M R of 0.8Buigmegang sthwp YateReone RmatoRNOURR YRROFOYLf | ned by the EPA
as exenpt uisl@font. Nt 5 erbaipbsibleitoformuilale b paolink asing theesarsaf tiisiovended from
consideration as an , ozone f?rmn [of0) o%%lsg ﬁﬁtlgn&mﬁa an absolute MR of
0.48 (W . havingsgssentiplly noszone; ?ﬂ“ﬁ‘&g’ﬁteﬂg&fr g gn 5PN SHRYAYRi 1 Resour ces
Board under Cont aaGhpdiant fEhurSF34IR based ustne Hrmaiod 8)that fampowndampick, anong t he
esters of this jnyention,, nethyl Dpiva MR of 0.24
and net hyl F@Bﬁ%?’a’feéeﬁgm%mé rst%lnu aegftﬁ&ﬁgeg?g%ﬁ?%&cgﬁg%&g the esters
accor di ng t ondnfpelhiting &rer of ozoee fomutibm  Thysetchrapaygdsaresingdr cimpbr  neoaci ds,
more particul gl{l!%% hécapsé%;e[%\&g& cé’n%ﬁt)ﬁﬁﬁé’tﬁ’oﬁo%@ﬁﬁth&ﬁohmtﬁag%gn A%Qae formation.

The esters af Bse 0 not participate appreciably in photochem cal
at nospherts ¢ MiRafift35qman ozbhedgrah ethane. fxaqtgne bis beppedefinaddy theXPASE ding to the

| nvention cag.RG GonRERARon &1 1RRANK RRAPELRLLYOR Shaddda gapOneNt S of

gasol i ne fuers. present 1nvention is also directed to environnental ly
preferred f| erousformiog copoynd. Bresongdas anghsohue MR of 0.48 AW Elr CafIeTs o) vent s, and

to a method lihiB Rk 19 ERTGimia AN KBRS QO BbdMd SndBy ConBsA NWIBSI308N at | east a
portion of a urd eventual | y evaporates. . . .

August 6, 1998). For exanple, among the esters of this invention, methyl pivalate

20 has an absolute MIR of 0.24 and methyl isobutyrate has an absolute MIR of 0.42.

Many of the esters according to the invention, particularly the esters of lower

neoacids, more particularly MP, provide very low reactivity toward ozone formation.

The esters are expected to not participate appreciably in photochemical atmospheric

reactions. Therefore, many of the esters according to the invention can be considered
25  environmentally preferred components of gasoline fuels.

The present invention is also directed to environmentally preferred fluids and
fluid blends, their use as industrial solvents, and to a method of reducing ozone
formation in a process wherein at least a portion of a fluid eventually evaporates.

The fluids and fluid blends of this invention have been selected by the present

30  inventors for their actual or potential low reactivity in the complex photochemical
atmospheric reaction with molecular oxygen (Oz) and nitrogen oxides (NOx) to create
ozone.

The present invention provides a means to reduce ozone formation by

photochemical atmospheric reactions from a fluid solvent composition which is



The fluids and fluid blends of this invention have been sel ected by the
present 30 inventors for their actual or potential |ow reactivity in the
conpl ex photocheni cal atnospheric reaction wth nolecul ar oxyged JiPZs and

~’-nitrogen oxides (NOx) to create ozone. The present invention provides a

means to reduce ozone formation by photochem cal atnospheric reactions
froma fluyjid solvent conposition which is 29 JUN 2004 WO 01/47861 -15

PCT/ US00/ JXAB#™Lt ended at application conditions to %Hmfsg%f"part ially
evaporate into the atnosphere. By proferly selecting | ow reactive
conponents for a fluid solvent conposition, ozone formation can be
reduced. For iﬁ&ﬁ&ﬁ%@ﬂ&ﬁ&&ﬁdiﬁ&ﬁw@ﬁ%ﬁ%ﬁl@\é@dﬂ&ﬂaﬁﬁm& B Sgofiingps of reduced
ozone 5 reactivit luids and their uses are descri bed: (5 Low Pol [uting
Potential Fl amropqr[vppin;u,ns fow)reagtiye,compapenss for o finidh solyeat comppsitionmizoned ( VLPPF) |
and (c) Nedl kinliot carfiRlndddbdang Potential Fluid (NPPF), according to the
Absol ute MR nunmbers as follows: Fluid Solvent DesignationAbsolute MR (gin
ozone produced/ grfior thepaposespf thepreseit inkeptiphees groups ofrefivced o298 5 \ery Low

i’gl lv\hut i ng sPo}ﬁmvi@fmiEi Mhdﬁhﬁsg%m@&“@?ﬂe??(aptw P&iu{ixhg_tfioi?ﬁﬂ’@‘hﬂﬂt i a:v| EI l(J{/\g;/IOiQ)S
ere a conpositrLon Is a enda o Ul average

can be cal cuﬂg't%gb @é’wﬁm@ﬂmﬂswmﬂkﬁlﬂ?C‘%@P&’Fgﬂwqqgesé}s&ki ght fraction of

sol vent fl ui dolﬁﬂF@MQﬂHHlﬁdMFMderdin td theeAbsale MIR rambérkasMallows: of sol vent

fluid conponent For the purposes of the present 15 invention, WAMR
will be the preferred nethod of measuring "ozone formation potential" or

OFP. It is prgferred t?ﬁ#dsﬂaﬂ@mflﬂcki SogNd [l ui d bl agdpu priovi de at | east
r

one other degirable perfornance property| gicdhomspridudd/dnt Sad) Poi nt, |ow
parti cul at e f grratt+on StHtable—evaporatton—tates—sutabte—sol vency, | ow

toxicity, higH ther maf-o%Pellyting Rajentiglflnido theri cal i ddrkhess with respect to
non- ozone produci Ng VeRaitdw MMNGtingPatehial F@ | Y Wi th re@gpert to jacids which
may be present{-TTToatiOu =t H—= pdrti(,uLoigiy pref erred

enbodi nent, the_fl ui gl f’qﬁhﬁﬁ'@#ﬁiﬁﬁl% wi t.h

10 Where a composition is a blend of fluids, a weight average MIR (WAMIR)
can be calculated as

WAMIR = £ Wi = MIR{

Where Wi is a weight fraction of solvent fluid component {, and MIRA is the
absolute MIR value of solvent fluid component {. For the purposes of the present

15  invention, WAMIR will be the preferred method of measuring "ozone formation
potential” or OFP.

It is preferred that the fluids and fluid blends also provide at least one other
desirable performance property such as high flash point, low particulate formation,
suitable evaporation rates, suitable solvency, low toxicity, high thermal stability, and

20 chemical inertness with respect to non-ozone producing reactions, particularly with
respect to acids which may be present in coating formulations.

In a particularly preferred embodiment, the fluids are used in a blend with
known industrial solvents or other fluids which present an environmental problem
with respect to MIR or lack one or more of the aforementioned desirable performance

25  properties, so that the new fluid blends will have lower MIR than they would without
the substituted low ozone formation reactivity fluid or have at least one of the
aforementioned other desirable performance properties.

The present invention also includes a method of reducing ozone formation

from atmospheric photochemical reactions in an application wherein a fluid




known industrial solvents or other fluids which present an environnental
problem wth respect to MR or |ack one or nore of the aforenentioned
desirabl e perfornmance 25 properties, so that the new fluid bl ezgs Wi I | have

“““lower MR than they would without the substituted | ow ozone f

reactivity fluid or have at | east one of the aforenentioned other
desirabl e performance properties. The present invention also includes a
met hod of WQH##hg ozone formation from at nospheri c RITOISM46HI cal
reactions in an application wherein alfduid 29 JUN 2004 WO 01/47861
PCT/ US00/ 35467 event ual | y evaporates, at l|least partially, into the

at nosphere, co SI n me? ah%“#ﬁr’l&}ag)g m&&gg&nogph orcto%n%sél}of mw d haV| ng a

relatively hlg havi ng rela In the
case where aldn#epaimnes’ulﬂud,lmmgarslamhﬂl@hcrddlﬁwatafldirumvmgaght ed aver age MR

of the bl end lrg”qm% 5 Pol | uting
Potential Fl u?ﬁ and nos preFJé %ﬁr{/@&ﬁh& dvlt P’?{?ergﬁlkﬁmlo? a Negligibly
Pol | uti ng Powmveﬂmmofmcfblmbbsymlaﬂanébsmmuehiﬂufrad.iowg to the present
i nventiongma ol vent or the
ke, 1t s g;ﬂﬁﬂﬁ%%"?%‘a?i R R R

stationary i PeliytingRatantiggFiess and it is preferred that the process Is a lo

non- conbusti on pro&&&&ﬂmﬂgmgﬁﬁhtdtﬂy?gemqmegﬁjn% a5 bk heed g.Sat est benefit
fromthe standpolnt of safety and ag Sca |ndustr|al or-

comer ci al ptaFisssitiuent, dispersapt, qrghe; like,) B jspesferred “éb@%"ilw Uik ocesses or in
f or nul at i ONSyIMFAR ubdd i} APty ABlsiral BcossAE IR preferftd fhaf hibpri@sdised | N

accordance with this i nvention have been selected for their 15 | ow or

reduced d%on@PnieomkRstionprossst dhe PW‘G’&'@“P@P?@'&E‘%WWW‘@W&V or reduced
MR). The Oﬁﬂﬂpo;ﬁmmw ﬁﬁhp@henhgakcaefm@sﬁﬂnBMMp&&s&L,UI d sol vent may

be determ ned any scientifically reco ed or peer reviewed net hod

i ncl udi ng bu?"?FHk‘l“ll"P"rﬁf'FéfdeB"mgW By Eﬂ’ a""f"rﬂ?ﬁ?ﬁ‘?@mg smog chamber
studi es, andovemiel i ng studi es such as those perforned by Dr. WlliamP. L.
Carter. Mst refere S t he descrj pti.on of 20 the Jnvention wll
be to the Absol ut ﬁh“%‘?%‘gﬂ“ daﬁﬁ“‘d“ Pté%sha“zb(gﬁesepﬂ‘?dgteﬁlh B4/ gr am of
fluid sollvenlowoB;edudecbmdebEnnatmnmmnﬂ (adrraﬂecte&mthdmjmdsrrbdmeim)l_vl R simlar
to or ! ess t@ozone@m%r Ol}pﬁtaqﬂ?& ?ﬂaecaogggmt%gg%rﬁé S0 n?ﬂgbgﬁ fl : d By

"reduced M 'S nmean rocess accor e present
i nventi on, abyfanysct:edt:ﬁmlldrdcegniaeémlaacednewedmmgdmclodlnab\ltpmhmnedwy a second

I)lr 3: ﬁar ;hgkls1 %ch% art can élﬁ&er m ne%ﬁsﬁé&%@ﬁg%{ﬂ%ﬂ%ﬂs rhurd.one of
those performed by Dr. William P. L. Carter. Most references in the description of

20  the present invention will be to the Absolute MIR scale measured in grams ozone
produced/gram of fluid solvent. By "low MIR" is meant that the fluids have an MIR.
similar to or less than 1.5 gram of ozone per gram of the solvent fluid. By "reduced
MIR" is meant that, in a process according to the present invention, a first fluid is
replaced, in whole or in part, by a second fluid, the second fluid having an MIR lower

25  than the first fluid. One of ordinary skill in the art can determine ozone reactivity of a
material according to methods in numerous literature sources and tabulated data
published in the open literature. It is mentioned that the terms "replace”,
"replacement”, "replacing” and the like used herein are not to be taken as implying
only the act of substituting a second fluid (having acceptable MIR as described

30  herein) in a formulation for a first fluid that may have been previously used in that
and similar formulation(s), with such first fluid has undesirable MIR as described

herein. Rather, the terms are intended to include the formulations themselves

comprising a mixture of the first and second fluids, or one or more such second
fluid(s} without any of said first fluid(s), as the fluid system of the formulation. In the




material according to nethods in nunerous literature sources and tabul ated
data published in the open literature. It is nentioned that the terns
"replace", "replacenment”, "replacing” and the |ike used herein are not to

~be taken as inplying onIy the act of substituting a second fl28 dUN HBii ng
acceptable MR as described 30 herein) in a fornulation for a first fluid
that may have been previously used in that and sim I ar for katron(s)
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m xture of the first and second fluids, or one or nore such second
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intended to i £ BRI KhvE PIoWeY gitp. ons that have only such first
fluid(s) presfﬁ{ #\Jg?ﬂgg(sf ? such sefcor?d flui d(s%lsand t herefore have a

| ower OFP. The MTheMIR jxnesferpbindejermingedhy smeg ghaphe FH9Br st udi es,
model i ng EtH&le € 8ra cBfbiflatioR tHeleDEibiit %&@ﬁé@ﬁmy da&tnmea by Giienitngf er abl y

det erm ne I"her enent al reactrvrty till nore preferably by the

Absol ute M wawmawmmétrthw‘ﬁ invention is preferably |ess

than or equal toT%eﬁdmgfﬁﬂﬂ:&)ﬁscﬂ)ﬁqmﬁmﬂ@mmgi@we&mfyla;eﬂms&rteqﬁdltdldS, nor e
preferably |less than or equ

a to 1. ra f oz g of sol vent
fluid, and mesmobpzongpexeran of galyent é%] 3? of ozone per
gram of sol V §fatn Jf biting! rlgﬂbdfbﬂveheﬂtﬁ,hﬁcﬁn&fpﬂﬂamblptmmomqmmmmn are
realized if ozoneforrratron £ &&ﬁ e,%noa se%m ngsmuurd with a
second f Wi dgrapypfozgaepet sgm of ﬁ°'ff§r uid, Dyt Ayecbene EIE/E% YR ond fluid is
reduced frOn}éaﬂz’éh|ﬂbfzoﬁcl1&ﬁ1nﬁﬁdn3§rednfcédhydeplammﬁrdtﬂmdmtheemﬁdld,rmd has an MR
greater than Ej‘gram f“{“ﬁﬂ”& Ee%??a&)li%dﬁpédﬂc%ﬁ'ho;nlﬂwt& &istiherefore, it

S preferred‘“PPF& resent invention have an MR
| ess than or ﬂeﬂmbnifmetecsﬁnmmaymmmmmw gragsef opongper@raneefual to 1. 00,
still nore prefﬁé ly I'ess than or equal to 0.50. In an even nore
preferred entSYm the reactivity in ozone formation is preferably
equal to pr less THamfo&ha&prdémdm&nﬂméde@andﬁ‘@P@naﬁTw equal to or

| ess than that le%{ Mtofwém‘ﬁ%mﬁ@ﬁ}aﬁly%sm&‘l&n?@ 1i09, s4fed, but nost
(e squlto

preferably b I n nor é preferred egbodi ment, the
fluid used i mmmﬁnphlxlesamoae@drtdﬂﬁ% If‘é“ﬁ‘f?&“}??‘é’é"éﬁfe embodsmn wil | have

an MR less (han Qi Sfbahe fofnalors prefeYd®ly il b d? lees tirathit ¥f dc@Bse dnban or equal
to even more preferably equal to or less than that of ethane, by whatever scaie or method
20  is used, but most preferably by the MIR scale. Thus, in a more preferred

embodiment, the fluid used in a composition according to the present invention will

have an MIR less than or equal to 0.50, even more preferably less than or equal to

0.35.

Specifically preferred fluids according to the present invention include:

25 pivelates such as methy! pivalate (methyl 1,1,1 -trimethyl acetate), ethyl
pivatate, isopropyl pivalate, t-butyl pivalate (TBP), neopenty! pivalate (NPP), and
neopentyl glycol mono pivalate;

isobutyrate compounds such as methyl isobutyrate, isopropyl isobutyrate,
neopentyl isobutyrate, and neopentyl glycol mono isobutyrate; and

30 isopropyl neononanoate; pivalonitrile; and methyl 2,24 4-tetramethyl
pentanoate (methyl ncononanoate). Other preferred fluids are oxygenated {oxygen
containing) organic compounds substantially free of moieties containing unsaturated

carbon-carbon bonds or aromatic groups.




0.35. Specifically preferred fluids according to the present invention

I ncl ude: 25 pival ates such as nethyl pivalate (nethyl 1,1, 1-tri nethyl
acetate), ethyl pivalate, isopropyl pivalate, t-butyl pivalate &gﬁ?
neopentyl pivalate (NPP), and neopentyl glycol nopno pivalate;zi Jm%rate
conpounds such as nethyl isobutyrate, isopropyl isobutyrate, neopentyl

| sobutyrate, and neopentyl glycol nono isobutyrate; and 30 i sopropyl
neononanoXIV4T6L al onitrile; and methyl 2,2, 4, 4-t et r AEU3*hent anoat e
(met hyl neononanoate). Other preferred®f|uids are oxygenated (oxygen
cont ai ni ng) organi c conpounds substantially free of noieties containing
unsaturated car z ' RSds i JUN 2004 WO
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i di nent
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Pol l uting Potenti al Fluids \%ﬁg; . anqh |4 ai bl fq%i ti.ng 1o Potenti al
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i gh t here Pague i<y RERY A bl SR AT R el el | 2 O Y
pref erabl e t peforridnee fropeitgisugh asHighfthsh print bowt padicuiate fagmatiops suitableese per f or mance
attributes, and so on. s h : f 4] id blend 15
has all of tHRREHSE f?%fsﬁ%lbieeggﬁcpﬁ%ﬁgzéf&@? gg&gg‘gﬂém%%nﬁéhgﬁ ocgless of
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described in"nD el ow, I's preferred that this fluid repl acenent
process, lisn baall of tbese poformangestmi§uteszone f or mat i on does not negativel y i npact

any other 20 desiy 30kRe B frotlefbRPeBucitizlobdre WrMation] whebn £RiPOSi ti on as
descri bed abgc\égrﬂing to the present invention replaces a fluid, at least in part, having a higher

MIR, described in more detail below, it is preferred that this fluid replacement

process, in addition to reducing ozone formation does not negatively impact any other

20  desirable performance attributes of the composition as described above.

The flash point of a fluid according to the present invention is preferably at
least -6.1°C or higher, more preferably greater than +6.0°C, even more preferably
greater than 15°C, still more preferably greater than 25°C, yet even more preferably
greater than 37.8°C, and most preferably greater than 60°C. One of ordinary skill in

25 the art can readily determine the flash point of a fluid or blend (e.g., ASTM D92-78).

In the case of a blend, the flash point of the blend may be the flash point of the
more volatile component, in the instance where the flash points of the individual
components differ markedly or where the more volatile component is the predominant
component. The flash point of the blend may be in between the flash points of the

30  individual components. As used herein, the term "flash point" will refer to the flash
point experimentally determined for a single fluid or a blend, as applicable.

