METHODS FOR THE MANUFACTURE OF ACETALS AND KETALS, AND THE ACETALS AND
KETALS PRODUCED THEREBY CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
appl i cat ivwo 20i2i189priority to U. S. Provisional ApplicaPconshio/oésb370365,
filed on August 3, 2010, the entire contents of which are hereby

i ncorporated by reference. TECHNI CAL FI ELD [0001] This disclosure
relates to nethods for the preparation of acetals and ketals by the

aci d- cat al ygednogactoR TnefmaNeehelivm bh sxenmaldelpdesraketoasireg, and
esters thereof. BACKGREENRI S AND KIAOE]S anhelgphydgs;g ket oaci ds, and their

esters contain an al dehyde or keto group, respectively, in addition to a
carboxylic acid or a carboxylic ester group. Reaction of a diol with the

al dehyde (@OW®-BERFIRENER JER EleA HISD AF’P BIONr mati on, while reaction of t he
ket o group of t

hydroxyl gr ougﬁlélg lggﬁdrngctkr{@% Oﬁt F\A(gtssabr,o 8[ Aﬁgjﬁa?to %% ﬂ§7e3ﬁgfg ycoI ))
will for mna\ugusﬁ%ol(&ﬁethaﬁmhrdp@t@tstﬁwm@ age ller@Dyhy@mea}tbd @r@tepem@nfr guration
(such as 1,3 propanedi ol (propylene glycol)) will forma di oxane group.

Hi gher polyols, such as triols and tetrols, including polyneric polyols,
can be ué@(DHNiCMrH*IEEQCI ic ketals as well when at | east two of the polyol
hydr oxyl grou he 0

netal  zatt onual Bt G0 R lo GuneRar GORERIHER aren i M sence. of
an aci d aaiald/aiialyZokeaexanilakobolhend ganealdetsdep kabicidsamddseatidrygt such as
sul furic acid, hydrochloric acid, phosphoric acid, p-toluenesulfonic acid
and the |ike. SUMVARY [ 0004] Wile a variety of nethods for

acet al i zBA@GROUN et al | zati on have been reported, a nunber of chall enges

remain, particularly with respect to the |arge-scal e production. For
exanpl e, one EW9E] ¥ipjaldehydete kepacisvindrheiiestesy Gonistn WrpldehudaatksioigsenPi on i s

sel ecti veesheaGLlyOR achth foheadlod@tyAR @ CKl%t)leﬁre@th§muﬂ atdaetiontdranidihe oxo
group of the carboxylic acid or ester, e., esterification and

transest e?rlthfth%tflfrhdﬁe olthieetpldahsdse lseds e écerah formatiqes whdhieaction ohhedeiod cat al yst .

Par ti cul ardup P8 kbBE@f1:8Eab Retal thrmhafiofll DHidiCitvinet:0 PRI@IG Boghl ¥ pure product
essentially free of transesterification pr oduct s or of her ypr oduct s

[ 0005] Trtemfguaaé@omplmgq L2 dard digl (ethpleeciglygel well frm afdsgxotpae estdolk or t he

manuf act I zat i on
or ketal :ﬁgﬁ? ? %rlrggl\?gl?)kgsg? g&iéf% %Jtr?%)\r{?(%drah? % gggeog)tla Igeglrgdfl X%g%(yﬂ%% ng t\?%lns There
further rfemai disxae rgwu H@'Hherrmljfﬂmsucthraattnqh glddettdie uuteslmgemlypne@dlpeWOISn hi gh
yield an%ax? Ee 1@ gn) fBH}I; ic k%: fitas w%ﬂ fhet? gtl t(\?r;[oh)?lthe 9%119 ? r%uls)s e
cont am nan desita uce pro u of very | ow
col or, pamtlnedtﬂarlwcohﬁgteatmt or st ability over t| rre It woul d furt her be

desirable t duct tabilit tinme.
It woul d be 1 DIBRERCRUARET st a7 L i uBROG I8 b BodPebsideli Ve and-
amenabl e atid ch@alygefos eadngplPi H(ﬁihkﬁgeh@ﬁls protic ac[dQ@Q6kt dicls ad wsede hed.ein is a

met hod for .t acture, of cer ket hyl levulinate, the

met hod CMP%?IWCELHP%B Tigeigr 92‘?—1‘%’ '\?\ﬁot“ﬁ a@ﬁﬁ{}ﬁ?thfai‘\ﬁfﬁl inate and a catal yst
in a reactor under reaction conditions to produce a product that conprises
a glycerol ketal of ethyl levulinate; fractionating the product under
fracti onaiMMAXondi tions to separate fractionated naterials fromthe
product until [ddog WhdHCiricePOMIIBER threSsat A8oh 4B aRA LR hRRbel | | 1 0n Of
glycerol; recycling the fractionated materials back to the reactor; and

di stilli AePort aptuagarcqf chlleagesdpain nagicrlsHy oh desprd sthokeseeicalet he resul ti ng
product GAMREAGRSFof BenBley GRS @hudist oGl hed MYMIdhNAL RedDibeSS than or
equal to about 2 wt % contam nants; wherein the contam nants conprise one or
more of @tlpeioe atactierowith ip aldplagle oekmgroue&/tﬁthemétae thevggp @roupef the hi gh

nol ecul ar, t, uc - t east 1.5
tinmes gr eaﬁ%ﬁ?hglﬁwhgg ffeeg%t{%?%\ﬁgl%f %E(trlf\ﬁ%hg)}ﬂ %Iel%lg?ﬁ?(g{cgfsqﬁ ﬂeet hyl

| evul i natpeesence of aif @ﬂD@a}alﬁt sEalmmlyhmrlagﬁsqalmit nsedlﬁlcnhtdnmmm bighlypere
L (o s o R AP A
first react or under a f| rst set of reaction conditions to produce a product
that conprises a glycerol ketal of ethyl |evulinate; continuously sending
the product fromthe first reactor to a second reactor that is downstream
of the first reactor and subjecting the product to a second set of reaction
condi tions; continuously sending the product fromthe second reactor to a
third reactor that is downstream of the second reactor and subjecting the
product to a third set of reaction conditions; thereafter fractionating the
product under a set of fractionation conditions to separate fractionated
mat err aI S fromthe product untrI the product conprises |ess than 1000 ppm



RAOR1 R6R11 R7c RRo R8 RO (6) where R, R2, R3, and R4 is independently a
hydr ogen, Cl1-12 al kyl, C3-6 cycloal kyl, C1-12 al kenyl, C6-12 aryl, C7-13
aryl al kylwoan120d898 al kyl aryl, and b is 1-4, R5 is a ClPL2/usbéylo46468- 6
cycl oal kyl, C2-12 al kenyl, C2-12 al kynyl, C6-12 aryl, C7-13 arylalkyl, or
C7-13 al kylaryl, each of which can optionally be substituted with one or
nore addition hydroxyl groups, R6, R7, R10, and Rl11l is independently a
hydrogen, Cl1- {@08] tre ac@érd%lﬁ%&ﬁi‘ﬁ&‘yﬁéé@{h 8R&rt ErlmdiBod!tédthe &Hﬁﬁ&dtﬁrbﬂc idl\éw th

up to six hydroxy groups cycl oal kyl , C2-5 heterocycl oal kyl

al kenyl , ofacetaps w&ﬁ@i@wﬂm@g@qelec@etnfszr agelplization o keteliglicn Rgr estegificgmn) 3

al kyl ar ylo, ,each. 8 @aﬁﬁ hs frAS0R s Py By A0 ioy¥le, Cl-12

al kyl, Ci-13 hydrox M3-6 cy cI‘III)‘l ‘IIIN'I{ Ci-12 aﬁ%gnwgqu- ¥
hydroxyaMk@WﬁWéNGGJEB%EZKéi@ﬂiﬁﬁzmlﬂnwr@WdﬁKykof@hmﬁmbrwxwk%@raryl and c is
Ok and WORL S NE ARG OT.GRIPL] 58, SRRLIBNSY IGANR): Lo about 2 wk o
cont am nants; e contam nants conprise one ofr nore of gl ycerol,

aci d, etmvﬁwhbﬂwhmmabbrMWthmeunmaIhwgmdMBﬂchi@BHM@i@hMbepmudumt haV|ng

I I ht h h I I
ot el oA ot B 8o ol bl TR SR SRR S B0

enbodlnenmﬁeameﬁﬁnﬁﬁhmﬂadeﬁﬂﬂdmedgemmkhmxmmamnngs and detalled descrlption

that foll . | PTION OF TH I
ORI 1 3w asectit AP AR TR gt A e oo e PO

nunber ed 1@hlikge, thedQdBd dﬂnﬁiﬂﬂ’sﬁig tontsctiag g@h@ﬁﬁbﬂtmetﬁm 1@&1@(@5}@ aad’ayal)&l’, pcess used
to produce acetals or Hg %: 4 ure 21s nother s% mati c of
an exenpl &P PR Eé%‘%“‘l?s“@ iigfis i prpdees Hedust ‘é‘ GPMREE S Ycﬁ’i%lketal 0 %Io 15]

Fi gure 3 1é\lianotiheiorsGRENB bivaudfunddt Olab@ina@XE/mREALYs (BkERASSIrAs6shdd produce
acetals or ketals. DETAILED DESCRI PTI ON [0016] The inventors hereof
have di sd&REdTIMPEeUgcBtihbeBrofegt comprisselesthpn, W00 RartyRee giiliPy 2bd reacti on
of sem alg@%@%@@&y@m@ tﬁ@fr%%hsﬁ@d M’ht%lkﬂalé"I);féﬁI&QIhg rea@t@?%ha aﬁ@hlhg/the%aq&ts to
produce acetal's and ketals. These nmet hods produce purer materials that

exhi bi t juRgRreEdatnabndifiens wiicropilie resuléing piogigi gopresegdie glycerol kg f 7]

Di sci s eq e ChihalcSinft 18! BEL5S Ao TR AR ohad kRt alR-dhfheacetal s that

have |nprove§ ermal sta t f ow col | or, h col or retention or
stab|I|tyomamdmmﬁp@nwgﬁOhgdwo@ypf@qud»ghbﬂmmssa@wlkwyumwhwmgrmuess

i nvol ves .r e I | cohol s,
pr ef er abl yg (III:&?&S %I%Igh%)%u% X E%O?%ggggfe IItS%It %I(;’o I\?gsg lIr%gI::n)l/e\éIgqum?
senlaldeMymeEwnmemdanmmguofmegbe@snandop@hyéﬁthM¢Ie removing acid catal yst
and bypr oduct fOOIa?]VI)ngI g IIlle IInetI)o 18 amgtI'lI c?fror IIIIEI IrIt agtgl%do ﬁrt | OIkaI?r O%IUCI s from
t he process. %@] n an exenp ary e i ent, g° process invol ves
acid cat aﬂwk]em@uﬁter tha atethon cbﬁ{oﬂt@@ﬂco&tﬁcm@c@mmfa}@ﬂ Inawhhﬂamz uhd D@dnehvd t h

ei ther glycero P ene in.a single or a act or
inder ef putas il G ln Raft KR soe6r Brcstastabon e PogtesSdhel fthar
conpr i seso@pdey & @lyebrokigkabf ahyleédm}ihaté Q\éhﬁﬂuﬂﬂélﬁsdﬁﬂmg terpeguueién geyial ket al
of ethyl |levulinate respectivel 0019] The reaction product

conpri sed*¥REG %%eﬁ%IEItIF?\‘Fépr Kt do&YPStéﬁaH’ﬁf tIIeef\‘)f SHTFAsLr @ndaibygsting %I% PROFIRSH

| evul i nat@a s@BRd RObYRAcH oA EhHli Al b ETuoddddsdnti@h efe piRiveciibiA theWsd @bt
condensati on products. In an exenplary enbodi nent, the vaporization of the

excess et #AgIor [/ it Hatceorithal setopatFrarr f thessesqid ceRcsRr 2aé syhigsHn®he prpdyet _
fractiongg hﬁﬁd%%f'ré%@u&I cohBi@oR: %Fe’ﬁﬁeﬁfﬁkﬁéﬁatm A€ pRIIR&SRGera&Lrdtp s detailed
inthe Figures 1, 2 d 3, which are detalil FOM/ More than 99 w % of

t he unr eé@@@ma@@mﬂndmléwpusmmée EMO%W@MGI@S ﬁ@ﬁﬂ%emowwﬁtlﬂ He presyet | on

pr oduct tionto
b oduce 30515 aEKsP AR A rgfNE ol B e B TR A bl e

gl ycol ket atisolfation hglhmh @uddrjanettod dsoligios icondtons havhaontigiressltingpsoduptan 2 wt %
of conta 0 s thensel ves,
the aci deOIIﬁ?Iq%eg thte glyce OI Efggl é)If) nté;ollqr%\l%nmngtggﬁé legsqﬁélb(g%q&ag g&?ﬁ as wat er
and/or ahomhmhmm&nduhnghmmnWemuMﬁscmnmghbnspﬁnmesfgbonﬁtmm@gmmeiemybd to as

"heavi es”, ncl ude di. etraners or
SRR i LN ot P o ST RNLE S e e S S
gl ycer ol l(ﬁ’tllﬁés(mkfﬁﬂ&ngﬂle)ﬁﬁdhcdlﬁtvﬂshghﬂf)f theylytdrol ketahoff @hyl le@vlihatai ¢ aci d,
acetic acid, formc acid, succinic acid, or any other base-titratable acid
speci es. [ 0021] The glycerol ketal of ethyl |evulinate conposition or
t he propyl ene glycol ketal of ethyl |evulinate conposition is substantially
pure and di spl ays i nproved chem cal stability over tine, |ow color,
i nproved color stability over tinme, and inproved hydrol ytic stability over
conpositions that contain inpurity levels greater than 2 w % cont am nants,
such as those contam nants |isted above.



[0022] In one enbodi nent, the glycerol ketal of ethyl I|evulinate
conposition or the propylene glycol ketal of ethyl |evulinate conposition
cont ai ns WO2812hs9391 wt % cont am nants and di spl ays i npr @cedaSetemicias
stability over tinme, low color, inproved color stability over time, and

i nproved hydrolytic stability over conpositions that contain inpurity

| evel s greater than 1 wt % [ 0023] In one enbodi nent, the glycerol

ketal of et hylodogVblstBalifeeRBOR 4ihQRodlor BRI 8160 WX GBlcok@tadbr Of
ethyl levulinate conposition contains |less than 0.5 w % contam nants and

di spl ays ciiiples¥ingtec e meder cempiing coptagirg ronyine elsol i Shyl lgvshpaved col or
stabi | ity B¥BEedobdoid Snyst L Q&S AU 0] ¥Vbh CondfiRRE fo! By QFmanma@ tions
that contain rnpurity levels greater than 0.5 W% . ~ [0024] Al so

di scl osedomerisss A piopyangilyesd kehl Kethal lepflinatehtplrepigar difap tirmpengctbarpodidti on t hat
advant ag ley .cont ai L. . pRM aci d,

| ess thaﬁﬁgiféaﬁgﬁaggggg%ggﬁf8%%%6;%%%P%$&% y%%?%?%ﬁﬁggggﬁﬂgﬁg%ggequaI to
about 0. Pradudocompdiayiyss thehfl@0muh dfretiml evnlemest respcling el tiomwnaimertsriadd  t he

gl ycerol ketal of ethyl levulipate, |ess than .or equal tqg about 0.5 wt % of
o comgh O e B dPU P s FRBRIAPAEL e P e Rl e ol ycer ol
ket al of r&uhipk pleeiuetlcomaties drcpratylopk glyemikeiahatt ehyl leesbnatdrad 1o tteaquoal t o about
0.25 wt % of diners, obtained froma reaction between the glycerol ketal of
oty 1 et RS b Pty Rt P e oo e oue 0.1 we 6
trinmers okipgienedytslpawicahal idallineondeasatd Kgh helevaanvdifie bgpryder bdvidget al  of

et hyl levulinate anpd the diger product of ethyl Iev¥lina e and the glycerol

ketal of "EH§RPIAr PERLShEAfE ahles || dJEnGs BRI MR HlArOle a6 0. wt % trimers
obt ai ned phdp9Ena glyea &biaDoY Jasl Wweelmatdne di mer of glycerol ketal of ethyl

| evul i nate and et hé'l | evul inate, The low |l evel of inpurities permts the
gl ycerol ket alV0891 Ristlpsed hetgin e staanebefhlos ME R g eaifepyhme eReddgedos hel f
life duricng) Mphifhe the dictidb d¥Spsherddnab hydre Y1 yRUBWitH &R levuRihS AT

col or st ggigl ity 0\7er et iefrre, . an% ilrrpr ovecli%ﬁgwolny%éi}g stlabi ]Ia?t(i/ [ 0025]
It is deskmalireuifasic acibingllifearasior kedeap figt sPhiprcioa¢ONdifRDS & ROAEESi tion to
have an agiflcNHIREMpAO brob Pk o18G1 MR eﬂhgﬁlév&h'ﬁ%; Qnifdal stRikput 0.3,
specifically |ess tﬁan or “equal "to about 0.2, specifically less than or
equal t o pabloctiran the fian deagtor © syewidfrpastr hat iselownstivam of thedgsia¢actopazbout 0. 05

when neasyt.ed [ imhe. I by ASTM D
664 is g?@%ﬁgﬁgﬁFﬁg&%ﬁﬁEQEE%ﬁgé?ﬁ%?ﬁgﬁﬁﬁg?gggguﬁ?ﬁ@ﬁ%@%?%ghgﬁg%) per gram
of sanpl eroduct from the GGD6{ rextantolagbirdfreager et iadewsdtcangf teisctood remrdnoxyl i ¢
aci ds, suc s the glycerol ketal of levulini.c acid, -form.c aci acetic
20t . 1 e s bOE g MR s B e S e Ol of st S BB o

[ 0027] Alps@luck wmdérassedofifereonatioscadipionpylsepreatgiryciohatéemalkrid$ fremhiyd

| evul i nate conpasition that advantage | y cqontains .| ess than 00 ppm

wat or . T GRAEHBAT b PR AGPRTct By Pin PG FErE e e B0 ppm of
propyl en&s@FYEahd diseligg tHaafodatt i gdatillitdnabluin vdd& antOofeistiditaar s obt ai ned
froma reaction between the propyl ene glycol ketal of ethyl |evulinate and
pr opy! ené%‘b%ﬁi ",threég_éhetrﬁél 1ng pr Ef&omﬂ?gseébl&ﬁmﬁyﬁ% gﬁﬁc%li?fa}{aﬁed]@fl di mers

obt ai ned 1¢vugRAt@add8: haarr BalarRabobrey (9 Ryinahe g Wheeln ketlan@hane! hy!

| evulinate and ethyl levulinate, and | ess than or equal to about 0.25 w%

of di mer $OBBLXI Meal PPml aropeleps slyrplipstdneBy lovulipttesvass rrdigBpltWHe gl ycol
ketal of veidny bydr6dil hdfloGnARd1al walhe 10f aRraPRYd §NQirlls e Qler thhRend OW | evel  of
inpurities permts the propyl ene glycol ketal of ethyl I|evulinate

conposi t insheculsr waight rihenroptene glyshkletal pf ¢thyldemuiipgie.whi ch it di spl ays

chem cal st abjdqy i o o Ly b e, and
mproved hydr bt R uE s AT ob R SRpEof iRk 3o A QFnd 1T

propyl enetrgdtyre §b): ket al of ethyl |evulinate conposition to have an acid
nunber (for total acid) of less than or equal to about 0.3, specifically

| ess than or equal to about 0.2, specifically less than or equal to about
0.1, and nore specifically less than or equal to about 0.05 when neasured
as per ASTM D 664. The acid nunber as determ ned by ASTM D 664 is given by
the mlligrans (nmg) of potassium hydroxide (KOH) per gram of sanple.
Exanpl es of acids are |listed above. [ 0029] As stated above, a

sem al dehyde or ketoacid is reacted with an al cohol, in particular a
polyol, to produce an acetal or ketal. The sem al dehyde or ketoacid is of
formula (1): ORL (1) wherein each R, R2, R3, and R4 is independently

hydr ogen, a Cl1-18 alkyl, a C3-10 cycloal kyl, a Cl1-18 al kenyl, a C6-18 aryl,
a C7-19 arylalkyl, or a C7-19 alkylaryl, and b is 0- 6. [0030] In an
enbodi nent, each R, R2, R3, and R4 is independently a hydrogen, Cl-12

al kyl, C3-6 cycl oal kyl, Cl1-12 al kenyl, C6-12 aryl, C7-13 arylal kyl, or

N oA N o - A A o A -



[0035] In formula (2), R5 is a Cl1-12 al kyl, C3-6 cycloal kyl, C2-12 al kenyl,
C2-12 al kynyl, C6-12 aryl, C7-13 arylalkyl, or C7-13 al kylaryl, each of

whi ch carwopbizmsd3by be substituted with one or nore ad@criuseoihpdsioxy|
groups. In a specific enbodinent, R5 is a C6 alkyl, Cl-6 al kenyl, C6-12
aryl, C7-10 arylal kyl, or C7-10 alkylaryl. Still nore specifically, RS is a
Cl-3 al kyl. Specific exanples of nmonols of fornmula (2) include nethanol,

et hanol, 1-propanol, 2-pgopanol, 1-butanol, 1-pentanol, 1-hexanol,

cycl ohexanol , ethynyk4alc ol , O§1rrethylpent-l-yn 3-ol, tetradec-9-ynol,
phenol , benzyl al cohol and xylyl al cohol. [ 0036] As stated
above, R5 can optionab ubstltuted with one or nore hydroxyl groups.
In these conpounds ¢ the aIcQ ol does not forma cyclic ketal with the

sem al dehydes, ket Nde m al dehydes, or esters thereof. Such polyols
react as nonofunctiongt cohols such t hat tmoggnles of the compound react

to produce acet ; qr ual rou Specjfic f co n f fornmul a
()t har Sgsron Rr. o rind e e ediingy DR et T2 RAP oGS S5 R0 Btk Ghddi of

di et hyl engegjlyceh? él(yH@@k@QerQn or Xy ene 1@tyy Qﬁdl b 1321' butyngel,14-adiyol

3- hexyne3, 5-di ol ( SURFY avai | abl Air Products o AIIentomn

PA) and &t3 h@?ycataﬂvh%a}%eﬁbﬁ %ﬂzﬁlrkéﬂﬂﬂc(t:@ 1%éﬁykét7e](§ AiAgky] pHe -EURFYNOL(r)
br and narﬁﬁ(ypaYyIAéaEh B WRibcE dﬂtlotﬁhl!y SR LM uteAvith one or mbl@oda&llolll H)(]d:r 1 p0|7y0|Rm0f

formula (3) at [|east two al coho roups are present, and eac

and RH i $rqunsidheRd@nt pyd B wate@g@f%nﬂmhndzomk@l 12 gyl 19 dr oxyal kyl ene,

A 12 alk t r | kyl, C2-5
0 12,21 bl WD ARl RO CEOSUBLGRT K1 ¢
aryl al kyIC2 i)het@f:)@@a&ib/kﬂldﬂwﬂkenﬂaﬁhl%y@h@/aﬂgnﬂs% ﬂlélelryé f el 4rylaléy1hyldr ogen,

hydr oxyl ,~Glr K 9 - al kenyl ,
Cl-12 hyé%ox &%&gkl %ﬁ£§%%%§ §¥ eg%¥g%§¥*§d§§§$§&%§#ggg?xéﬁgﬁgt%ﬁ%yIaryl
and c i s hdroxyallyl eC%@ex;ﬂdaillQ/l énbbdilkempt, C1dadlydi8yaliRfyleRmCoal2chrRHCT-$3
Icgdirz)eggigt ll@a ar ¥ %ﬁ%&;ﬁtnd Cis J&:§%E%W%frﬁm| tﬁé’cqmpoélgtlé kX' ke dle%l?an orkenyI !

i ndependentdl yo aboht;mwd@ esntarhiyight xmwhlereirGhe Gormdrktyldlnts @h&}ﬁishW@mé &yl ene, Cl-6

al kenyl, a Cr7-10 a | ar and ¢ is 0-1.
ST o T R e R e of e g e Yo @hitene o

hydr ogen,mdldcuBir akighis thad ire Gl tedst Myldings padaky than ehe rR@Eu1aRS A toffEk: kedal
|ndependegé ¥ a hydrogen, Cl-4 al kyl, or Cl-3 hydroxyal kyl al kyl ene, and c
is 0-1. ucl.- 10038] Specific exanples of polyols of fornula (3) include
1, 2- et hanedi ofoof ef me B0 ee-@syreli and dherMRRARARI Q) fuftArRiBAELIngGhe/ COI ) ,

1, 3-propanediol, 1 ropanetriol (glycerol), diglycerol (a m xture of
egceroId&?ﬂ%@§m€6ﬁBWEHE§FWB??W%W?H%%d secondary hydroxyl groups),

2, 2-
1, 2-
1,

di met hyl- 1, 3- propanedi ol (neopentyl glycol), 1,1, 1-trinethylol propane,
but anedi ol , 1, 3-butanediol, pentaerythritol, cyclohexane-1, 2-diol,

4- di ox&HRED DESEREPTION OF THEJPRAMINGS| | 1, 3, 4- but anetri ol ,
1, 2, 3- hept ane ljje | Ndane- 1, 2-
dIO| and penpgggfg%ﬂfﬁﬁggggggﬁ%gg(gF%%hgkgeﬁﬁgwhﬁﬂﬁd%ﬁéﬁﬁygé sorbit ol
xyI|toI eteiregistars] nundesetl hiksd. | erythritol maltitol, lactitol, raffinose, and

seochyose: PETAAST LU ol (AERMNGUHSR A0 SIEL Bl BhRRPe!