The fluid or biend thereof, according to the present invention, should

preferably not contribute measurably to particulate formation of particulates having a

size diameter below 2.5 um - referred to as 2.5PM herein - in the atmosphere. Ina




The flash point of a fluid according to the present invention is preferably
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repl ace, at | singtreplaved auticulaly in the epsqipestn fuid Wendiisusedand empacgptables advant aged,
meani ng it h%{)d?%dﬁﬁ?ﬁgieﬁég%’h Njt QY BRRnieR TRl R Ble@ad Bhavelhgn 1.5 in

Absol ute MR un . 1o selected preferably will have a simlar
evapor ati on reveporatign ateless thep 43 imesabpeyanoraiprrate 9yl agsiste ced, particularly

in the case WaghSafonirhted hyalse Bélgileh rélaRe tPiIBlitl Aecitca@ PO@SEM evapor at i on
profile is desired. It is convenient for thg}bp,l |g | ected (g have an

} f s
evapor at i df rB3B9188):s Rapgss pf eyapofatippates HEpoginy :ﬁpﬁ%ﬂ‘@nﬁ‘fm Shut yl
acetate. Evaporai ii@wm.y, 0889, #RA%03| SltiRao gibvelcéat atlio/ aht preftnput yl acet ate

o op et apprenion a1 Gospes iy WaPh T Sl SR 0, L0°
relative to nNambiphotk ding bpdfer dkir dpplicatidh Thp neoeMiids df theprisénon i s rel ated to
fluids and fluid bl ends e Menhst SARE aldslelaotatba AP AL ALy Wik the
20 >50% of the fluid is evaporated, more preferably when >80% of the fluid is
evaporated, more preferably when >95% of the fluid is evaporated, and most
preferably when >99% of the fluid is evaporated. In a preferred embodiment of the

present invention wherein, in a method of reducing ozone formation, a fluid according

to the present invention replaces, at least in part, another fluid not according to the
25  present invention, the fluid replaced has an evaporative rate ranging from that of
MEK (methyl ethy] ketone) to less than that of n-butyl acetate.

The fluid or fluid blend according to the present invention may act in the
traditional manner of a solvent by dissolving completely the intended solute or it may
act to disperse the solute, or it may act otherwise as a fluid defined above. Itis

30  important that the soivency of the fluid be adequate for the intended purpose. In
addition to the required solvency, the formulated product must be of a viscosity to
enable facile application. Thus, the fluid or fluid blend must have the appropriate

viscosities along with other performance attributes. One of ordinary skill in the art, in



F3>80% of the fluid is evaporated, nore preferably when >95% of

at nosphere during or after their application. The use of fluids of the

present invention is preferred when >25% of the fluid is evaporated, m)re

.. preferably when 20 >50%0 of the fluid is evaporated, nore prefezgﬂgm?'
d S

. evaporated, and nost preferably when >99% of the fluid is evaporated. In a

preferred ﬁm Lgent of the present invention wherei t hod of
reduci ng ozong ormation, a fluid according to the p?g@Wentlon

repl aces, at least in part, another f1#°d not according to the 25 present

i nvention, the fluid replaced has an evaporative rate ranging fromthat of
MEK (et hyl ehdavdssidrrif @it PlesdnPdibcitre [chdbidnimb aphophiat bdiveht ekt €. The fluid
or fluid blend a cordlng to the present invention may act in the
traditional WEHH@PEEH”WQ sol vent by di ssol ving conpletely the intended
solute or it may Taﬁibxtgheladkamﬁraa&rselaﬁecsmhwuamcmhawéomgasgam%berWI se as a
fluid defined_.,above.

t t he sol.venc the fluid be
adequate for Pﬂeew?yﬁ?gﬁﬁs&ﬁ%d?’ﬁ%{ﬁgm?ﬁ& l’sit?)ﬂ’e?sgetﬂﬁ?mi%&% red sol vency,
t he fornul at enklaﬁonsﬂippﬂw dnssis uhmllpﬁeammd is ogoif themical peekpdfbedyfnsss. I e

application. |Uld or . e the appropriate
vi scosities aﬁéﬁ T‘Wlmfﬁy orhEPepeT o'}% %d%éma%fn?ﬁ% Q,%&? loii-aaad inary skill
in the art, i saveﬂ@wmnomnm&mﬁmmglﬁewmosﬂwﬁﬁsevemﬂpossesm on of

itggl 5<rjﬁgnfli gé%és\e*]@ e.uJ oéﬁlﬂ?gﬁr e%e c? Icﬁpﬁl \?ger]g'gilgﬁoc& g{tl:ﬁZm' cal s

have on |ivi ngst@pgémiosiss:allcdmmedmleﬂﬂddm&m@atlfhlet)mmlbolssfﬁsscts of a

chem cal ig ] f rins'ia% i s usuall
measur ed |n r@“of éeﬁf%@fbfqgﬁ &l S%tfo n%%ghgwﬁl&eg%é' g |cal | y done y
experi ment al | qyycaéawbmlwé% Eﬁm Uﬂég%HSWGWF@Eﬂ@VW gp sever al

doses in the Lﬁio*ﬁ?émgrq%mm%s&nqoteiagiﬁeamrarmom@aﬁd&bmfmlash@udose versus the

per cent age of the popul ation g}/ he chém cal. The dose | ethal to 50%

of the test FpmpraR w)vsgswmf%fa‘ﬂﬂ méhlw@feﬁa#thef&eél“(i%@eyd and is

typical ly useglesfacéordin mélpek@enftﬁr;enh&ﬂmu@ﬂ drhitrat LOKO af 30@ MR morsSee, for
I nstance, Kirk-Ohnmer Encycl opedi a tr gnb cal ,  Technol o Fourth Edition,
PBbIY 610 rﬁﬁé

Vol . 24, pf. Brsisteblyd1008 ma/ke,stillymorspre! Wk, FYFRIEY (4l es as "not
classified" fs3,000m¥k g;mglneds{ Mgssmmylm\ws&hef{u&&mmﬁn Uni on) uses a

cutof f of >2, [ K fluid ar |d bl end
according to gﬂgldgg% “°t?ﬁ}%?igf°§(ﬁmﬁg’(/‘g“ﬂﬂ S‘F’&f"“ B %’80 ny/ kg,
nore 15 pref emabémeybomﬁmkgsm&kuﬂdbwﬂﬂ}B\mMaﬂlmm&UDOO ng/ kg, even

nore preferab] ¥l >!3 000 ng/ kg, and nost preferably >5,000 ng/kg. Likew se,

the fluid or
20 As described above, the present invention is related to fluid solvents and fluid

solvent blends which produce reduced ozone formation due to atmospheric
photochemical reactions and which avoid the deficiencies associated with halogenated
organic compounds, particularly toxicity, ozone depletion, incineration by-products
and waste disposal problems. In this aspect, the volatile components of the preferred
25  fluid solvents and fluid solvent blends preferably do not have more than 2.0 wt. % of
halogen and more preferably tess than 0.5 wt. %, and most preferably less than 0.1
wi. %.
The fluid according to the present invention should be thermally stable so that
it does not break down. For instance, the material should not break down into
30 reactive species. In a preferred embodiment, the fluid is more thermally stable than t-
butyl acetate.
The fluid is preferably inert. As used herein, inert refers to the lack of a
tendency to undergo decomposition with other materials in the fluid system. This

includes, for example, the lack of a tendency to decompose when combined with




shoul d al so cause no toxicity problens by dermal or inhalation routes and
should also not be an eye or skin irritant, as neasured by ﬁ@“@"ium

Eur opean Union (EU) standards. 20 As descri bed above, the pr

~invention is related to fluid solvents and fluid solvent blends which
produce reduced ozone formation due to atnospheric photochem cal reactions
and which avoid the deficiencies associated with hal ogenated organic
conpounds WHHMFE6t Ul arly toxicity, ozone depl etion, i rROTAISPESIEHN by- product s
and waste disposal problens. In this adpect, the volatile conponents of the
preferred 25 fluid solvents and fluid solvent blends preferably do not have
nore than 2.0 wt. % of . hal n .gnd. nore preferabl ess than 0.5 wt. %
and nost prefg %IW"T’M@%’D‘?‘%“W.ata]%g?ﬁ’égfrﬂﬁp#bm%g to the
present i nverbdtagcadpositishsbe thermal |y stable so that it does not break
down. For instan t he terial. shoul d ngt br do into 30 reactive
species. In a prgfgrppze&'egﬁ%t%ﬁ%e}ng{@ ¢ 4 ﬁ@lﬁrﬁ?ﬂgp}hﬁém |y stabl e than
t- butyl acetacdtene. Thraeothdrembbdinsenp thefirereniohtyl reantivity, basel on e dMIRacae, N, | nert
refers to the k. .of. n n% [ [din@N Wi t h ot her
material s nofﬁgﬁ?’fjﬁ%&g@%rt%%%% |by>#%%?ﬂ%§%¥§%%¥m§%&ﬁ%ﬁ’eﬁnﬂ he lack of a
tendency to dwstpmfestdy wh#h conbined with 2 9 JUN 2004 WO 01/47361

PCTI USONBSA6T - 3 afkihed SnbhbinldiE RSy orftf o pfdd<@bd hoibhnb o at al ysts,

which are typically present 1n’ coatlng conpositions. preferred that
the fluid beionape farphtivnacrotiingdo thepiasdR ipyentianethe flvid replapedthassfgreatec et one. | n

anot her enboq kBt the 409 BB uid Sa6idingltd He pre@RGhl t MR scale, 5
of the fluid bei Qg_ﬁcedgﬁadggg’ls bﬁhg erg_%:ay \>é(5 %po, st | n'rmb(ri!e preferably
>0. 100, Hnd courssdtis psrhetespgnized thationky( portign afthe Meher MiBuid needbe it is critical

that in a proofes, Bhs Sttty I¥enk iR BRSAD Sdhieve thO SRRE ohMIR el oCCOT di NG 1O

the present invention, the fluid replaced has a greater MR than the fluid

Wi that is, the fliieweyersiaannthsr erabodinenyd thepresahinvenioms theiflyid beigg i ¢ course it
is to be reCQ&'ﬂo&ﬁ&ytlﬁ@JmQEﬂe?‘mﬁeHﬂ{,tbhtcﬁéuﬁccépﬁﬁlchﬁlﬂ%ﬁed\fhaﬁdrm d need be
en

repl aced, thus obtaining a b , 1 n order chi eve the_ozone formation
reduction. SWRfde afqremegtioned, W&ﬁwmwgﬁ“sﬁwgmb%vention, t he
fluid bei3g pasb@efdrmiiyn, @oap6ratich rate GoPEnRY texidil) disnhalabilippsicept abl e with
respect to one or nore of the aforenentioned performance attri butes of
flash point S™SEnmmability,

Examples of fluids which are replaced by fluids according to the present

invention include aromatic and aliphatic hydrocarbon fluids such as: branched C¢-Co
alkanes, straight chain alkanes, cycloaliphatic Cg-C g hydrocarbons, natural

20  hydrocarbons (alpha or beta pinenes, or turpentines, etc.), ethanol, propanol and
higher nontertiary alcohols, C; and higher ethers, ether alcohols, ether alcohol
acetates, ethyl ethoxy propionate, Cs and higher ketones, cyclic ketones, etc., Cr+
aromatic hydrocarbons; halocarbons, particularly chlorinated and brominated
hydrocarbons; and ethers such as cyclic ethers such as tetrahydrofuran (THF).

25  Examples of other common industrial solvents which may be replaced by fluids

according to the present invention are those listed in Kirk-Othmer Encyclopedia of
Chemical Technology, Fourth Edition, Vol. 22, p. 536-548.

Some particularly preferred replacements, coatings applications, such as
replacing methyl pivalate for toluene, xylene, or t-butyl acetate; methyl isobutyrate

30  for xylene or methyl] isobutyl ketone (MIBK); and methyl 2,2,4,4-tetramethyl

pentanoate for methyl amyl ketone (MAK), propylene glycol monomethyl ether
acetate (PMAc), or ethyl ethoxy propionate (EEP).

The fluids and blends according to the present invention may be used in any

process using a fluid, and particularly those processes wherein at least a portion of the



15 particulate formation, evaporation rate, solvency, toxicity, thermal
stability, or inernmess. Exanples of fluids which are repl aceﬁ @YUNC Bld ds
according to the present invention include aronmatic and alipha

e hydrocar bon fluids such as: branched C6-Cq al kanes, straight chain al kmas,
" cycloaliphatic C( -C jo hydrocarbons, natural 2o hydrocarbons (aI pha or
beta pinenes, or turpentines, etc.), ethanol, propanaol_and _highe
nontertiaW“é’l‘?ﬁ'hol s, @B and hi gher ethers, ether al JERYPYRSET oy aI cohol
acetates, ethyl ethoxy propionate, Cs2&nd hi gher ketones, cyclic ketones,
etc., C7/+ aromatic hydrocarbons; hal ocarbons, parti cul arI y chl orinated and
brom nated gy i %&Qﬂéeveﬁﬂxgre%%&ﬂé %QJ@m%?le&Yﬂ)drﬁon%w]ﬁ{a&s fwech as
tefthydroffiran HF | es my ot her conmobn i1 ndustrial solvents

whi ch” may bethe aimpspberel rbsfmrqdmrqssssesawbﬂsaw@msaetﬂﬁ@%P@sﬂémmuoﬁ%ent|on are
those l'Stedcai'rﬂr Kilﬁéﬁf,@ssﬁb%igﬁm%@&%ﬂk@mﬁdeﬁ&m&ﬁﬁmﬁﬁﬁbmﬂéOgy, Fourth

Edi tion, Vol Sonme particularly preferred repl acenents,
coati ngs appﬁm@aﬁ%ﬁ%me@wm%@ed%m% hipthergompipmds,reactias g best-o 1t ol uene,

xyl ene, 0§ tﬂmm@@ﬁsﬁﬁ@wﬁmmﬂmltsmvwambm@efmﬁnuwﬁmge or met hyl
| sobutyl ketone (M BK);

% Qlé tetrar anent anoate for
net hyl ~any| HeReHns "("R?ﬁ@é}tyr PSHY ﬁ@a@gﬁ@cﬂpplffﬁw&ﬁfésf?fﬁaé acet at e
(PM Ac), or &irhdGbn ﬂ&lb%paa{t&ﬁbam&hﬂ fiofkaRyther B geldctivel diksolaivd; &shends accor di ng
to the present |nvent e[ﬁ"?i fag’-\é{ R ess | a fl uK and
particul arl gr B“’E%%"§§ S‘%'@I’“é? £ 1of ReAlst oﬁ'ﬁ% Bt he 29 JUN 2004
WO 01/ 47861 Hﬁl’@m@a{p&w&ﬂuons&&ofﬁn&sﬂemmabtaﬁesbsan&smampmbxe particularly
wherei n at gast a.glgortl n eva@; es |nt t he at nosphere. Preferred

pr ocesses? ar ¢FFHHE as ‘one or nore of a carrier,
di | uent, di spersaﬁipmﬁnﬁdummppmnasbmwumhwprmlaudidsqmrcfawsm wherein the

flui d_ funct ons as?eaaglﬁlg?ert 031%%;&59n1 m%&whﬁf&%ﬁﬁﬁ conmpounds

react; as a renoving reaction; to |rrprove
wor kabi lity atorangrmnhn‘wﬁemmvngmnpw;cda@sqplaasatéeastlammsil ogﬂmél@iwér to thin

coatings to gooSepar ate one

mat eri al fro%?%ﬁiafﬁwe&% grg%gs?ts elﬁiss utgilx%iri]@‘eg ngu tac |f|er or to

i nprove adhelblm(ioﬁkaf)’mbmWGWM@WY%&WM’W,&S‘“&W& ssol ving nedi um

to prepare s@mblg‘aém%yapdsum@ydﬁﬁlmprmlpsﬁmuﬁgwces to suspend
e S

or 10 di sper ments” and ot her ‘Eartlcul ates; and th

pref erred th('i@ﬂ. gfyPo Incaspyefpeed gmbp F%ﬁl&rwcﬁsd‘@é@’é‘wrgﬂ‘%ﬂﬁﬂeferred t hat
the process figdRpRQRiemQERISE bidthe RaR 6L Joast pliot phniRalt boghtatr| y beneficial if

the fluid
It is also preferred that the process in which a fluid or blend according to the

20 present invention is used or in which at least one fluid according to the present
invention replaces, at least partially, a fluid having a higher MIR, be a process in
which the fluid is intended to evaporate, such as in a coating process. In such a
process were the fluid is intended to evaporate, it is preferred that at least 10% of the
fluid or fluids evaporate, more preferably 20% of the fluids, and so on, so that it is

25  most preferable if >99% of the fluid or fluids present in the coating evaporate.

Furthermore, one of the greatest environmental benefits of replacing a
currently-used industrial solvent with a solvent according to the present invention will
be realized if performed in a geographic area where monitoring for ozone and
particulate matter formation occurs, and more particularly in geographic areas defined

30 by acity and its contiguous area populated by at least 500,000 persons, and wherein
the replacement of at least a portion of the currently-used industrial solvent with a

fluid according to the present invention causes at least one of:



according to the present invention be used to replace at |east a portion of
a traditional industrial solvent in a process using a |arge apougn 26t
fluid, e.g., a process using 1000 15 | b/year (500 kg/year), even nore
preferably 5 tons/year (5000 kg/yr), still nmore preferably 50 tons/year
(50,000 kglyr), and nost preferably one mllion | bs/year (500,000 kg/yr).
In a preferred enbodi nent, the process wherein the aforenentioned fluid
repl acemerWOREM s is on the scale of at |east pi | ot PFAROVEES e or
greater. It is also preferred that the23process in which a fluid or blend
according to the 20 present invention is used or in which at |east one

fluid according t ] t partially, a
fluid having a hi@he’%ﬁ'ﬁﬁﬁﬁ%mné@%@a@ég%gﬁ%ﬁeﬁ?ﬁg}oﬂoﬁﬁg is intended to
evapor at e, sdcﬁoeagrbyraqlmdwnpﬁgepﬂmelslsnngmI\écholﬁthaindpmiﬂsémtAere the fluid
I's intended ’“ggmﬁmtﬂﬁ‘“h&“?eraﬁ‘?f‘@%@ Oyma@t;n Least 10%of the fluid

or fluids evaporate, nore pre the fluids, and so on, so that
it is 25 nost pre(ﬁléﬂaé‘icéonlﬂpmﬂﬁﬁpmﬁﬁen?ﬂpﬁi‘lﬁlcﬁmﬂltmﬂmﬂgﬁ@sm in the

coating eVsap9r56}£1?(2 SPEHrpE-JFé% Ph&surD R aQl hil? Stastia o6 breferbbly vHaRRNt al benefits
of replacing a currentl used i ndustrial solvent with a sol vent accordi ng

to the preser‘itﬁtieﬁ%?ﬂisgﬁm\ﬂemﬁw HEAY 1ola% thap tILAMAYRLIRA24 BOUE geogr aphi c

area where ﬁg&i&aogﬁu%réﬁéfuempﬂ&n%&&ermml >ab fesdhdnl g bqualah B®RE | On occurs,
and nore partlcglar i'n geographic areas defined 30 by acity and its

conti guous am@® g borRsned; at | east 500, 000 persons, and wherein the
repl acenent of atmumprmsdmﬁa(,ghe currently used industrial solvent

with a fluid according to the present | i on causes af | east one of: Z
9 JUN 700¥ wo 01/% Ef%lieg%bf’f”&]@b 998 J/meth °§§??°$ gi¥o®% n the ozone

formation, aww&aﬂahgssﬁﬁohﬁﬁonmaﬂmwmauydeapbmsmmm&)y a cal cul ation of
t he reductlon using the MR f t he 'H g h]éqa sol vent replaced and the
pdP Rsd o

fluid added ZMOSPHEfnePmMPHSITE S fﬂnggﬁl?? or (ii) a reduction in -
particul ate for WB(&)ﬂEhaﬂBneﬁhﬁdAhdv&tgmava,mcfd‘ahiﬁmmtdﬂmslhh'lanr 52.5m }

(2.5PM, pref Y neasur 24 hou ferably wherein
t hat reductl(fﬁ'"’fl lslpb'ﬁ?r&?régfagla? atha" “ﬂh}oﬁéﬁmg wt)é{gﬁ&lt;lﬁat anpunt in a
24 hour per|vd|d~pmshe|MIRwri;ssehqnme¢®alabD§0iud@nﬂgfeempsmmfmlﬁﬁt@ahg/nB to | ess

t han or equal %@l g“:ﬁ in a 24 hour period; and nore preferably both |
(1) and (||)°r %)Gario er enbodinment, there is a nethod of selecting a

fluid for use in (&)atﬂnaaowhllwmbybmaaleﬁbﬁftelwweﬁtmémI ui d

tual | th
fe;/ﬁln dug blyeega&gd%%omwmmfc%mﬁm%ymwe Bg., BRkigGhi Ng as the

MIR>0.50, more preferably >1.00, and yet even more preferably >1.50; (i) low flash

20  point, preferably less than or equal to 37.8°C, more preferably less than or equal to
25°C, even more preferably less than or equal to 15°C, yet even more preferably less
than or equal to 6.0°C, and most preferably less than -6.1°C; (iii) formation of 2.5 PM
particulates (e.g., wherein said process, using fluid B, produces 2.5 PM greater than
65 micrograms per cubic meter or greater, as measured in a 24-hour period); (iv)

25  toxicity, preferably those having an oral rat LD50 less than or equal to 1,000 mg/ke,
and most preferably less than or equal to 500 mg/kg; (vi) thermal stability, preferably
having a thermal stability equal to or less than (more unstable) than t-butyl acetate;
and (vii) inertness in the fluid or fluid blend, particularly with respect to any acids or
bases present in the fluid or blend.

30 Preferred examples of fluid A include:

methyl pivalate for toluene, xylene, or t-butyl acetate; methyl isobutyrate for
xylene or methyl isobutyl ketone (MIBK); and methyl 2,2,4,4-tetramethy] pentanoate
for methyl amyl ketone (MAK), propylene glycol monomethyl ether acetate (PMAc),
or ethyl ethoxy propionate (EEP);



(a) at least one fluid A having a low MR, preferably simlar to or |less
than or equal to 1.50, nore preferably I ess than or equal to 1.00, yet

- still nmore preferably 15 wherein the MR is |ess than or equ j@{ﬁ 50 and
..still even nore preferably less than or equal to 0.35; and ?b% Peast
‘one fluid B characterized by having at | east one unsuitable attribute

sel ected f ) high MR, preferably neasured by the MR scale, e.qg.,
havi ng an &ﬁ/ﬂ‘-’gg 50, nore preferably >1.00, and yet eggﬁusrmsé"preferabl y
>1.50; (ii) low flash 20 point, preferzébly | ess than or equal to 37.8C,
nore preferably |less than or equal to 25C, even nore preferably |ess than

or equal to 15C, p@fiatdd(BihetiP aCetdddsPub Alevhyl sﬁatemnso% Walatef © 6. 0C, and
nost preferably Iﬁéss tﬁan ﬂﬂ% 1C ﬁ{ul |@Pforynl§t|o p%%l articul ates

(e.g., wher efHitdprala (TBR:BeoPsRE P\‘é"l‘ftf &) Bod RspRsatytelEcobmenopiyalgicaat er t han
65 m crograns perlsdbu@m‘edaﬁ dg:gﬁcmaam%sobagmﬁeasured In a 24-hour period);
(iv) 25 toxicity,, prefer t hose | N an or al ra LD50 | ess than or
equal to 1,000 r’rd?"%@"w ‘?ﬂ%ﬁ"’%’ﬁs‘f P {7 pndeorepfyl g ﬁ?l@ﬁ'ﬁal to 500 ny/kg;
(vi) thernual isohutyrhtejdng, prefer abI y haV| ng a ther mal stability equal to or

| ess than (nore un t han  t cet and (V||) i nertness in the
fluid or fluid b|%ﬂ‘5r?9%§4f‘rftﬂm=%'a¥'|f’§“ °Ptﬁ 3 4y acids or bases

present in the fImcfdrﬁrexhhmdfﬂuﬁﬂmBrcmﬂeﬂbmmcanmhm hedrocatbon d A i ncl ude:

met hyl pival ate f t.ol uene r t-butyl, acet met h | sobutyrate
for xyI ene @P’gﬂ%‘%ﬁt&u@%‘ﬂﬂvp‘ {] (élg Mol Iﬁg’%‘gmm T-pra pw

2,2,4,4 tet r akowtol) yand geertinmnal sdsers sfobias etipd hl;:bxyaampionhetpmwlenidw&ﬂ pr opyl ene

gl ycol ong (P mﬂq( hax ropi onate (EEP);
2 9 JUN 2 04“@%%@%%%@%%@@'/‘&?%50 rva )eE'e )({lP%mat hyl acet at es)

such as net hyﬂomwmlaﬂcaowocarlsmpmupwlaﬂmchdanm,andbrotnumyﬁ pi val ate (TBP),

neopent yl ﬂ] Ao t etHPR\Aet {6 1Sobutyrate
conpounds suc as mat'ﬁgi I SO utyrgtﬁg %623% py'% | sobut y}@fh neopent yl
i sobut yrate, bmthﬁe@ﬂi@ﬁ)yl glycol nono 5 isobutyrate; and net hyl

2,2,4,4-tetranet kgl .pent AR g&ﬁ&mmm&m&wa@mwkﬁwfw ed exanpl es of

fI uid B include arofmatic and aliphatic hydrocarbon | ui ds such as tol uene
and xyl en¥s; a@p@w&r@celm,entlam@nm%wﬁwwow@dﬁmmeﬁmypm| al cohol ,

and sec-but a@@b,e > SbA6n® (HHED.485 neaam&tﬁ&meomoemmtaeﬁ opyl ene gl ycol to
met hyl et her acetggt e; ketones guch as et }/ et hyl ket on%mg MVEK), C5-Cto
li near 31y, tertiary butanol (MIR=0.40), dimethy! succinate’(MIR=0.20), dimethyl

ghutarate (MIR=0.40), and propylene carbonate (MIR=0.43). Such blends can have

some important advantages, for example, blends of DMC and MEK, or DMC and

20 methyl acetate, as previously mentioned. These blends are also considered to be part

T

i

of the present invention. In combination with fluids having an MIR higher than 0.50,

the fluids still can provide significant reduction in ozone formation for blended fluid

compositions with other important properties for the particular application.

Therefore, fluid compositions with low or reduced OFP comprising solvents selected
25  from the list above are important goals of the present invention, even if their weighted

OFP is above 0.50 in the MIR scale.

The fluids listed above are recommended to be used in solvent compositions
intended for 'release into air and are required to provide low reactivity in ozone
formation. The solvents selected according to the present invention can be used in

30 blends with each other as well as in blends with other solvents (¢.g., solvents B,
above), different from the soivents of the present invention. When all solvents
included in the blend have MIR reactivity ~ 0.50 or less, the solvent blends also will
have low atmospheric photochemical reactivity with MIR of about 0.50 and less.



ket ones, cyclic ketones; hal ocarbons, particularly chlorinated and
brom nated hydrocarbons; cyclic ethers such as THF, and non-cyclic ethers
such as nethyl tert- butyl ether (MIBE). The present invention al so

“.-concerns mxtures or blends of at |east one fluid 15 according 28 JUNGIOK
" ‘present invention and fluids which are knowmn to have acceptable | ow OFP,

e.g., acetone (MR=0.48), nethyl acetate (M RW).12), tert-butyl acetate
(M R=0. 21WO Q47861 ary but anol (M R=0.40), dinethyl suRITASKSS46M R=0. 20),
dinmethyl glutarate (MR 0.40), and prxspyl ene carbonate (MR 0.43). Such
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MEK, or DMC and net hyl acet.ate revi ousl nti oned. These bl ends
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w th ot her inpor proper PRI Ther ef or e,
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with MR of ghfitiof. ﬁﬂeéﬂ@udn%?ﬁmd%m%ﬂh@ﬁ%’ém %4{&@} PGTI US00135467

-25 The present 1 nventors have found that many sol ven ‘ends can have an
MR in the hewrye, lofachiqvp sigifieant reductianrie weightedreaciviign ~dflkordassitanent  may

exceed thal _dfigended 8 thdoft it Wit MIR 5 Windbly S92k nldd dighiiy@r d_ 0zone

formati on behave as exenpt solvents. range of 1eactivities in exenpt
solvents al | 648 a selection of fluids vmth 5 extremely low reactivity,

with MR gunber Imeecﬁ,e&aopsfbﬁﬂds?a@mmdﬁem%rﬂmoamomﬁ These fluids can
be bl ended not only with fluids with reactivity based on R of -0.50 or

| ess but, wi PHI’la’dﬁPﬂiﬁ'rsPlaf@‘V’“E'@P%ﬁ@amﬂHﬁ%WPﬁ Forexsmplo metyb0. 50 and  at
certain rati gwfihbd dn MR bt fiah SRSTRQEIET PRS, Mithyl ackRleE GhidnBaCt i Vi ty about

0.50 or less, These blends can S|gn|f|cantly expand the range of
properties oMty asgtate (MIR = 1.00 and flash point 27°C} in weight ratio of 57:43 forming

a blend with MIR = 0.50, providing reactivity similar to exempt solvents. This blend

20  would have a better flash point and lower evaporation rate, making it useful for many
applications which methyl acetate could not satisfy due to very low flash point. Butyl
acetate which is not an exempt solvent, would become part of a mixture which by its
weighted reactivity would behave similar to exempt solvent and, therefore, constitute
preferred solvent composition.

25 This special case of blends comprising at {east one solvent with MIR reactivity
<0.50 and at least one solvent with MIR >0.50 which have their weighted reactivity
about 0.50 or less is one very important part of the present invention. Among known
solvents with éxtremely low MIR, suitable components for the preferred blended
solvents are methyl acetate (MIR = 0.12), t-buty} acetate (MIR = 0.21), dimethyl

30  succinate (MIR = 0.20) and methy] siloxanes including cyclomethylsiloxanes. Blends
of these solvents with other solvents with MIR >0.50 resulting in weighted MIR of
about 0.50 or less for the blend are preferred solvents according to the present

' invention.



to conpositions and provide fornulators with necessary flexibility for
different applications. The selection of fluids with MRs >0 go ﬁ ﬂ]ébe

- relatively wide, however, to achieve significant reduction i?‘u \/\le 3 ed
reactivity to -0.50 or less, it is recommended to choose solvent with MR
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solvents w ta .ﬁ{ftrerrel y low MR, suitable conmponents for the preferred

bl ended sol Y&t &are nmet hyl acetate (MR = 0.12), t-butyl acetate (MR =
0.21), dinmethyl 3Gemostpiefeiridusedf e fuils a2thrdingd thepiekank insentioxiam@s 1 ncl udi ng

cycl onmet hyl si | oxanes, Bl ends. of these.solvents.w th other solvents with
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are pref err epargauladg int consmmemprotiurtg, abhdcoatings pick ssaauto refinishingf architecti?ald JUN 2004 WO

01/ 47861 PCT %Egé . - ngsaver, sone of the nost interesting bl ends

are the bl ené‘igﬁo a ane“g t c(l) e solvent with MR reactivity <0.50 and with ‘
at | east one wi t Paivts@nd eoatings cimpyisetbe B@est singlé eategoraof aditiparleelvaned with t he |
solvents fro nglptg,-' : | | : I t invention |
offers flui dga an “H’E_'?"&BL“P%ﬁbgg%grﬁﬁﬁﬁs’%“%ﬁg%‘gﬁ“é@&&@ @ilﬂndustri al |
appl i cat i 8nsfunctions inpaipts andcoatingsl insludiag sclubility, pMging. yisersiY eductionea| ant s, ‘

agri cul t ur al o &BGH réhotion, GhEANs Btha@inbilt! Plids HAOHE'HR Feshs AekGhd Such as
cosnetics, pharmaceuticals, drilling nuds, extraction, reaction diluents,

i nks, met al V\Bglp@;q:;glscq in ﬁhe@gqﬁn@{og;\u!aﬁons. Also, prior to application, it is common
practice to add solvent thinner to attain the desired viscosity for the particular

application. Solvents begin to evaporate as soon as the coating materials are applied.

20  Asthe solvent evaporates, film formation occurs and a continuous, compact film
develops. Single solvents are sometimes used in coatings formulations, but most
formulations are blends of several solvents. In many coatings applications, the
solvent system includes a slow-evaporating active solvent that remains in the film for
an extended period to enhance the film's gloss and smoothness. Because of

25  evaporation and the large amounts of solvents used in coatings, there is a significant.
amount of VOC emissions into the atmosphere.

Resins which may be incorporated into compositions comprising fluids
according to the present invention include acrylic, alkyd, polyester, epoxy, silicone,
cellulosic and derivatives thereof (e.g., nitrocellulosic and cellulosic esters), PVC, and

30  isocyanate-based resins. Numerous pigments may also be incorporated into
compositions according to the present invention, and it is within the skill of the
ordinary artisan to determine proper selection of the resin and pigment, depending on

the end use of the coating.



The nost preferred use of the fluids according to the present &IOH S
with 10 any process wherein the reduction of ozone formation | 1,
and nore particularly in consumer products, and coatings such as auto

r efinishing, architectural and industrial coatings and paints. Paints and

h“coatings conprise the largest single category of traditional solvent
consunpti unting for nearly half the solvents used. Fluids serve
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esters), PVC, and 30 isocyana resi mer ous pi g At s may al so be
i ncor por at ed9qerresing. da Heperdegreasing, the sobvents Neporizs andithe poldpastis suspeadadt i on, and it
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all ows for rméo%e%ss Tinl;k,eso%toi' 8@1&«%&5&& ﬂ:&e flash point solvents in this invention

20  can be used in place of 1,1,1-trichloroethane and other halogenated solvents.

An application that is similar to coatings is printing inks. In printing inks, the
resin is dissolved in the solvent to produce the ink. Most printing operations use fast
evaporating solvents for best production speeds, but the currently used solvents are
highly reactive. Some of the previously described fast evaporation, high flash point,

25 low reactivity in ozone formation fluids according to the present invention are
suitable for printing inks.

An application that is suitable to the low toxicity, high flash point and low
reactivity in ozone formation fluids according to the present invention is agricultural
products. Pesticides are frequently applied as emulsifiable concentrates. The active

30 insecticide or herbicide is dissolved in a hydrocarbon solvent, which also contains an
emulsifier. Hydrocarbon solvent selection is critical for this application. It can
seriously impact the efficiency of the formulation. The solvent should have adequate
solvency for the pesticide, promote good dispersion when diluted with water, have
low toxicity and a flash point high enough to minimize flammability hazards.




3‘1,;;{:vapor degreasing. In vapor degreasing, the solvents vaporize

use of solvents with very low reactivity as environnentally preferred
products neeting environnmental concerns and custoner performnce concerns.
to A cleaning solution application that uses evaporation to cl ' al |l ed
4 ?M@@ﬁ&cm d
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20  blend of < 0.45 and therefore providing ozone formation similar to individual fluid

solvent

solvents with negligibly low reaétivity in atmospheric ozone formation. However, the
blends shown in Tables A and B possess characteristics such as better evaporation
profiles, flash points, as compared to the individual fluids.

Table A demonstrates negligibly reactive blends based on a known negligibly

25  reactive solvent - methyl acetate and other very low reactivity fluids previously
known and from the present invention. In Table A the column with methyl acetate
shows the minimum methyl acetate content that will provide negligible reactivity to
the blend. As shown, all blends with increased methyl acetate content will result in
reduced reactivity in ozone formation.

30 However, a main interest in blends with reduced methy] acetate content that
maintain negligible reactivity is in an increased flash point of the blend. As seen from
Table A, especially advantageous are the blends with the very low reactivity fluid
solvents from the present invention, ethyl pivalate, which require the lowest levels of

methyl acetate. This concept of blending the negligible reactivity compounds with



toxicity, high flash point, low MR fluids and fluid blends of the present
I nvention can be useful in such industries. In addition to the
above-nenti oned applications, other applications that can use I"a %HUN Pk h

<:*point, lowtoxicity, lowreactivity in ozone formation fluids are 10
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the art will recognize that nunerous variations are possible within the
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bl end. As able A, e
are the bl efREpogifenblendeinable Biagy +6'Gapd the mplority of them baye flashpeinisy om t he
present invertis@r. ethyl pivalate, which require the | owest |evels of
met hyl acetate. This concept of blending the negligible reactivity
corrpound'é with 29 JUN 2004 WO 01/47861 PCT/ US00/ 35467 -29 low and very | ow
reactivity secorrBDE Al ui ds that can provi de Wi ght Average MR less than
0.5 is al so subj

se‘cét ﬂ let siixﬁ?ntion. . Ottpecl)_ugh It is not necessary that
every conmponent \ﬁery owékgac%w 0 e%gi:?;g;%mem-o.ds

Very Low Reactivity Absolute MIR of | Weight % of Second Weight % of
Solvent (Second Fluid | Second Fluid Sclvent | Fluid Solventin | Methyl Acetate in’
Solvent) Blend with Absolute Blend with
MIR = 0.45 Absolute MIR =
0.45
Decane 0.93 40.7 59.3
Undecane 0.82 47.1 52.9
Dodecane 0.72 55.0 450
Tridecane 0.66 61.1 389
Ethyl Propionate 0.86 44.6 55.4
Isobutyl Isobutyrate 0.86 44.6 554
Diacetone Alcohol 0.96 393 60.7
diisopropyl Carbonate* 0.606 67.9 321
Ethyl Pivalate* 0.657 61.5 385
* Compounds of the
present invention

20




fromthe |list of conpounds of the present invention, it should be noted
that 5 conponents selected fromthe list of the present invention provide
especially desirable attributes to a finished solvent blend with reﬁ'ﬂclﬁ[ﬂ

.,.-or negligible reactivity in atnospheric photochem cal ozone for médi

‘Advant ages of the blends created with at | east one conpound of the present

I nventi on g Sadh her denonstrated in Table B which ut]l] ends with DMC
as the 1(#(?1%]64#& ble reactivity conpgnent. DMC all om]é&gﬁﬁnﬁsé%l evel of the
use of the second fluid while maintaifiing a low MR while still providing a
fluid solvent with an increased flash point fromthe second fluid by
itself. The fl astaApkEBts of each of the conposition blends in Table B are

> + 6C and the 'oib $f have flash points >+15GC. 1s TABLE A

Sel ect ed Bl ends%“% 9 git‘g' aég‘gr%=ﬁr4g Low Reactivity Sol vents

at Absolute MR e."gmas ?I - Zﬁ’&*’ 3o} gt % of Very Low Reactivity
|

Absol ute M R of Y—lft | ent Met hyl Acetate in Solvent (Second Fluid

Second FIui ~tte—Brert—wirti—Setvenrt-M R =
0. 45Absol utj domoRVerydswne Absninte MBuef v5oWeishyvaielc aneq Wrist%pE2 o
Dodecane0. 7XseetipigsSalvent; | g secopdbluideey . 1%9’.“9"@!‘}%| BMpitoMende 0| 8644. 655. 4
| sobutyl | oStcpprdklng g644. ¥l D ackoly ?‘f‘g‘%‘ hol Witlolbsoluss 0l 7 dii sopr opy!
Car bonat e*(. 60687832, 1| Et hyl Pival at ¥ _%’h‘?’i. 338 MIR =0.45
Methy! Ethyl 1.32 299 70.1
Ketone
Isopropanol 0.81 50.8 49.2
Decane 0.93 43.6 56.4
Butyl Acetate 1.14 35.0 65.0
Isopropyl 0.86 47.5 52.5
Isobutyrate
diisopropyl 0.606 70.4 296
Carbonate*
Ethy! Pivalate* 0.657 64.2 358
* Compounds of
the present
invention
Example 1

A representative solvent/resin system was chosen to evaluate the sensitivity of
a system to solvent changes and evaporation rate differences. Sequential changes to
10 the solvent system were made, and the impact on resin solubility and evaporation rate
profile was determined.
The initial system contained of 30 wt% Acryloid B-66 resin (an acrylic resin
available from Rohm & Haas) in a fluid mixture comprised of 40 wt% MEK (methy]
cthyl ketone), 40 wt% MIBK (methyl isobutyl ketone), and 20 wt% Exxate® 600 (a
15 Cgalkyl acetate available from Exxon Chemical Company). Methyt pivalate was
substituted in increments for MIBK, while keeping the rest of the system constant.
For example, a solvent blend of 40 wt% MEK, 35 wt% MIBK, 5 wt% MP and 20
wt% Exxate® 600 was evaluated, and so on until the final solvent blend consisted of
40 wt% MEK, 0 wi% MIBK, 40 wt% MP and 20 wt% Exxate® 600. This same
20 procedure was repeated substituting methyl pivalate for MEK, while keeping the rest



Compounds of the present invention 20 2 9 JUN 2004 WO 01/47861 -30 TABLE B
Sel ected Blends of DMCx with Other Low or Very Low Reactivity Sol vents at
Absolute AM = 0.45 Wth Flash Points > + 6C 5 PCT/ USOQt 35467 ngﬂﬂ ZMﬁry
LowAbsol ute M R of Wi ght % of Wei ght % of Reactivity Sol vent Seco

Fl ui dSecond Fl ui dDMC i n Bl end (Second Fl ui dSol vent Sol vent in Bl endw th
Absol ute ol yabs) W th AbsoluteM R = 0.45 M R=0. 45 I\/Et]t}%(ljm Lll. 3229.970.1
Ket one | sopropanol 0. 8150. 849. 2 Decanef). 9343. 656. 4 Buty cetatel. 1435. 065.0
| sopropyl 0. 8647.552.5 | sobutyrate diisopropyl 0.60670.429. 6 Carbonate* Ethyl
Pi val at e*0. 65764. 235. 8 * Conpounds of the present invention Exanple 1 A
repr esent at bintke soblemesgiténs the sames Yitinemly)a solehddend irt whidwmathithd MEKhe sensitivity
of a system | : v, d .e.di fferences.