Pol yol s, kkals; of Tol edo, OH. [0039] In a specific enbodlnent of the

pol yol of forpmy . each nd R7 is hydro r met hyl ,
eyt or_nyal Gy SHERy PIRERR A RLorsh AT eesifiadto R B oo
- ( CH( OH) oB&#ieHdndand ¢ is 0. In another specific enbodi nent of fornula (3),

each R6, R7, is.h dr

or (o v 3] Pl 30Y oRF g Py w4 THEMRG o ogen,
Rm i s netabyhls orkeetllyl , RH is CH20H, and c is O. [ 0040] In an

exenpl ary enbodi nent, the polyol of fornmula (3) is propylene glycol, while
i n anot her enbodi nent, the polyol of fornula (3) is glycerol. [ 0041]
In the polyneric polyols of formula (4), d is 0-500, specifically 0-250,
nore specifically 0-100, still nore specifically 10-50 or 0-10. The

pol ynmeric polyols have repeating units, for exanple from3 to 1, 000
repeating units wherein all or a portion of the units can include a

hydr oxyl group. In sone enbodi nents, the hydroxyl groups are only present
as termnal groups. Such polyneric pol¥ols include polyvinyl alcohol and
copol yners thereof, polyether polyols based on ethylene glycol, such as
CARBOMAXC) pol yet hyl ene gl ycols, available from Dowr) Conpany of M dl and,
M ; polyether diols and pol yols based on propyl ene glycol or conbinations
of ethylene egcoI and propyl ene egcoI such as those sold by the Ebw(r)

~ R A ) I T o " o o



wherein each R is as defined above, specifically a Cl1-6 alkyl, nore
specifically ethyl or butyl. Fornmula 6(a) wherein Rl is ethyl and RO is
hydr ogen we 20te1g939cer ol ketal of ethyl |evulinate and fPorrask@18¢dap3 wher ei n
R is ethyl is the propylene glycol ketal of ethyl |evulinate.

[0047] Reaction of the sem al dehyde or ketoacid of formula (1) with the

pol ynmeric polyol of forrmula (4) also yields an acetal or ketal adduct,

respect i vygtpar kn hibg ©aseef pol yneric polyols of formula (4) not
configured with one or nore pairs of hydroxyls in the 1,2 or 1,3 position

on a pol ymer tRaphTheipvaniorsheseqt dpyechscpyerpbigyireyed megoflpfarihg selpetvec ket al by
an i nt r anplieGihakd f836h 0P LnRhiadiiBe e KOXid Al RS HBESEA AR phiB1sRY! yTeri ¢
polyol with a Ketoacid, sem al déehyde, or an ester thereof. wever, the
mai n pr oducoicerliand ketalst Thessmpthodsarodupmpweiadierednthal exhihi impowdd  of such
an intra : e t he pol yol. [ 0048] In one enbodi nent,
in order%?%ﬁﬁgﬁﬁ@gigﬁﬁg&ggég&%IaI or acetal, the sem al dehydes, ketoaci ds
or esters thet@d?] Risdopddsentis b pracess feraaauiaghring ketals endacefabribdsbhyvei N an
excess when coppare i.th the al cohol . The presence of excess
corm ai def s RS bV eoPur oy BT BB Fena 8 on 1o ketals
or acet alhgdrolyic ameshelfbadilinge rithe prdvessimicdves rat iy somidldvhydeniealadidhydes,
ket oaci ds or esters. t e al.cohols is.greater than or equal to out
150 oRugh R hmgRebS PREHS sPvbR Bk Rk potpoe ha e sl car 1
greater tshanldehydeskaloadids @lowits add polasigwhity e msPiag héidl cahlyy agd Bgr@tuctshan or
equal to about 5:1. In one enbodinent, th | ar ratio of the
senialdeﬁ?ﬁ@%?hﬁ@?ﬂﬁﬂf r3@Q@%W@F?“Wﬁ“ﬂ%%ﬁﬁgg@ﬁﬁpgpV§e$ess than or equal to
about 1:2, spamif] Gahleyethfi&s chibadmnht, @@palcedsan@n@y heid cadalyARga FRE®@N
specifically less than or equal to about 1:5. While the excess
seni al deRyaesn axerceOf ghydevudiagte péthieilr gbreeigh prpsorydmg 8hspldn @ single or a
sem al dehyi#@Sage KO RRAGARS (i8S LR\ ROALBdS B HOMATBRNb SRR Haed to be
renoved fronyé%e roduct. |In one enbodi nent, when et hyl ?evullnate i's
react ed WPHRriys ¢ eeeePl ket of ethryevulipafe Py qrerylens ehweabletd] of ehyldeubimtemet ri c
excess when.gopRared with the glycerol. In another embodi ment, when et hyl
|l evulinate Is reacted with propyl ene glycol, the ethyl levulinate is added
in a stoichi offi$?] Ehearartion piakest copas td respediive ketalpf ofhy] lendingteye pill
[0049] T 1 zat ] I | i i esence of an
ci dbat A So AR haRoBh K5 B abpeRhd e B e B et
cat al yst graduets. braa deeoplaryleorpodiereous vepdrakyat f theorxcess ethel lemdmialis or ket al
format i on.or. &34 el LLLEALLAN, OF il { ANRERLSH LLLigRL gPofeactions gan be used,
for exanﬁfe]g%rong protic acid cata y§%s, €.g., brons edzLBMﬁy aci ds that
have a Kar@kss5bt-qris geteiddden theBraingl 188 and 3 sthidnge petaladdbeeoi Maattahyst s
i nclude su] fuyric acid ryl syl f oni ci.ds and drates thereof such as
bt ol wemestrrd GG SRy aE anE ndioidrs RSt B S b BB ul T oni ¢
ﬁcijd’ ﬂ?dﬁ@ﬁ[dnaﬁ@ﬁ%@r&dﬁﬁi@ﬂkﬁ sﬂgécd:d t@ﬂﬂ’s@lﬂﬁti@& kECpradicd a gl‘}&(éjibDlEHtﬂlmS'fﬁthﬂCi d, and
ydr oc ric acid. In other enbodi nents, rotic acid catal ysts, e.g.
havi ng a?%élﬁﬁﬁ‘te FRURROSHIRD AT EBFOP Y glyeo ]éeé%],"%?tgﬂ 1§ RHF EOPPSEISRGIL ¢ aci d,
or t hophospRheink ks@®ht? wPrlby phesinhaid. ¢ acid, and sulfamc acid. Aprotic
(Lewis acid) catal ysts can include, for exanple, titaniumtetrachloride,
aIuninun1triCHFBPIé@?mﬁﬁﬂnb@FBﬂe@@F??@@?ﬂH@EeW@%%ﬁﬁﬁﬁéﬁ?Bﬁv%@ﬁﬁrising any
one or MpRaAin tsp&iesf@)gﬁﬂlﬁétggmﬁ% daRhrd) F 3ich QARG HURAEL 1 Ry eRATE
enbodi nent s, tﬁe nmet hod enpl oys a substantial 'y nonvol atile acid catal yst
such t hatsPokrs (speieimgdieserisgto ey Apaiest andipgludndimgissirinersategramgisoh as sul furic
or sul f ang: 1. p.ment. L -ho atal yst is
canphor SuEY At (ohPala SRR AL IR IER i B IRERNRS 182, & Vhe
honmogenowdycaiol o reeityddng stycolkehé peleodaragsl, keldueatidlagesic acidnfobricasidd, wher e
the aci d Galal X34 of Sy AEQHRR! R MdQpegOt 0, oOr covalently bound to, a
solid support nat'erial such as resin ads, nenbranes, porous carbon
particles, ze@ll21Elhaglgrrdkeil drthyblehdmasebmdostigmpo thesprofyiamy ghyootmrer ci al |y
avai |l abl e resin-based acid catalysts, are, sold as.ion excha resins. One
Cvpe of ehfal AR RS uSha N eyt BS: FEFIRISEHED Ny
benzene rebiliny owhiimb, Iswpplot, éap@eéd adorstabiiionover ami,thngd ioppged Hkihgyticcomrer ci al
i on exchange resins include LEWATIT(r) ion exchange resins sold by the
Lanxess Conpany of Pittsburgh, PA; DOAEXTM ion exchange resins sold by the
Dow Conpany of Mdland, M; and AVBERIA TE(r) and AMBERLYST(r) ion exchange
resins sold by the Rohm and Haas Conpany of Phil adel phia, PA In
enbodi ments, AMBERLYST(r) 15, Nafion(r) NR 50 and SAC(r) 13 resins nay al so
be used as heterogeneous catalysts. In these enbodi nents, the resin based
catal yst is washed with water, and subsequently, an al cohol, such as

Al 2+ - B R



reactor under reaction conditions effective to produce a product that
conprises a glycerol ketal of ethyl levulinate or propylene glycol ketal of
et hyl | ewuDi2oetag939hi | e renovi ng water as a by- product. PChaSpoiocucs3
conprising the glycerol ketal of ethyl |evulinate or propylene glycol ketal
of ethyl levulinate is subjected to distillation in the distillation colum
122 under effective distillation conditions to produce a resulting product
t hat Comfabﬁl%SO\Fek tBBFostildes tﬂlit)é%ﬁtraf?ll impli@evefs oBlaltY thah @\Hbd RAtafi st he

propyl ene gly ket'al of et evulinate and | ess than or equal to about
2 mt@bcoﬁ?%ﬁtﬁ%ﬁt§mﬁﬁﬁ@Wé§H“%%@oﬁbntan1nants conpri se one or nore of

gl yeer ol . aci thospRl 38 enBbdibnd @Y Ul L8R YRR 1o Alindle Hnifbsf1BA BOHE AT Wel ght
byproduct havi ng nol ecul ar wei ght hat are at” least 1.5°tinmes greater than
t he nol eduratengelyghitkeif ofteifey] @Nyler@tedtompetlmn esitagtstgsk thae\lutt%r@tl@mmants

[0058] T L - dina
dlstlIlagﬁ%ﬁﬁé%*ﬁhﬁg?%ggﬁg %ﬁn 1g%g§%wpﬁég%?%%§??%nggﬁgktﬁ%%gﬁgg&geparate
fracti onainedamietmgrived Bydrolyghstatniay eréradosipositiamtiiah eongrin duprity kedvyresat er i al s)
unti | th@h rod t conprises less than 1000 parts per mllion of glycerol,
ethyl levu |na e or propylene glycol. The light materials conprise the
react ant s and[00@3aLckican epbodimeitstht hterblokeen] vhpyl Ipubssecasposidvedr thbhian t he

product. The, heav terials, conprise the reactants an tion products
Phat - naveroalstr St Teh eyl WSl Gl g R R RS AR

[0059] Weemaih@ntgbyCeik0iyskap@leddhepidayitatiiy dhérniateglovscdd@] ingprév@aublact ur ed

t he react%ﬁq. roduct after fragcti natl ﬁ conprlses Ieis t han .100Q parts
per mi | | iSBAUGE O Rerigf Impgy§dehyidfo Xtt‘fe“a% opy eéﬁ%m%‘tsgf‘%?t REORAINGMPEE By |

| evul i nati@eiserdd@ir f@n WBWiact ured, the product conprises |ess than 1000
parts per mllion of ethyl |evulinate. %ﬁ&ﬁo] I n one enbodi nent, the
product is paf¥edl t‘%ls%td%PSGii Refeindhi shyesoldwir! ohdhy! dpplivpatanpositipptigh a bed
114 di spoaesdenRBlor@ms fks thie 100 fhngadtaRlks dhadio @?@a&@desg thafBN&al |y a

packed bed that conprises inorganic salts, bases, | ecul ar sieves or

buf fers thatout HhOQOappv el dhespil.dppe 8128 6T etvdl t@&b@ttt)étwt%ﬁtﬂim@rﬁ estamedfpihe
product. ablcfioRATKES REANEANIAR BRLRT Rolorafh Flvdififiedblibdd ALl oMo

[0061] The product conprising the glycerol etaY ethyl levulinate
conpri sesbduds witiael addol eepdansation produsts adtantedbitvont @mtwa ipeigveenihe gbicerot he
contamn ycer ol
IevuI|na?g&fmcﬂgpkk&%MQﬂﬁdgﬁwa?@gﬁ{a@gﬁgﬁb embéﬁiggﬁct gs%%§£ﬁ%%ecular
wei ght s toh&ained fromad rehatias betvedn the ghrserglrle&ti ef eth)h davutifree anoll eyl leamlinagd, ght - of
the gl yeeLyQ %harlg %t & Iuatfto ago htﬁ' t@vtlf” Ie?satb?am dHonPl Scllloci conc{%rreraltl hqgeenktge or
propyl ene™g tYl &V %e conprises 1ess an or equal to
about 2 wﬂﬁ@m@hﬂﬂmﬁH@QMSwHMMEnﬁhmeﬁhmx@ﬂﬂnamfamQMSwnmmpamSQe@nmmﬁr nor e of

gl ycerol, Ci es Ievulln nol ecul ar wei ght
yor oduciREUHET FSvERtn & Vst cupll L vl e eat o1t han
t he nol egedeasn Mew@htthodimbher @y e kahl Jfethad leaflingdAyd eth@Medulinat.e The [ 0062]

The Figure i s .another depiction of a nplary batch reactor system 100.
Wth ref dPeriee HompPrbict Rames figredycorol ]é‘ﬁﬁé’gé Iqpyinals seraprsited ¢ bve al

manuf act ukiegdtsh@r kRtiatinOwhiek ﬁH@s}pla?Qd?Héhh@ﬁ&alﬁhtfy|0R/§ftt1rﬁeeﬁﬁxt &lorl&dod n fluid
communi cation with a first distillation colum 108, a separator 112, a
(f|Itratﬁﬁﬁﬁmb@ﬁrﬁTﬂfmé“?ﬁP%%”B@ﬁH@ﬁ§8@14ﬂ6 and a hol ding tank 128. The
first reactor B3] jiH Jetltatbféﬂfomht Qg@&opt&tm QﬁéhyIQ%9%§&fmﬂeg@1onMa|V§aﬁ he first
distillation colum 108 is fitted with a first condenser 116. [0063]
In one errpdaumpen(foritplalagd) pelesidrngt caveh 19f abevutl3. Apectiivallnleest than grear@dt al i n
the bat chy LRACH! N BLATIAHn bEAGAGANDS, HuimGOYLRLhO egshﬁﬂ of e St

reactor 102. reactor 102, glycerol or propylene glycol is
cont act ecqwil tChab@tntM)S WVesnuh¢avaréasired A2 VaRi0G4.c Hrcadoydbnuniber s Jegraivingd bunder
reaction n ch r 0 es a
gl ycerol ‘m 662 Ss%l%qbeyl evu h Ig g(lgg)%%ﬁ%%)s/ engydg{))i}%%ﬁ&%@t&?%}a& tot hyl
Ievullnamethlle renovi ng the by- product, water. The resulting reaction
product is then fractionated in a distillation colum (108) under
fractionation conditions to separate fractionated materials fromthe
product until the product conprises | ess than 1000 parts per mllion of
glycerol, ethyl levulinate, or propylene glycol. Fractionated materials
conprising ethyl levulinate, polyol, and other distilled conpounds and
inpurities are recycled back to the réactor. The product conprising the

gl ycerol ketal of ethyl levulinate are then subjected to distillation in
the distillation colum 108 under effective distillation conditions to
produce a resulting product that conprises the glycerol ketal of ethyl

| evul i nat e and Iess than or equal to about 2 mt@bcontaninants mhereln t he
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[0073] In one enbodi nent, the al cohol (e.g., glycerol or propylene glycol)
is reacted with an ester of levulinic acid (e.g., ethyl levulinate) in the
first reaw0ap12l03%i th an acid catal yst to produce a gl yceruskolsiab3 of

et hyl levulinate product or a propylene glycol ketal of ethyl levulinate
product. The by-product, water, is renoved and condensed as the reaction
proceeds. The glycerol ketal of ethyl |evulinate product or a propyl ene

gl ycol ketal {ﬁOQ@}Ma'mﬂl&\b@la&@saér@stﬂf gqg@tor 8drBoxylit &AighandaaHeiyclberred to as
a "product that conprises a glycerol ketal of ethyl |evulinate" or as a

" product ketahe! lewipiciasidsfogmispeidyacatieacy]. Javslinik a¢ig, anéﬁom@vlﬁw glyeah fetpkpdt
respecti V&l ¥inic acid. [0074] After reaction, the glycerol ketal of ethyl

| evul i nate product or the propyl ene glycol ketal of ethyl levulinate
product cont ai#s7keabedsclogdderntis ¢ erdpylend gyl kelak @ cthyl lpgdingle or propyl ene
gl ycol ), ' ' ' c eci es
YRR L i G e S R T S e S AR
cat al yst Jlesadiad os el tesbow i 6,000 pm nbprepyiérarglyvel, dvs thslpemq@sl o sbaofduct ed in
the first BECO di | at i C roduc roI ket al of
et hyl | eVlr ﬁ%algﬂ%gﬁmggléDnlaﬁmcp bé%ﬁgqé? K?#%ne rcﬁl z?Oy‘%ﬁethyl

| evul i natlevuti oanpasi Iiropmen'e khicolc kot thamer dged so thvan(.25 wtRwbdildslhikmexcess

reactant,  acid.catal yst and hi gh nol ecul ar eci.es exenpl ary
Crbod meiib B 298 Jiston Brtesh A5 pRRYEGH by BRMAL PSR EE B, ) b
propyl engevgliya@lank @b ethaobr cqtidlyd aboavoils ek ef ﬁlﬁﬁmﬂidim@ﬁro(ﬁﬁmfead:tmﬁ | ess than 1

0 0
cat &l yot PAROh? Gel Gearotk enor it "epkeis! vt g1 s 8 TRBIEF of et yl
I evul i nategyceRMpRSIoiviIOR1 Sffimphigis Pefii Rl Hﬂﬂ@l@emm&@naf etﬂ}f’l 18luliydte | evul i nate
conposition is to be produced, the eth vulinate is generally charged to

the reactBPPsHionde Bew apasndsvpelf big d\‘AP‘E%]W’t“ﬁ]élt&FSP@é? ehemial by 1o8efe gl ycol .

The excesl%leerokwdowre&wrlsaaﬂ@y Sk MBS, H@MBLI A amficalp@i@ct s as a reactant
and it is therefore desirable to renove the éxcess ethyl levulinate after

the first reatd08pl 102 desibleior Bpranyleae slycd dgtabef¢thyhlevelHakdoppagtidr 106 and
to resupRl YavelinhQd hBGbdr (fo? Eot;ﬂ%@ﬁ} Hess ¥em ok @qﬁpto%gm ﬁgl%/ cﬁm e {&R, the
excess ethyl levulinate 1s renoved after the third reac 6 and recycl ed
to the fiorsqual @abow0.21 gRcifiThily lessdleanar sqdal reabowr). 1, @n@mpm@pm%caﬂleé@@s i on

bet ween I I ate by

renovi ngtﬂtl\/]\‘l)gltOg cdbablo” ol 00%7@' H?qulr&iéls é?’?ﬁg{n]% %4 ehﬁ afld Iﬁe %:}ea[alct ors in the
systen11@@mnmnbﬂmaA&HMﬂDﬁ@bmgu@nbyﬂedmﬂ@nmmﬂaaabbmn%mnmdndemhbdKﬁﬁmt t he
systen1100 qgng&gse (%%fggszue Stedlatlon colum that can facilitate
the renoval =of u md%? }broduc S 0 nol ecul ar wei ght (diners,
trimers, and [(E)rzg]eAs smed sbowumemmldmhyMEtsmd Reedcredwiditanaiitoh€aat or s may

al so be used t hat not have an us her ei n,

bypr oducitarrins m gt 2 ar ikt holis swiebiGRr Sr i § S Rat oy o a

| east at (least 1.1 tines greater, specifically at least 1.5 tinmes greater,
specifically at least 1.8 times greater than the nolecul ar weight of the
desired acetal or ketal. For exanple RWwhen the desired ketal is the

gl ycerol ketal of ethyl levuli rgh nol ecul ar wei ght byproducts

i ncl ude byproducts having a nole ight that is at least 1.1,
specifically at least 1.5, and cifica by at least 1.8 tinmes greater
t han the nol ecul ar wei ght of the glycerol ket of ethyl levulinate. Such

bypr oductyheietCdadAR !, \Ra%r R?ouﬁd it 1m@penaéﬂmfyamgaﬂd cqt eikliar@eno ol i gomers. The
diners, triners, and mers can be _pro a condensation reaction

bet ween t©wgoalkylre!- 1%ﬁ1kﬁ4y|1 & Gl el a8 7o afﬂélkﬂegr A aH Qe AL 3P Di ket al; a
reacti ongbetween the sem al dehyde, ketoacid, or ester, thereof and the

desired acetal or ketal; a reaction between {he senlaldehyde ket oaci d, or
ester t her eof [(9R0 arinanediment, edsh Ridy) Reén@BetSallldeﬁandR@Uaﬂ hydgrgen GleBkt i on

bet ween 1,381 @;JcL% F@l %‘h&ﬁﬁ' 6-19hry 823 z&?@fk?f’fn - "ﬂ?al%qul% aﬂ& pt he

desired ac t'al lesi r d acet a [0077] In
one enbodi hendorg *P@Clﬁly%éb/eﬁ:ﬁc}{l RoR’ dhosmd)R ‘fipindencodundly ﬁ@y&reg@l €lérallgtet al s may
conpri se Oty u ni cation
wth are 0|%Q&b?hat 2h%’¢?§8 Eﬂﬂﬁﬁqﬂkﬁ?ﬁ?ﬁﬁaﬁ?%%ﬁ%ca?% Sg%gggpglgure 2).