Sequenti al %&a@ﬁégw%gpélf%gt% ﬂg’%é%fp\%r?% (gé’;%?g&nﬁ\%}h é%rlr‘éacl?ge,mggd t he i npact on
resi n sol ubm% Eyxata®@i608y waseomiderod Evap@ation profiles were compared for each

solvent blend.

5 The time required to evaporate 10, 50, and 90 wt% of the fluid was calculated
using CO-ACT™ computer program (see, for instance, Dante et al., Modern Paint
and Coatings, September, 1989). The results are shown in Table 5.

Table 5
10
Evaporation
(minutes) MIR
Wit% in fluid (w/20 wt% Exxate® 600) | 10% | 50% | 90% Reduction
40 MEK/40 MIBK 07 | 49 | 46 (comparative)
40 MEK/0 MIBK/40 MP 05 { 35| 4 68%
0 MEK\0 MIBK/40 MP 09 | 63 | 48 17%

The reduction in MIR is calculated using the known values of 1.34 for MEK,
4.68 for MIBK, and determined values of 0.236 for methyl pivalate (MP).
These results show that there is very little difference in the evaporation
15 profiles between a known resin/solvent system and a resin/solvent system using the
fluids according to the present invention. Moreover, the above results show the
advantage of the process according to the present invention of reducing ozone
formation by replacing at least a portion of a fluid not having a low ozone formation
potential (MIR>0.50) witha solvent exhibiting a low reactivity in ozone formation.
20
Example 2 (Comparative)
The above experiment was repeated using fluids known to have low reactivity
in ozone formation, methyl acetate (MeOAc, MIR = 0.12) and t-butyl acetate (t-
BuOAc, MIR = 0.21). The results are shown in Table 6.
25
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is substituted for MEK or MIBK, and thus this known iow OFP fluid would not be a
good substitute for currently used coating fluids. While t-BuOAc shows a similar
profile to MP, as discussed above t-BuOAc is thermally unstable, and is not inert with
respect to acids, as shown below.

Example 3

Acrylic solvent systems were prepared to test the stability of methyl pivalate

to acid catalysts, which are commonly present in coating compositions. The
formulations contained 29.9 wt% MP, 28.7 wt% pentyl acetate, 20.2 wt% n-butyl
acetate, 16.1 wt% n-butyl alcohol, 3.6 wt% methyl ethyl ketone, 1.5 wt% isopropyl
alcohol. 2 wt% toluene as an internal standard. The latter materials were purchased
from Aldrich Chemical Co.
Para toluene sulfonic acid (pTSA) was added to the above formulation (again,
pTSA was purchased from Aldrich Chemical Co.), in the amount of 0.5 wt%. The
solutions were sealed and placed in an oven at 50°C under a nitrogen atmosphere.

Samples were withdrawn at intervals for testing. The content of methyl pivalate was

monitored over time by gas chromatographic analysis using an HP 5890 gas
chromatograph. In a parallel experiment an equal amount of tert butyl acetate was
used instead of methyl pivalate. The results are shown below in Table 7 (all

percentages are by weight).

fluids according to the
i nvent i OThe ré¥tksQ10\éRdw a titRedaiot th the€Sidbdration Profile iWhen MeOAc



advant age of the process according to the present invention of reducing
ozone formation by replacing at least a portion of a fluid not having a
| ow ozone formation potential (MR>0.50) with a solvent exhi bzigldggzﬁml ow

‘. reactivity in ozone formation. 20 Exanple 2 (Conparative) The

experinment was repeated using fluids known to have | ow reactivity in ozone
formation acetate (MeOAc, MR = 0.12) and t ate (t-
BuOAc, gdﬁ%&béi The results are sfjown in Table G%éjsyﬁé&ﬁUN 2004 WO
01/47861 PGT/USOO/35467 -32 Table 6 Evaporation MR (mnutes) W% in fluid
(w 20 wt % Exxate(r) 600) 100/ 0509900/ 4Reducti on 40 MEK/ 40

M BKO. 74. 946( conpar ati ve) 40 MEK/ [Table BK/ 40 MeQAcO. 21. 64469% 0 NEK/ 40

M BK/ 40 MeOAcO. 22.947190/0 40 MEK/ O M BK/ 40 t-BuOAcO. 53.54468% 0 MEK/ 40

M BK/ 40 t-BuyQAcQ. 96 248170/9 The results do show a marked effect in the
evapor ati on {pr of gdhentvhen| NEQwof Sobvents | SWh%tof Selvent {f WitI0\diSokéngtM RK, and t hus
this known llow OFP fl ui d| waiStait of@estb¢ aAt@me Weskibst iAtThes Week current |y used
coating fluilds. Wiile t-BuQAc shows Brecvimipasition pr|o fDekempositidd?, | as di scussed
above t-BuQfc is thernal |y unstabl e, [and Redodiot ijnertPaioih rlespect to
acids, as stown,BALQN. ID EXagpj e 3 AcryTigg,Sorvegnt SySLEMs were prepared
to test the '¥"'T‘*‘“ ofHH—rethiH—pivalate ae+4 cna-t-aq ts—which are
comonl y preseriIM.tEbat ng cd@)osmlons éiﬂe f dr mul &4ilons cpnt ai ned 29. 9
Wt % MP, 28. 7 w dcgtatet vI hcetate, 20.2 wN o n-butyl acetate, [16.1 we/o
n-butyl al cqhol, « L tereli 3 wioey il Soeticdachi (M. Yt propyl i s al cohol .
2 w o t ol uerpe-as—an—nterrat—standard—he—Tatter—ratefrt+ats re purchased

from Al drich Chem cal Co.
It is interesting to note that the decomposition products of tert butyl acetate,

$ isobutylene and acetic acid, have MIRs of 6.81 and 0.67 respectively. This results in
a weight average reactivity of the decomposition products of tert. butyl acetate to be

3.64 grams of ozone produced per gram of decomposition products versus 0.21 per
tert butyl acetate. Such decomposition products would not be considered negligible
or low reactivity compounds, The decrease in méthy! pivalate amount reflects

10  transesterification rather than decomposition chemistry.

The above results clearly show that methy! pivalate is more stable to acid
catalysts than is t-butyl acetate. Thus, a coating formulation containing methyl
pivalate as a fluid would be expected to be more storage stable than one containing t-
butyl acetate. Storage stability is an important attribute in a coating composition, e.g.,

15  apaint.

Exampie 4 (Comparativ
A typical acrylic-based coating system was prepared using a Gloss White
Electrostatic Spray Topcoat, formulation MKY-504-1 developed and recommended
20 by S.C. Johnson Polymer as follows:

Joheryl 504 410.62 gr. (80% conc. in Xylene)
Cymel™ 303 140.94 gr.
TiQz (TiPure R-960) 360.68 gr.
Byk P-1049 2.2pr.
25 10% DC-57 in MAK 11.10 gr.
Nacure 2500 5.55gr.

Amyl Acetate 78.8 gr.



Para toluene sulfonic acid (pTSA) was added to the above fornul ation
(again, pTSA was purchased from Al drich Chemcal Co.), in the anpunt of
0.5 MW o. The solutions were sealed and placed in an oven at 3JIQQUNMKHr a

i trogen at nosphere. 20 Sanples were withdrawn at intervals for testing.

The content of nethyl pivalate was nonitored over tinme by gas

chromat ographi ¢ _anal ysis using an HP 5890 gas chromatograph. In a parall el
experi men?wﬁ“"@&’ual anount of tert butyl acetate was PCH Y3448t ead of

net hyl pivalate. The results are showf below in Table 7 (all percentages
are by weight). 25 2 9 JUN 2004 WO 01/47861 -33 Tabl e 7 PCTI USOOL35467

Sol vent W . % of oW aBdMl - % of Splqeept W */ of olv -At Start of TestAt (ne
WeekAt Three Week ‘Deconyosi ioDeco=Si on PeriodPeriod MP wt.%408%(11 Tert.
BMW | 24. 1 Acet af\EButanolieconposes*t38 &-sobut yl ene (48.3 wt.% and acetic acid
(51.7 WM. 9% It iThisdohRbRihihibint RLAGhEfHNAE cohfiindeconposi tion products of
tent butyl acetate, 5 isobutylene and acetic acid, have MRs of 6.81 and

0. 67 respectivel‘?-’?""’!‘ﬁi@m‘?%@ults i $¢ secp i ght average reactivity of the
deconposisti on prpgaucts of tert. bujek acetate to be 3.64 grans of ozone
produced per gram,of deconpositio roducts versus 0.21 per tent butyl
acetate. Such d&ﬂ%ﬁg}fdﬁ on produ?jto}g woul d not be considered negligible or
| ow reactivity qeempitids. The deco.gasgaohmis net hyl pival ate anmount reflects
10 transesterifi ion rather th opposition chem stry. The above
results clearl ymw t hat net hyl a‘g?%?ﬁ is nore stable to acid catalysts
than is t-butyl pBRAtet e. Thus, a @®&ting fornul ati on contai ni ng net hyl
pival ate as a flpid d be expe to be nore storage stable than one
containifg t- bu‘{“l e\égc%gé‘sate. Storéltg’@/gstability is an inportant attribute in
a coating conpodataystievd. g., 15 @3PanARS Exanple 4 (Conparative)

The total solvent composition of the formulation was as follows:

Xylene 29.9 wt. %
Amyl Acetate 28.7 wt. %
15 Butyl Acetate 202 wt. %
N-Butanol 16.1 wt. %
MAK 3.6wt. %
IPA 1.5wt. %
Additional data was calculated for the formulation:
20 Surface Tension .25°C 27.12 dyn/ecm
Flash Point: Deg.C 19.5 (Deg.F 67.1)

The calculated Evaporation Profile for the formulation characterized in
minutes for portions of solvents as it evaporates was as follows:
25 10% 0% 80% 90%
Time (min.) 47 33 %0 160
This composition was a base to demonstrate how substitution of different
component of solvent composition would effect VOC, ozone formation, flash point,
and evaporation profile. To calculate ozone formation (in Ibs. of ozone per gallon of
30 solid coatings), the following Absolute MIR values from published sources referenced
above and our data for the solvents suggested in the present invention were used:
Component Absolute MIR
Xylene 7.81



A typical acrylic-based coating systemwas prepared using a G oss Wite
El ectrostatic Spray Topcoat, formulation MY-504-1 devel oped ang
~ reconmended 20 by S.C. Johnson Pol ynmer as follows: 25 Johcryl dudiolles
;~ugr. (80*/* conc. in xylene) Cynel;"'' 303140.94 Sr. T1Q2(Ti Pure
" R-960)360.68 Sr. Byk P-10492.22 gr. 10" % DC-57 in MAK11l.10 gr. Nacure
25005. 55 Acetate78.8 gr. 2 9 JUN 2004 WO 01/ -
PGT/ USOO %ﬂgw&t yl Acetate 55.49 gr. N Butanol 44. 39%5'?8&%% Conposi tion
had the follow ng formula constraints+355Vi scosity (Ford #4) 44 seconds
PVC10. 2% Wei ght Sol i ds75% Resi stivity 0.7 negaohns VOC 2.78 | b./gal. PB
Rat i 00. 76 10Vol “%B%*Algﬁgll 710 Cataglyst Level 0.3% on TRS The total

the

sol vent conposition formul ati on was as follows: XylenR9.9 wt. % Anyl
Acet at e28. 7 wt. S-ButBiAcetateAcet at €20. 214 . % N-Butanol 16.1 wt. %

Amyl Acetate 1.16
Isopropyl Alcohol (IPA) 0.81
5 Methyl Amyl Ketone (MAK)  2.65

Wt. Average Absolute MIR for the solvent composition above was calculated
to be 3.57 1bs. ozone per Ib. of solvent composition, or, multiplying by VOC =2.78
Ib./gal. equates to 9.935 Ibs. of ozone per gal. of paint.

0 Example §
Using the same control formulation as in Example 4 above, methyl pivalate

{MP) was substituted for the xylene in the formulation. The replacement solvent

composition was as follows:

MP 299 wt. %

15 Amyl Acetate 28.7 wt. %
Butyl Acetate 202 wt. %
N-Butanol 16.1 wt. %
MAK 3.6wt.%
IPA 15wt %

20 The Negligibly Polluting Potential Fluid solvent MP can be removed from

VOC, providing 29.9% VOC reduction to VOC = 1.95 Ib/gal. — a very strong VOC
reduction which would be difficult to achieve by conventional reformulation.
The surface tension, flash point, and evaporation profile were calculated to be:

Surface Tension 26 dyn/cm
25 Flash Point Deg.C 19.7 (Deg. F 67.5)
Evaporation Profile:
10% 50% 80% 0% |
Time (min.) 33 26 9% 175 |

As seen from the data, substitution of xylene with MP did not alter the
30 Evaporation Profile significantly or cause any negative effect on the properties of the
composition.
Using the Absolute MIR reactivity from Table 2a, the Wt. Avg. MIR
reactivity was calculated for the solvent composition to be 1.312. Multiplying the
MIR by the VOC of 2.78 Ib/gal, it is calculated to be 3.65 Ibs. of ozone per gal. of



MAK3. 6w . % | PAL. 5wt . % Addi tional data was cal cul ated for the formnul ation:

20 Surface Tension .25C 27.12 dyn/cm Flash Point: Deg. C 19.5 (DeZgB. JUN 186 1)
- . The cal cul ated Evaporation Profile for the fornulation characterized in
.#.mnutes for portions of solvents as it evaporates was as follows: 25 10%
SNO 80% 90% Time (mn.) 4.7 33 90 160 This conposition was a base to
denonstrate how substitution of different conponent of solvent conposition
woul d ef f ¥@INATR6! ozone formation, flash point, and BUERSIIMGTON profil e.
To cal cul ate ozone formation (in | bs.-36f ozone per gallon of 30 solid
coatings), the follow ng Absolute MR val ues from published sources

ref erenced . I fo Vv S sted,in the present
i nventi on m%@gﬁgag@]&%#p'g“ﬁé‘ﬁ’t“ %zg%%%% %Q@?“éeﬁg‘g;‘%@"b 9 JUN 2004 WO
01/ 47861 PCRoppogh®6467 -35 N-Butyl Al cohol 3.53 N Butyl Acetate 1.14

Any! Acetate 1.1 n@%ﬁg Anyl Ketone ( MAK)

1 2.65 W. Average%sgg%{pgpﬁﬁ _or%g&gg@/vgﬁ%e%o%%@%p?ﬁgﬁ above was

“cal cul at ed Yugsysted by the present invspiinnanexpectadly proyided agtorlya verp sipuificani on, or
mul ti pl yi 99 Rucbiin VO iR typlclBaing fRAHA GRSt Bschrovifedl zone per gal .
of paint. 10 Exanpl e Usi ngt;yptche sa%re co_ntdrﬁ'ol f%rrrul at ?’%ﬁm%g;b}y(r)\ Exanpl e 4
above, met hy§tropsey Edugtian inogame formation ppieatial Fhesg very strang posigie effestsi n t he

formul at i on. wekb gchicOsd EBHRARY negaivy Bffdct ot EdRHIglcbBfosds, as fol | ows: MP 29.9
w. % IS Amyl Acetate 28.7 wt. % Butyl Acetate 20.2 wt. %

Example 6
10 Using the same control formulation as in Example 4 above, the replacement

solvent composition substituted MP for the xylene, DIPC for the MAK, and a partial
substitution of Amyli Acetate with DIPC.

Solvent Composition:
MP 29.9 wt. %
15 DIPC 23.8wt. %
Amyl Acetate 8.5wt. %
Butyl Acetate 20.2 wt. %
N-Butanol 16.1 wt. %
IPA 1.5wt. %
20 The VOC reduction for the composition would be 1.95 1b/gal, as in Example
S,
The surface tension, flash point, and evaporation profile were calculated to be:
Surface Tension 27.16 dyn/cm
Flash Point: Deg.C 355 (Deg. F 95.9)
25 Evaporation Profile:
10% 0% 80% 0%
Time (min.) 4.0 32 100 195

The data demonstrates insignificant change in the Evaporation Profile and no
negative effects on the properties of the composition. .
30 Applying to the solvent composition the Absolute MIR reactivity as Wt. Avg.
Absolute MIR for the solvent composition of 1.125, or, multiplying by the VOC =
2.78 Ib/gal results in an MIR value of 3.23 Ibs. of ozone per gal. of coating, or 67.5%

reduction in ozone formation as compared with the control composition.




N-Butanol 16.1 wt. % MAK 3.6 wt. % |PA 1.Swt.% 20 The Negligibly
Pol luting Potential Fluid solvent MP can be renoved from VOC, providing
29.9% VOC reduction to VOC = 1.95 Ib/gal. - a very strong VOC reduction

% which would be difficult to achieve by conventional refornulatiord.§ JUN2004

surface tension, flash point, and evaporation profile were calculated to
be: Surf i on 26 dyn/cm 25 Fl ash Point Deg. C 19.7 . F 67.5)
Evapor at i on gﬁg |§I e: 100/0 5% 80% 9005& Time (min.) 3° ‘?”?8“’%‘9175 As seen
fromthe data, substitution of xylené th MP did not alter the 30
Evaporation Profile significantly or cause any negative effect on the

Teble 26 the We“ﬁ;”&ﬁ'@“‘?@?y“ﬁ “"tyi fegpint cddzgf%‘é&f’”@or the solvent

h .
conposi ti on ‘¥BHE Jhe .78 Ibl/gal, it
i s cal cul at edvént)(fln&l) aonﬁﬁsmdasexclcﬂiveqz\anah@mgugaly Polbiting P&enlid\in2004 WO 01/ 47861
PCT/ USOO0I 35 solid ¢ 63. 3%.reduction in ozone fornmation as
conpared Wit Wgﬁﬁg (?8%%@*1?’?%@:“%8%”@? Pes denmonstrate that nethyl
pi val ate sand t hdimmmnmpqmwmmbwesdmnmﬁmﬁmmecmﬁMn unexpect edly
Drov ded, POt Bl AoV BRI o Ok EAHSH A bOelBE, °, PEESL
ozone f or matsoiemtsyathe¥egligibly PallvesgPorentiyl, Eery bog Peibiing Potentialf dréotvs  wer e
achi eved W thpit %X“m%"or rru{' lﬁcﬁresgrﬂ das.goating conpositions. Exanple 6

10 Using the SANE CONtro 1'on-as 1n anpl e 4 above, the
repl acenent  sol Thesetcombinpions ¢an previse the additipnal dedyftioh diy ozotefommatiome, DI PC f or

the MAK jand Dokt ahable Sy R Sdrkeh Qm Acetate with D] PC. Sol vent
Oorrp03|t|onq,0 280 W l(’51/0 ﬁ% gﬁ%d% " %
Analyses of the composmon of Exmnple6shows that this system contains N-

Butanol which has an Absolute MIR = 3.53.

This alcohol is necessary to provide storage stability of the compositions

containing hexamethoxymethylmelamine (HMMM) crosslinking agents (Cymel™
15 303) and acid (or blocked acid) catalysts. This material cannot be effectively
substituted with a non-hydroxyl bearing solvent.

To provide further reduction in ozone formation for the solvent compositions
comprising C4 and higher alcohols and ether alcohols, the alcohol functional
components can be substituted with methanol and or isopropanol. These hydroxyl

20 functional components have very low reactivity in atmospheric photochemical ozone
formation. Due to the toxicity concerns regarding methanol, the preferred choice is
isopropanol. The quantity of the alcohols can vary and needs to be optimized for

specific formulations, however, mole per mele ratio can be used as a starting point for

optimization.
25
Example 7
Using the same control formulation as in Example 4 above, the replacement
solvent composition substituted MP for the xylene, DIPC for the MAK, a partial
substitution of Amy] Acetate with DIPC, and IPA for the N-Butanol.
30 Solvent Composition:
MP 29.9 wt. %
DIPC 23.8wt. %
Amyl Acetate 115wt %

Butyl Acetate 202 wt. %



Anyl Acetate 8.5 w. % Butyl Acetate 20.2 wt. % N Butanol 16.1 w. % |PA
1.5wt.% 20 The VOC reduction for the conposition would be 1.95 | b/gal, as
in Exanple 5. The surface tension, flash point, and evaporation prgéig‘hﬁ&um

" were calculated to be: Surface Tension 27.16 dyn/cm Fl ash Poi nt:

'35.5 (Deg. F 95.9) 25 Evaporation Profile: 10-0/0 50% $A 2 Tinme (mn.)

4.0 32 10 e data denonstrates insignificant Chﬂ%?&nq 4 he

Evapor at i &#%?%%PI e and no negative gffects on the proper |e6ré' of the
conposition. . 30 Applying to the solVént conposition the Absolute MR
reactivity as W. Avg. Absolute MR for the solvent conposition of 1.125,
or, multiplying g the VOC = 14bw3%l b/gal results in an MR val ue of 3.23

| bs. of ozone p of coati.ng,. 67.5% reduction in ozone formation
as conpared Wi tmﬁ@%ﬁé’?ﬁm@ﬂﬁ‘%&ﬁﬁ'on. JUN 2004 WO 01/ 47861

PCT/ US00135467 Ths durlasesetsicnsildsh poil, dud eeparativhpaifie wespalchiand toeport unities to
reduce ozone f ti-on.t hrough t bstitution of high reactivity
conventi onal co%n B the sgﬁ’éﬁ’f‘ﬁ?ﬂ ui d) conposition exclusively

wi t h the sNegl i giRidski PBlet: | (Degn@ Pot 8t i dDemfd V&3P Low Pol | uting Potenti al
fluids fromthe present ,i pyention. 5 However, an inportant objective of the
present inventi o%)vafosm Dﬂgm@éhbi nations wth other known Low Pol | uting
Potential or Very Low Pol |l uti 3 Potent0¥% fl ui 8%sol ven?®wi th Negligi bly
Pol | uti ng Potentd.al . .Very Low,Rol | uting,Potentiiad, or L Pol | uti ng
Potential fluid %:% S"é‘%lﬁs of tﬁ'é’ present i nvent ilgdgj.g Thesie%’conbi nations can
provi de the addiThedataklse duhgostiatsnaceeptabledivepotaipmirofilo and overalhgaodnt i al

unat t ai ngpl -éfal{‘éé"% Yeors BB L BE RRAL AEMR 't Mmb&idh jst e conposi tion
of- ExarrpFote) gmgﬁgws t hat Q[H%i S lestém contalns N But aﬁ%f Bsi ch has an

Absol ute M R627 & 0587 X218~ hP38dsorf orane per @alsafpaipt. (Thisropldirensesent sk age stability

of the cowp@&.k%imaion%pgngglﬁé folndEol B Rk ARt Bt Edrapatifién, ( HVVM)

crosslinking agents (Cy

Example §
15 Using the same control formulation as in Example 4 above, the replacement

solvent composition substituted acetone, 2 solvent having an MIR similar to the

Negligibly Polluting Potential Fluids of the present invention, for the xylene.

Solvent Composition:

Acetone 299 wt. %
20 Amyi Acetate 28.7wt. %

Butyl Acetate 202 wt. %

N-Butanol 16.1 wt. %

MAK 36wt %

IPA Liwt. %
25 The surface tension, flash point, and evaporation profile were calculated to be:

Surface Tension 25.76 dynfcm

Flash Point: Deg.C 1.1 (Deg.F 52.0)

Evaporation Profile:

10% 0% 80% 20%

30 Time (min.) 1.1 18 83 164

The data demonstrates an unacceptable flash point reduction and a very fast
evaporation rate, up to 50% of evaporation, which makes the solvent composition

unacceptable for commercial applications. The VOC of the coating composition is

1.95 1b/gal., but the flash point and evaporation rate prevent the use of the acetone as |




15 303) and acid (or blocked acid) catalysts. This material cannot be

effectively substituted with a non-hydroxyl bearing solvent. To provide

further reduction in ozone formation for the sol vent conposit'zcy1 N 2004
ho

i . conmprising C4 and hi gher al cohols and ether alcohols, the alc

functional conponents can be substituted wth nethanol and or isopropanol.
These hydroxyl 20 functional conponents have very |low reactivity in

at nospher Y@ % ocheni cal ozone formation. Due to t REVYI¥¥*#"ty concerns
regardi ng methanol, the preferred chd¥ce is isopropanol. The quantity of
the al cohols can vary and needs to be optim zed for specific fornulations,

however, ' Qﬁ'%l‘ﬁ I.ng.pai nt for

opti m zat P%h%c%@&bl@%@&%@tﬁyﬁﬁ??gg t he @gﬂgtﬁ%%%sﬁtg#*#@?ﬁﬁ ation as in

Exanpl e 4 diviwstaal applisationp| acenent sol vent conposition substituted MP for the
xyl ene, DI PC for the MAK, a partial 30substitution of Amyl Acetate with
DIPC, and I PA for the N-Butanol. Sol vent Conposition: MP29. 9w . % DI PC23. 8
wt. % Anyl AcetExample® wt. 9% Butyl Acetate20.2 wt. %2 9 JUN 2001 W

01/4' 1864 - 38 PRELUSAMiRESREnt kBhprikthg Goott 10-86wiT TRoNQbduOdbolthe COMPOSi tion is

1.95. The surface tension, flash ﬁOl nt, and evaporation profile were

cal cul at ed 3 W& of aghipringted sobvent anskabout 1940 Wih plcapoxyeerasedioreaif nt - Deg. C 34. 1

(Deg. F 93.4ivent BfiRREAR 0. 5552080, €The bRfherhtedQdgable soldlpis freféRblym N. ) 2. 3 22
100 195 The data al so denpnstr teq?%%é%gﬁot abl e Evaporation Profile and

overal | godubutanol 95 isgprepanplelut may difog: RBFBBSIHeT BB WAV AM R for
t he conposidgamit flulds, including DMC.
10 The present inventors have surprisingly discovered that fluids from to the
present invention may be used in the aforementioned cleaning composition to reduce

tropospheric ozone formation, which is the opposite phenomenon from ozone
depletion. This is completely unexpected.

15 Example 10
The delivery of seed coatings including insecticides and other pesticides, and
agents attenuating the growth of plants (e.g., hormones) is extremely valuable to the
agricultural industry. In addition to traditional coating techniques, the OSIT method
(Organic Solvent Infusion Technique) has been studied and may be useful in the
20 germination of hard coated seeds. In this method, the seed is soaked in the solvent for
a fixed amount of time. The solvents are generally highly volatile solvents such as
xylene, acetone, methylene chloride (CH,Clz). This technique has also been studied
in the context of translocation experiments for the production of transgenic crops.
The substitution of MP for MEK results in a similar evaporation profile, while
25  pgreatly reducing the MIR of the fluid used, in the case of xylene (p-xylene has the
lowest MIR of the xylenes, at MIR = 4.40) and acetone (MIR = 0.48), and having a
reduced toxicity in the case of CH;Cl; (MIR = 0.10).
The examples presented herein demonstrate several beneficial aspects of the
inventions:
30 (a) Fluids with negligibly low MIR reactivity values (< 0.5 gr ozone
produced/gr solvent fluid used) can be produced using specific chemical compounds
(as it demonstrated in literature and in the present invention) and by proper blending
with extremely low MIR reactivity organic compounds, preferably methyl acetate
and, especially DMC. The blends not only significantly expand the range of



0.697 or 0.697 X 2.78 - 1.938 I bs. of ozone per gal. of paint. This would

represent an 80.5%reduction in ozone fornmation as conpared with the

control conposition. Exanple 8 15 Using the sane control formnul gjbgﬂ i@ in
X {0k

..«-Exanpl e 4 above, the replacenment solvent conposition substitut
~a'solvent having an MR sinmlar to the Negligibly Polluting Potenti al

Fl ui ds of @‘% sent I nvention, for the xylene. Sol I\éent .Co%o.m tion:

Acet one29. % 20Anmyl Acetate28.7 wt. % Butyl Acet %
N-But anol 16.1 wt. % MAK3.6 wt. % | PA1#& wt. % 25The surface tension, flash
poi nt, and evaporat lon profile were calculated to be: Surface Tension25.76

dyn/ cm Fl as e R@Erggl Profile: 10%
50%80%90% SB}'FE?% % 9 G%OH@%%%&% %aﬁ(ggl?gﬂ’ﬁg trat%s an unaccept abl e
flash poi nt mn&x,lemompaofi}@wcwﬂmywmwvewmobndsupmo 50% of
evapor ati on fommclhuﬂ's&@p%uﬁdaempisxsﬂﬁmmwgs bfHlendd tHA GfeQRénl! € for

commercial applications. The VOC of the coating conpositionis 1.95

| b/ gal ., butN%EbWIPagﬂmﬁg?%“%'ﬂd%vaporat|on rate prevent the use of the
acetone ag 29 J U 260 4se UPNEgubh B g PoleRADFIRa¢6rkhe prédeun diverdioh Pt abl e
Negl i gi bl'y PoIIutlng P?tentlal Lkég of the se Il nvention in an

i ndustrial appiidepetentighfor pery significant CA’CQEH“H“ sal¥spt, ent conpri si ng
about 10-60 xﬁdnum&&a&heahm@bmuioneﬂmaammmmémmhﬁ@wpmafed sol vent,

oD I e A SeA R Gen HseB oi coc? b U S

i sopr opanol d;é@b&poﬁ&;atdbﬁgrdtem ¥oeatdndtidni{ s nersas <30%:) OThealataOX ygenat ed

organic fllll ui Jjetsn’ | Bte | ”9{188 ls[%MCery poor indicator of ozone formation and can provide
misleading data conceming actual ozone formation.

(c) The use of Negligibly Polluting Potential Fluids or any exempt solvents,
even with highly beneficial compounds of the present invention provides significant,
but still limited reduction in ozone formation.

15 Further, the use of Low Polluting Potential Fluids and, especially, Very Low
Polluting Potential Fluids in solvent fluids as described herein additionaily provides
very significant reduction in ozone formation which can not be achieved when the use
of Negligibly Polluting Potential Fluids is limited by their properties. It should be
also said, that use of Very Low Polluting Potential Fluids alone cannot also provide

20  the maximum reduction in ozone formation.

However, synergistic effects providing the best reduction in ozone formation
can be achieved by combining properly selected Low Poiluting Potential Fluids, Very
Low Polluting Potential Fluids, and Negligibly Polluting Potential Fluids. This
conclusion is not limited to the specific structures of LPPF, VLPPF, and NPPF

25  discovered by the inventors of the present invention, but also achievable with the
known in the art LPPF, VLPPF, and NPPF.

As seen from examples, the use of NPPF provided ozone formation reduction
1o 63-65%. Addition of very low reactivity fluids provided additional reduction to 80-
81% as demonstrated in the examples.

30 These results were achieved without additional VOC reduction which
demonstrate that VOC does not correlate with ozone formation. Additionally, there is
a tremendous potential in using the present invention to achieve very significant

environmental benefits.




10 The present inventors have surprisingly discovered that fluids fromto
the present invention nay be used in the aforenentioned cle nlng
conposition to reduce tropospheric ozone formation, which i St 2gﬂbposme

-, phenomenon from ozone depletion. This is conpletely unexpected. |15 Exanple

10 The delivery of seed coatings including insecticides and ot her

pesti ci desyq Wlagent s attenuating the gromh of pl afl’,'ﬁu , hor nones)
is extremely valuable to the agricultural industry. In addition to
tradi tional coating techniques, the T method (Organic Solvent Infusion

Techni que) has been studied and may be useful in the 20 germ nation of hard
coat ed seeds. Ingim,ﬂe%t hod, the seed I's soaked in the soI vent for a

fixed amount of ti e soI vent eperally hi atile solvents
such as xylene, & ‘E‘d?Péne“'ﬁé't"HW 1‘8’¢] M@f%‘g&/"m t echni que has
al so been stmaiaﬁd (47.1, 1.4Emaleaheptospbibrid 4cRITSS.0u; Al 40miolepvithmitrogei s for the
production of tra enic cr The ubstl tion,of. for Kresults in a
simlar evafgbray gﬁg L;rpp %asﬁra&é\bj NE&“F’rPe R of the
fluid used moie)twae:n&eaeeddé thx;dcﬂ;st&red (ﬁos@'ipm),ehiﬂiaiswatéreoolbdmelmhom R of the

xyl enes, 0 and ceto t& R a reduced |
toxicity in H‘N’Iﬁsgh?fgsaeé %]" Wpﬁl I}%amslgvéltﬁt)ﬂ %3@91 es &rgesent ed herein |
denonstrate theaumcla%ﬂmﬂ&&psclﬁiermmlaumﬁwasmdlw&?& ions: 30 (a) Fluids ;

with negligibly WEE&I% Ebaﬁtu'u uced%a%%e(aﬁoga‘?ﬂg&a &r3Pr oduced/ gr

solvent fluid use Sing specific chemcal conpounds (as
it dermnstrah:mtes:ﬂlﬂt&r!ﬁﬁ‘tﬂ éhandssmmmealpncbsedwintﬂmehneimﬁgd and by proper

bl endi ng P‘gﬁ ﬁ@ﬁ |ﬁ4 s, preferably
met hyl albt a‘%"g ﬁg%g’eﬁg‘i%em \é% EFH% 5]3 ng SI gn| ficantly
expand the rtmanohlaavﬂymm$um¢iﬁmm¢ WW -40 negligibly
reactive co d A EE ng,{t | . and,

especial ly, r%@/}ﬁporélh on pro ﬁﬁém whi ¢ a%‘%gm??gm ?%Ogi’?ll y wider for

bl ends, t harfor ¥ominutesdi vi dual conpounds. Th| s is a principal advantage of

bl ends that are wmmﬂy Whs RloYed lfiﬂ"?tiugﬁle'g?mﬂﬁdnﬁhdﬁ uids. 5 (b) The

use of Negligibly I ng Potentl resent invention
provi de pot mwwWsMﬂmam!mﬂéﬁﬁﬁmwdmwpu cal sol vent

COMposi tiong, Jo cddiitTikHanal ﬁﬁ’%’%ﬁ@lc T &anmm §ét pigpcsubstitution a

part of any solvent y Pol I'uti ng Potentlal Fl uids of the
present i nvewithiagpceibath.