I n anot her enbodi nent, the system (not shown) for producing ketals or
acetals may conprise a single continuous stirred tank reactor that is
fitted with a distillation colum (se€ Figure 1). The distillation colum

is used to renove excess reactants and to distill the final product by
renovi ng hi gher nol ecul ar wei ght species, acid species, and catal yst that
are not desired in the acetal or ketal. [0078] In an exenplary

enbodlnent it is de5|rable to use a plurallty of reactors (e g., a

. e N o, A NN Y ~ v



about 90 wt % of the excess ethyl levulinate added to the first reactor 102
can be renoved after the reaction and recycled to the first reactor 102. A
simlar pwvocer®1sssf ol | oned when propyl ene glycol is re&cras2eiioheses hyl

| evul i nat e. [0092] In an exenpl ary enbodi nent, the acid catal yst and
ot her acid species (e.g., sulfur containing acid inpurities) present in the
product is renoved by passing the reaction m xture streamthrough a bed
114. In Qpeiabed ieNhydrddds ©rE aldd S alll%%t, ed-1dawnst7-epapyRfcyt bechi rst,
second or third reactors and upstream of the first and second distillation

col ums. PrEybed. walyRatylR Heindercadedy ddwisesredialot alkHeRtis pstl-rlkgecond
di stil | atdofacaly r@asslzla{?ﬁ, @790 14 REe SR G 0Vl Yaryl, and b ik 829 Fyeh ok desirabl e

for the acetal or ketal”product to contain I'ess than or equal to about

0. 001 t o spdstfisalll.(R pprhsidgener €bhtadiiyhieadh Ricind R ppoddpendsstly s pebiogenoal | y about
0. 002 to(ﬂ?ﬁﬁkﬂ?R®@ﬁkﬁHi&Eﬁ' gqhggg[ng acid inpurities, based on the total
wei ght of the conposition. e reduction in the anount of sul fur-containing
aci d i npuriti &¥3ihSahieldelydesd! formuketlahavprodidehyde gompdskacig®élis |1ife by

i ncreasing. hydrolytic stability. . [0094] 1n on odi t, in order to
Feduce ¢ RS bFSaTh L byt GGy R FTEr RS AIER | 1" e
acet al oroxéeitaloicpild Stokgpehtasoip n@dfcdxohaxansid acitl 0/-caht@atoicacbhSe or buffer to
neutralize an% aciddp%tahéfg that i s present. prior tg the first

di sti | | atFIACRBPIAR Y nsHE-SopurRReRE C rucdris camalrmidt B 4PEduct contacts
packed bedsiankhhrsgstitidller godm (Redueensal1hunclcnhanylj aigylagohlibwpuri ti es
and carboxglgc(ﬁ%jd inpurities content to the desired | evels. Exanpl es of
bases th&¥aAr ¥ *Hsed in packed beds are carbonates, am nes, hydroxides,
phosphat es or (@32 H0RS0achd B X&HRlaaN YhaRa e kedn QMeRiMR' Babi Hyddsgas)bonat e
(BaC33). In another enbodi nent, the packed be pan,conPrise nol ecul ar

si eves. andacarborglr agidh sronpt Wesilie kaegidrdteiude pravicagid: Setopscsaaes: may be
formul at gduphit Aciau-kABERBIcGCRIRS kebR&hnEINE S-1RRadipRULI€ -acdd 1Py riexanpl es
of buffers are solutions of citric acid, sod[un1C|€ratez sodi um car bonat e
and sodi @adbi-ekanyima e, ackx hpioar Bhepyiproprngicackl, 8-ketopgitaioag)d dol ut i ons of
Citric agh@he3n8lk 4G kdidefanoRORIMKERLAANAL £id, S HMRCAIPAnat e, or a
conbi nati on conprising at |east one of the foregoing buffers. [ 0096]
By cont adeiopganoneacat étkatoogandietcad. 2gretrdtroentetiotdrcil, paetleostdarivedido?- nol ecul ar

Si eves, [ fer of GUN VAN = PXo incr f £ om about 75%
to great 2(?% ? ﬂglrl]ucgagg% %a%éoggﬁg%eﬁ[#ﬁ%ﬁr’ (%ad():(t(8 gﬂ?{u )?le%%’.ez #ﬂg a%?%gglgtg gg%rrposi tion

i ncr easesdiptcsacsheld thsesdss thieteyt. fpecifit ese grdvver(R1indagmulo(lgriedvérmethgn at | east
2 days, %ﬁF i;ithhﬁ %Qﬁqtgrleqn at least 1 week, and nore specifically
greater t an Pat’ ea % il %DHFM. Y [0097] In an exenpl ary enbodi nent, it

i s desirabl e {331 he peytiesnbodikadnl thofengdliyhlydd ekigtoacidbefeanipob)iit i on t o

contain the sulfyr-containi.ng.acid inpurities in amoynts of |le t han 20
pom - spedi FHERRFY FESPeRREC i anan Tt et B ARG Qe f 1 cal |y
Iless th?raﬁ@[, R;éthcfaw Iuﬁ eiaihlqyﬂro@gpnm hasgdanam it be I?Qﬁa;lempmr' g&lﬁb(ﬁlﬁm&ﬂn,e |
cerol ketal t evul i nate conposition. In yet another exenplar

gnt);odi maﬁlfe,Sefnfalﬁ?eély%e%ri%‘fe@ﬁ?lgo#%Fm‘tﬂﬁéﬁrbsr Byl nad‘f'yco?/ ketal of et hyIrrp Y

I evul i nate coppesj Thiledhdl @aBE @ AcsHdosdkhuE (0 aBbBLNGTEmAT: @), iofRuri ties in
anounts of less than 20 me specifically less than or equal to about 10
ppm and mebacEpaelyeli € armply@ks t han or equal to about 5 ppm based on the
total weight of the propylene gbycaot, ketal of ethyl levulinate conposition.

[0098] In an exenplary enmbod]me itpis desirable for the glycerol ketal
of ethyl Ievulinate conposigsi giran acid nutBer~gf |ess than 1,
specifically less than 0.5, anyl nor¢ specifically |ess %]do. 3, when
measured as pe—ASTWD 664. | nH@an erwenpl ary, enbodi ARt it is @glesirable for

t he propylenegﬁggﬁol ket al og,eth¥l | evul i nate conPosition to have an acid
nunber of |es F fermudhe@e iR jiga ]y 2 kgl Brisgyclyalsyl, §ad 2eaylsped? fi cal |y
l'ess thannQnd, #6e0 ARSI LHyakyPEF CPPT MHaRB%ach of whidldQRBpiicagy hed 114 can
be a singl € bed or can conprise a plurality of beds. Exanples of buffers or
bases usedbstiftadheitipeng o merawsidiion hydox Y g8iups. sldi speaiias erplsdasaitiniphbsphat es,
nono, di - tekqi | ] L] 0 Z1 h ri bonat e, barium
phosphatgfﬁﬁﬁé?’%%?%%ﬁé%ﬁ#féggpﬁ#P%ggﬁ%ﬁggg?hggﬁggg?héﬁggﬁﬁénate, sodi um
citrate, potassiumcitrate, calciumcitrate, basic alum na, a weakly basic
ani on exchange resin, etc.. A partial acetal or ketal product (e.g., a
product where the conversion is | ess than 95% or a fully conpleted acet al
or ketal product (e.g., a product where the conversion is greater than 95%
can contact the bed either in a single pass or in multiple passes.

[0100] In one enbodi nent, residual alcohol or polyol nay be renoved by
passing the acetal or ketal product through a colum or bed of ion exchange

o, " o " 1 1. 1 o



[0106] The second distillation columm 110 functions to deliver a ketal or
acetal product that neets desired criteria for chemcal stability. The
second diwoi2bi2atssn col urm 110 functions primarily to recows2miige4adl ecul ar
wei ght speci es and other contam nants that reduce chemcal stability,
change col or or pronote changes in viscosity over tine. As noted above, it
IS desirable to obtain a product that has a long shelf life. By "long shelf
life, " itpdcsriddBANE i pet-3tas. pmau@texgﬂaés JtAHondRGEIBRuRRANFASad N ol ecul ar
wei ght, Ranges in conmposition, or changes in color over extended periods
of time (eetegnol el 11zopraak 3-prepanglolibutanylfppankgyl, 1-hexanof, gyahexangk st ages
at the b h r

t enper at S‘,Ehteygw(%ﬁf Og(tbloﬁ %Qt g)t)nts)%'t) ! g%%%&ms%?é :ﬂﬁ?%%llﬁgfgg%fggl?dl rllgfgd?%ndabout
200C, andvyhbrleohopeci f i caIIy about 140 to about 160C. The pressure at the

bottom of t he 5

speci ficall y §£ A %Qttti%grg)b/g% chgf}ﬁt IE}G Suﬁ%ﬁ%%(?gggg%ecﬁgﬂ ca| mogbout 15 to
about 50 gmmpkgln theye gpmpouedyp tlaraicotwi‘bbds v fiarm & dyeli¢ lemapomatthﬁ @nmldethbt@eSbot tom
of the second dlstlllatlon c 40 t0 |Ie t he
pressur e%leté)am%s setmlgld(tﬂgdesb Peésbtﬂnreofs S%(t:)hr%olyojls ¥eﬁct as {nc())n Lttuncglolnéftallc\gﬂl % t he
second dlsscth thzitatvo ormles of tlanofIhpasuntl In@csm(pmdﬂcdacetal b katal groug obpenifici s about 0. 1

to about 3. ecific A single
Faan 1 s SURRTyPRGas ] B e PR Rh hEus by ke it TR ki

I Fvul [ natbeteoédlélhtﬁetnylomlglm((gkXEQCHKB@ﬁEyEﬁe atdoy2- lbtﬁwutmbleﬁh?gmbt he

ol i goneri_c cu tein e reac rs an i st

di stil | athX oﬁgk@bmﬁ%gg @%53 ft?érhélrtp %bl(:toro ?Igo‘glf g%é‘mitﬂ‘geref‘ufyé‘ﬁ ux are
used to leen pblysl frbghermamd@rulder hwsUBRYNeDerh@sd sle AL PRdkatat or acetal
product. Downstream applications are affected if the higher nol ecul ar

wei ght sb*étf’flt%’na]?‘% not renoved, due to the presence of |ow | evels of

col or - f or m ng[dAY BShe polyol of QA9 (Hhe1cad e hiceol §ffoﬁb90£‘é Pscht, a8@Sacgan be any
nunber gr%at7er than 1, specifically greater than 2,” and nore specifically

greater thakR." IHR nih eltﬁen‘ihe%tlﬂ‘lf?&?at@bﬂ élkalgﬁbll?@Y‘{:fP@aﬂ@Ien? Han or equal
to about 13,,,30dbSREEH txz'ltﬁ% Wy s19f1§'cﬁ~5>8»" orbBRNCDE Cq4aLy1 1 @-FRAMc % 10alHY1, 2N

exenpl ary enbodi nent, the nunber of strl ppi ng stages is greater than or
equal t o (dbialkesyl, @whi Ry divayaleme 692 anddt-13 vakiksh ostadeslkykurylreagh er t han
or equal s oyt. e gf the
first di slét :afl?gt Iéé%& eIIdenﬂ a%ilo]%%]l hélgtotg mcgg‘agﬁeg seclgr%ﬁ@% 2%}11 ation colum
can be puygezdkxloC]r éimhkelyﬂ K& -1 healwoxysipeviaas, C6( & gyl, Cﬁhlghr)rhiksdcw,ﬂ@rla/vm ght
speci es a eci es d carboxvl i€ ,aGi6s nwant.e i.d jcat al yst
and cat arSSlGRe BT BT P RGN AE RO Bae KoAe BhSRAESHS

distill atlwdxng@obmmlk}s (321} hjzdiomﬂ:y&he ajlt@ﬂt]aeryat(lﬂm afl, Ceds atylhditylarr equal to

Cpeci f1 cai YRR REN RS AR R B o’ SORvent AUt on of the

dihst ;I I ath@dlt)bzaukyl@mns atlacten}tlt%s bﬁtﬂyppq;o atﬁakﬁobwmllo ilkang] hadoment , vmhen
the final, product is cer etal ,of e vul i nate copposition, the
t enper at &Iﬁf%&fe fﬂ‘?élﬁﬁi‘}g’t gar#‘o?f RhB kR | Isa’[“seB%“dEB‘deF%geatéugp%%ot o about
200C. | n anohfirsxyambrRad, BRIMR® MORA itik@pbidealy PRREWEhH, ¢ B4 alkpr, epyl-ene gl ycol
ketal of ethyl |evu i nat e corrp05|t|on the tenperature at the bottom of the
distill athD"érﬁXl‘?élfyuf’rlr]ﬁ’ ¢, 4Wsut U100 to about 180C. The high nol ecul ar wei ght
speci es and um@@g} Sk gRteRANSLs arpayeﬁrasw&ﬁtutar@)rthab@e plg sthiddat (@ 1&e! um and
di scharged to a drain or to a waste tank 111] The distillation of
t he fi nalglieebal.2-piopensdiol Gronylac geesd. 3 prapanagiol. éa?rﬁ ArRaewel @hiceiodd out with
wi ped filg Ifgl}?c%ﬂ)@?ahﬁ&%éof g°1§?deﬁﬁ'd rf bduf eﬁ\ég@%ﬁﬂggﬁ&ec&%@r%dﬁ)‘@p@nﬁ%Pr Ss

falling fil1m evaporators and ot her s I prent. I'n“one’ e I'ment ,

t he ket al2.2odimgthet-hi-proagnedol tnepmeneyd gkyeola 1slnhtrim€ébot1@momn¢ 1. Ardutangdsal,

distillati r onal
frosh r oot anpausl peiy SRS PRGN L Rakt P ARk L I I P oAy

| evul i natlés, fbbmmmdlt loh3-deptbdeeigriomyhteame-1gl8yciol. 3I¢mteab 1@Fdlelt myanetlgw ul i nat e
coMposi t I eriltgse%?lghr %lsoe & 1a"troalcg“(l)%es 1 (:‘illudlI an C8€;ldsor i 01 X 1&)?t V! m t

conver si ons ) pgr eater "than’ et eq ua 6"l é’r den and

speci fi cahltyrogewdiries], mhldw] Oatcue:ﬂmaﬂﬁnb@ ahlouich\be; rmhtaerpemoﬂﬂt:m(atwetshed al cohol ,
specifically the glycerol. Unreacted glycerol that is present in the
conposition in anobunts of greater than about 5000 ppmis problematic to the
qual ity of the products because of interent functionality of the glycerol
(3 hydroxyl groups), the insoluble nature of glycerol (nay cause cl oudi ness
when in contact with organic solutions), and the hygroscopi c nature of

gl ycerol. dycerol should be present in anpbunts of |ess than or equal to
about 10 000 parts per. m I I | on (ppn) speC| ficall y about 1 to about 8, 000

o o o o o, v o - NN N o - M.



[0121] In another enbodi nent, the glycerol ketal of ethyl l|evulinate
conposition may contain |less than or equal to about 0.5 wt% triners, and
speci fi cawvbyol2ass9sphan or equal to about 0.2 wt % of tri meTAISetiaidesl from a
reacti on between the glycerol ketals of ethyl levulinate. In yet another
enbodi ment, the glycerol ketal of ethyl Ievulinate conmposition may contain
| ess than or equal to about 0.5 wt% triners, and specifically I ess than or
equal to caRepdl 1%210\atc@fa&tielt\rahmrsﬁcmt@seedmtlérqm @ueahdotimgagdR@nbybet ween
t he gl ycerol ketal of ethyl levulinate and the dinmer reaction pro&hct of

t he gIycé?@ﬁ“kgt%vbdﬂcéfﬁ9mdqéﬁhl|nate and ethyl levulinate. In yet another
enbodi ment, tﬁbsgt WGRHOii Gy Rl B MY bolk SR 3£ AMASIhd N5y Cont ai n
| ess than or t o about triners, and specjfically [ess than or
equal tohaﬁﬁgvlﬁ»ZShw®®&ﬁlmwmnb@bﬂo@ﬂaﬂheﬂmﬁhﬁmmaamb&ct&%mdbﬁtmeen t he

gl ycer ol I ?ﬂp 2] In
one enbo neb%it “Cif O}%b?lggle{rg k @H tﬁ& {%I evu ‘?Hﬁ%e?gﬁeg‘cfw eglsblothlir%%gnay
cont ai n IOéﬁsnmhe(Bt) eerch LR, artd)Rétlwdwﬂr@elz(R Yoethed, - GHE@H, -CAOHIPIM.i cal | y

| ess than bo r |ned deﬂ] eactlon
et ween gFy AT cabOrE R LR M R sREETR0 B bR T3 3? from a
reactlonebelﬁébm(ﬁh@ﬁbamﬂckétaI of et hyl Ievullnate and itsel f. wei ght
percents |i st ve for the rodugt f t action b tme n the
ryeeror and TRAOERE Pty ErapEhEre i GeRh YlSehE Bk aonBhERE Yt " ne
glycerolvm@eaimmﬂwe&hykmhauuhéﬂﬂyﬂo@ﬁﬁmﬁﬁK&hQQWCmol [0123] I n another
enbodi nent, t pyl ene gl ycol ket al eth vul i nate osition may
contain |ess Hﬁ%ﬁ{ﬁ’ﬁeﬂﬁﬂPgFﬁ’gﬁﬁﬂg géé@?ﬁ?ﬁ&F?éyPég@EWh%n or
equal to sphauallfPo-180,Wibmke q;leaﬁéamyqbtwaaedofrm af/ﬁlaa@ltdmﬂs khetween et hyl

| evul i nate and the propylene gI col ketal of et | evul i nate. In yet
anot her &fRSBHISHIHE ot sYamplediopt &ivel l0yeRsrtineams W@Fregt%w a|paYfignichdee
conposi t iy@fis %Xn&tﬁﬁtae}i(}lﬂrolx ?o& PNaf sendMniBodBichisS IR Gy filo&ldhdtiph 88 %nfyhan or
equal to about 0.5 wt % nore specifically lesS than or equal to about
0.2 wt%@resmtﬁeteen@btetwpédSv@mﬁlﬁwrlalpatyplswéeteup@}vaét%@ﬁl t'e propyl ene
gl ycol n@é 1ers Behol, pbBY L RALR B &téatshenb%lsﬂéb ag%l%il CARBO\{IR%)‘H I'n

i
anot her e dlnent the propylene glycol "ketal of | evul i nat e
conposi t |p©hemlyn@:gim<m avdilakls frohalpowP Cogpany efdMubrodt MO pRlyethos Gols gaher s
deri ved fr t e and 1
mol ecul e 70 g%%%%?“ﬁﬁﬁhgﬁﬂegﬁ&?%?gthgggﬁtﬁﬁt8ht.%R”S“RXkHEE%HQQQQh-ester)
In yet anmﬂhemnenbﬂdbnﬁhﬂkm&héompmpyﬁehéhgi9¢bhmk®maﬂwoﬂyeﬂhykhhevul|nate
conposi tion. m Ahhan or e bout 0. 2 W % ol i gorer s
derived f mm%?t gmge %Fﬁghﬁgitmeen ?Wﬁoﬂgfg%ﬁﬁgg oergﬁémg?%pftene gl yco
ket al of TRRBIHANN® dendite @iydlis] farekaaild ﬂnom‘somtmpyﬂ tﬁmea@lmmel

than or - SAONSBudtey BOGeiG SoihpEnRk ShbFib B AR ecact i on’ o

bet ween tnvlediMik @6igh& Ssuoh a§m7ﬁ)ﬂ§ DEYUne ARd Dh6sRQlavkRbRIfroaf Aehhyhsel evul i nate and
1 nol ecul e of propyl ene (trans-esterjficati n t.o prod

et al <Grotaafra oS Sandh G burg oy s GG iR “aBoveoKor t he
bypr oductysid&fihd BiRle hAAE BIGI® bﬁawrtlhqlem&%m Iceﬂ@aﬂy Mowphy andvige et hyl
| evul i nate are based on _the total wei he propyl ene gl ycol ketal of

et hyl | eWitoRdt e il mEdiensy puchas e &é‘étﬂe ARld by fAstoson ApEs H ORN t he

by pr oduct;gscof At i€ pbI§aIS tﬂcﬁne BRImERyther ke @mpsg} af mand tAer gthy!
| evul i nate are based on the total melght of the glycerol ketal of ethyl

| evul i natMaskiHpebot q;@thd of Kajapg 152k1ge Raghkhsapdelpysearand thfmob@ﬂww @ne
| | k | tal of ethyl
gl ycol  kefalnigh cablig c&%ﬁ\y dbslaﬁtﬁ RHARTRAS W J%bf?éau&*ﬂﬁy @Lﬁéf Ket @ al of ethy

| evul i nat e conposition rogenate s'or acetals
pr oduced "Bypit Kethpfddpevieastiegibel de@ael@nmneoft%mmhany PalydlsUpublathed ot abl e.