Following the dilution of the reaction mixture with methanol, the diluted
reaction mixture was extracted with octane (3 x 30 ml). The combined octane
20  extracts (71.1g) were analyzed by gas chromatography (GC). GC analysis indicated
methyl pivalate (MP) (2.68g, 0.023 mole), nonancic acid methyl esters (NA) (2.29g,
0.013 mole) and tridecanoic acid methyl esters (TDA) (0.57g, 0.0025 mole).
The volatile components were removed from the acid product using a film
evaporator operated at | mm and a temperature of 50°C. The volatile components
25 (123.3g) were collected in a dry ice/methanol cooled receiving flask foliowed by two
dry ice/methanol cooled traps and were analyzed by GC. GC revealed MP (8.29g,
0.071 mole) and NA (0.62g, 0.0035 mole). A methyl pivalate selectivity of 83% was
obtained. The clear, red liquid acid product (130.2g) remaining was used in Example
12 as the source of the acid catalyst. The data of this example are summarized in
30 Table8.



di sproportionately greater than VOC reduction (-65% versus 30% . The data
to denonstrate that VOC is a very poor indicator of ozone for @%@ﬂlﬁmd can
provi de m sl eading data concerning actual ozone formation. (g? e use of
Negligibly Polluting Potential Fluids or any exenpt solvents, even with

hi ghly beneficial conpounds of the present invention provides significant,

but still i ;,F‘g reduction in ozone formation. 15 Fuf-%ﬂﬁnmsﬁﬁe use of Low
Pol | uti ng ‘H’)Fi‘én I'al Fluids and, especi_42_l ly, Very Low Polluting Potenti al
Fluids in solvent fluids as described fierein additionally provides very

significant reduction in ozone formation which can not be achi eved when the
use of Negli gi bilEkaipleliziti ng Potential Fluids is [imted by their

properties. It should, be ai d. .t hat use 0 I w. Pol | uting
Potential Fl ui ds%f’ﬁ%@%‘ﬁﬁ%@%‘gﬁnﬂn 1°fE’ fﬂa‘%’{%gyﬁa%?‘% Fn“lra‘éa&uct ion in
ozone for][nat hdilac_ltommmgwynﬁpmsmceﬂﬁeﬂmepomrﬁmwashéMt (rjeﬁuction
in ozone formation achi-eyv cted Low

Pol | uti ng Poggnécf'_gfsﬂaﬁeﬁi%gﬁ,ﬁp@égﬁegﬁf)e\%xﬁ%ﬁ{%hwﬁg %%%%?Eg?/ lzéﬁjfﬁdsz and

Nﬁgl i gi bl %s Pehichititne the Protseretin te al‘:ﬁéelnvclwas afifuited tOGZﬂiaisLtarEédms s noéI |bl i thed to
the specific_stru , y the

i nventors of afdhném%trd(gs'w ﬁggg;tOFS?{l“gEi‘F”gﬁggwgﬁP%gf?’I\?ﬁ‘% the known in
t he an LPPF, Duiifrhis addition e, a pressweineredse was abseayed le 299 pricFallowingf  NPPF

provi ded 020hg o SlPLddfidn bERIAE ifling [A0Prind Ri cofiilbd draseChorvB! ¥ | OW
reactivity flui rovi ded additional reduction to 80- 81% as denonstr at ed
in the exanpmimtes.300 Paeenasymed dyring thigheatingperiodAs ebseived by A Preseias ¢Pnal  VOC

reducti onwmhgfcriogfjﬁm%’t hat VOC does not correlate with ozone
formation. Additionally, there is  a tremandoug potential in using the
present invent i orfhegagtionmixtarewas spoled ipn37G. aatibe CRAVAPIEHIERESI benefits. 2 9

JUN 2004 VO Qichébd8Fie rBfattink/RA6k0R aritnire addéd sIEMR i £250InlAephhfbrgCc Magneti c
stirring type Hastell oy C aut OC% e Waaliﬁﬁha[l ed with gﬁol (47. 19, 1. 47
nol ) and ph&eptdnd prophpsgs geparge 2#“(’3?”1 51y uRReR Rhase, (¢ 2 pressure. The
ni trogen Oveumgﬁwmmmaseemagpdhamemm@m wiad dddeat siabvey (hilley, 0. 735 5
nmol e) was_i ntrodu S 0 ge | | L'r;ﬂ:gd!ZOS [ R’hﬁ?” wat er cool ed
net hanol /13 p%@’ﬁﬁ’ﬁ& 56%515 "‘é’g’ﬁ}tsl’@n({:' g 3%3%‘? d éevéeﬁl; ocl ave unti |
the total pregtypivalak (0.08 0000700dl€) and maenoRGEid pethyl €Fters (4.68gc0.02043 sol ut i on was
heated to 122C

mole).

Following the dilution with methanol, the lower phase was extracted with
octane as in Example 11. GC analysis of the combined octane phases revealed methyl
20  pivalate (1.47g, 0.0126 mole), nonanoic acid methyl esters (3.78g, 0.0211 mole) and
tridecanoic acid methyl esters (3.37g, 0.0147 mole).
The volatile components were removed from the acid product using a film
evaporator operated at 30 mm and a temperature of 90°C. The volatile components
(155.9g) were analyzed by GC. The GC analysis indicated methyl pivalate (4.22g,
25 0.0364 mole), nonanoic acid methyl esters (2.77g, 0.0155 mole) and tridecanoic acid

methy] esters (0.77g, 0.00334 mole). Methyl pivalate selectivity dropped to 37.0%.

It is believed the acid product from Example 11 was not concentrated sufficiently,

thus a relatively weaker catalyst was used in Example 12. The clear, deep red liquid

acid catalyst solution (101.76 grams) was used in Example 13. The data of this

30 example are summarized in Table 8.

Example 13
The procedures of Example 12 were repeated with the exception that MTBE

(22.61g, 0.257 mole) was added in 33 minutes. CO was consumed during the



MIBE (21.03g, 0.24 nole) was added to the autoclave over a period of 32
m nutes at 122C to 125C. The pressure in the autoclave during tgijvbggm‘
varied 10 from 1215 to 1203 psi. CO consuned during the reacti

. replenished so as to maintain a relatively constant pressure in the

aut ocl ave. Followi ng the conplete addition of the MIBE to the autocl ave,
stirring was I nued at 125C at 1203 psi for 30 m e reaction

m xture was é@@Fﬁted to 15C, and the capbon nonoxide 1 o{'/Jg@B?‘ggsure was

rel eased. The resulting reaction mxture (136.4g) was added slowy to

cool ed nmet hanol (135g, 4.22 nole). The nethanol was maintained at 5C to 15C
wi t h an i ceadditioh of MIBEO Rbllogyirg e cainplert bdditicafof MTBE[ sifringiwa m xture with

met hanol, the diluted .r ion_mixture.was extracted with octane (3 x 30
) e coined e 12t Rl bt B S ARl e by o

chr omat ogr apdastict Giiture as coid Ydi5C, mith€@0 @derprosir whs rpleased. athe (MP) (2. 68g,

0. 023 nol e), nonanoi.c acid | ester (2. 29 . Q13 nole) and

tri decanoic’ T‘"&FWW’X%WQ%%WE%@%WM?%E%he vol atil e
conponentss wele renoved fromthe acid product using a film evaporator
operated at 1 nd-a tenperat ur . 1l I nponents 25
(123.3g) were g?p?gsgﬁxgﬁpl,% ae rym?éeﬁn%ﬁ%aﬂ%lpsg\éooghmlr“g%gﬁ?i ng flask

fol | owed by veletie calnppnintse¥eragthevad isingadilma vipeaps opratedweilonmaad yzed by GC. GC

reveal ed WP : 5 .. A met hyl

pi val ate selgéecgrt' @?Pﬂg?%%%%@“ﬂgﬂﬁg%%%ﬂg?%& ?e | qsui d acid
product ( 13tndReted methylipivalaty (16:268.0518% mpleod mpriapcic acid methyl persour ce of t he
acid catgly Te L Svi teSWHT BN i Table 8. 29
JUN 7004%\0%?/;’46;%8?ﬂ%@%&%ﬁ%ﬁ%‘?m@ﬁ Ea%arrpl e 12827?%3]] gglig%’ product
(130. 2g) commdacidicatalyst pdution (98.6eh t8815g of thissolwienanyred inExapple 14added to an

aut ocl ave Wirhdlqdl dFHRISAmPE &e SithirRarized 16 TRBIE §.00€n overpressure was rel eased |
and CO was added to 960 psi. The contents of the autoclave were heated to ;

125C, at 5 which tine the pressure in the autoclave was adjusted to 1205
psi by addi ng adghiah | CO MIBE (22.6g, 0.257 npole) was added over a

Obser vedi o 120015 EMoE=dsEH PURIARE 11 HE® SR RED ChAreigHIB DS, ot i rring
(2100 rpm \BO185DBIB HeRY wiiaddedH26 dinu@dat 107°Qud H9°C. Qringtheconsumed duri ng
this heati ngndcﬁt?gnio?gd'l%% a%?essgﬁ'evlggeagé/ froain %0‘3%?1% ?239 rpgems observed.

Following the complete addition of the MTBE, the reaction mixture was stirred at

110°C for 5 minutes. A pressure drop from 1235 psi to 1224 psi was observed.

20 The reaction mixture was cooled to 15°C, and the CO overpressure was
released. The resulting reaction mixture (101.4g) was added slowly into chilled
methanol (135g, 4.22 mole). Two phases were observed after dilution with methanol.
The two phases were separated in 2 500 ml separatory funnel, The upper hazy,
yellow phase (2.8g) was separated and analyzed by GC. GC analysis indicated

25  MTBE (0.0038g, 0.000044 mole), methyl pivalate (0.043g, 0.000371 mole), nonaneic
acid methyl esters (2.06g, 0.01151 mole), tridecanoic acid methyl esters (1.95g,
0.008524 mole), heptadecanoic acid methyl esters (0.54g, 0.00194 mole),
triisobutylene (0.28g, 0.0017 mole) and tetraisobutylene (0.26g, 0.0012 mole). The
lower acid product (232.4g) was transferred to a distillation flask for distillation. The

30 volatile components (147.24g) were removed from the acid product at 30 mm and
90°C. GC analysis indicated MTBE (0.74g, 0.0084 mole), methyl pivalate (3.56g,
0.0307 mole), nonanoic acid methyl esters (3.55g, 0.0199 mole), and tridecanoic acid

methy] esters (0.398g, 0.00174 mole). The remaining clear, red acid product weighed




to to 1209 psi in the autoclave. The reaction m xture was cooled to 13C
and the CO overpressure was released. The resulting reaction m xture added
slowy into a 250 ml separatory funnel, and two phases separ ag 8dUN e

hazy, |ight yell ow upper phase (4.029) and a | over predom nant phase (|
46.49). The | ower acid phase was added slowy to chilled 15 net hanol
(135. 0g, (F ke) at 5-20C. GC anal ysis of the uppeg Tﬂﬁ greveal ed
met hyl piva 0. 08g, 0.0007 nol e) _&nd nonanoi ¢ aci dc esters

(4.68g, O. 02043 nole). Following thé™dilution with n'ethanol t he | ower
phase was extracted with octane as in Exanple 11. GC anal ysis of the

conbi ned OCtsgagadaE@sw VoRV:B ple@iniARINBF, 2CROOR) xad:aztceor(t&nﬂe?amet 0126 mgl e),
nonanoi ¢ aci d_nmnet ester 3. 78 tr| canoi ¢ aci

met hyl est ertd0°Cgm pwﬁ'“'ﬁi’i*"ﬂmdé?’mm%%n{gﬁﬁ%mc?g ('J"ﬁ " Ner e renoved
fromthe acisgmpirdddtTableBNg a fil m evaporator operated at 30 nmand a
tenperature of 90C. The volatile conmponents (155.99g) were anal yzed by GC.

The GC anal ysis indicated nethyl pivalate (4.22g, 25 0.0364 nole), nonanoic
acid met hyl est eEfaniple '57g, 0.0155 nmole) and tridecanoic acid nethyl esters

0.77g, 0.00334 I w | at to 37.0% It i
E)el i e\g/ed t he amﬁP e% Pfﬁﬁgn‘gﬁezepggede@\g‘g%n%gwg%ﬁgén ra'?ed e
sufficientl )phosphdﬂd&c:dwnsadddﬁd \GE] apalysis€ithe octaecekiyasts revesledmebyli n Exanpl e 12.

The cl ear, févnpaxmgi%&a? [?01?)%!19? %@Mﬁrleeﬁgllrsgl[%grb(‘l]t%iégmgr ans) was used

in Exarrple hi's exa hmarized 1 n Table 8.
Exanpl e 13 Mmmadun&slea&m@@ﬂmwlimknbr@ﬂﬂ}ﬁ!mfé@m@h t he exception

t hat MIB 0 s consuned
during tﬁ) %%ép%z ﬁﬁ%ﬁ?@@?% %1%8113§Tﬂaw(§§34a3@‘{&?0n of MIBE.
Fol | owi ng t heole)owpaneicecid ahathyl esiers 6355031 mole} s wigeggeic addmethlued at 123C
and 1211 psi.g gmsgﬁﬁ% (BSIBiolD). GBS HtfofuRE exBmple Brd s@Smarkifin ' €action mi xture

was cool ed to e CO overpressure was released. The resulting
reacti on mi xkabled. (117g) was slowy added to chilled methanol (13 5g, 4.2 5
mole). In this Exanple octane was not added to the diluted reaction

m xture. The volatile conponents were renoved using a fil m evaporator
oper at edtat 30 nExample 100C. The trapped vol atile components (150.5g) were
anal yzed by GC. e padt8durdsioBExample 11 were repeated with the exceptions that no

phosphoric acid was added and the run temperature was 150°C. GC analysis of the
octane extracts revealed methyl pivalate (3.48g, 0.03 mole) and nonancic acid methyl
esters (0.57g, 0.0032 mole). GC analysis of the volatile components recovered from

20 the acid produet indicated methyl pivalate (8.43g, 0.073 mole) and nonanoic acid
methyl esters (0.06g, 0.00033 mole). The data of this example are summarized in
Table 8.

Example 17
25 A 150cc magnetic stirring type Hastelloy C autoclave was charged with

methanol (32.0g, 1.0 mole) with nitrogen pressure. The nitrogen overpressure was
released and boron trifluoride (34.0g, 0.5 mole) was added to the well stirred (2050
rpm), chilled methanol. Carbon monoxide was added to a pressure of 976 psi and the
resuiting reaction mixture was heated to 123°C.

30 To this autoclave was fed a 50/50 mixture of MTBE (29.1g, 0.331 mole) and
octane (29.1g, 0.255 mole) over a period of 29 minutes at 123-124°C and 1177-1270
psi. The pressure in the autoclave climbed to 1270 psi during the MTBE/octane
introduction. Following the complete addition of the MTBE/octane, the reaction




I ndi cated nmethyl pivalate (I18.26g, 0.1574 nole) and nonanoic acid nethyl
esters 10 (4.139,0.0231 nole). The selectivity to nethyl pival ate was about
87% The clear, red acid catalyst solution (98.6g). 88.5g of t?gguﬁﬂwtion
was used in Exanple 14. The data of this exanple are sumarized in Tabl

8. Exanple 14 15 The procedures of Exanple 12 were repeated with the
exception that MIBE (19.18g, 0.218 nole) was added in 26 m nutes at 107C
to 110C. MR NH#E6t he addition of MIBE a pressure incrIES03s¥mM 1209 psi to
1235 psi was observed. Follow ng thed4®onpl ete addition of the MIBE, the
reaction mxture was stirred at 110C for 5 mnutes. A pressure drop from

1235 psi 10 1224 Bl 936 Sflninglh HEPERREH BullldildiGupas cool ed to

15C, and th oVer pressure was e resulting reaction mxture
(101. 4g) waSdrepgietitd 1208psi dpripghthis hedting pesidd. net hanol (135g, 4.22 nole). Two

phases were obse%qgﬁﬁgﬁmwg unne%aa #EHE%‘&PJW phases were

separated in a 5 separ atory e upperrpf'ueazy, yel | ow phase
(2.8g) was mmtmmmnmwlmﬂ)wadmwwmwmcw 25 MIBE

(0. 0038g, géggl nol €), nonanoi c
aci d net hyI %’@(@é%,’%}%@%ﬁhé’ﬂuﬁ?ﬁa‘% ecanol ¢ acid nethyl esters
(1I 9)59 0. Mdeﬁpznlm ud’efcmbmﬂtael@nmehmyhmmd(aol 54q, (0. 00194
nol e trii Lé@?é&t ene (0. 269,

0. 0012 nol e)l§‘9$d&¥ g‘\%t/erﬁrgc%ﬁ f@ﬁg’)’“@?ﬂ an erb&ed to a
distillati onG¢|%nnaﬂxgnsmﬂcsleﬂmrtgrlupmﬂateThésgs@Okﬁdm@ahqoeanexsrwénents (147. 249)

WwWere renove q,gy*g; Plfers si s indicated
MIBE (0. 749, %ﬁ% 84" no elo(élﬁfgt hyl h%%gﬁég}ogm(ﬁ%y 0(%?63@%?@ nonanoi ¢

acid net Wyl maeers (3. 559, 0.0199 nole), and tridecanoic acid nmnethyl

esters (0.3989, @ndQiafift BRpshbnts WEtE rendVEH i ¥e loWaACId prcAtict plas¢l Pr oduct
wei ghed 29 JUN 200 WO Q1/4 861 PCT/ USOO35467, - 44 82. 3&11 and was anal yzed as

pr edoni nat el §43fe3usingafim evarpraier pReztadiably B AAlat- ufbe velatile 11 0c net hyi
pi val ate sel @ ?bdéh&msd%arvﬁ?&@ﬂec&ﬁ1r2§dr§%élm¥h&odﬁio&d@cfceﬂﬂgﬂasﬁxaﬁp| e are

Fepoat ed wi t I PEREASE FEH-BHRe] K5 Tt BHORYE L GMEE  alded. GO anal ysi s
of the oaqs armmgmemaay thdicaadandtied pivlad ¢10.745 10083 mble) 4nd ndn’igmr. &id27 nol e) ,
nonanoi ¢ aci nqeﬂ'?gs% (1% LS04 {nore)989, 0.011 nole) and
The remaining clear, red liquid residual acid catalyst phase (79.53g) was
analyzed as predominately BF; 2CH3OH. The data of this example are summarized in
Table 8.
20
Example 18
The procedures of Example 11 were repeated with the exceptions that no
phospboric acid was added. Methanol (38.4g, 1.2 mole) and boron trifluoride (40.8g,
0.6 mole) were added to the autoclave. MTBE (34.82g, 0.396 mole} was added in
25  over a time period of 16 minutes. GC analysis of the octane extracts revealed methyl
pivalate (2.0g, 0.0172 mole), nonanoic acid methyl esters (2.59g, 0.0145 mole), and
tridecanoic acid methyl esters (1.80g, 0.0079 mole).
GC analysis of the volatile components recovered by film evaporation
revealed methyl pivalate (6.80g, 0.0586 mole), and nonanoic acid methyl esters
30 (1.294g, 0.00723 mole). The data of this example are summarized in Table 8.



tridecanoic acid nethyl esters (0.35g, 0.00 15 nole). GC analysis of the
vol atil e 10 conponents recovered fromthe acid product reveal ed nethyl
pival ate (8.534g, 0.074 nole), nonanoic acid nethyl esters (O. 5§g Juﬂmﬂ}Sl
nol e) and tridecanoic acid methyl esters (0.0073g, 3.19E-05 nole).
data of this exanple are sunmarized in Table S. 15 Exanple 16 The
procedure E.mrrrpl e 11 were repeated with the except) t no
phosphor i 2wacr was added and the run,tenperature vvasi’#@%%my@ anal ysi s of
the octane extracts revealed nethyl pivalate (3.48g, 0.03 nole) and
nonanoi ¢ acid nethyl esters (0.57g, 0.0032 nole). GC analysis of the
vol ati |l e conponeRksmgietHvered from 20 the acid product indicated nethyl
pi val ate (8.43g, 73 1mo an fBE oy ief s (0.06g,
0. 00033 nol e). ﬁg' §5 aPl“*:m%) |sge'§§1ﬁ%¢lgﬁvg?eggésum%@%zecfsﬁ§ cﬁq’abl e S. Exanple
17 25 A 1500aamlmgnethc@nmlcrnrqfh@%yp@emﬁmvelﬂesyw@f%@m'ﬁvés was char ged with
met hanol (32,00, 1dUeli! RAR 4895 U8 mold) Gad¥
overpressure vvas %nggdslgy \ggrrréd}al)oron tr?’}oﬂror?de mo4"309, h%S nol e) was
added to 5hewxﬂelmrogsnpness@dtt(@%@damrﬁheﬂ@’mmIOWﬁsé‘Fﬁ&’ﬂwmE%ﬂ“Bon nonoxi de
was added to SR Of ., 905 DS b2 53k) WaSadd6AS e iiRa (1BARIon ni xture was
heated to 12 %mg %)6 ﬁ!n ssgut og(g?ave vvr;s fed a 50150 rg‘lxt ﬁﬁrnle of MIBE (29.1
g, 0.331 nol mithamkbvershe conrse ¢f2 minptes gt abos a ingPapespE 20°F D 8°Codhef 29 ni nut es
at 123-124C A JYESS Y thcr}dahgnﬁt@(pqlh@ve clinmbed to
‘?rﬁsgu:%ﬁ] Mve%lncmmﬁt psi Updn i

1270 psi dur octane 1 ntroduction. Follow ng the conplete
addi tion of EMOWB@T@U%SM“WH%’C@B@WB&@OZ@S’W 219@11“'%‘1@?9/"217861

PCr / US00I §54,?1%e aut t ﬁ&ﬁk%ﬂaﬁ&mé&&% {gorc 3 dprdstiedst. The

pressure n e sl o dropped to 1208 psi during this heating
period. The abemdtlﬁfblﬁlrlmsu Enil@wmshe@e@pleta addijion pEMTRRfhe WO over pressure was

rel eased. The.res 9 3M ks & abdudPoPe) was added slowly to
cooled, 5Ct0 %élg&a{ ' ‘? giao a. 5 nole). The diluted reaction

m xture reaction Themq!npememe@ied'e Com thet CQRNSERHRYST Y25f unnel resul ting
oct ane phase THREdHE ?’@ﬁ e e ol 3o aa cated et iyt
pi val at e 161. f@eel. ljhe cpigriesy upmhamgeoséwﬂm Ry FCedbePS (1. 929, 0.01072
mol e) and trjfReeRaichedinlybligBhdyf @Bk, hiinld AdsobllylBik2ifisobutylene
and tetraisobutylene.
The clear deep orange lower acid phase (117.1g) was added slowly to chilled
methanol (117.1g, 3.66 mole). The acid product was extracted three times with
20 octane
(3 x 30 ml). The combined octane extracts were anaiyzed by GC. GC
analysis indicated diisobutylene, triisobutylene and tetraisobutylene with a trace

amount of nonanoic acid methy! esters. The data of this example are summarized in

Table 8.