I n one enpo " r r 0 or a

peri od O?Rgﬂkﬁﬁp hIEQ@RWﬁQH@E%%%%C&§SégmBgp%(gagﬁhg% ghﬂgtuﬁnggaﬁ

anot her enbodﬂhﬁhlAumhemumuhﬂenmemﬂbﬁﬁtmnbébaﬁamQHOhﬁfabumt62@©msﬂmr a

peri od of ho than 1 |ndex of absorption
unit. In %%%ﬁﬁg%tgH%ngﬂ mhe%Psu jecteﬁufgg) “Ui&iber for a period of
at least 2 days, the color change is less than 1 index of absorption unit.
Ketals or acetals produced by this process are also shelf stable and

hydrol ytically stable. [0128] As noted above, it is desirable for the
acetals or ketals to be hydrolyticallyOstable (i.e., to be hydrostable). A
desirable hydrostability for the acetals of ketals disclosed herein is

di splaying a retention in chem cal conposition of greater than or equal to
about 70 wei ght% after exposure to water for about 24 hours at a
tenperature of about 65C as deternlned by GC—FID Nhterlals of the

. o " e o



0(-) OOH(8) [0138] Exanples 1 and 2: Into a CSTR was continuously and
si mul t aneousl y charged propyl ene glycol (21 w% of total conposition) and
et hyl | ewuDi2oeta83%9 wt % of total conposition). An aque®a3/tsediaiien3 of

sul furic acid was continuously punped into the CSTR at 20-60 parts per
mllion of the total conposition weight. The CSTR was at a tenperature of
95C and a pressure of 80 mm Hg. The reagents were converted into 7, and

wat er was continuously renoved fromthe CSTR Thegconposition of the

over heads al so contai ned propyl ene gl ycol ang e | | eyulinate. The flow
rate out of the reactor was 58 | bs/hour. The ct was di scharged
into a second reaﬁt ory/and vrras heated to 100C amd & vacuum pressure of 61
nm Hg. The reagen 5@4@7( t her convertng ifnt o Fpropyl ene glycol ketal of
ethyl levulinate (@avbngiFornula 7), and § conti nuously renoved
fromthe second re é ThefI w rate of predugf romthgfrrst react or
into the second reactor was 61 ¢ s/ hour. The second react & di schar ged the

product iwHefiredchbf R, REGCt RT, R’ afdRT IR, o RPURT' Masd beatedefted A86€ and a
vacuum pressure of 30 rmm.mercu ry caonposi tion of the reactr on

9). The
VAU P eSS UL oL K TS SOmpORl L1 g Ol e, gaction o
br opy! enaiigl ool a1 26 I8 b e lopate B3108, Weepriapy! gne gl ycol

ketal of et hyI | evulinate and 0.44, Wt % of ot her impurities, including the

t r ansest érdeperdantydrydesprers e phul Bredwétogar bpt biysehR AR and t he

propyl en%&by&gﬁtlﬁg@tﬁtl Qhy185,hgvul i nat e. [0139] The conposition
was then fed into a first distillation colum at a t enperature between 90

to 110C at a H¥Hél bfa seemth)ersltpdrw o the kethe! fowerh@adR vae budiogsn, € hé
distillaty C C i uxed in the
col um atﬁd&?ecqg%i u ate %plgg}ty rhl-g?%gh@ Qrgst%l %@Itlrﬁﬁgn{g%rm in a

r eboi | er uatepal_dtmlrrierdatgamer(bt 3 a9L ROIsKOCIkThE 1 Gohposl €6-0R awds t-Hen fed into
3 5500 SUHILORAERLITT 3 4 SRS AbRe MSHNRED KO0 dg0C ot o rate
The conposittyil,echylas hyddtyumeed/ldng, andR ' tiolaumthyanGH:@H| 1 G UDEDEH O, -t he bott om
of the di t in a reboiler at a tenperature of 80 to 100C,
distill eéégvéﬁﬁedﬁ%%ﬁﬂé’%glor ected. During the distillation, the bottons of
the distill at {45l aushemestipehigainaibf dimaa (@ R' i9h hadrbgnsa/dmm allijle final

of et hyl <PaEI P srndresenty Eh e of CTRGIRTOk ot § G- VGRS D% Ue put i i o

a scintilRéard Qﬂmmoad rgﬁaﬂgeﬁt}@rgq&leﬁtyugmﬂemﬁoﬂt)@ngm Q)r.t est its shelf
stability, After a sanpl e was taken,out of the scrlratrllatron vi al

and anal yH 601693%% BT TG Pl SATTEN B HARRY QIR 3 BYPSRAR | 5 TretBYler 1

[0140] TheyprOCEAWL,6HOind€opr ocess to make Exanple 1 was repeated for
Exanpl e 2. 01411 Exanpl es 3-5: The procedure of the process to nake

Exanpl e 1 was [%Eb%ttlbeoeﬁeecﬁtcatlhate Il éﬁiduFbOfJPféIt‘tl% (Oxtsitempropenerediget i on

m xture taa@&cterqltaﬁmtmlééarer qlarlﬁg%rﬁtma\r@a% Sl ianes ptdph Qe . fpagied bed of
solid bariumcarbonate. After exiting the packed bed, the m xture was then
di sti | | edevabnidesd eitbiebaving fexamp(6d):1. Srral | sanpl es of the distilled
conposition 7 were put igto separate scintillation vials and stored at room
tenperature to test the xarrple s shelf stability. Ader 13 days a sanple
was taken out ?ﬁgpfﬂ‘t\r at| on vi al an,_qicanal zed|py GC-FID. The results
of anal ysis aregSh in T [01427] ~oR! 500nL 3- neck
round bottom fl S charged wrth 45 72 giams Qg) (0.50 nol) glycerol
(99+% purity), 215 %9; 50 nol) ethyl |evu te (98+% purity), 0.0138g
(50 ppm 2- Napht hal en I fonic acid (obtained frgm TCl Ameri cag and a
magnetic stir bar. The fl ask W&o equi pped wi th a ther mocoupl heat tape

wrapped dgrRrisiah R’ 1s%@ﬂ€¥%f&8%6@vegip%§tﬁcaﬁiycmple6 aﬁ%?ldm@fb s@b&h@aﬁly%@ryt&e vacuum
The contents of the f eated to 110C using a heating mantle. The

vacuum g&ugeé E@@uwa)t@e@t%t is gthy hang ¥ i imidgress s&}h‘eglﬁtef@@@tat rethyhi th a ranp
rate of 300;hRNARAYIARE LS ReBi B & nlstgegﬁ)p%ﬂaﬁe polo kemRFLALLr e I eached
110C the reaction mxture turned from cl ou ear and thén the Tefl on
vacuum puewpliogis t urned on and the vacuum was i medi ately applied to the
system After a total reaction tinme of 60 mnutes the heat was turned off
and the flask was backfilled with nitrogen. The reaction m xture was then
charged with 26g (I OM % di basi c sodi um phosphate and heated at 60C for 1
hour, then filtered. The mixture was ¢harged into a 500 m 4-neck round
bottom fl ask equi pped with a stir bar. The flask was equi pped with a

t hernocoupl e, 2 gl ass stoppers, vigreux columm, short path condenser,
adapter and three collection flasks. The vacuumwas set to 5.0 ton, and the
flask was heat ed to effect d| str I I ation. The excess et hyI IevuI i nate was

o, L - ~ 1 T 1 A o o Y



Formula Purity of Reagent after distillation Ketalization catalyst
Pre-Distillation Treatnment with I norgani c Conpound/ M xture Purity after
test Ti mewof2oiRaase3pdays) Tenp. of Test ( C) Exanple 1 7Pea/US20{28@63

[0047] Reaction of the semialdehyde or ketoacid of formula (1) with the polymeric
polyol of formula (4) also yields an acetal or ketal adduct, respectively. In the case of
polymeric polyols of formula (4) not configured with one or more pairs of hydroxyls in the
1,2 or 1,3 position on a polymer chain, it is statistically possible to form a cyclic ketal by an
intramolecular reaction of two hydroxyl groups present on the polymeric polyol with a
ketoacid, semialdehyde, or an ester thereof. However, the main product of such reactions is
not, in embodiments, the result of such an intramolecular reaction of the polyol.

[0048] In one embodiment, in order to manufacture the ketal or acetal, the
semialdehydes, ketoacids or esters thereof are present in the reaction mixture preferably in an
excess when compared with the alcohol. The presence of excess semialdehydes, ketoacids or
esters thereof drives the conversion to ketals or acetals. In one embodiment, the molar ratio
of the semialdehydes, ketoacids or esters to the alcohols is greater than or equal to about
1.5:1, specifically greater than or equal to about 2:1, more specifically greater than or equal to
about 3:1 and more specifically greater than or equal to about 5:1. In one embodiment, the
molar ratio of the semialdehydes, ketoacids or esters to the alcohols is less than or equal to
about 1:2, specifically less than or equal to about 1:3, and more specifically less than or equal
to about 1:5. While the excess semialdehydes, ketoacids or esters thereof drive conversion,
the semialdehydes, ketoacids or esters are also contaminants and need to be removed from
the product. In one embodiment, when ethyl levulinate is reacted with glycerol, the ethyl
levulinate is added in a stoichiometric excess when compared with the glycerol. In another
embodiment, when ethyl levulinate is reacted with propylene glycol, the ethyl levulinate is
added in a stoichiometric excess when compared with the propylene glycol.

[0049] The acetalization or ketalization is conducted in the presence of an acid
catalyst, which can be either a Lewis or Brensted-Lowry acid. Acid catalysts that are known
homogeneous catalysts for either acetal or ketal formation or esterification or
transesterification reactions can be used, for example strong protic acid catalysts, e.g.,
Brgnsted-Lowry acids that have a Ka of 55 or greater. Examples of strong protic acid
catalysts include sulfuric acid, arylsulfonic acids and hydrates thereof such as p-
toluenesulfonic acid monohydrate, methane sulfonic acid, camphor sulfonic acid, dodecyl
benzene sulfonic acid, perchloric acid, hydrobromic acid, and hydrochloric acid. In other
embodiments, weak protic acid catalysts, e.g., having a Ka of less than 55, can be used, for
example phosphoric acid, orthophosphoric acid, polyphosphoric acid, and sulfamic acid.
Aprotic (LLewis acid) catalysts can include, for example, titanium tetrachloride, aluminum

trichloride, and boron trifluoride. A combination comprising any one or more of the
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foregoing acid catalysts can be used. In some embodiments, the method employs a
substantially nonvolatile acid catalyst such that the acid does not transfer into the distillate,
such as sulfuric or sulfamic acid. In an exemplary embodiment, the homogenous catalyst is
camphor sulfonic acid.

[0050] Instead of, or in addition to the homogenous acid catalyst, a heterogenous acid
catalyst can be used, where the acid catalyst is incorporated into, onto, or covalently bound
to, a solid support material such as resin beads, membranes, porous carbon particles, zeolite
materials, and other solid supports. Many commercially available resin-based acid catalysts
are sold as ion exchange resins. One type of useful ion exchange resin is a sulfonated
polystyrene/divinyl benzene resin, which supplies active sulfonic acid groups. Other
commercial ion exchange resins include LEWATIT® ion exchange resins sold by the
Lanxess Company of Pittsburgh, PA; DOWEX™ ion exchange resins sold by the Dow
Company of Midland, MI; and AMBERLITE® and AMBERLY ST® ion exchange resins
sold by the Rohm and Haas Company of Philadelphia, PA. In embodiments,
AMBERLYST® 15, Nafion® NR 50 and SAC® 13 resins may also be used as heterogeneous
catalysts. In these embodiments, the resin based catalyst is washed with water, and
subsequently, an alcohol, such as methanol or ethanol, and then dried prior to use.
Alternatively, the resin is not washed before its first use. In use, the heterogenous catalysts
are added to a reaction mixture, thereby providing a nonvolatile source of acid protons for
catalyzing the reactions. The heterogenous catalysts can be packed into columns or beds and
the reactions carried out therein. As the reagents elute through the column, the reaction is
catalyzed and the eluted products are free of acid. In other embodiments, the heterogenous
catalyst is slurried in a pot containing the reagents, the reaction is carried out, and the
resulting reaction products filtered or distilled directly from the resin, leaving an acid-free
material.

[0051] The amount of acid catalyst is about 2 to 10,000 parts per million (ppm),
specifically about 10 to about 5,000 ppm, specifically about 15 to about 1000 ppm, and more
specifically about 20 to about 600 ppm, relative to the total weight of the reactants. In this
case, the reactants are the sum of the polyol of formula (3), and the semialdehyde, ketoacid,
or ester thereof of formula (1).

[0052] When camphor sulfonic acid is used as the acid catalyst to produce the ketal or
acetal, it is used in amounts of about 5 to 5,000 parts per million (ppm), specifically about 10
to about 1,000 ppm, specifically about 15 to about 800 ppm, and more specifically about 20

to about 500 ppm, relative to the total weight of the reactants. In this case, the reactants are
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the sum of the polyol of formula (3), and the semialdehyde, ketoacid, or ester thereof of
formula (1). Itis to be noted various isomers of camphor sulfonic acid may be used to
catalyze the reaction and that racemic mixtures of the various isomers of camphor sulfonic
acid may be used to catalyze the reaction.

[0053] The acid catalyst may be charged directly into the reactant mixture comprising
the semialdehyde, ketoacid, or ester thereof and the alcohol or alternatively it may be diluted
in water or one of the reactants prior to being charged into the reactant mixture. The acid
catalyst may be diluted to about 0.01N to about 5.0N, specifically about 0.1N to about 4N,
and more specifically about 0.5N to about 3N prior to introduction into the reactant mixture.
The dilute acid catalyst may be continuously added to the reactant mixture throughout the
course of the reaction or alternatively it may be added instantaneously to the reactant mixture
in a single pass.

[0054] In one embodiment, in one method of manufacturing the ketal or acetal, the
semialdehyde, ketoacid, or keto ester and the alcohol (also known as the “reactants™) are
charged to a reactor along with the catalyst. The reaction to produce the ketal or acetal may
be conducted in either a batch reactor, a continuous reactor or in a semicontinuous reactor. It
is desirable for the reactor to have heating, cooling, agitation, condensation, vacuum, and
distillation facilities.

[0055] In a batch reactor, the reactants and catalyst are charged to the reactor in
batches and the produce is extracted from the reactor in batches only after the reaction has
been completed to an extent of greater than 80%. While a batch reactor may be used, it is
desirable to use a batch reactor when the product is manufactured by introducing the dilute
acid catalyst into the reactor in one charge. An exemplary batch reactor is a stainless steel,
glass-lined, or Hastelloy-type reactor. An example of a batch reactor is a continuous stirred
tank reactor. Another example of a reactor is a reactor with a recirculation loop. It is
desirable for the batch reactor to be equipped with distillation facilities for further
purification of the product.

[0056] Figure 1 is a depiction of an exemplary batch reactor system 100. With
reference now to the Figure 1, an exemplary system 100 for manufacturing the ketal or acetal
comprises a first reactor 102 in fluid communication with an optional condenser 122, a
separator 112, a packed column or bed 114, and a holding tank 128.

[0057] In one embodiment, in one method of manufacturing the acetal or ketal in the
batch reactor system 100, the reactants are charged to the first reactor 102. In the reactor

102, glycerol or propylene glycol is contacted with ethyl levulinate and an acid catalyst in a
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reactor under reaction conditions effective to produce a product that comprises a glycerol
ketal of ethyl levulinate or propylene glycol ketal of ethyl levulinate, while removing water
as a by-product. The product comprising the glycerol ketal of ethyl levulinate or propylene
glycol ketal of ethyl levulinate is subjected to distillation in the distillation column 122 under
effective distillation conditions to produce a resulting product that comprises either the
glycerol ketal of ethyl levulinate or the propylene glycol ketal of ethyl levulinate and less
than or equal to about 2 wt% contaminants; wherein the contaminants comprise one or more
of glycerol, acid species, ethyl levulinate, water, or a high molecular weight byproduct
having molecular weights that are at least 1.5 times greater than the molecular weight of the
glycerol ketal of ethyl levulinate.

[0058] The resulting reaction product may optionally be fractionated in a distillation
column (not shown) under fractionation conditions to separate fractionated materials (light
materials) from the product (heavy materials) until the product comprises less than 1000 parts
per million of glycerol, ethyl levulinate, or propylene glycol. The light materials comprise
the reactants and reaction products that have vapor pressures lower than the product. The
heavy materials comprise the reactants and reaction products that have vapor pressures
greater than or equal to the product.

[0059] When the glycerol ketal of ethyl levulinate is being manufactured the reaction
product after fractionation, comprises less than 1000 parts per million of glycerol, while if the
propylene glycol ketal of ethyl levulinate is being manufactured, the product comprises less
than 1000 parts per million of ethyl levulinate.

[0060] In one embodiment, the product is passed to a holding tank 128 and then
optionally through a bed 114 disposed downstream of the holding tank 128. The bed is
generally a packed bed that comprises inorganic salts, bases, molecular sieves or buffers that
can remove acid species and catalyst impurities from the product. This packed bed can be
before or after the distillation.

[0061] The product comprising the glycerol ketal of ethyl levulinate comprises less
than or equal to about 2 wt% contaminants; wherein the contaminants comprise one or more
of glycerol, acid species, ethyl levulinate, water, or a high molecular weight byproduct
having molecular weights that are at least 1.5 times greater than the molecular weight of the
glycerol ketal of ethyl levulinate. The product comprising the or propylene glycol ketal of
ethyl levulinate comprises less than or equal to about 2 wt% contaminants; wherein the

contaminants comprise one or more of glycerol, acid species, ethyl levulinate, water, or a
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high molecular weight byproduct having molecular weights that are at least 1.1 times greater
than the molecular weight of the glycerol ketal of ethyl levulinate.

[0062] The Figure 2 is another depiction of an exemplary batch reactor system 100.
With reference now to the Figure 2, an exemplary system 100 for manufacturing the ketal or
acetal comprises a first reactor 102 in fluid communication with a first distillation column
108, a separator 112, a (filtration) bed 114, a first condenser 116 and a holding tank 128. The
first reactor 102 is fitted with an optional condenser 122, while the first distillation column
108 is fitted with a first condenser 116.

[0063] In one embodiment, in one method of manufacturing the acetal or ketal in the
batch reactor system 100, the reactants are charged to the first reactor 102. In the first
reactor 102, glycerol or propylene glycol is contacted with ethyl levulinate and an acid
catalyst in a reactor under reaction conditions effective to produce a product that comprises a
glycerol ketal of ethyl levulinate or propylene glycol ketal of ethyl levulinate while removing
the by-product, water. The resulting reaction product is then fractionated in a distillation
column (108) under fractionation conditions to separate fractionated materials from the
product until the product comprises less than 1000 parts per million of glycerol, ethyl
levulinate, or propylene glycol. Fractionated materials comprising ethyl levulinate, polyol,
and other distilled compounds and impurities are recycled back to the reactor. The product
comprising the glycerol ketal of ethyl levulinate are then subjected to distillation in the
distillation column 108 under effective distillation conditions to produce a resulting product
that comprises the glycerol ketal of ethyl levulinate and less than or equal to about 2 wt%
contaminants; wherein the contaminants comprise one or more of glycerol, acid, ethyl
levulinate, water, or a high molecular weight byproduct having molecular weights that are at
least 1.5 times greater than the molecular weight of the glycerol ketal of ethyl levulinate.

[0064] The product comprising the propylene glycol ketal of ethyl are then subjected
to distillation in the distillation column 108 under effective distillation conditions to produce
a resulting product that comprises the propylene glycol ketal of ethyl levulinate and less than
or equal to about 2 wt% contaminants; wherein the contaminants comprise one or more of
glycerol, acid, ethyl levulinate, water, or a high molecular weight byproduct having
molecular weights that are at least 1.1 times greater than the molecular weight of the
propylene glycol ketal of ethyl levulinate.

[0065] In one embodiment, the product is passed through a bed 114 disposed

downstream of the reactor 102 and upstream of the distillation column 108. The bed is
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(e.g., semialdehyde, ketoacid, or the ester thereof) from byproducts (e.g., water). The
reactants are generally recycled to the first reactor 102, while the byproducts are extracted
and removed from the manufacturing process. In one embodiment, distillation, molecular
sieves, superabsorbents, or some other means for removal of water from the reaction mixture
may optionally be used in the process.

[0067] Vapors from the first condenser 116 are also discharged to the separator 112 to
separate an organic phase that comprises primarily reactants (e.g., semialdehyde, ketoacid, or
the ester thereof) from byproducts (e.g., water). In one embodiment, the bottom of the
distillation column can be purged to remove the “heavy species” (e.g., high molecular weight
species, dark-colored species, and unwanted acid catalyst, carboxylic acid components and
catalyst by-products). The resulting purified acetal or ketals are removed to the holding tank
128.

[0068] In a continuous reactor system, the reactants are charged to a first reactor,
conversion of reactants to products is measured to be greater than or equal to about 50%, and
a portion of the product mixture from the first reactor is subjected to additional finishing
processes in a second reactor, while at the same time additional reactants and catalyst are
continuously being charged to the first reactor to be converted into ketals or acetals. A
continuous reactor system generally employs a plurality of reactors in series or parallel so
that various parts of the process can be conducted in different reactors simultaneously.

[0069] In one embodiment, the reactor comprises a plurality of reactors (e.g., a
multistage reactor system) that are in fluid communication with one another in series or in
parallel. The plurality of reactors are used to react the semialdehyde, ketoacid, or ester
thereof with the alcohol, to recycle the reactants and to remove unwanted byproducts and
impurities so as to obtain a ketal or an acetal that is stable and has a long shelf life. In one
embodiment, a portion of the plurality of reactors may be used primarily to react reactants to
manufacture ketals or acetals, while another portion of the plurality of reactors may be used
primarily to remove from the ketals or acetals excess reactants, residual catalyst and other

byproducts that may hamper the formation of a stable product that has good shelf stability.
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reactor if desired. In other words, the system may comprise as many reactors as desired to

manufacture a product that is stable and has a long shelf life. In another embodiment, there

may be more than two distillation columns. For example, the system 100 may use three, four

or five distillation columns. Also, there may be more than one packed bed or column of

inorganic material prior to distillation. The packed beds or columns may be used in series or

parallel.

[0072] In other words, the system 100 can comprise “n” reactors that are in fluid
communication with each other and that may be arranged in series or in parallel. In one
embodiment, n is an integer from 1 to 20, specifically 2 to 10, and more specifically 3 to 6.

In an exemplary embodiment, n is 3. The system can also comprise “m” distillation columns,
where m can be an integer from 1 to 8, specifically 1 to 6, and more specifically about 2 to
about 4. In an exemplary embodiment, the number of distillation columns is 2. One column
will be used to remove excess ethyl-levulinate, polyol, and other distillable compounds and
impurities while the other distillation column is used to purify the ketal product. The number
of distillation columns used to purify the ketal may be 1 column, 2 columns or even 3 or
more columns.

[0073] In one embodiment, the alcohol (e.g., glycerol or propylene glycol) is reacted
with an ester of levulinic acid (e.g., ethyl levulinate) in the first reactor 102 with an acid
catalyst to produce a glycerol ketal of ethyl levulinate product or a propylene glycol ketal of
ethyl levulinate product. The by-product, water, is removed and condensed as the reaction
proceeds. The glycerol ketal of ethyl levulinate product or a propylene glycol ketal of ethyl
levulinate product are interchangeably referred to as a “product that comprises a glycerol
ketal of ethyl levulinate” or as a “product that comprises a propylene glycol ketal of ethyl

levulinate” respectively.
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[0074] After reaction, the glycerol ketal of ethyl levulinate product or the propylene
glycol ketal of ethyl levulinate product contains excess reactant (ethyl levulinate, glycerol or
propylene glycol), acid catalyst, acid species, and high molecular weight species which need
to be removed. The removal of the excess reactant, acid catalyst, acid species, and high
molecular weight species is conducted in the first and second distillation columns to produce
a glycerol ketal of ethyl levulinate composition or a propylene glycol ketal of ethyl levulinate
composition that contains less than 2 wt% of the excess reactant, acid catalyst and high
molecular weight species. In an exemplary embodiment, the glycerol ketal of ethyl levulinate
composition or the propylene glycol ketal of ethyl levulinate composition contains less than 1
wt%, and more specifically, less than 0.5 wt% of the excess reactant, acid catalyst and high
molecular weight species. When a glycerol ketal of ethyl levulinate composition or when a
propylene glycol ketal of ethyl levulinate composition is to be produced, the ethyl levulinate
is generally charged to the reactor in excess when compared with the glycerol or propylene
glycol. The excess ethyl levulinate drives conversion but also acts as a reactant and it is
therefore desirable to remove the excess ethyl levulinate after the first reactor 102, the second
reactor 104 and the third reactor 106 and to resupply it to the first reactor 102. In an
exemplary embodiment, the excess ethyl levulinate is removed after the third reactor 106 and
recycled to the first reactor 102. The reactors function to drive the reaction between the
glycerol or propylene glycol and the ethyl levulinate by removing water.

[0075] In one embodiment, one of the reactors in the system 100 to be a continuous
stirred tank reactor. In an embodiment the system 100 comprises at least one distillation
column that can facilitate the removal of unwanted byproducts of a high molecular weight
(dimers, trimers, and larger units such as oligomers). Recirculation reactors may also be used
that do not have an agitator.

[0076] As used herein, byproducts of a high molecular weight have molecular
weights that are at least at least 1.1 times greater, specifically at least 1.5 times greater,
specifically at least 1.8 times greater than the molecular weight of the desired acetal or ketal.
For example, when the desired ketal is the glycerol ketal of ethyl levulinate, the high
molecular weight byproducts include byproducts having a molecular weight that is at least
1.1, specifically at least 1.5, and more specifically at least 1.8 times greater than the
molecular weight of the glycerol ketal of ethyl levulinate. Such byproducts include various
dimers, trimers, and other larger oligomers. The dimers, trimers, and oligomers can be
produced by a condensation reaction between two, three, or more molecules of the desired

acetal or the ketal; a reaction between the semialdehyde, ketoacid, or ester, thereof and the
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a multi-stage reactor system) as shown in the system 100 of Figure 3, to achieve conversion

of the alcohol and the semialdehyde, ketoacid, or ester thereof to an acetal or ketal. A multi-

stage reactor system is used to reduce the residence time of the reactants in the reactors. It

also provides the ability to change temperature and pressure without causing spikes in

temperature and pressure or unduly long heat-up and cool-down times that are produced in a

system that comprises a single reactor and that are damaging to the quality of the acetal or

ketal.

[0079] The residence time required for high conversion is reduced by utilizing a

multiple stage reactor system. This improves product yield by reducing the formation of by-

products, due to relatively low residence times in each reactor. Additionally, since high

conversion is highly dependent upon vapor-liquid equilibria, multiple stages allow for greater

flexibility of temperature and pressure in a continuous process in order to maximize

conversion and limit by-product formation. By operating reactors at different temperatures

and pressures, including decreasing pressures as the reaction progresses, a conversion of

greater than or equal to about 90%, specifically greater than or equal to about 95% of the

reactants can be achieved.

[0080] With reference now again to Figure 3, the reactants are generally introduced

into the first reactor 102 along with the catalyst. A combination of the reactants, products

and byproducts are transferred in sequence from the first reactor 102 to the second reactor

104, the third reactor 106, optionally, the packed bed of inorganic material (114), the first

distillation column 108 and the second distillation column 110. In each stage, the

manufacturing process is further completed by removing water, excess reactants and/or

byproducts to obtain a stable ketal or acetal in the second distillation column 110.
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[0081] In an exemplary embodiment, the first reactor 102 is a continuous stirred tank
reactor into which the semialdehyde, ketoacid, or ester thereof and the alcohol are charged
along with the acid catalyst. The first reactor 102 has a condenser 122 in which water and
ethyl levulinate vapors are condensed. This is also known as the fractionation step in which
the “light fractionated materials” comprising water, polyol, ethyl levulinate, impurities, and
trace amounts of the ketals or acetals are separated from the “heavy fractionated materials™
which include the product and other contaminants. A portion of the reactants and byproducts
are condensed in the first condenser. The vapors from the first condenser are then discharged
to a separator 112 to separate an organic phase that comprises primarily reactants (e.g.,
semialdehyde, ketoacid, or the ester thereof) from byproducts (e.g., water). The reactants are
generally recycled to the first reactor 102, while the byproducts are extracted and removed
from the manufacturing process. In one embodiment, molecular sieves, distillation,
superabsorbents, or some other means for removal of water from the reaction mixture may
optionally be used in the process.

[0082] The reaction can be carried out in the presence of an optional solvent that is
substantially inert under reaction conditions, such as aliphatic or aromatic hydrocarbons,
ethers or chlorinated hydrocarbons. Such solvents can also be used to remove water formed
during the reaction by an azeotropic distillation. In one embodiment, toluene, benzene or
another inert solvent could be used.

[0083] The reaction may be alternatively carried out with a heterogeneous catalyst
that may be removed by filtration prior to fractionation and distillation of the final product.

[0084] The evaporation of water from the first reactor 102 (and from the second
reactor 104 and the third reactor 106) drives the reaction to completion. As noted above, the
semialdehyde, ketoacid, or ester thereof is generally added in excess to drive the reaction to
completion. The excess semialdehyde, ketoacid, or ester thereof are however contaminants
in the reaction product and therefore need to be removed. The recycling of the excess
semialdehyde, ketoacid, or ester thereof facilitates completion of the reaction between the
semialdehyde, ketoacid, or ester and the alcohol.

[0085] An exemplary separator 112 is a decanter. Other separators such as
condensers, distillation columns, centrifuges, membrane filters, molecular sieves, and the
like, can also be used.

[0086] In one embodiment, the first reactor 102 is maintained at a temperature of
about 50 to about 150°C, specifically about 65 to about 130°C, and more specifically about

75 to about 120°C during the reaction of the semialdehyde, ketoacid, or keto ester with the
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alcohol. In another embodiment, the first reactor 102 is maintained at a pressure of about 20
to about 760 millimeters (mm) of Mercury (Hg), specifically about 30 to about 700 mm Hg
and more specifically about 40 to about 650 mm Hg. In yet another embodiment, the
residence time for the reactants in the first reactor is about 3 to about 1200 minutes,
specifically about 4 to about 180 minutes and more specifically about 5 to about 80 minutes.

[0087] In the first reactor 102, about 20 to about 95 mole percent, specifically about
50 to about 93 mole percent and more specifically about 75 to about 90 mole percent of the
reactants are reacted to produce ketals or acetals.

[0088] The second reactor 104 and third reactor 106 are optional and are used to
further remove any water byproducts. In an exemplary embodiment, the second reactor 104
and the third reactor 106 are primarily reactors with recirculating reboilers that are used to
remove water from the reaction and some of the excess semi-aldehyde, ketoacid, or ester.
Each of the second reactor 104 and the third reactor 106 are fitted with a second condenser
116 and a third condenser 118 respectively that facilitate further separation of the unreacted
reactants from water by-product. The reactants are generally recycled to the first reactor
102.

[0089] In one embodiment, additional catalyst may be added to the second reactor
104 and to the third reactor 106 to facilitate an improved reaction between the semialdehydes,
ketoacids and esters thereof with the alcohol. In an exemplary embodiment, the acid catalyst
is added only to the first reactor 102.

[0090] In one embodiment, the temperature in the second reactor 104 and the third
reactor 106 are maintained at temperatures of about 50 to about 150°C, specifically about 65
to about 130°C, and more specifically about 75 to about 120°C respectively. In another
embodiment, the second reactor 104 and the third reactor 106 are both maintained at
pressures of about 5 to about 760 millimeters (mm) of Mercury (Hg), specifically about § to
about 700 mm Hg and more specifically about 10 to about 50 mm Hg respectively. In yet
another embodiment, the residence time for the reactants in the second and third reactor is
about 3 minutes to about 1200 minutes, specifically about 4 to about 200 minutes and more
specifically about 5 to about 80 minutes respectively.

[0091] In one embodiment, an amount of up to about 100 weight percent (wt%),
specifically about 5 to about 90 wt%, and more specifically about 15 to about 50 wt% of the
recycled semialdehydes, ketoacids and esters thereof, polyols, and ketal products are recycled
to the first reactor 102. In one embodiment, when ethyl levulinate is reacted with glycerol to

produce the glycerol ketal of ethyl levulinate, up to about 100 wt%, specifically about 50 to
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about 0.001 to about 10 ppm sulfur-containing acid impurities, specifically about 0.002 to
about 5 ppm sulfur-containing acid impurities, based on the total weight of the composition.
The reduction in the amount of sulfur-containing acid impurities in the acetal or ketal product
increases shelf life by increasing hydrolytic stability.

[0094] In one embodiment, in order to reduce the amount of sulfur-containing acid
impurities present in the acetal or ketal product, the product is made to contact a base or
buffer to neutralize any acid catalyst that is present prior to the first distillation column. In
one embodiment, the acetal or ketal product contacts packed beds of bases/buffers to reduce
sulfur-containing acid impurities and carboxylic acid impurities content to the desired levels.
Examples of bases that can be used in packed beds are carbonates, amines, hydroxides,
phosphates or oxides. An exemplary packed bed contains barium carbonate (BaCQO3). In
another embodiment, the packed bed can comprise molecular sieves.

[0095] In another embodiment, the reactor product may be formulated with an
inorganic salt that serves as a buffer. Other examples of buffers are solutions of citric acid,
sodium citrate, sodium carbonate and sodium bicarbonate. Exemplary buffers are 0.1 molal
(m) solutions of citric acid, sodium citrate, sodium carbonate, sodium bicarbonate, or a
combination comprising at least one of the foregoing buffers.

[0096] By contacting the acetal or ketal product with a packed bed of molecular
sieves, base or buffers, the product yield can be increased from about 75% to greater than
95% based upon the reactant feed. The product composition increases its shelf stability from
less than 1 day to greater than at least 2 days, specifically greater than at least 1 week, and
more specifically greater than at least 1 month.

[0097] In an exemplary embodiment, it is desirable for the glycerol ketal of ethyl

levulinate composition to contain the sulfur-containing acid impurities in amounts of less
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than 20 ppm, specifically less than or equal to about 10 ppm and more specifically less than
or equal to about 5 ppm, based on the total weight of the glycerol ketal of ethyl levulinate
composition. In yet another exemplary embodiment, it is desirable for the propylene glycol
ketal of ethyl levulinate composition to contain the sulfur-containing acid impurities in
amounts of less than 20 ppm, specifically less than or equal to about 10 ppm and more
specifically less than or equal to about 5 ppm, based on the total weight of the propylene
glycol ketal of ethyl levulinate composition.

[0098] In an exemplary embodiment, it is desirable for the glycerol ketal of ethyl
levulinate composition to have an acid number of less than 1, specifically less than 0.5, and
more specifically less than 0.3, when measured as per ASTM D 664. In an exemplary
embodiment, it is desirable for the propylene glycol ketal of ethyl levulinate composition to
have an acid number of less than 1, specifically less than 0.5, and more specifically less than
0.3 when measured as per ASTM D 664.

[0099] The bed 114 can be a single bed or can comprise a plurality of beds.
Examples of buffers or bases used in the bed are mono or di-basic sodium or potassium
phosphates, mono, di- or tri-basic calcium or zinc phosphate, barium carbonate, barium
phosphate, zinc carbonate, sodium carbonate, potassium carbonate, sodium citrate, potassium
citrate, calcium citrate, basic alumina, a weakly basic anion exchange resin, etc.. A partial
acetal or ketal product (e.g., a product where the conversion is less than 95%) or a fully
completed acetal or ketal product (e.g., a product where the conversion is greater than 95%)
can contact the bed either in a single pass or in multiple passes.

[0100] In one embodiment, residual alcohol or polyol may be removed by passing the
acetal or ketal product through a column or bed of ion exchange resin prior to distillation or
post-distillation of the final ketal product of the alcohol. It is desirable for the ion exchange
resin to contain sulfonate moieties. Without being limited by theory, it is believed that
alcoholic compounds undergo hydrogen bonding with the sulfonate groups that are
covalently bound to the matrix, and the alcohols are thereby removed from the reaction
products. Examples of useful ion exchange resins include LEWATIT® 202 and/or
LEWATIT® 405, sold by the Lanxess Company of Pittsburgh, PA; and AMBERLITE™
BD10DRY™, sold by the Rohm and Haas Company of Philadelphia, PA. The period of
contact of the acetal or ketal product with the column of ion exchange resin occurs for about
1 minute to about 5 hours, specifically about 10 minutes to about 3 hours and more

specifically about 30 minutes to about 2 hours. The bed or column of the ion exchange resin
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glycerol ketal of ethyl levulinate product or the propylene glycol ketal of ethyl levulinate

product.

[0102] In an exemplary embodiment, the glycerol ketal of ethyl levulinate product or
the propylene glycol ketal of ethyl levulinate product is distilled in the first distillation
column 108 and in the second distillation column second distillation column 110 to remove
excess reactant (e.g., ethyl levulinate), high molecular weight species (e.g., dimers, trimers
and oligomers) and acid catalyst to produce a purer form of the glycerol ketal of ethyl
levulinate composition or the propylene ketal of ethyl levulinate composition. As stated
above, the glycerol ketal of ethyl levulinate composition or the propylene ketal of ethyl
levulinate composition each contain less than 2 wt% contaminants based on the total weight
of the respective glycerol ketal of ethyl levulinate composition or the propylene glycol ketal
of ethyl levulinate composition.

[0103] In one embodiment, the distillation column 108 is fitted with up to 6
theoretical stages (also termed “stripping stages or rectification stages” or “trays”). The trays
at the top of the first distillation column are maintained at a temperature of about 40 to about
170, specifically about 65 to about 120°C, while the trays at the bottom of the first distillation
column are maintained at a temperature of about 100 to about 200°C, specifically about 120
to about 180°C, and more specifically about 140 to about 160°C. The pressure at the bottom
of the first distillation column is about 5 to about 760 mm Hg, specifically about 10 to about
500 mm Hg, and more specifically about 15 to about 50 mm Hg. The reflux to feed ratio in
the first distillation column can be up to about 1.0 and specifically about O to about 0.5.

[0104] In one embodiment, in the fractionation step, excess ethyl levulinate and
polyol is stripped using a strong vacuum of about 0.5 to about 20 mm Hg. The stripping
tower uses a strong vacuum as the glycerol ketal of ethyl levulinate essentially needs to boil
in order to reach low levels of ethyl levulinate. If the temperature in the distillation column is

too high, the ketal product is lost to oligomers or other by-products. Similarly, if the tower
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levulinate or the propylene glycol ketal of ethyl levulinate from the oligomeric species that
accumulate in the reactors and in the first distillation column. In one embodiment, two or
more stages and a reflux are used to keep the higher molecular weight species out of the ketal
or acetal product. Downstream applications are affected if the higher molecular weight
species are not removed, due to the presence of low levels of color-forming bodies.

[0109] The number of stripping stages can be any number greater than 1, specifically
greater than 2, and more specifically greater than 4. The number of rectification stages is

greater than or equal to about 1, and specifically greater than or equal to about 2. In an
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exemplary embodiment, the number of stripping stages is greater than or equal to about 4,
while the number of rectification stages is greater than or equal to about 2.

[0110] In one embodiment, the bottom of the first distillation column and the bottom
of the second distillation column can be purged to remove the “heavy species” (e.g., high
molecular weight species, dark-colored species, and carboxylic acids, unwanted acid catalyst
and catalyst by-products). The temperature at the bottom of the distillation column is
maintained at a temperature of less than or equal to about 250°C, specifically less than or
equal to about 200°C, and more specifically less than or equal to about 180°C to prevent
degradation of the distillate that remains at the bottom of the column. In one embodiment,
when the final product is a glycerol ketal of ethyl levulinate composition, the temperature at
the bottom of the distillation column is about 120 to about 200°C. In another embodiment,
when the final product is a propylene glycol ketal of ethyl levulinate composition, the
temperature at the bottom of the distillation column is about 100 to about 180°C. The high
molecular weight species and unwanted catalyst are removed from the distillation column and
discharged to a drain or to a waste tank.

[0111] The distillation of the final ketal product or the excess reactant can also be
carried out with wiped film evaporators, spinning film evaporators, rotary evaporators, falling
film evaporators and other similar equipment. In one embodiment, the ketal or acetal may be
removed to a small extent in the first distillation column and subsequently re-used by mixing
with additional fresh reactants.

[0112] In producing the glycerol ketal of ethyl levulinate composition or the
propylene glycol ketal of ethyl levulinate composition, it is desirable to use reaction
conditions that permit conversions of greater than or equal to about 90 mole percent and
specifically greater than or equal to about 95 mole percent of the alcohol, specifically the
glycerol. Unreacted glycerol that is present in the composition in amounts of greater than
about 5000 ppm is problematic to the quality of the products because of inherent functionality
of the glycerol (3 hydroxyl groups), the insoluble nature of glycerol (may cause cloudiness
when in contact with organic solutions), and the hygroscopic nature of glycerol. Glycerol
should be present in amounts of less than or equal to about 10,000 parts per million (ppm),
specifically about 1 to about 8,000 ppm and more specifically about 2 to about 5,000 ppm,
based on the total weight of the glycerol ketal of ethyl levulinate composition. Similarly,
propylene glycols should be present in amounts of less than or equal to about 10,000 parts per

million (ppm), specifically about 1 to about 8,000 ppm and more specifically about 2 to about
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5,000 ppm, based on the total weight of the propylene glycol ketal of ethyl levulinate
composition.

[0113] In one embodiment, the glycerol ketal of ethyl levulinate composition or the
propylene glycol ketal of ethyl levulinate comprises less than 2 wt% contaminants,
specifically less than or equal to about 1.75 wt% contaminants, specifically less than or equal
to about 1.5 wt% contaminants, specifically less than or equal to about 1.25 wt%
contaminants, specifically less than or equal to about 1 wt% contaminants, specifically less
than or equal to about 0.75 wt% contaminants, specifically less than or equal to about (.5
wt% contaminants and more specifically less than or equal to about 0.25 wt% contaminants.
The contaminants are unreacted semialdehydes, ketoacids or esters thereof, unreacted
alcohol, the catalyst, sulfur-containing acid impurities, carboxylic acid impurities, and high
molecular weight species such as dimers, trimers and oligomers produced by an aldol
reaction between the ketal or acetal and ethyl levulinate, a reaction between the
semialdehydes, ketoacids or esters thereof and the ketal or acetal, a reaction between the
semialdehydes, ketoacids or esters thereof and an aldol of the ketal or acetal, or a reaction
between the semialdehydes, ketoacids or esters thereof, the aldol of the ketal or acetal, and
the ketal or acetal.

[0114] It is desirable to reduce the amount of residual alcohol or polyol to less than
7500 ppm, specifically less than or equal to about 5000 ppm and more specifically less than
or equal to about 2000 ppm, based on the weight of acetal or ketal product.

[0115] In an exemplary embodiment, it is desirable for the glycerol ketal of ethyl
levulinate composition to contain glycerol in amounts of less than 7500 ppm, specifically less
than or equal to about 5000 ppm and more specifically less than or equal to about 2000 ppm,
based on the total weight of the glycerol ketal of ethyl levulinate composition. In yet another
exemplary embodiment, it is desirable for the propylene glycol ketal of ethyl levulinate
composition to contain propylene glycol in amounts of less than 5000 ppm, specifically less
than or equal to about 2000 ppm and more specifically less than or equal to about 1000 ppm,
based on the total weight of the propylene glycol ketal of ethyl levulinate composition.

[0116] Itis also desirable to reduce the amount of water present in the acetal or ketal
product to less than or equal to about 2000 ppm, specifically less than or equal to about 1000
ppm, and more specifically less than or equal to about 500 ppm based on the weight of acetal
or ketal product. The water may be removed by sparging the product with hot dry nitrogen
having less than 100 ppm. Vacuum traps may be used in conjunctions with either of the

reactors 102, 104, 106 or in conjunctions with the distillation columns 108, 110 to remove
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water. In one embodiment, in order to improve performance of the system 100, a cold trap
operating at a temperature of -60°C or a condenser that operates at a temperature of below
50°F may be used to remove water present in the acetal or ketal product.

[0117] In one embodiment, when ethyl levulinate is reacted with glycerol to obtain
the glycerol ketal of ethyl levulinate composition, it is desirable for the glycerol ketal of ethyl
levulinate composition to contain less than 500 ppm water, specifically less than or equal to
about 250 ppm water and specifically less than or equal to about 150 ppm water, based on the
total weight of the glycerol ketal of ethyl levulinate composition. The glycerol ketal of ethyl
levulinate composition may contain less than or equal to about 10,000 ppm, specifically less
than or equal to about 5,000 ppm and more specifically less than or equal to about 2,000 ppm
of the glycerol, based on the total weight of the glycerol ketal of ethyl levulinate composition.

[0118] In another embodiment, when ethyl levulinate is reacted with propylene glycol
to obtain the propylene glycol ketal of ethyl levulinate composition, it is desirable for the
propylene glycol ketal of ethyl levulinate composition to contain less than 500 ppm water,
specifically less than or equal to about 250 ppm water and specifically less than or equal to
about 150 ppm water, based on the total weight of the propylene glycol ketal of ethyl
levulinate composition. The propylene glycol ketal of ethyl levulinate composition may
contain less than or equal to about 5,000 ppm, specifically less than or equal to about 3,000
ppm and more specifically less than or equal to about 2,000 ppm of the propylene glycol,
based on the total weight of the propylene glycol ketal of ethyl levulinate composition.

[0119] In yet another embodiment, the glycerol ketal of ethyl levulinate composition
or the propylene glycol ketal of ethyl levulinate composition comprises less than or equal to
about 1 wt% ethyl levulinate, specifically less than or equal to about 0.5 wt% ethyl levulinate,
and more specifically less than or equal to about 0.2 wt% ethyl levulinate, based on the total
weight of the respective compositions.

[0120] In one embodiment, the glycerol ketal of ethyl levulinate composition may
contain less than or equal to about 0.5 wt%, specifically less than or equal to about 0.2 wt%
of dimers obtained from a reaction between the glycerol ketals of ethyl levulinate. In yet
another embodiment, the glycerol ketal of ethyl levulinate composition may contain less than
1 wt%, and specifically less than or equal to about 0.2 wt%, and more specifically less than or
equal to about 0.1 wt% of dimers obtained from an aldol reaction between the glycerol ketal
of ethyl levulinate and ethyl levulinate. In yet another embodiment, the glycerol ketal of

ethyl levulinate composition may contain less than 0.5 wt%, and specifically less than or
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equal to about 0.25 wt%, and more specifically less than or equal to about 0.1 wt% of dimers
obtained from a reaction between the glycerol ketals of ethyl levulinate and ethyl levulinate.

[0121] In another embodiment, the glycerol ketal of ethyl levulinate composition may
contain less than or equal to about 0.5 wt% trimers, and specifically less than or equal to
about 0.2 wt% of trimers obtained from a reaction between the glycerol ketals of ethyl
levulinate. In yet another embodiment, the glycerol ketal of ethyl levulinate composition
may contain less than or equal to about 0.5 wt% trimers, and specifically less than or equal to
about 0.2 wt% of trimers obtained from an aldol reaction between the glycerol ketal of ethyl
levulinate and the dimer reaction product of the glycerol ketal of ethyl levulinate and ethyl
levulinate. In yet another embodiment, the glycerol ketal of ethyl levulinate composition
may contain less than or equal to about 0.5 wt% trimers, and specifically less than or equal to
about 0.2 wt% of trimers obtained from a reaction between the glycerol ketals of ethyl
levulinate and ethyl levulinate.