10 nole). The volatile conponents were renoved fromthe | ower acid product
phase (243.49g) using a filmevaporator operated at 15 nm and 50C._ The

vol atile conponents (158.99) were collected in a dry i ce/ met handB JYN@Ilkd
receiving flask followed by two dry ice/nmethanol cooled traps. GC anal ysis
of the volatile 15 conponents by indicated nethyl pivalate (10.74g, 0.093
nol e) and nonanoic acid nethyl esters (1.5g, 0.0084 nole). The renaining
clear, re®QU4MY residual acid catal yst phase (79.53F§f 56hnal yzed as
predom nately BF3' 2CH3OH. The data - this exanple are sunmarized in Table
8. 20 Exanple 18 The procedures of Exanple 11 were repeated with the
exceptions that no phosphoric acid was added. Methanol (38.4g, 1.2 nole)
and boron trifluoride (40.8g, 0.6 nole) were added to the autoclave. MIBE
(34.82g, 0.396 nole) was added in 25 over a tinme period of 16 mnutes. GC
anal ysis of the octane extracts reveal ed nethyl pivalate (2.0g, 0.0172

mol e), nonanoic acid nethyl esters (2 59g.  0.0145 nole), and tridecanoic
acid nethyl esterg_@l1.B0g, 10/0Q79 le)|{ €GC analysis of the volatile
conponents recover|€d B {3 [nj®V23ri& |oni [reveal ed nethyl pival ate (6. 80g,
0.0586 nol e), and |[fidnaho| clagid nethy| esfers 30 (1.294g, 0.00723 nole).
The data of this anTprerare [synmarf zed Table S. 2 9 JUN 2004 WO
01/ 47861 -46 PCT!\ 1359@'7:3_'5(_enpl|e~1}.'l'¥i s Exanpl e denonstrates the
ineffectiveness of | FF3PCH3OH|ay an pcjd|=¢atal yst for the conversion of
MIBE to net hyl piVv e at [1900q¢. (Procedures as described in Exanple 11
were followed. Mt v (0= (g, ol R mté) was charged 5 wth nitrogen
pressure to the a ave. | The tnift rpgen|over pressure was rel eased and the
met hanol cool ed. 1215q, [0.[6 ol e] was added to the stirred (1557
rpm et hanol ove P g)qk;se Bf |52/ [k nhtles at about a tenperature of 20C
to 40C. The press n|the |[adt ocl aveé wag i ncreased to 996 psi upon the
addi tion of CO ThE reéactifor] m xg uf e|was (heated to 95C and MIBE (20. 63g,
0.234 nole) was addeBShves glgtlbelLLlse of 82 mnutes at a tenperature
from about 95C to L09@-ans & |grieskufe |off !
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about 1160-1311 psi. Followi ng the conplete addition of MIBE, the reaction
m xture was stirred at 1311 psi for 30 m nutes at about 100C. The reaction
m xture was cooled to 17' C, and the CO overpressure was rel eas@d. JUN{E04
resulting reaction mxture (126.59) was added to a 250 nl separatory 15
funnel. The hazy col orl ess upper phase (8.90g) was analyzed by GC. The GC
anal ysi s i ed only oligomers of isobutylene, n butyl ene,
triisobut yﬁl&ﬁ’g‘%‘dnd tetrai sobutyl ene. The cl ear deep 8%“%@% acid
phase (I 17.1g) was added slowy to chilled nethanol (117.1 g, 3 66 nol e).
The acid product was extracted three,gJimes with 20 octane (3 x 30 ml). The
conbi ned octane extracts were anal yzed by GC. GC anal ysis indicated

di i sobutyl ene, tdisobutylene and tetrai sobutylene with a trace anount of
nonanoi ¢ acid nethyl esters. The data of this exanple are summarized in
Table 8. 29 JUN 2001évm)01/47861 PCTI USQQ 354b7 - 47 00 V O 2of NMCy%gt r M

ri At 20+ 00-WnoonoalO0 r - 7 O~~~,S+"~vdi'~ wif C CH{
This Example demonstrates the effectiveness of BFyCH;OH as an acid catalyst

for the carbonylation of MTBE to methyl pivalate at 25°C. This is the process practiced
5 inthe prior art. The Example also affirms the results of the prior art that BFyCH;0H can

not be recovered by distillation and thus be recycled in a process.
The same procedures as Exampie 18 were employed with the exceptions that the
following quantities of methanol (35.0g, 1.094 mole) and BF; (74.4g, 1.054 mole) were
added. The MTBE (29.30g, 0.333 mole) was added in 98 minutes. Prior to adding the

10  reaction mixture to methanol, an attempt was made to distill acid catalyst from the
reaction mixture. 6.5 g of acid catalyst was observed on distillation at atmospheric
pressure at a temperature of 84°C. The remaining reaction mixture (135.1g) was slowly
added to cooled methanol (135.1g, 4.22 mole). The same procedures for product
recovery as Example 11 were used. GC analysis of the coflected octane phases revealed

15  methyl pivalate (4.12g, 0.0355 mole), nonanoic acid methyl esters (1.59g, 0.0089 mole)
and tridecanoic acid methy] esters (0.455g, 0.002 mole). GC analysis of the collected
volatile compoﬁents from the acid product revealed methyi pivalate (6.99g, 0.0603 mole})
and nonanoic acid methy] esters (0.07g, 0.00039 mole). The remaining acid product
(188.43g) was analyzed as BFy 2CH30H, which was of insufficient acid strength to

20 convert MTBE to methyl pivalate at 25°C.

Example 21
In Example 21, highly branched nonenes were carbonylated with boron triflucride

dimethanol catalyst. The procedures were the same as Example 11 with exceptions. The
25  exceptions were mainly during the product work-up. The decanoic acid methyl ester
products were recovered by hexane extraction rather than octane extraction and no flash

distillation was performed in this example.
The same apparatus was employed as Example 11. Into the autoclave was
charged methanol (41.6g, 1.3 mole) with nitrogen pressure. The nitrogen overpressure
30 was released and boron trifluoride (44.2g, 0.65 mole) with chilled water cooling and
stirring (1254 rpm). To the contents of the autoclave was added carbon monoxide to 1086
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psi. The reaction mixture was heated to 47°C, at 47°C the carbon monoxide pressure was
adjusted to 1208 psi. Highly branched nonenes (17.2g, 0.1363 mole) were introduced
over the course of 1.5 minutes. The carbon monoxide pressure consumed during reaction
was replenished and kept constant at 1200 psi. The reaction mixture was heated for an
additional 120 minutes at 40-41°C and 1200 psi carbon monoxide pressure. A significant
drop in carbon monoxide was observed in the PVT during this heating period. The
pressure in the autociave was maintained at 1200 psi.

The reaction mixture was cooled to 15°C, at 15°C. the carbon monoxide
overpressure was released. The contents (105.0g) were removed from the autoclave and
added to methanol (50g, 1.56 mole). The resulting solution was extracted with hexane -
three times (10 mi each).

Gas chromatography analysis of the combined hexane phases revealed unreacted
nonenes (8.5g, 0.067 mole), decanoic acid methyl esters (19.14g, 0.1029 moic),
octadecenes (1.41g, 0.0056 mote), and nonadecanoic acid methyt esters (2.7g, 0.0086

mole).

Exampie 22
In Example 22, diisopropy! ether was converted to methyl isobutyrate. The acid

catalyst was BFyCH;OH at 50°C and 1200 psi. The procedure was similar to that of
Example 18 with a few minor exceptions. Methanol (28.8g, 0.9 mole) and BF; (61.2g,
0.9 mole) were added to an autoclave. Also nonane was used to extract the products
rather than octane. The diisopropyl ether (22.2g, 0.22 mole) was added over a period of
52 minutes, and the reaction mixture was heated an additional 40 minutes following the
addition of the ether.

The combined nonane extracts were analyzed by GC. The GC analysis indicated
methyl isopropyl ether (0.3g, 0.0035 mole), methyl-2-methy! propanoate or methyl
isobutyrate (26.13g, 0.256 mole). The volatiles (91.4g) recovered by distillation on a

rotary evaporator were also analyzed by GC. GC analysis indicated methyl isopropyl
ether (0.071g, 0.00082 mole), methyl-2-methyl propionate (6.53g, 0.064 mole}, and
isopropyl isobutyrate (0.021g, 0.00016 mole). The remaining acid catalyst (144.4g) was
predominantly BF;2CH;0H.




Lzl % o 2 9 JUN 2004 WO 01/47861 PC'r 1USOOF 35467 -48 Exanple 20 This
Exanpl e denonstrates the effectiveness of BF3' CH30OH as an acid catal yst
for the carbonylation of MIBE to nethyl pivalate at 25C. This is %gg
process practiced 5 in the prior art. The Exanple also affirns t PQQWfts
of the prior art that BF3 CH3OH can not be recovered by distillation and
thus be recycled in a process. The same procedures as‘ﬁ?ﬁgﬁk& 18 were

enpl oyed W Y4T85k exceptions that the follow ng qua 587 et hanol
(35.0g9, 1.094 nole) and BF3 (74.4g9, 1.094 nole) were added. The MIBE
(29.30g, 0.333 nole) was added in 9§gym nutes. Prior to adding the 10
reaction mxture to nethanol, an attenpt was nmade to distill acid catal yst
fromthe reaction mxture. 6.5 g of acid catal yst was observed on
distillation aMaahgnmpﬁﬂyﬂmﬁqodmnmaﬁmtimiltlsmedMﬂmﬁem The

remai ni ng r cti I gggggj aRhed met hanol
(135.1 g, T tgﬁ osgéﬁé%ﬁrocedures g%é pFo act recovery as Exanpl e

11 were uswﬂatmmwmusd@mmmrmﬁwBmttaeélscgmtﬁﬂlslmes reveal ed 15 net hyl
pival ate (4.12g, 0.0355 nole), nonanoic acid nethyl esters (1.59g, 0.0089
nole) and tridecanoic acid nmethyl esters (0.455g, 0.002 nole). GC analysis
of the collected volatile conponents fromthe acid product reveal ed nethyl
pi val ate (6.99g, 0.0603 nole) and nonanoic acid nethyl esters (0.07g,

0. 00039 nole). The renmaining acid product (188.43g) was anal yzed as
BF322CH30OH, which was of insufficient acid strength to 20 convert MIBE to
nmet hyl pival ate at 25C. Exanple 21 In Exanple 21, highly branched nonenes
were carbonylated with boron trifluoride dinethanol catalyst. The
procedures were the sanme as Exanple 11 with exceptions. The 25 exceptions
were mainly during the product work-up. The decanoic acid nethyl ester
products were recovered by hexane extraction rather than octane extraction
and no flash distillation was perfornmed in this exanple. The sane
apparatus was enployed as Exanple 11. Into the autoclave was charged

met hanol (41.69,1.3 nole) with nitrogen pressure. The nitrogen overpressure
30 was rel eased and boron trifluoride (44.2g, 0.65 nole) with chilled water
cool ing and




stirring (1254 rpm). To the contents of the autoclave was added carbon
-nonoxi'de to 1086 2 9 SUN 2004 WO 01147861 PCT/ U500135467 -49 psi. The
reaction m xture was heated to 47C, at 47C the carbon nonoxi de pz 3JENAWE was
adjusted to 1208 psi. Hi ghly branched nonenes (17.2g, 0.1363 nole) were
introduced over the course of 1.5 miTites. The carbon nonoxi de pressure
consuned during reaction was replenished and kept constant at 1200 psi.
The react iWhati$ glaimed sas heated for an 5 additional 120 minutes at 40-41C
and 1200 psi carbon nonoxi de pressure. A significant drop in carbon

nonoxi de was observed in the PVT during this heating period. The pressure
in the autiocl ave msasod' 6 hdlahg Stlestdr cbapPisgli - The reaction m xture was
cooled to 15C, at 15C the carbon nonoxi de overpressure was released. The
contents (b)) @Btasgng apelelinssivsgied from thetgrenmepnsisting of ghene propydas. t o

met hanol (.50 . b6 T e tihng- SQJ:Hi { | th hexane
three ti négoo?ﬁt‘al]sh?oréﬂgh@en&gl? % ?%Lr&a‘[sggeg g%%\gﬂ{a%agt?hy‘éﬁgn(%@{ﬁgl %gac I ned
hexane phagapokitivabegrising & OROH nofeemespro@ud gomPodban;nol ), decanoi ¢ aci d

met hyl esters (19.14g, 0.1029 nole),.. octadecenes (1.41g, 0.0056 nole), and
nonadecandbba%ﬁlijQ@?mheBéqdélFtsco(”Z}.O?’é‘Pn@.f 8@‘125 nol e). Exanple 22 In
Exanpl e 2 bl i t¥@'§lplffsq’xé %BF -SROLOH SR Y EstdrSRhste ROB.is The acid
cat al yst %Q)SQB@B%&Q?& 8 and 12 p'Iéi. The proceS(_jurre was simlar to
that of 2@leEtedfpine mikthanot; m-propanel;mi-maanadx2-ethyl bexenolyisohensopl; (28. 8g, 0.9
mol e) and BE3 (61 29, 0.9 nole o, ded,to an autogcl aveg. Al so nonane was
used to e%f?lﬁBEaHPhésq}?F@BﬂlcfS?n°$a§\fgﬁéss’$% Etggfléeﬁgpcﬂ’rﬁgg%%?@bpropyl et her
(22.29, 0.;3AriaBla8)]; WasetAteddQuRs]; #-dpaedansl; Otetrfidcanioh midmixtaes tHebsfr eact i on
m xture was heated an additional 40 mnutes followi ng the addition of the

ether. 25 The conbi ned nonane extracts were analyzed by GC. The GC anal ysi s
i ndi cat ed , met hyl | | . et .0.0035 nol e), nethyl-2-nethyl

pr opanoat ez'or %%é}?ﬁ)le?ggy&f@rlahtﬁghﬁ%rg'ga%géggb. 256 nole). The volatiles

(91. 49) r qdpueyelihgwy peitish iof thetseparated acid pradvat i cowntaobihgtotafinmgrethenl so

anal yzed by GC. GC anal ysis indicated nethyl isopropyl ether (0.071g,

0. 00082 nole), nethyl-2-nethyl propionate (6.53g, 0.064 nole), and 30

i sopropyl 4 sobujys Eﬁloﬁ%fg}%ilmq,w&raﬂ%ﬁolgﬁxg%)aniIchﬂeﬁrﬁnai ning acid catalyst

(144.4g) was predom nantly BF3' 2CH3CH. JUN 2004
4, The method of claim 2 wherein the olefin is isobutene.
5. The method of claim 1 wherein the olefin is contacted with carbon monoxide

and an acid composition comprising BFs2ROH at a temperature from about 60°C to

about 200°C.

0. The method of claim 5 wherein the olefin is contacted with carbon monoxide
and an acid composition comprising BFs2ROH at a temperature from about 110°C to

about 160°C.

7. The method of claim 1 wherein the olefin is contacted with carbon monoxide
and an acid composition comprising BF;2ROH at a pressure from about 30 atm to

about 200 atm.

8. The method of claim 7 wherein the olefin is contacted with carbon monoxide

and an acid composition comprising BF;2ROH at a pressure from about 110 atm to



WO 01/47861 PCF/ USOO 35467 -so Having now fully described this invention,
it wl'l be appreciated by those skilled in the art that the invention can
be performed within a wi de range of parameters within what is cl&itdpl
wi t hout departing fromthe spirit and 5§fcope of the invention. 2 9 JUN 2004
-51 1 What is clainmed is: 1. A method -of" maki ng an ester conprising: (a)
contacting an olefin selected fromthe group consisting of ethylene,

propyl ene aboutdéBlaghi ns, normal butenes, and C5 to C18 olefins with carbon
nonoxi de and an acid conposition conprising BF3.2ROH to form a product
conposition; (b) adding ROH to the product conposition of (a); and (c)
separating, an JhiendhSHCA)aie® MVhefeiMBOBHS a3 R(Idhbr RIBctdddrds tiay growher ei n ROH
is selected from nethanol; n-propanol; n-butanol; 2-ethyl hexanol;

i sohexanolconsistingndmeethariol, n-srvparclnbutaneleprenserl 2ty sexaoket hyl hexanol

i sodecanol.; . | I N nakad 19 metily nedd ]

1-tetr adeésé)r}?8¥a§]§?fdg0%%§@§&égot% ﬁtgﬁ(ggggﬁ?aﬁq]hg’%%?{%e&ﬂﬁsl %gﬁgo?’m 1 619 Eli.lrllpt her

conpri si ngsotfiddcandls y-okiangl, a-deodral Ondafecirvd, mdpateatdsatamdi d product to
contact the olefin or ether. 3. The nethod of claim| wherein the olefinis
an isoolefin. 4. The nethod of claim?2 wherein the olefin is isobutene. 5.