[0122] In one embodiment, the glycerol ketal of ethyl levulinate composition may
contain less than or equal to about 0.20 wt% tetramers, and specifically less than or equal to
about 0.1 wt% of tetramers obtained from a reaction between glycerol ketal of ethyl
levulinate and ethyl levulinate or from a reaction between glycerol ketal of ethyl levulinate
and itself. All weight percents listed above for the byproducts of the reaction between the
glycerol and the ethyl levulinate are based on the total weight of the glycerol ketal of ethyl
levulinate composition.

[0123] In another embodiment, the propylene glycol ketal of ethyl levulinate
composition may contain less than or equal to about 0.5 wt%, specifically less than or equal
to about . 2 wt% of dimers obtained from a reaction between ethyl levulinate and the
propylene glycol ketal of ethyl levulinate. In yet another embodiment, the propylene glycol
ketal of ethyl levulinate composition may contain less than 1 wt%, and specifically less than
or equal to about 0.5 wt%, and more specifically less than or equal to about 0.2 wt% of
dimers obtained from an aldol reaction between the propylene glycol ketal of ethyl levulinate
and ethyl levulinate.

[0124] In another embodiment, the propylene glycol ketal of ethyl levulinate
composition may contain less than or equal to about 0.2 wt% oligomers derived from the
reaction between two molecules of ethyl levulinate and 1 molecule of propylene glycol
(trans-esterification to produce a di-ester). In yet another embodiment, the propylene glycol
ketal of ethyl levulinate composition may contain less than or equal to about 0.2 wt%

oligomers derived from the reaction between two molecules of the propylene glycol ketal of
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ethyl levulinate and 1 molecule of propylene glycol (trans-esterification to produce a di-ketal-
di-ester), and specifically less than or equal to about (.1 wt% of oligomers derived from the
reaction between two molecules of the propylene glycol ketal of ethyl levulinate and 1
molecule of propylene glycol (trans-esterification to produce a di-ketal-di-ester).

[0125] All weight percents listed above for the byproducts of the reaction between the
propylene glycol and the ethyl levulinate are based on the total weight of the propylene
glycol ketal of ethyl levulinate composition. All weight percents listed above for the
byproducts of the reaction between the glycerol ketal and the ethyl levulinate are based on the
total weight of the glycerol ketal of ethyl levulinate composition.

[0126] In one embodiment, the propylene glycol ketal of ethyl levulinate composition
of the glycerol ketal of ethyl levulinate composition may be hydrogenated.

[0127] Ketals or acetals produced by the aforementioned process are thermally and
UV color stable. In one embodiment, when subjected to temperatures of about 200°C for a
period of a few hours, the color change is less than 30 YI units. In another embodiment,
when subjected to temperatures of about 200°C for a period of a few hours, the color change
is less than 1 index of absorption unit. In another embodiment, when subjected to a UV
chamber for a period of at least 2 days, the color change is less than 1 index of absorption
unit. Ketals or acetals produced by this process are also shelf stable and hydrolytically stable.

[0128] As noted above, it is desirable for the acetals or ketals to be hydrolytically
stable (i.e., to be hydrostable). A desirable hydrostability for the acetals of ketals disclosed
herein is displaying a retention in chemical composition of greater than or equal to about 70
weight% after exposure to water for about 24 hours at a temperature of about 65°C as
determined by GC-FID. Materials of the invention display retention in chemical composition
of greater than or equal to about 70 weight% after exposure to water for about 24 hours at a
temperature of about 65°C as determined by GC-FID. In order to determine the
hydrostability, the chemical composition of a given acetal or ketal composition is first
determined by GC-FID. A sample of this composition is placed into a glass scintillation vial
and a certain amount of water is added. Optionally, an added reagent or buffer can be added
into the vial. The vial is then sealed and placed into a hot-air oven for 24 hour at about 65 to
about 70°C. After 24 hour, an aliquot is removed and analyzed by GC-FID.

[0129] Shelf-stability is defined as an acetal or ketal composition that has less than or
equal to about 0.5 wt% purity change from its original chemical purity after aging for 20
hours at 20°C from production as determined by GC-FID. The chemical purity of the

compound was determined by GC-FID with an internal standard and calibration curve.
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[0130] Color stability is defined as a change of less than 1 index of absorption unit
(IAU) after subjecting a reagent to heat, UV light, or room temperature aging. An [AU is
equal to the number of area units calculated by integrating the area under the UV spectrum
curve of a compound from 380 nm to 500 nm using an ultraviolet-visible detector and a
quartz cell that is 10 mm in diameter. The sample may be diluted in a non-UV absorbing
solvent (no absorption between 380-500 nm wavelength), such as methanol, water, or another
solvent prior to the UV-VIS measurement in order to measure the area under the curve
corresponding to IAU. A blank UV spectrum is performed on the solvent before measuring
the sample dissolved in solvent.

[0131] An IAU measurement may also be used to detect the amount of yellowness of
liquid samples in a neat form or dissolved in solvent that does not absorb in the UV spectrum
between 380-500 nm. In this case, an [AU less than or equal to about 0.1 is desirable for low
yellowness color.

[0132] The presence of unknown UV-absorbing impurities may also be detected by
liquid chromatography, for example, HPLLC. The HPLC is used in conjunction with a UV
detector to analyze for UV-absorbing impurities that are structurally different and separated
chromatographically from the ketal product. These unknown impurities have a UV
absorbance peak, which one integrates the area under the peak to calculate the relative
amount of UV-absorbing impurity within a given composition. The lower the area under the
curve of these UV absorbing impurities indicates that the ketal composition is subsequently
more pure and free from possible color-body impurities. These unknown impurities can lead
to quality problems, for example, thermal, UV, and color stability.

[0133] The ketals or acetals can be used in a variety of articles such as personal care
products such as shampoos, lotions, shaving creams, deodorants, lipstick, makeup, makeup
remover, hair dye and the like as well as industrial products such as paints, inks, paint
strippers, fabric softeners, laundry detergents, candles, polymeric products that contain
compatibilizers such as exterior body panels for automobiles, exterior surfaces of electronics
goods, and the like. In one embodiment, the ketals or acetals may be converted into a
polymer that is used as a plasticizer, a toughener, a surfactant, a barrier layer compound, an

interfacial modifier, a compatibilizer, or a phase transfer compound.

EXAMPLES
Examples 1 — 12
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30 Exanple 31 Exanple 32 Exanple 33 [0172] The data in the Table
5 shows that the final purity of the distilled conposition of propylene

gl ycol kewal2orfoigshyl | evulinate was greater than 99% whEnUSkiwa/Ob@bs om
non-distilled fractions were purged fromthe bottom of the second
distillation colum. Exanples 28 and 29 had non-detectabl e propyl ene gl ycol
and | ess than 1500 ppmethyl levulinate in the feed conposition entering

into the secopggli idst &:ahipRR we! dbiMuctddAVaNBEnstriR @ Hindtdctukihpor Kikie
conposi tion, the ethyl |evulinate increased by 10-fold and the prgtpyl ene
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greater than 99%1s not as easily control [0173] However, purging
t he bot t orsliggtion neaceﬁeé@rmomie@@ glypdtkptahofcedtydt lmulduttq ang tltet@yqﬁr@ kel oft i on

surpri si nat e and
pr opyl eng%’?llf?:% i tﬁge%f'( %F 1°st P%P&%%p%%dgg%&?g y#&%ﬁ%% Stujﬁgélgf’{?leded
conposi t icalystThing thebot@ssoftthedigflatien edhllmmsmdqedlp tedhegomool thé segpmht er t han
99%pure r. en et al et h | evul i nat.e d a nore
cons! ot etuRinEOfnt it (8 GpnfinGh0Kine SYELARLGRIIR St llced To

synt hesi Zee/ughgxemddhe glet:@bl kefal eﬁdmwl ldve}\mlte ﬁlate@xﬂetﬂegaldnsdrprmlngbyarrpl e 7 was
used, except that the catalyst used ) in an_anoun t.o 500 ppm
ot ead drmeni gt PEu R R e R s one B s SR Bl Bort o o6
conver si dtstlllanﬁh 1gdrya@wdhbmicet s‘ﬂdbﬂﬁﬁ Elidyomposivibihsi Ml @sing Spepificishilif@chaggicor di ng

tothefollg, 3 Cg 05|g|ons for Exanples 34 - 38 are shown
in the TabfeseY %PB bun tObe[ 9isplly $iabde- 2 packed bed of dibasic solid sodium

phosphat e was[(igl BhdBa&BRd Wi c@ﬁdmtbalats FQws o WAchidh nliaklr€cdniibnanile, 35) at a
tenperature of 70 to 110C and at a flow rate of 70 to 90 I'bs/hour. The
conposi t iPEPYIRES 2ee] ket of ot lepplingge. gthuklpyuligate gionyding glycel 2 Bomeaspetuat ur e

bet ween 9@iatc@iall 4O Bdind uﬁﬁtrelegtvel%qe(t R Wrids R {NRHER colbifn. OMRIREREsi¥@UUM oNn
the distillation colum was 5 to 10 mm [0176] The m xture was

ref | uxed [Piralkafgccsripis adhe ewinegivaesenDies ardowbin Genlale { helowi <Y afl at i on
col um i @hé&%mbﬁ?&’dd &mpPHaife éx%fHBﬁ:E el a%mé&%&& AthBEt exzfé})%f&%pw tion was
subsequently fed into a second distillation colum at a tenperature of 140
to 160C agxamplest endo¥, wh@htwer@BanuasithedwsingPHwtagegenéaadatgliguum on t he col um
was 4 to 10 X8 gcirculated
in the bottom o%@tlﬁgpg?lgltlgwuﬁlwgé :;Jslrtm I St'ed %ﬁl?tg rggc{tlggﬂlé}?&g V'E enperature
of 170 t alisti8a®n. d]ostqntrhtedpmpelﬂmwoamalmﬁ ethgldlt edinphat logher Qd:iahgtinemsitieﬁ eel

cont ai ner. . The.botto f the atl an rged a Jga rate of
2 to 4 | B RGO C“F?Bata? it Ve tg%lzf% i'on" ot° dﬁfps@a“ i Purfgpét?;h usé f's shown in
Tabl e 6 bl&ltlﬁmon'ﬁhmnatcpMpﬂam&@ycookettlh)eethy]riatuhdmetWah tead)vect oduichd wade 0. 01.

[0177] a 7 was ucte in the sane except that
e cat atGueniestrole ERRNE i coatiey ShTes0 TG Bou e et of sol fur ¢
aci d and datipagcnedivaed 1ot pdjpbem gyaﬂdetmmfeh@sph@trete\mema Qﬁbnﬂweﬂfead o
dlstlllatlo]ril The acid g ﬁ?é was 0. 01. %8 Exanpl e 38 was the sane as
Exanpl e FIsUiondp fhg seont distilfasion golgn was OVef TRYTC FRaowR rdBs i thlohs of

Exanpl es n3wand 36 were nmanufactured by a nethod used to synthesize the

propyl ene gl ycoI ket al of etE)?%/t IevuI inate and the gl ceroI ket al of ethyl
| evul i nat e as W& chithel@lpwingkZapples! 1 laddorylenyiglycpldy oebdfed to

greater thage %Q%bﬁf?&lé(%l@dv@fbel&@%dp%l%}’dl fA8I (glewptevﬁﬁtaelha%g etemétmt@vul inate
was purified as detail ed bel ow. 0 a mddle zone of a distillation colum

was fed tifeovehdev asrcnmydsiueédn shown in the Table 6. [0180] The
conposition was fed into thg first distillation colunmm at a tenperature
between 90 to 110C at a rat to 50 | bs/hour. The overhead vacuum on
the distillation col um W& to mnm Hg. The m xture was refluxed in the
colum and recirculated in the 8gtdomof the distillation colum in a
reboiler at a tenperature of 150 to 160C. The conpositidﬁ)mas subsequently
fed into a second distillation colum at a tenperature between 130 to 140C
at a rate of 30 to 35 | bs/hour. The overhead vacuum on the colum was 4 to
8 mMm Hg. The m xture was refluxed in the colum and recirculated in the
bottom of the distillation columm in a reboiler at a tenperature of 170 to
180C, distilled overhead, and collected into a stainless steel container.
The final conposition of the distilled product is shown in Table 6. The
aci d number of the final product of ER&nple 34 was 0.28. [0181] The acid
nunber of the final product of Exanple 36 was 0. 24. [0182] The data in
Tabl e 6 shows the conposition of the feed flowing into the first
distillation colum, the feed conposition flowing into the second
dlstlllatlon colunn and the conp05|t|on of the flnal distilled and
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[0138] Examples 1 and 2: Into a CSTR was continuously and simultaneously charged
propylene glycol (21 wt% of total composition) and ethyl levulinate (79 wt% of total
composition). An aqueous solution of sulfuric acid was continuously pumped into the CSTR
at 20-60 parts per million of the total composition weight. The CSTR was at a temperature of
95°C and a pressure of 80 mm Hg. The reagents were converted into 7, and water was
continuously removed from the CSTR. The composition of the overheads also contained
propylene glycol and ethyl levulinate. The flow rate out of the reactor was 58 lbs/hour. The
CSTR product was discharged into a second reactor, and was heated to 100°C and a vacuum
pressure of 61 mm Hg. The reagents were further converted into a propylene glycol ketal of
ethyl levulinate (having Formula 7), and water was continuously removed from the second
reactor. The flow rate of product from the first reactor into the second reactor was 61
Ibs/hour. The second reactor discharged the product into a third reactor, and the product was
heated to 106°C and a vacuum pressure of 30 mm mercury (Hg). The composition of the
reaction mixture at the end of the third reactor comprised 0.049 wt% water, 0.27 wt%
propylene glycol, 46.25 wt% ethyl levulinate, 53.05 wt% propylene glycol ketal of ethyl
levulinate and 0.44 wt% of other impurities, including the transesterification condensation
product of propylene glycol and the propylene glycol ketal of ethyl levulinate.

[0139] The composition was then fed into a first distillation column at a temperature
between 90 to 110°C at a rate of 60 to 80 Ibs/hour. The overhead vacuum on the distillation
column was 5 to 10 mm Hg. The composition was refluxed in the column and re-circulated
in the bottom of the distillation column in a reboiler at a temperature of 100 to 130°C. The
composition was then fed into a second distillation column at a temperature between 100 to
120°C at a rate of 20 to 40 lbs/hour. The overhead vacuum on the column was 5 to 10 mm
Hg. The composition was refluxed in the column and recirculated in the bottom of the
distillation column in a reboiler at a temperature of 80 to 100°C, distilled overhead, and
collected. During the distillation, the bottoms of the distillation column were purged out at a
rate of 3 Ibs/hour. 'The final composition of the distilled product comprised 99.8% propylene
glycol ketal of ethyl levulinate. A small sample of the distilled product 7 was put into a

scintillation vial and stored at room temperature to test its shelf stability. After 14 days a
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sample was taken out of the scintillation vial and analyzed by GC-FID. The results of
analysis are shown in Table 1.

[0140] The procedure of the process to make Example 1 was repeated for Example 2.

[0141] Examples 3-5: The procedure of the process to make Example 1 was repeated
except that prior to distillation, the reaction mixture that exited the third reactor was flowed
through a packed bed of solid barium carbonate. After exiting the packed bed, the mixture
was then distilled as described in Example 1. Small samples of the distilled composition 7
were put into separate scintillation vials and stored at room temperature to test the example’s
shelf stability. After 13 days a sample was taken out of the scintillation vial and analyzed by
GC-FID. The results of analysis are shown in Table 1

[0142] Example 6: A 500mL 3-neck round bottom flask was charged with 45.72
grams (g) (0.50 mol) glycerol (99+% purity), 215.24¢g (1.50 mol) ethyl levulinate (98+%
purity), 0.0138g (50 ppm) 2-Naphthalenesulfonic acid (obtained from TCI America) and a
magnetic stir bar. The flask was equipped with a thermocouple, heat tape wrapped dean
stark, condenser, glass stopper and an outlet to the vacuum. The contents of the flask were
heated to 110°C using a heating mantle. The vacuum gauge was set to start at a vacuum
pressure of 300 torr with a ramp rate of 300 torr/hour and end at 30 torr. Once the pot
temperature reached 110°C the reaction mixture turned from cloudy to clear and then the
Teflon vacuum pump was turned on and the vacuum was immediately applied to the system.
After a total reaction time of 60 minutes the heat was turned off and the flask was backfilled
with nitrogen. The reaction mixture was then charged with 26g (10wt %) dibasic sodium
phosphate and heated at 60°C for 1 hour, then filtered. The mixture was charged into a 500
ml 4-neck round bottom flask equipped with a stir bar. The flask was equipped with a
thermocouple, 2 glass stoppers, vigreux column, short path condenser, adapter and three
collection flasks. The vacuum was set to 5.0 torr, and the flask was heated to effect
distillation. The excess ethyl levulinate was distilled out first and then the composition 8 was
distilled. A sample of the distilled product was analyzed by GC-FID. A small sample of the
distilled product 8 was put into a scintillation vial and stored at room temperature to test its
shelf stability. After four days a sample was taken out of the scintillation vial and analyzed
by GC-FID. The results of analysis are shown in Table 1.

[0143] Example 7: Into a CSTR was continuously and simultaneously charged
glycerol (18 wt% of total composition) and ethyl levulinate (82 wt% of total composition).
An aqueous solution of sulfuric acid was continuously pumped into the CSTR at 20-60 parts

per million of the total composition. The CSTR was at a temperature of 85-93°C and a
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pressure of 70-80 mm Hg. The reagents were converted into product 8, and water was
continuously removed from the CSTR. The flow rate through the CSTR was between 70-90
Ibs/hour. The CSTR contents were then discharged into a second reactor, and heated to 94-
100°C and a vacuum pressure of 30 mm Hg. The reagents were further converted into 8, and
water was continuously removed from the CSTR. The flow rate through the second reactor
was between 60-80 lbs/hour. The second reactor contents were discharged into a third
reactor, and heated to 98-105°C and a vacuum pressure of 20-25 mm Hg. The composition of
the reaction mixture at the end of the third reactor was 0.13 wt% glycerol, 47 wt% ethyl
levulinate, 50.9 wt% glycerol ketal of ethyl levulinate, 1.72 wt% of higher molecular weight
condensation products, such as those described above in the specification and 0.22 wt% of
other impurities. The composition 8 was fed into the first distillation column at a temperature
between 90 to 110°C at a rate of 40 to 50 Ibs/hour. The overhead vacuum on the distillation
column was 5 to 10 mm Hg. The mixture was refluxed in the column and re-circulated in the
bottom of the distillation column in a re-boiler at a temperature of 150 to 160°C. The
composition was subsequently fed into a second distillation column at a temperature between
130 to 140°C at a rate of 30 to 35 Ibs/hour. The overhead vacuum on the column was 4 to 8
mm Hg. The mixture was refluxed in the column and re-circulated in the bottom of the
distillation column in a re-boiler at a temperature of 170 to 180°C, distilled overhead, and
collected. A sample of this condensate containing 8, was redistilled by fractional distillation
to a composition of 99.6% purity. The sample was split into 2 fractions. The first was stored
in a capped round bottom flask for 7 days at room temperature. A GC-FID measurement of
the composition was performed after aging. The results are shown in Table I. The second
fraction is described below in Example 8.

[0144] Example 8: The second fraction from Example 7 was immediately treated with
10 wt% slurry of barium carbonate and filtered. The contents were put into a glass
scintillation vial and stored for 9 days at room temperature. A GC-FID measurement of the
composition was performed after aging. The results are shown in Table L.

[0145] Example 9: Example 6 was repeated except 50 ppm of (1R)-(-)-10-
Camphorsulfonic acid (CSA) was used as the catalyst instead of 2-NSA and the reaction
product was not treated with anything prior to distillation purification of 8. The contents
were put into a glass scintillation vial and stored for 7 days at room temperature. A GC-FID
measurement of the composition was performed after aging. The results are shown in Table

L
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[0146] Example 10: Example 9 was repeated and the distilled product 8, was
subsequently treated with 10 wt% barium carbonate and filtered. The contents were put into
a glass scintillation vial and stored for 7 days at room temperature. A GC-FID measurement
of the composition was performed after aging. The results are shown in Table L.

[0147] Example 11: Example 6was repeated except 0.23 wt% of Nafion® SAC-13
was used as the catalyst instead of 2-NSA, the catalyst was filtered prior to distillation, and
the reaction product was not treated with anything prior to distillation of 8. After distillation,
the contents were put into a glass scintillation vial and stored for 3 days at room temperature.
A GC-FID measurement of the composition was performed after aging. The results are
shown in Table L.

[0148] Example 12: The procedure used in Example 11 was repeated except that 0.23
wt% Amberlyst® 35 was used as the catalyst. After distillation, the contents were put into a
glass scintillation vial and stored for 10 days at room temperature. A GC-FID measurement

of the composition was performed after aging. The results are shown in Table L.
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Table I
Purity of Pre-Distillation
Reagent Treatment with
Reagent after Ketalization Inorganic Purity Time of Temp. of
Example | Formula | distillation catalyst Compound/Mixture | after test | Test (days) | Test (° C)
Example
1 7 99.8 H,S0, none 99.5 14 20
Example
2 7 99.6 H,S0, none 99.2 14 20
Example
3 7 99.9 H,S50, BaCO; 99.9 13 20
Example
4 7 99.8 H,S0O, BaCO;, 99.8 13 20
Example
5 7 99.8 H,S0O, BaCO;, 99.7 13 20
Exaglple Dibasic Na
8 99.8 2-NSA Phosphate 98.2 4 20
Example 8
7 99.6 H,SO, none 98.4 7 20
Example 8
8 99.6 H,S50, BaCO; 994 9 20
Example 8
9 99.6 CSA none 99.3 7 20
Example 8
10 99.6 CSA BaCO;, 99.3 7 20
Example 8 Nafion®
11 99.3 SAC-13 none 99.3 3 20
Example 8 Amberlyst®
12 99.2 35 none 99.2 10 20

2-NSA = 2-napthalene sulfonic acid
CSA = campbhor sulfonic acid

[0149] Each of the Examples in the Table I showed good shelf stability. Those
materials that were treated with an inorganic material showed even better shelf stability. The
use of barium carbonate as a base to remove sulfur-based catalysts aided in the development
of shelf-stable ketal-esters. The compositions (from the comparative examples) which were
either not passed through the bed of barium carbonate or were passed through an alternative
bed of dibasic sodium phosphate showed a slight change in chemical purity, while those
compositions which passed through the bed of barium carbonate showed no change in
chemical purity after a period of about 3 to about 14 days. The use of camphor-sulfonic acid
as the sulfur-based catalyst produced more shelf-stable ketal-esters. The heterogeneous

ketalization catalysts (Examples 11-12) also showed good shelf-stability.
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[0183] The data in Table 6 shows that the use of canphor sulfonic acid and
t he use ovodntzaEaBB9sodi um phosphate or bari um car bonat e PETIUSRO11.046463
distillation has surprisingly advantageous effects on the conposition of
the final ketal products. The final ketal products display |ess reformation
of the starting materials, especially the ethyl levulinate. The preclusion
of ethyl digvwbleiinatig i s advant ageous because it is known to cause col or
problens, and it is not as stable to basic or reducing environnents. Al so

it should be HBWkdThestinggiegacayior ali of thepsipdsiith Tblapppemamiacyred

non- det e%E&ﬁ)c'hﬁg loav@hpie f‘abbbé? Trlelrital &létﬁfeh k&ﬁﬁésmn%@kwmsﬁéqﬁemesur prising
since it was khown to distil at nearl y t he sane tenperature as t he

gl ycer ol diseitled (f@ﬁtl@la}iy)lasIdesscub@dnaﬁéamﬂxé(rﬁwé@tsgf% 1%. [0184] Exanple 38 was

repeat ed as Eﬁﬁg’fﬁ i ture
( v:oa t he hydrogeno yeg‘?% g%%gkvfgéﬁ%?lg%é h(?[ggngg ét f%ﬁ[nl Sg‘ﬁﬁeq &33@} I?iﬁa? e to
produce thhds gfmoyyriabriencgbyiob akdgn me sbélf mlhlytly of émﬁinalriataépmﬁfhre pr oduct
conposi tion

mposi t i %lo&g Wn‘ll ref‘grarc{ {eE rmatlon (%':fxre nFs & rea%? Ifty WAas 6& l%

Exanpl es AP nons e use of eri t he pre
i nventi ons detemnimalﬂfyeﬁc %taamnemmumufdtetasstta&hng tebgents, ethyl 1¢vo ¢ aIE]xarrpI e 40:

500 ppm I of eth | eyul i de according to
Beanpl o D4R o e SRR Fishomdleghisatsst Y [ B EmR R R Es:
gl ycer ol aketa@lledion&inhyenlievaslsbich® 4 soparatd @angﬂ@nﬁ)rﬁfsarbplé fvas paadduhio@an
(citrate buffer; pH b5 The. s S neous in _nature. The pH was
stabl e O\ES“PS ‘é‘a]ﬁé‘fllcweé@ ]%h ’En‘flel‘ﬁh‘ﬁ f&mpfgg&%‘a’[“@i%%ﬂ q@k‘ﬁ% fredtef - 500 ppm
(by wei ghiihh @hy@aeacglentkatsalbsdafm ehthyb. hawudd Hatsef amae Bear @hdtheti@stExanpl e 35

in buffer was prepared by weighing 25 ng of the g%cerol ketal of ethyl
| evul i nat®"pPlitgs solcgedsidhe ditlegrn %%Wahgé»ﬁel(%sert sl lpyHinge wapH 9) .~ The

sol uti on Was,NAPREBPERUSID B dRREMNHE the TRBuR s V&SI &%ﬁmtﬁmw@hc@ igq%md of nore
t han 10 da% 0188] Buffers were prepared maki n mol al (m
sol ut i ongndethyl levlipita gqagtantshitdad Ermedaile §igiae GMI@éh@Bnat e and sodi um

bi car bongt,gy. oFor the citrate buffer, 30. 5 grams of 0.1 mcitric aC|d was

, [0185]

wei ghed MrokPort 00 grams W t T O i B sR0 T U kldrate for H 5. For
t he carbopnate buffegmyl0 grans of 0.1 m sodinym car bgaajie wWas vvetl hed and
brought {BxabfO g &msinani+t hTRadennvisipdi UM bivoanbomnat evilone a ra“ he pH may
be adj usted from meFerchci dic to nore basiverddpendihadycenl the ra iop of the
reagent s |i-n—t he pRHFENE ol ution. aging upon aging
Example 13 0.46 none 0.96 106 20
dibasic sodium
Example 14 0.46 phosphate 0.70 51 20
Example 15 0.46 tribasic potassium 0.49 5 20
phosphate
Example 16 0.46 Class 4A Molecular 0.54 17 20
Sieves

[0152] As can be seen from Table 2, the treatment of the final distilled ketal product
by a phosphate compound or by molecular sieves allowed the product to be more shelf stable
as indicated by the lower percent increase in reformation of reactants, glycerol and ethyl
levulinate. Without being bound by theory, it is believed that the treatment methods aided in
disallowing residual impurities from the catalyst or side-products to catalyze the reformation

reactions.

Examples 17-20

[0153] These examples were conducted to demonstrate the hydrostability of

propylene glycol ketal of ethyl levulinate and glycerol ketal of ethyl levulinate when exposed
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[0159] Example 23 was made by hydrogenating Example 22 in a Parr reactor with 1
wt% Ni 5249P (BASFE) at 400 psi H, and 140 deg C for 4h.

[0160] Example 24 was made according to Example 7.
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[0161] Example 25 was made according to Example 7 except that one additional

distillation was performed.

[0162] Example 26 was made according to Example 11.

[0163] Example 27 was made according to Example 12.

[0164] Examples 21 and 22 were examined for residual sulfur (S) content in the final

distilled product, and were found to contain high amounts of sulfur compared to Examples 23

through 27. Various treatment methods or using alternative sulfur-based catalysts resulted in

lower amounts of sulfur in the final product.

Table 4
Example ffrzﬂa Kecti;zlitslton Treatment Method S (1%2?3 n
Example 21 8 PTSA none 41.1
Example 22 8 H,S0,4 none 11.4
Example 23 8 H,S50, H,, Ni cat. 2.2
8 1 additional
Example 24 H,S0,4 fractional 3.7
distillation
8 2 additional
Example 25 H,S0,4 fractional 1.2
distillations
Example 26 8 NAFION® none 0.5
Example 27 8 AMBERLYST 15® none 0.8

[0165] Sulfur impurities are generally detrimental to products, especially renewable

products. They are known to cause odor, color, and stability problems. Limitation of sulfur

below 10 ppm, preferably below 8 ppm, and more preferable below 5 ppm are desirable.

[0166] In summary, from the foregoing Examples 1 — 27 it may be seen that a

continuous purification process for propylene glycol ketal of ethyl levulinate and glycerol

ketal of ethyl levulinate has been demonstrated.

Examples 28-33

[0167] Examples 28 and 29 include no purging of distillation bottoms. The positive

effect of the purging of the distillation bottoms was previously demonstrated in Examples 1-

2.

[0168] For Examples 28 and 29, the method used to synthesize the propylene glycol

ketal of ethyl levulinate was previously described Example 1 except without the purge of the

bottoms of the last distillation column. The details of the purification process were as

follows. Into a middle zone of a distillation column was fed a reaction composition
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comprising 0.1 wt% water, 0.8 wt% propylene glycol, 37.7 wt% ethyl levulinate, 60.9 wt%
propylene glycol ketal of ethyl levulinate and 0.6 wt% of other impurities. The composition
was fed into the first distillation column at a temperature between 90 to 110°C at a rate of 60
to 80 1bs/hour. The overhead vacuum on the distillation column was 5 to 10 mm of Hg. The
mixture was refluxed in the column and recirculated to the bottom of the distillation column
in a reboiler at a temperature of 100 to 130°C.

[0169] Then, the composition was fed into a second distillation column at a
temperature between 100 to 120°C at a rate of 20 to 40 lbs/hour. The overhead vacuum on
the column was 5 to 10 mm Hg. The mixture was refluxed in the column and recirculated in
the bottom of the distillation column in a reboiler at a temperature of 80 to 100°C, distilled
overhead, and collected into a stainless steel container. The final composition of the distilled
product comprised 243 ppm water, 0.4 wt% propylene glycol, 1.2 wt% ethyl levulinate, 98.3
wt% propylene glycol ketal of ethyl levulinate and 0.01 wt% of other impurities. The
compositions for Examples 28 and 29 are shown in the Table 5 below.

[0170] Each of the examples 30-33 were synthesized according to Example 1 (3
reactor system in series with similar parameters of operation). The following details about
the distillation purification were as follows: Into a middle zone of a distillation column was
continuously fed a reaction composition comprising 0.049 wt% water, 0.27 wt% propylene
glycol, 46.25 wt% ethyl levulinate, 53.05 wt% propylene glycol ketal of ethyl levulinate and
0.44 wt% of other impurities. The composition was fed into the first distillation column at a
temperature between 90 to 110°C at a rate of 60 to 80 lbs/hour. The overhead vacuum on the
distillation column was 5 to 10 mm Hg. The mixture was refluxed in the column and
recirculated in the bottom of the distillation column in a reboiler at a temperature of 100 to -
130°C. The composition was then fed into a second distillation column at a temperature
between 100 to 120°C at a rate of 20 to 40 Ibs/hour. The overhead vacuum on the column
was 5 to 10 mm Hg. The mixture was refluxed in the column and recirculated in the bottom
of the distillation column in a reboiler at a temperature of 80 to 100°C, distilled overhead, and
collected. During the distillation, the bottoms of the distillation column were purged out at a
rate of 3 Ibs/hour. 'The final composition of the distilled product comprised 45 ppm water, 34
ppm propylene glycol, 0.08 wt% ethyl levulinate, 99.9% propylene glycol ketal of ethyl
levulinate, and 0.01% other impurities. Examples 31-33 were performed similarly to Ex. 30,
except the feed compositions were different. All compositions are shown in the Table 5.

[0171] The data in Table 5 shows the composition of the feed flowing into the first

distillation column, the feed composition flowing into the second distillation column, and the
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composition of the final distilled and collected product from the overheads of the second

distillation column.
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[0172] The data in the Table 5 shows that the final purity of the distilled composition
of propylene glycol ketal of ethyl levulinate was greater than 99%, when the bottom, non-
distilled fractions were purged from the bottom of the second distillation column. Examples
28 and 29 had non-detectable propylene glycol and less than 1500 ppm ethyl levulinate in the
feed composition entering into the second distillation column. However, upon distilling the
composition, the ethyl levulinate increased by 10-fold and the propylene glycol increased by
more than 1000-fold. This indicated that while still achieving purity greater than 98%, the
process for achieving a purity of greater than 99% is not as easily controlled.

[0173] However, purging the bottoms of the second distillation column during the
distillation surprisingly resulted in only a very small increase in ethyl levulinate and
propylene glycol in the final distilled product relative to the feed composition. This process
therefore allows the production of greater than 99% pure propylene glycol ketal of ethyl

levulinate product and a more consistent process.

Examples 34 — 38

[0174] The method used to synthesize glycerol ketal of ethyl levulinate described in
Example 7 was used, except that the catalyst used was CSA in an amount of 50 to 500 ppm
instead of sulfuric acid. The reaction proceeded to greater than 90% conversion, and glycerol
ketal of ethyl levulinate was purified according to the following details. The compositions
for Examples 34 — 38 are shown in the Table 6 below.

[0175] Into a packed bed of dibasic solid sodium phosphate was fed a reaction
composition shown in Table 6 (Example 35) at a temperature of 70 to 110°C and at a flow
rate of 70 to 90 lbs/hour. The composition was fed into the first distillation column at a
temperature between 90 to 110°C at a rate of 70 to 90 lbs/hour. The overhead vacuum on the
distillation column was 5 to 10 mm Hg.

[0176] The mixture was refluxed in the column and recirculated to the bottom of the
distillation column in the reboiler at a temperature of 160 to 175°C. The composition was
subsequently fed into a second distillation column at a temperature of 140 to 160°C at a rate
of 30 to 35 Ibs/hour. The overhead vacuum on the column was 4 to 10 mm Hg. The mixture
was refluxed in the column and recirculated in the bottom of the distillation column in the
reboiler at a temperature of 170 to 180°C, distilled overhead and collected into a stainless
steel container. The bottoms of the distillation column were purged at a rate of 2 to 4
Ibs/hour. The final composition of the distilled product is shown in Table 6 below. The acid

number of the final distilled product was 0.01.
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[0177] Example 37 was conducted in the same manner as Example 1 except that the
catalyst used was CSA in an amount of 50 to 500 ppm instead of sulfuric acid and a packed
bed of dibasic sodium phosphate was used prior to distillation. The acid number was 0.01.

[0178] Example 38 was the same as Example 7. The acid number was 0.01.

[0179] The compositions of Examples 34 and 36 were manufactured by a method
used to synthesize the propylene glycol ketal of ethyl levulinate and the glycerol ketal of
ethyl levulinate as described in Examples 1 and 7. The reaction proceeded to greater than
90% conversion, and propylene glycol ketal of ethyl levulinate was purified as detailed
below. Into a middle zone of a distillation column was fed the reaction composition shown in
the Table 6.

[0180] The composition was fed into the first distillation column at a temperature
between 90 to 110°C at a rate of 40 to 50 Ibs/hour. The overhead vacuum on the distillation
column was 5 to 10 mm Hg. The mixture was refluxed in the column and recirculated in the
bottom of the distillation column in a reboiler at a temperature of 150 to 160°C. The
composition was subsequently fed into a second distillation column at a temperature between
130 to 140°C at a rate of 30 to 35 Ibs/hour. The overhead vacuum on the column was 4 to 8
mm Hg. The mixture was refluxed in the column and recirculated in the bottom of the
distillation column in a reboiler at a temperature of 170 to 180°C, distilled overhead, and
collected into a stainless steel container. The final composition of the distilled product is
shown in Table 6. The acid number of the final product of Example 34 was 0.28.

[0181] The acid number of the final product of Example 36 was 0.24.

[0182] The data in Table 6 shows the composition of the feed flowing into the first
distillation column, the feed composition flowing into the second distillation column, and the
composition of the final distilled and collected product from the overheads of the second

distillation column.
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[0183] The data in Table 6 shows that the use of camphor sulfonic acid and the use of
dibasic sodium phosphate or barium carbonate prior to distillation has surprisingly
advantageous effects on the composition of the final ketal products. The final ketal products
display less reformation of the starting materials, especially the ethyl levulinate. The
preclusion of ethyl levulinate is advantageous because it is known to cause color problems,
and it is not as stable to basic or reducing environments. Also it should be noted, that
glycerol is removed in Example 35 to non-detectable levels in the first distillation column.
This was surprising since it was known to distill at nearly the same temperature as the

glycerol ketal of ethyl levulinate.

Examples 39
[0184] Example 38 was repeated as Example 39 except that propylene glycol derived

from nature (via the hydrogenolysis of glycerol) was reacted with ethyl levulinate to produce
the propylene glycol ketal of ethyl levulinate. The product composition was similar to that of

Example 38.

Example 40-43

[0185] Examples 40-43 demonstrate the use of the materials of the present invention
in a buffer system to provide stability.

[0186] Example 40: 500 ppm (by weight) of glycerol ketal of ethyl levulinate made
according to Example 35 in buffer was prepared by weighing 25 milligrams (mg) of glycerol
ketal of ethyl levulinate into 50 grams of buffer solution (citrate buffer; pH 5). The solution
was homogeneous in nature. The pH was stable over a period of more than 10 days.

[0187] Example 41: 500 ppm (by weight) glycerol ketal of ethyl levulinate made
according to Example 35 in buffer was prepared by weighing 25 mg of the glycerol ketal of
ethyl levulinate into 50 grams of buffer solution (carbonate buffer; pH 9). The solution was
homogeneous in nature. The pH was stable over a period of more than 10 days.

[0188] Buffers were prepared by making 0.1 molal (m) solutions of citric acid,
sodium citrate, sodium carbonate and sodium bicarbonate. For the citrate buffer, 30.5 grams
of 0.1 m citric acid was weighed and brought to 100 grams with 0.1 m sodium citrate for a
pH 5. For the carbonate buffer 10 grams of 0.1 m sodium carbonate was weighed and brought
to 100 grams with 0.1 m sodium bicarbonate for a pH 9. The pH may be adjusted from more

acidic to more basic depending on the ratios of the reagents in the buffer solution.
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8 was extracted fromthe separatory funnel and anal yzed. The HPLC and | AU
results are listed in Table 9. Table 9 Exanple Treatnment HPLC O her Col or

Bodi es % Changgsdf 288mPle £B560ppi )by WigHi Phropyiidel M Kkeldl BRh A uliRdEX 59
made according to Example 38 in buffer was prepared by weighing 25 mg of propylene
glycol ketal of ethyl levulinate into 50 grams of buffer solution (citrate buffer; pH 5). The
solution was homogeneous in nature. The pH was stable over a period of more than 10 days.
[0190] Example 43: 500 ppm (by weight) propylene glycol ketal of ethyl levulinate
made according to Example 38 in buffer was prepared by weighing 25 mg of propylene
glycol ketal of ethyl levulinate into 50 grams of buffer solution (carbonate buffer; pH 9). The

solution was homogeneous in nature. The pH was stable over a period of more than 10 days.

Example 44
[0191] Composition 8 (767.21 g) made according to Example 7 and 10%Pd on

Carbon catalyst (0.7382 g) were added to a 11 Parr reactor vessel. The reactor was purged
with nitrogen. Hydrogen gas was then added to the reactor vessel to a pressure of 100psi and
the temperature was set to 140°C. The contents of the reactor were stirred continuously while
the temperature of 140°C and pressure of 115-120psi was held for 6 hours. After 6 hours, the
reaction mixture was allowed to cool to ambient temperature and the pressure was
equilibrated to atmospheric. The contents of the flask were filtered to remove the Pd catalyst.
[0192] A sample was taken from the flask and analyzed by UV-VIS for the Index of
Absorption Units (IAU), HPLC, and by GC-FID. The initial and final compositions are

shown in Table 8.

Example 45
[0193] Composition 8 (793.66 g) made according to Example 7 and 10%Pd on

Carbon catalyst (0.0803 g) was added to the 1L Parr reactor vessel. The oxygen in the reactor
was evacuated by purging with nitrogen gas until the oxygen level was under 1%. The reactor
was then filled with nitrogen gas to 20 psi and held overnight to test for any leaks. After the
reactor proved to hold pressure, hydrogen gas was purged into the reactor. Again any possible
leaks were checked for before continuing with the reaction. Hydrogen gas was then added to
the reactor vessel to a pressure of 100psi and the temperature was set to 140°C. The contents
of the reactor were stirred continuously while the temperature of 140°C and pressure of 80-
110psi was held for 4 hours. The contents of Example 45 were then placed under
hydrogenation conditions for a second time. The reactor was again tested for leaks under the
same process as stated in Example 45 due to falling pressures. After the reactor proved to

hold pressure and hydrogen gas was purged into the reactor, the hydrogen gas was then added
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Heat Stabilizer
to the reactor vessel to a pressure of 100psi and the temperature was set to 140°C. The
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The | AU i ndex was recorded over tine and

UV agent

contents of the reactor were stirred continuously while the temperature of 140°C and pressure

of 80-110psi was held for 3.25 hours. After 3.25 hours, the reaction mixture was allowed to

cool to ambient temperature and the pressure was equilibrated to atmospheric. The contents

of the flask were filtered to remove the Pd catalyst. A sample was taken from the flask and

found that the IAU went from 0.031 to 0.000.

Examples 46-50

[0194] Similar hydrogenation reactions were performed according to the procedure in

Example 44. The reaction conditions such as temperature, time, pressure, amount of catalyst,

and type of hydrogenation catalyst varied and are listed in Table 7 along with HPL.C and [AU

results.
Table 7
HPLC HPLC Other
Hydrogenated Tem Pressure Time IAU Impurity A} Impurities %
Example yMat%: dal Catalyst ¢ C? ’ (psi) (hrs) Index % Change Change
P (230nm, | (258nm, 38-
37-38min) 40min)
44 initial 8 0.1%Pd | 140 120 6 0.031
44 final 0.000 -80.24 -23.35
45 initial 0.01% 0.031 --- -
45 final 8 Pd 140 100 4 0.000
46 initial 8 0.01% 140 630 4.5 0.000 --- -
46 final Pd 0.023 -80.24 -23.35
47 initial 8 0.1% Ni 140 540 5 0.125 --- -
47 final 0.011 -100.00 -37.54
48 initial 0.000 --- -
48 final 8 0.1% Ru 140 330 33 0.000 -84.62 -4.92
49 initial 7 01%Ni | 140 530 4 0.062
49 final 0.000
50 initial . 0.125 -—- -—-
50 final 8 0.1%Ni | 200 500 4 0.064 | -100.00 16.56
Example 51

[0195] Celite was added to a 20ml. syringe up to the 5 mL line of the syringe. The

syringe was attached to a 0.4um filter. Composition 8 (Sml.) made according to Example 7

was heated to 40°C and added to the same 20mL. syringe on top of the Celite. The

composition 8§ was pushed through the plug of Celite by a plastic syringe plunger and the

filtered liquid was analyzed by HPLC.
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Examples 52

[0196] Following the same process as in Example 52, a variety of adsorbents and ion

exchange resins were tested for color body removal in composition 8 made according to

ndex X

oPul fly' AuPti

xopul

Example 7 (Examples 52-58). The HPLC results are listed in Table 8.

fly Aup9

PCT/US2011/046463

Table 8
Example Treatment HPLC Color HPLC Other
Body 1 % Color Bodies %
Change Change (258nm,
(230nm, 37-38min) 38-40min)
52 Celite -1.92 -2.12
53 Carbon (Norit) -29.82 -26.39
54 Alumina 41.75 -100.00
55 Amberlyst A-26 19.67 -87.03
56 Amberlyst A-21 -63.60 -86.57
57 Amberlite XAD-2 -42.31 -47.71
58 NaBH4 + Norit 0.00 -94.60
Example 59

[0197] Composition 8 (75 ml.) made according to Example 7 and household bleach
(40 mL) were added to a 250mL beaker and mixed at room temperature. The contents were
poured into a separatory funnel and allowed to separate overnight. The composition § was
extracted from the separatory funnel and analyzed. The HPLC and IAU results are listed in
Table 9.

Table 9
Example Treatment HPLC Other Initial | Final
Color Bodies % | AU AU
Change Index | Index
(258nm, 38-40min)
59 bleach -100.00 0.000 | 0.079

Example 60-63
[0198] Composition 8 made according to Example 7 and 0.2% Tinuvin 833, a UV

stabilizer, were added to a glass vial. The sample and stabilizer were mixed until dissolved on
a hot plate. The vial containing the sample and stabilizer were placed in a UV chamber, open

to the atmosphere. The IAU index was recorded over time and given in Table 10.
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Example 64
[0199] Composition 8 made according to Example 8 was added to a 250ml. flask

equipped with stir-bar, thermocouple, and an inlet and outlet for nitrogen. The contents were
dried by heating with a heating mantle overnight at 65 °C under nitrogen purge. A sample
was taken from the flask, and the water content in the flask was measured to be less than
100ppm using Karl Fischer analysis. The temperature was then set to 230°C and held

constant for 4hrs. The IAU index results are shown in Table 11.

Example 65

[0200] Composition 7 made according to Example 7 was added to a 250ml. flask
equipped with stir-bar, thermocouple, and an inlet and outlet for nitrogen. The contents were
dried by heating with a heating mantle overnight at 65 °C under nitrogen purge. A sample
was taken from the flask, and the water content in the flask was measured to be less than
100ppm using Karl Fischer analysis. The temperature was then set to 230°C and held
constant for 4hrs.

[0201] The IAU index results are shown in Table 11.