The met hodyof chAl YBELISIN 1 iR ol gyacted with carbon nonoxide
b t 1) ROHis! ntetG&HH.
and an aciqg con’[;)k%srﬁ%}]l%n COfT'pI’IlSi nlé BF32R1C]—I at a tenperature from about 60C

to about 200C. 6. The nethod of claim5 wherein the olefin is contacted

w th carbaon nongxi de nd .an i d conposi.tion conprising BF32ROH at a
t enper at urg: fr eéﬁgh?‘??g@@nfg%u%b%ﬁ%%ﬁ}ﬁg' 7. The method of claim1

wher ei n t gy rdcking iiSe G1efih A€ ber With B h@obaBonDretéid ehe lydiocrbacis d
conposition conprising BF32ROH at a pressure from about, 30 atmto about

200 atm eleTied frem hoeiurstedlinganprbrapehed hydroprben BAYTIRE Pisleds AFARTRAISwi t h
carbon nonoxi de and an acid conposition conprising BF32RCOH at a pressure
fromabout 110 atmto 2 9 JUN 2004 - 52

12.  The method of claim 1 further comprising:
(d) adding a hydrocarbon to the product composition of (a), wherein the hydrocarbon
is selected from a saturated linear or branched hydrocarbon having at least six

carbons.

13.  The method of claim 12 further comprising:
(e) separating the hydrocarbon and ROH from BF;-2ROH and directing a portion of
the separated hydrocarbon and the separated ROH to a unit selected from the group

consisting of a separation unit, a reaction unit, and a combination thereof.

14.  The method of claim 1 further comprising:

(d) contacting the olefin or ether with phosphoric acid.

15.  The method of claim 1 wherein separating the acid product comprises
concentrating the acid product such that the molar ratio ROH : BF; in the

concentrated acid product is from about 2 : 1 to about 4 : 1.

16.  The methed of claim 15 wherein the concentrated acid product comprises a

molar ratio of ROH : BF; from about 2 : 1 to about 3 : 1.



about 160 atm 9. The nethod of claim1 wherein ROH is an al cohol selected
.fromthe group consisting of nethanol, n-propanol, n-butanol, 2-propanol,
2-ethyl hexanol, isohexanol, isoheptanol, isooctanol, isononandd JUN 2004
3,5,5-trimethyl hexanol, isodecanol, isotridecanol, 1-octanol, 1-decanol,
1- dodecanol , and 1-tetradecanol . 10. “M¥e nethod of claim| wherein ROH is
nmet hanol . 11. The nethod of claim1 further conprising: (d) contacting the
ol ef i n or 1&t herTheirhdthad biydaint Ambberein titecEl conigositipdpmpardsarmoler ragiel ect ed

froma sat ted_Linear or branched hydrocarbon having at |east six
car bons. ng%ll'ﬁéB#é?rﬁHHa@fm 16aiqntpfgf"ﬂ})r/%'h]er conprising: (d) adding a
hydr ocarbon to the product conposition of (a), wherein the hydrocarbon is

selected froma saturated linear or branched hydrocarbon having at |east
six carbdBs. Be m¢thodref tlain b7 whergimthe 2cid pompesitien spmpysas g melay raliapar at i ng

t he hydroc ) ROH fr 3E3. 2 nd directing a portion of the
separ at ed Oﬁmcg?g&?nhﬁt@”?ﬂ] ‘sletﬁélggﬁe% to a unit selected fromthe
group consisting of a separation unit, a reaction unit, and a conbination

thereof. i 14. The nethod of claim11 further conprising; (lgg contacting the
ol efin or 18t herThamethpd ekelpian it svhees the prosluctigpanpasttieggopRIns less fhap vker e n

separating._t Cl :ty conprises concentrating the acid product such
that the %gl‘geﬁg@a%a&o%g&HBFS in the concentrated acid product is from

about 2 : 1 to about 4 : 1. 16. The nethod of claim15 wherein the

concentrated acjd product conprises.a, nolar.tratio of ROH: BF3 from about
2 : 1 to @8out Ametho %“W%M?p’é@laiefo“ﬁ{ég]%t hod of claim1 wherein the

aci d Conp%h{akﬁﬁ%ﬁﬁﬂ?,ﬂjt-%ﬁﬁzléhémkriﬁf cdrBéd Ron@lidRAd an BfBcdmpusitaout 1.6 : 1
to about 3 : 1. 18 The nethod of claim 17 wherein the acid conposition
conpri ses camprising BEt2GHQH tRém a ppdugtcompasition camprising meghyhpyglate; - 1

19. The nethod of ,cl gim,1l where the prod %mii- gins less than
3% by mia&HPgéﬁ?tBﬁ@It%eé’&?%}&ﬁwp%wﬁe Hﬁ%seg} H%Eiahg&ﬁgﬁcg}fc pi val ate
conpri si NGonfRRiCBFABICHROH on tHeuhsthgitpredatai t h car bon nonoxi de and an acid
conposition

21. The method of claim 20 wherein contacting methyl-t-butylether is contacted

with carbon monoxide and an acid composition comprising BF;2CH30H at a

temperature of about 110°C to about 160°C.

22. The method of claim 20 wherein the methyl-t-butylether is contacted with
carbon monoxide and an acid composition comprising BF;2CH3;0H at a pressure

from about 30 atm to about 200 atm.

23.  The method of claim 20 further comprising contacting the methyl-t-butylether
with a hydrocarbon, wherein the hydrocarbon is selected from a saturated linear or

branched hydrocarbon having at least six carbons.

24. The method of claim 20 further comprising contacting the product
composition with a hydrocarbon, wherein the hydrocarbon is selected from a saturated

linear or branched hydrocarbon baving at least six carbons.

25. The method of claim 24 further comprising separating the hydrocarbon and

the methanol from the methyl pivalate and directing a portion of the separated




conprising BF3.2CH30H to form a product conposition conprising nethyl

pival ate; adding nethanol to the product conposition; and separating an
aci d product conprising BF3.2CH3CH fromthe nethyl pivalate. 22.9 Xhe00i

met hod of claim 20 wherein contacting nmethyl-t-butylether is contacted

Wi th carbon nonoxi de and an acid corrp‘o%‘hi on conprising BF32CH3OH at a
tenperature of about 110C to about 160C. 22. The nethod of claim 20 wherein
t he net hy hytdrdsatbphent ¢he sepanatediragthangl ¢a a hnit seledieshirom tbsgrgup spupigieaci d

conposition conprising BFE32 OH.at .a pressure .. fr about 30 atmto about
200 atm ior%ﬁé.eg#ﬂtéorf?é‘%hgde 10g Uity Ang ¢ ‘?Omet?ﬁ%’roné%%ﬁﬁnsi ng contacting the
net hyl -t-butylether wth a hydrocarbon, wherein the hydrocarbon is
selected froma saturated linear or branched hydrocarbon haying at | east
si x carbo@$. 24Themnethad phelding R0 SirtherrPPRLIRE RINACHENG @FWQI-&%H&Y §ng t he
pr oduct ition W.5th a hydrocarbon, wherein the hydrocarbon is

sel ected %on&gdsgg(?ﬁcr%g%d | i near or branched hydrocarbon having at | east
si x carbons. 25. The nethod of claim 24 further conprising separating the
hydrocarbon and _ the nethanol _from the nethyl pival ate and directing a
portion of2%he E@p‘ﬁ?@gg&fQ iy %RI“%G(?A“ 5%’$WéFlﬁfgai?‘ﬁ%?dﬁﬁc?omélsgsepar at ed

met hanol t ki - 3§ R&H NBF; Bf tha aSi@Rp@édict On
unit, a recg’gta?ﬂ(glr%hh%?]?&gi@%gﬁéggzb}%%g%?g%ﬁ?%@?ng. 26. 3I'he met h%géof claim
20 furt heris frompabieeit Ag ldombadtdi-lg t he met hyl -t-butyl ether w th phosphoric
acid. 27. The nethod of claim 20 wherein separating the acid product
conprises concentrating the acid product such that the nolar ratio ROH :
BF3 in thegaci dr aewel of ckirh 2o WhrRIM theZonderatedbold préduct coRBriséEhee net hod
of claim 27 wherein the concentrated acid product conprises a nolar ratio
of ROH : BRglat ratier oft(R(OH : BFs from gbowpdutl 18aboyt 339 The net hod of claim 20
wherein the acid conposition conprises a nolar ratio of ROH : BF3 from
about 1.6 : 1 to about 3 : 1. 30. The nethod of claim29 wherein the acid
conposi t i a9, conPhid method offolain 20 atlecein dfe dRidHomBEBiohrcompaisena mplag ratiol - t o
about 3 : 1, 31. The rretpod oé_ﬁl aim 20 wherein the product conposition
cont ai ns AR BFsfqmpbowtd &y 03Pt fhdt the nolar ratio of net hyl

pival ate to nonanoic nmethyl esters is

30.  The method of claim 29 wherein the acid composition comprises a molar ratio

of ROH : BF; from about 1.9 : 1-to about 3 : 1.

31. The method of claim 20 wherein the product composition contains nonanoic
methy] esters such that the molar ratio of methyl pivalate to nonanoic methyl esters is

about 4 or greater.



about 4 or greater. 2 9 JUN 200; -55 (a) 3. A nethod of making an ester
.conpri'sing: contacting an.olefin selected fromthe group consisting of

et hyl ene, propylene, isoole ins, nornal butenes, and C5 to Cl82?'ﬁlfNi2mﬂ W th
carbon nonoxi de and an acid conpositignh conprising BF3 ROH to forma
product conposition; (b) adding ROH to the product conposition of (a); and
(c) separating an acid product conprising BF3-ROH fromthe ester, wherein
ROH is selected from net hanol; n-propanol; n-butanol; 2-ethyl hexanol;

i sodexanol ; isoheptanol; isooctanol; isononanol; 3,5,5-trinethyl hexanol;
i sodecanol ; isotridecanol; 1-octanol; |- decanol; 1-dodecanol;
1-tetradecanol and m xtures thereof and wherein the nolar equival ents of
RCOH in the BF3 ROH, ranges from about 2 to about 4, 33, A nethod of naking
a ester conprising: (a) contacting an ether with carbon nonoxi de and an
acid conposition conprising BF3.2RCH to form a product conposition; (b)
adding ROH to the product conposition of (a); and (c) separating an acid
product conprising -BF3.2ROH fromthe ester, wherein ROBis selected from
met hanol ; n-propanol ; n-butanol; 2-ethyl hexanol; isohexanol; isoheptanol;
2 9 JUN 2004 -56 i ooc&gaol : a'ksononanol , 3,9, 5-trimethyl. hexanol ;

i sodecanol ; i¥otri 39‘515 of MAKIEARGHIET OmYetBfiol ; 1- dodecanol ; .
1-tetradecano -y f i her
conpri s?@é (d?rﬂ?éehcr{ygcﬁ ﬁ{?ﬁg‘ %l(}‘ré Eeiggffrrlmg?jl ?f% egf'jlﬂfrdaltg g%l%zfl‘c&iQljl %?E(’) u%éﬁ{nrg'

cont act ishdeBhhenomiab buldhes, meithGd tofC, ¢ lodkifins 38ithwlterben nmoinexidd laed ansacid
represented by.the for,rml,aF ﬁOI? Wnerdei n R = saturated C1 -Cl13 al kyl
and R = SRERASHiYycqmprisigg BFpRPH to fonpy 2 produgheompositian. he t he same or

di fferent, 36,48 |84 ; Laghde ether is

met hyl - n(Ebl%ut yla%‘%qﬂgrll.@?@@F%}I'%&em?réeﬁ%}tgﬂq{:fﬁa)?%ﬁ 33 wherein the ether is
cont act e@) wi t feymaatingran anidh praddet comgprisimgaBF oRObinfyomi the ester; ovheréini R{gH BF32ROH

o o temeretyce fLopahout S0.C 10 200U BORC. 35 THe, JELNRg ol o m 33

1sooctanol; isononanol; 3,5,5-tnmethyl hexanol; isodecanol; isotridecanol; 1-octanol; 1-

decanol; 1-dodecanol; I-tetradecanol and mixtures thereof and wherein the molar

equivalents of ROH in the BF; ROH, ranges from about 2 to about 4,

33. A method of making z ester comprising:
(2) contacting an ether with carbon monoxide and an acid composition comprising
BF;-2ROH to form a product composition;
)] adding ROH to the product composition of (2); and
(c) separating an acid product comprising BF3-2ROH from the ester, wherein ROH is

selected from methanol; n-propanol; n-butanol; 2-ethyl hexanol; isohexanol; isoheptanol;



nonoxi de and an acid conposition conprising BF32ROH at a tenperature from
about "~ 110C to about 160C. .39. The nethod of claim 33 wherein the ether is
contacted with carbon nonoxide and an acid conposition conprisinpJBER2RPH
at a pressure fromabout 30 atmto aboué‘ 200 atm 40. The nethod of claim
33 wherein the ether is contacted with ¢&fbon nonoxide and an acid
conposition conprising BF32ROH at a pressure from about 110C to about
160C. 41- The nethod of claim 33 wherein ROH is an al cohol selected from
the group consisting of methanol, n-propanol, n-butanol, 2-propanol,
2-ethyl hexanol, 2 9 JUN 20?4 -57 isohexanol, isoheptanol, isoactanol,
i sononandfo0BRSlE1SORPRABOK A, S RekaEedly] hexmwéciardskanol] sotridedemdnbbetade]ptt anol ,
1- decanol - o . tetradecanol . 4'... The nmethod of claim 33
wher ei n Rdéﬁh?&ss’?re%gﬁ%ﬁb?ﬁ%@%“wﬁww Chelf?h 33 wherein the ether is
met hyl -t-butyl ether. .4 The nethod of claim 33 wherein the ether is
di i sopropyl ether and ROH is 2-propanol, 45. The nethod of claim 33
further conprié¥ng: Thenegw efcldimg X fethed @brpnising: et her with a hydrocar bon,
wherein the hy ocari)on is .selected froma saturated |inear or branched
hydr ocar bon hauPAg-YEi08 & REFtaz of theseparated apd prRgugtde pertacsfthetthenm 33 fur t her
conprising: (d) adding a hydrocarbon to the product conposition of (a),
wherein the hydrocarbon is selected froma saturated |inear or branched
hydrocar bon ha¥d.ng dhe medlsid ofcluint dBbainseinkile ethbeisRbhachied ve!taé MAia
further m@r‘",si : %ﬁ% separating the hydrocarbon and ROH from BF3- 2RCH
and directi dia“ﬂﬁﬁf%l = Htweird Geparailed 2nd &' ot satweteda@d- CreelsPpandaRed ROB
to a uni tapget ecdesh consisting of a separation unit, a
reaction unit, and %Eg?lrr%ihﬁgi?{egér{ﬁt hereof. 4t& The nmethod of claim 33
further conprising: (d) contacting the olefin or ether with phosphoric
acid. 49. The ‘thoi of c}{O? rp%&; wherein separating the acid product
conprises coricent r APF AGTOROT SR SFrhenen tha herinatetinha-butilether at i 0 ROH: BF3
in the concentrated acid product is fromabout 2:1 to about 4:1. 2 9 JUN
200; '

31. The method of claim 33 wherein the ether is contacted with carbon

monoxide and an acid composition comprising BF;2ROH at a temperature from about
60°C to about 200°C.

38. The method of claim 33 wherein the ether is contacted with carbon

monoxide and an acid composition comprising BF32ROH at a temperature from about
110°C to about 160°C.

39. The method of claim 33 wherein the ether i1s contacted with carbon

monoxide and an acid composition comprising BF;2ROH at 2 pressure from about 30
atm to about 200 atm.

40. The method of claim 33 wherein the ether is contacted with carbon

monoxide and an acid composition comprising BF;2ROH at a pressure from about 110°C
to about 160°C.

41 . The method of claim 33 wherein ROH is an alcohol selected from the

group consisting of methanol, n-propanol, n-butanol, 2-propanol, 2-ethyl hexanol,




-58 5.0. The nethod of claim4 wherein the concentrated acid product
~conprises a nolar ratio of ROH:BF3 fromabout 2:1 to about 3:1. 5 1 . The
met hod of claim 33 wherein the acid conposition conprises a nolar? 9 jl# 200 of
ROH: BF3 from about 1,6:1 to about 3: 1. 52. The nethod of claim51 wherein
the acid conposition conprises a nol ar’7tatio of ROH BF3 from about 1.9:1
to about 3: 1. 53. The nethod of claim 33 where the product conposition
contains less than 3% by weight carboxylic acid. 54. A nethod of making an

ester co LiSi shrigBonhexanely i jdedeammblan aci d
corrposﬁ ﬁ“&"lm%% mSPQE@&R@Qt %Bnﬁr&%@g %’?oduct conposi tion; (b) adding
RCH to gg}ﬁdmaggpqtm@gmpqsd&daﬁﬂl 0fdodedanokand Matraslemlohtl ng an acid product
conprising BF3, ROH fromthe ester, wherein RO is selected from nethanol ;
n- propanol ; n-butanol; 2-ethyl hexanol i sohexanol ; isoheptanol;

i sooct anol ; i.sonopanol r I{@?-f glodecanol [ sot ri decanol ;
1- octanol; ‘lz'-dec %f“etrfddg&gaélgr‘?am%ew‘b ggcano and m xtures thereof and
wherein the nolar equivalents of ROHin the BF3 ROH, ranges from about 2

to about 4. . .
43, The method of claim 33 wherein the ether is methyl-t-butyl ether.

A4 The method of claim 35 wherein the ether is diisopropy! ether and ROH is
2-propanol.

45.  The method of claim 33 further comprising:
(d) contacting the olefin or ether with a hydrocarbon, wherein the hydrocarbon is

selected from a saturated linear or branched hydrocarbon having at least six carbons.

4. The method of claim 33 further comprising:
(d) adding a hydrocarbon to the product composition of (a), wherein the
hydrocarbon is selected from a saturated linear or branched hydrocarbon having at least

six carbons.

1. The method of claim 46 further comprising:
(¢) separating the hydrocarbon and ROH from BF;-2ROH and directing a portion

f—

of the separated hydrocarbon and the separated ROH to 2 unit selected from the group

consisting of a separation unit, a reaction unit, and a combination thereof.

4.  The method of claim 33 further comprising:
(d) contacting the olefin or ether with phosphoric acid.

49.  The method of claim 33 wherein separating the acid product comprises
concentrating the acid product such that the molar ratio ROH:BF; in the concentrated

acid product is from about 2:1 to zbout 4:3.
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50.  The method of claim 49 wherein the concentrated acid product comprises

a molar ratio of ROH:BF; from about 2:1 to about 3.1.

51.  The method of claim 33wherein the acid composition comprises 2 molar

ratio of ROH:BF; from about 1.6:1 to about 3: 1.

52, The method of claim 5| wherein the acid composition comprises a molar

\ ratio of ROH:BF; from zbout 1.9:1 to about 3: 1.

53.  The method of claim 33 where the product composition contains less than

3% by weight carboxylic acid.

54 A method of making an ester comprising:
(a) contacting an ether with carbon monoxide and an acid composition comprising
BF; ROH to form a product composition;
(b) adding ROH to the product composition of (a); and
(c) separating an acid product comprising BF3’ROH from the ester, wherein
ROH is selected from methanol; n-propanol; n-butanol; 2-cthyl hexanol; isohexanol;
i isoheptanol; isooctanol; isononanol; 3,5,5-trimethyl hexanol: isodecanol; isotridecano]; 1-

octanol; 1-decanoi; i-dodecanol; 1-tetradecanol and mixtures thereof and wherein the

molar equivalents of ROH in the BF; ROH, ranges from about 2 to about 4.