Table 11
Example Heated Material Conditions Initial | Final
IAU | TAU
Index | Index
64 8 230C 4hrs 0.040 | 0.165
65 7 230C 4hrs 0.082 | 0.458

[0202] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting. As used herein, the singular forms “a,”
“an,” and “the” are intended to include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the terms “comprises” and/or
“comprising,” or “includes” and/or “including” when used in this specification, specify the
presence of stated features, regions, integers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or more other features, regions, integers,
steps, operations, elements, components, and/or groups thereof. The endpoints of all ranges
directed to the same component or property are inclusive of the endpoint and independently

combinable. The term “comprising” is inclusive of the transition terms “consisting of”” and

“consisting essentially of”.
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Hydrogen ated 8 (Ru catal yst) Hydrogen ated 8 (Ni catalyst) Hydrogen ated
7 W4# 09 N) 9 Exanple 64 [ 0199] Conposition 8 nade according to
Exanpl e Swoasiadesd to a 250nl fl ask equi pped with stir Poargs2ethseemwesoupl e,
and an inlet and outlet for nitrogen. The contents were dried by heating
with a heating mantle overnight at 65 C under nitrogen purge. A sanple was
taken fromthe flask, and the water content in the flask was neasured to be

| ess than 100ppms) UshiRG JiREisE ISR 11388l Yt Bdind BRhtiSITRES RidAfifc Wass)t hen set
to 230C and held constant for 4hrs. The 1'AU index results are shown in

Tabl e 11 Usqhhirgin bavgghe same mepppg ey comBppPbsTRICHIPOT braeolgedatdsHY it BeExanpl e 7

was addeqﬂggwﬁwgggghvghﬁﬁ%dg%gl pped with stir-bar, thernocouple, and an
inlet and outlet for nitrogen. The contents were dri ed by heating with a

heati ng mant | &2 eFhrvi qhpoends 88dChy id @boveidesarped mpihpdrchava in empddemonds t aken
fromthe 0];1!: glslﬁore %Ae}shw& ﬁﬂé 13&9@: E}Xlgt it %jﬂ)%lcf ﬂe Eerm§d ﬁllgtatﬁy[n%gnt q be | ess

t han 100ppm usi ng ana nperature was then set to
230C andeh@bdﬁ$@ﬂbmanmnﬁunlMWn%mwfaﬁam]uTh@nmAMWBmdnwomesmbts are shown in
Tabl e 11 fa rmaﬁlona:lll 1somemng any 01s ?ransl\{tsa‘(gn%rl g(l)late psg)mers?hereof and mixtures
thereof.

[0205] Compounds are described using standard nomenclature. For example, any
position not substituted by any indicated group is understood to have its valency filled by a

LU

bond as indicated, or a hydrogen atom. A dash ("-") that is not between two letters or
symbols is used to indicate a point of attachment for a substituent. For example, -CHO is
attached through carbon of the carbonyl group. Alkyl groups may be straight-chained or
branched. Throughout the specification, reference is made to various bivalent groups. Such
groups are the same as the monovalent groups that are similarly named, and are typically
indicated with an "ene" suffix. For example, a C1 to C6 alkylene group is a bivalent linking
group having the same structure as a C1 to C6 alkyl group.

[0206] All cited patents, patent applications, and other references are incorporated
herein by reference in their entirety.

[0207] While the invention has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes may be
made and equivalents may be substituted for elements thereof without departing from the
scope of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention not be limited to the particular
embodiment disclosed as the best mode contemplated for carrying out this invention, but that

the invention will include all embodiments falling within the scope of the appended claims.

[0208] What is claimed is:
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Initial 1AU I ndex Final | AU Index 64 8 230C 4hrs 0.040 0.165 65 7 230C 4hrs
0. 082 0. 458 [ 0202] The term nol ogy used herein is for the purpose of
descri bi nyoparzaisasbar enbodi ments only and i s not i ntenaea/useola4d46dni ti ng.
As used herein, the singular forns "a,” "an,"” and "the" are intended to
include the plural fornms as well, unless the context clearly indicates
otherwise. It will be further understood that the terns "conprises" and/or

"conprising, "10r "Anehnidasr h@ndh@hcrurk BEA ?nsii;é}gl"kevmgfbtmwuﬁﬁm, es
specification, specify the presence of stated features, regions, integers,
steps, opethdicopgrisiag enrent s, and/ or conponents, but do not preclude the

presence or ag&litécitii?% ﬁgger&rlﬁdpéct%ﬁ%vﬁh&%t@ﬁ{d a‘h%/@igltéﬁﬁﬁ/st ih& %aﬁf&? unc%ept egers,

steps, operations, eléenents, mponents, an groups thereof. The
endpoi nt geagfionddnditignyle Prafivpetpredudt hat ¢ranpsiserer Lmepd eak of sthypleppentey ar e

i nclusive of the; &N gi;lévl%m@%l??Iﬁldégﬁ%f&ﬂ&fbﬁl'cxn&%@it@?e@k&te.f&?&o&a%m

"conprising" Is Inc e transition terns onsisting of' and
"consi st inmgeradsdemt ihalprodugfuntil the product cpi9Rdx8} lekinhas H)00tpheey wir sellidebf ned, al |
terns (in?%%%Yng technical and scientific terns) used herein have the sane
meani ng §§'coﬁnnnly understood by one of ordinary skill in the art to which
t hi s i nventi orech@ingmigsfractionated hQi@dy bathe thorpaomndsd made by t he

above-descri bed .net hods ve, in enbodi nents, .one or nore isaners. Where an
PSR S RIS R S SR R S e
met hods  tch@prides thi gyayrol BaMRI cthiEe @dihate andleskdhigoragyal $d Hoeol soaer, any
conformational isoner %pd aQ% cis, trans isomer; isol&ted i sonmer her eof ;

and mi xt SPEEM{RRFgerein the contugisan(s CRRE AU 98 by ey olnis! ey *@hndar d

nonencl atigiuBnaté; Qrate@X@ AW m@ABY1R i dht BypratRtt BN hidldtuRe wBgh@ At hiddi cat ed
group is understood to have its valency filled by a bond as indicated, or a
hydr ogen l¢ilohy timeygrserthar the pRlgpulpravaight o e whvserot kpl obethdlevugpatey nbol s i s

used to indicate aAF?&itHUdf@tfth@ﬁlraﬁ\ﬁmm)fIl@?rcéi‘ol%ﬁ?&iiétﬁ&@mvulifa%, aexampl e, -CHO
is attached through carbon of the carbonyl group. Al Kyl groups may be

st r ai ght leReidredpBingr anched. Throughout the specification, reference is
made to Var'OHﬁthﬁgkﬁa%oﬁ&ﬂHﬁémhﬁﬂgQn@ﬁgﬁﬁﬁnﬁﬁﬁﬁ%ﬂﬁwﬁﬂﬁgﬁ%§n%&%r”Dnovalent

groups that are sinifarly naned, and are typically indicated wth an "ene"
suf fi x. Roderaxasipeteof reac@n qopdi@ensgb kyodeever Rypdugpthiscompbisasal gdyeerol keidiohg gr oup
havi ng tQﬁw§@UEhﬁ&gucture as a O to C6 al kyl group.
continuously sending the product from the first reactor to a second reactor that is
downstream of the first reactor and subjecting the product to a second set of reaction
conditions;
continuously sending the product from the second reactor to a third reactor that is
downstream of the second reactor and subjecting the product to a third set of reaction
conditions;
thereafter fractionating the product under a set of fractionation conditions to separate
fractionated materials from the product until the product comprises less than 1000 ppm of
glycerol as measured by GC-FID; and
distilling the product in a distillation column under a set of distillation conditions a,
wherein the resulting product comprises the glycerol ketal of ethyl levulinate and less than or
equal to about 2 wt% contaminants; wherein the contaminants comprise one or more of
glycerol, acid species, ethyl levulinate, water, or a high molecular byproduct having
molecular weights that are at least 1.5 times greater than the molecular weight of the glycerol

ketal of ethyl levulinate.
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[0206] Al cited patents, patent applications, and other references are

i ncorporated herein by reference in their entirety. [0207] Wile the
i nvent i orwbas12aedsodescri bed with reference to exenpl ar pCerdsoaitoeqbs, |t

wi |l be understood by those skilled in the art that various changes nay be
made and equi val ents may be substituted for elenents thereof w thout
departing fromthe scope of the invention. In addition, many nodifications
nmay be nade tg adammeam@%ﬂmmwurﬁgTa?ﬁ;plygﬁe Ol cdTREGT d@thyl Ryt @achi ngs of
the invention w thout departing fromthe essential scope thereof.

Ther ef or éethad cogIPfigipgnded that the invention not be linited to the

parti cul ar embadlRRbrdliSf AR8HAS hlfc AR IRAS KANLEIA Blad.dar carrying
out this invention, but"that”the invention will 1nclude all enbodi nents

fal ling whddirgactibreconditipes tofraduee aprpdust 8t eonairines. a fropdak cikalkketad okl ai med i s:
WO 2012/g&%@%gﬁg}&USZOll/046463 1. A nethod for the manufacture of a
gl ycerol tal of ethyl levulinate, the nmethod conpri sing: contacting
gl ycerol wi t htheteafér fragireraiingthe prddctandadiadiaatial gontlitions ta sef@atd or under
reaction _conditions 1 roduce a _pr ct that conpri.s cerol ketal of
iyl | oyt otalel Rt RPGE B0 R AN hrob i b GO ER L BUHFER,  on

condi ti orghyt bveaper ate fractionated materials fromthe product until the
product conprises. |ess. than 1000 rts per mllion of glycerol; recycling
Phe Tracti onateuinadn rhersny B fidk Pehe ot By distilling the
product under ddiilihg Hegkddat unaadiidiillans cshditiensnwhdreinriesigbuliinachriduoduct
conprises the glycerol ketal of e | levulingte and | ess than qr equal to
about 2 \R/P’@}&’Ei’fgf%rﬁ“??é( §§fyﬁﬂé?@} ﬁft %éleéfblh‘laéﬁﬁ“ﬁ;‘?ﬁ g“&%‘iﬂ“?]s% ag‘?’r’égd‘ft%nor e of
gl ycer ol com@inthafP8eHe@sn (R cbythmingiyl boii@tse ond&itiBbre oP pradyRhghiyom| el ar wei ght
byproduct havi ng nol ecul ar weights that are at least 1.5 tinmes greater than
the nol ectivhlevilBrighatst of hiighmiplesrigr wiightyprofudhpying malgerlaygtights that 2. A
met hod f Qfe 4 h@seNuhack i deh B AbMaRIeilRbPhe ?fopf’l’éﬁé’élyéﬁl&é’chl‘ﬁ@&?l the

met hod conpri si ng: contacting glycerol, ethyl levulinate, and a
canphor deMuligHé.c acid in a first reactor under a first set of reaction
condi ti ons t 04pr 0dNSRubaRbaktachfL  GRIRIhS BScd KBLYARIRN (cbahale @t et hy!

| evul i nat e; continuously sending the product fromthe first reactor
to a secomthadeawposing:hat i s downstream of the first reactor and subjecting
t he product t t i Ny : . 3 sly
sendi ng the peamaFE PREMSE R oL LEREH DO Bifor sironicSATM FHRES; ¥
downst r eaeacof ubdee a Sigt ot df reecienepnditichs sepjodatiapgodubiehgreonptGes pwpglebdi rd set
of reacti n ﬁgﬂgi%&‘qﬁ&mrnte thereafter fractionating the product under a
set of fractionatior conditions to separate fractionated materials fromthe
product until céfieu@rsiddaadinghaprods@sroneths fitdnasacthOOQ spaimd afac@l yhaeis ol  as

measured by CGC-FID: and istilli the product. in a distillation

o o argep sl nsd Rre o po i B o B S o SSH esurt 1 g
product comptieses the glycerol ketal of ethyl levulinate and | ess than or
equal to about 2 wt % contam nants; wherein the contanm nants c%nprise one or
nmore of gl yceF‘H%“P“%TYcFe% R ihe grodpgtitom the §eePRhispdor adhipd regplonthpiyp

nol ecul ardoh}mfe@@luﬂheh@wnﬂquraﬁ&lL@?ec\m’ @Bbodthad a Mid sadofh@asdn 1. 5 times
greater than the nol ecul ar weight orf the glycerol ketal of ethyl

IevuIinaﬁéThUWEi2012/018939PCT/U82011/046463 3: A nmet hod for
nmanuf act uri nggRrRf GBS N6 Blodk@tudlierQfse€rMabidnaaH dondkins b R&FRE hod
conpri si ng: contacting propylene glycol with ethyl |levulinate and an

aci d cat afagisenajed mpiariakdiony the pepdpctpatlcthe prrdecs painprisehisss tbapli9 ped o4 pr oduct
t hat CO”E&&?%%mﬁmQQQH%&%R%. lyeeipkeial of ethyl lTevulinate;

thereafter "fractionating the product under fractionation conditions to
separ at e fractlisoiiag 8 pnauerip aldsstiflatpmephamnpndetuctt afnisiillatidneopdipensct
conprises ., . . I ' : i 0g.
Fracti ondteringh SFRGhEBRa AR Tl B prorikh IR Roaf GG oMkl

less than or equal to about 2 wt% contaminants; wherein the contaminants comprise one or

more of propylene glycol, acid, ethyl levulinate, water, or a high molecular weight byproduct
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distilling the product under distillation conditions, wherein the resulting
product conprises the propyl ene glycol ketal of ethyl levulinate and | ess

t han or ewoabizwmssbout 2 w % contam nants; wherein the ®OMUS2ONMANGIS3
conprise one or nore of propylene glycol, acid, ethyl levulinate, water, or
a high nol ecul ar wei ght byproduct having nol ecul ar weights that are at

least 1.1 times greater than the nol ecul ar weight of the propylene glycol
ketal of natify holeB¥i W& Sk that are at leastt1.1 AnRBERAG: hA mBBOULAGE WELIGDE thePr OPYI €NE
gl ycol ketal of ethyl Tevulinate, the nmethod conprising: contacti ng
pr opy| en@rgrireoplypltnabeliphy! icevlindinat e and canphor sulfonic acid in a first
reactor under sa f i fialyfle Qfand GACHIRN-CONMGD BOBihOALANGEiH Product that
conprises propyl ene glycol ketal of ethyl levulinate; ~continuously
sendi ng thiprogead ehae of merp of Wemdrs, frgmers eaeligomerspredusetyrrirepcsiqn beveehene | s
downstre I ] i ~ ~ a second set
of react?%EB%E%EEF?%%§$OFEB5ﬁg% %h%%%éfg&gggv|ﬂ§ﬁgﬁggg$%3%%% fromthe
second r @agybne glycad, glkerd, andac poaldolhdithei gycdwhnsropdencalycbhietd etahd react or
and subjecti.ng. the product tqo.a.third.set of. reacti condi tions;

Cher cart e P8 tTIERREREEFY RSP chlieb P iRl S LERSLHRRISRRRG AR B

condi ti ons t o6separfiatmethsdadtanp nbClathaias evhieadis the panutthempried et tham20d t he

product conprises |ess. than 1000 m of et hy| | [ hat e. as asured by
B P TRse S R hea e PP el Hoout B0 LSS BReBB R undor o
set of dipsdpylehatiyos], legnbtintdreqsal twdben). RS Wi of esidrd dhigndarfagug teac@pr i ses t he

propyl en | ycol ketal of ethyl |evu]inate and |ess. than or equal to about
2 W % coﬁ’f’&‘ﬁf’%ﬁlﬁ?@?ﬂ%@ﬁ‘églﬁc‘? T EBWY SHY g?é{?ﬂl get&]o‘?fﬁﬁ}yé]%V‘gﬁﬁteo?s%%"fof

propyl eneq@dl y&Mout @23 W% 6 ddblers|oBMitlell Midhies rel@o8 betwdén @e Riygktor®! ecul ar wei ght
byproduct having nol ecul ar weights that are at least 1.1 tines 9reater

t han t he Prvkes pirolkeiabpitetid leypanagsrangpn aldal of ithrcgycerad eapropylens ghyao

I evul i natgal of ethyl levRlinald) R sMBADGL L1 (@EB6uPH.2 vt BB ditimefs obMRIg oM & he hi gh
nol ecul ar wei ght byproduct is one or nore of diners, trimers or oligoners

pr oduced Teytien bedweanitenelmerdldetn] dredhybleviimae agel cthiklegilipalerlets tom eay | ene
glycol ket alouPh.1 §kdddr 1 BUYbRRAL Lirorf b BYdctibENdh bR b Eoly REARY LA 1Y YCOl
glycerol, and/or an aldol of the glycerol or propy%ene gl ycol Ketal of

et hyl | everulipaie, ethot leprlodigced aldgls af glaeselico nropelenedcdl ketalyifydwt lohullvateal  of

et hyl [evuli i A . f ' 1-5,
wher ei n ;éﬁ{la l%r@ghgﬁl?? gqbd(%frr%‘r%ll)(guég '1I0é)vst Z %fﬁgﬁggggﬁﬁ%%ﬂg%% g?a,acw%géstwt ngiﬁgzo ppm
aci d, | eg¥yctiobketdrof etyyldtvulioata baoditthyll 0sv00taip preafthgivgigirpelcens aprbegdloane

gl ycol, k%ﬁsmfagan&d%Q%%.oﬁg about 0. 25 wt% of diners obtained froma
reaction %e Ween “irononer s ot - the gl ycerol or propylene glycol ketal of

et hyl levulinate, Tessethdibof agy obQlaahs 1-6, vaeeaii the cB5] it Ylonak ididided & bt ai ned
froma reaction between the glycerol or propylen | ycol ket of et hyl

| evul | nat iR BATHIIS R S et BBSEYT e e aP Ret al of et hyl
| evul i nate, |e@ss thamaho®gual of Clakkouy, wheZbn M fatidiomemhsgl 10ailiaiees from a
reaction between the glycero| ketal of_ ethyl |evulinate and ethyl

| evul | natpéqpyre\ggglyfﬂgﬁgldper@da FIveeR byl 9.2 0\’/&10/%'of_ trimers obtained froma
reaction between the @édisesahy ket RImOf, 3@hdyls, WeMbihidnadcr caBljRyis | evul i nat e
and al dols of glycerol or propylene glycol ketal of ethyl levulinate and

| ess t haf*@PhagHEINGasidabout 0. 10 wt % of trimers obtained froma reaction
bet ween the ghycerple K&h& or@hy 6f OMlmd £YUlLIRALEmANh LBNKEidgaNUMbMRE & Where
the wei ght percents are based on the total weight of the conposition.

7. The nénked rarovahsplynn @rgmens the gid pateiba frapeongtignyl | evul i nate is added
to the react oy SyStRithifoPorshP bEMTaRIEL 1, GuriFESrsBla Bt hOakieigh ycer ol
or propyl ene g}ycdr. t. 8? ng.netLdgmg% an S%g%|§F%% 1-5} &%erein a
mol ar r atcplynwfto eenkpyp tedyghl plagudartweight enggicene gl ycol or glycerol is between
about 5:1 to out 5. t f 0 Al .3, and 5-8,
wherein the a??d cgﬁgﬁ§g?dfgmlé%gﬁ%@géﬂﬁfg@?%&%5%%¥M“%ngh&k%%@$?ﬁglnethod
of any oftenbeadtmes bdw@en dhoot Feandd6isk.i si ng subj ecting the product to an acid
renoval colu to remove the aci riqr.fo the fractionation, . 11
The method of Ty orear et eRSCRbisthis Sabie SRR SIRLI R compse

di sti | | atpressure off hemmeeh @abswe faue 76(hailhingbrs wdhecutyar wei ght speci es. 12.
The nethod of any of Clains 1-11, where the reaction conditions conprise a
t enper ature between about 50 and 150C. 13. The method of any of

Clains 1-12, where the reaction condi #7ons conprise a pressure of between
about 5 and 760 mllineters of nmercury. WD 2012/018939PCT/ US2011/ 046463
14. The method of any of Clainms 1, 3 and 5-13, wherein the reactor
conprises a nultistage reactor. 15. The method of C aim 14, wherein:



the reactor conprises a first reactor, a second reactor, and a third
reactor in which glycerol or propylene glycol is reacted with ethyl

| evul i natwQ 2012/01893a first distillation colum where thePCTasSRI100KG463]
materials are separated fromthe product and a second distillation colum
where the glycerol ketal of ethyl levulinate or the propyl ene glycol ketal
of ethyl levulinate is separated fromthe high nol ecul ar wei ght species,
wherein the figst TRaatRE oftalf obERANT, BRAE AL, whdd@n iRk idreaahNes at he first
distillation colum and the second distillation colums are in fluid
comuni cauYlgiragireastodach ot her . 16. The nethod of any of Clainms 2, 4
and 15, whereih the,di&Rba §R3GHOTI4, whiiginsecond reactor, the third reactor
the first distillation colum and the second distillation colum are in
series. theyqactoThempresehd trsbfeagipny a gfco® repeter, 20d athird redctobin wikidy ei n t he
first re r ~ ' eactor, the first

distilla .8%5é%ﬁﬂﬁﬁ%§§%Bﬁg‘§§%§%%W3§%@Vﬁ é?ﬁg%’colunn are in parallel.

18. The net hodfioft danNatioh c@hmn e, thdfrantidnd &l matcriabhar e¢parardddrdr éet i onat ed
materials_c ri.se_ethyl .l evulinate.th IS r o to. the first reactor.
1o “The paEG A Sech kgt chi0gh Syt b § R b el diglidbky pass g
t he pr odpedpytene glygdl katabefdtiol levulatragamsepatbaaegdroat thb tifgh@folecular weigh?0. The

net hod of any of dC ai 2, 4 d 15-19, where.the aci at al . or the
Camphor - Soitfterstn i T P tos ARt s i B i Qi B FRERWURGOR © et or
or the thkblthnra@a@ieGtcond distillatiod Toluibhe arred heid cofmaniyati vathadatiBotBer. 4 and
15-20, where the first distillatjon colum qr the second distjllation

col um 15 pur ded t easrbvEorans & Gl pynd 1P whittin SpdaT gk GhcHGh

ol ecul areddRir 3RS thEPRGLDS the first distilld@on cbigniTeid@d s@bn@dmytiltiofl @B ad, 4 and
15-21, where distillation is conducted in the first distillation colum or
in the sét¥mds-distillation colum to separate the glycerol ketal of ethyl

llevulinate or1yhe PLORKh&NS a8l ¥EOhinkel al ardf selRdbin iRMULIBRIR, the QEdbdde hi gh
nol ecul ar wei ght speci es. 23. The nethod of any of Cains 1 - 22,

further ceworitks id reagiar itedfirstistibaien cotunyg erihasseend dissillaigesplumn geif er | a
base or apypgonbi nation thereof. 24. The method of C aim 23, where
the base is a carbonate, an amne, a hydroxide, a phosphate or an oxi de.
WO 2012/ 018939%CT/ Us20dathgfeap 8t Claims 2, 428d 15héd whetdupdie dfact@naiedn 23, wher e
t he buff ri . ' [ 26. The net hod
of Clain?%?%g&ﬁgb%ﬁ%ﬁgng%%Fggmggﬁﬁg%ggg&gg?%?ﬁ??%%k%f(ﬂtric aci d, sodi um
citrate, sodi Ufn caflizonahe@] ofsioypltialmcarhohdi-@3, sl compirogpfastiesthe pot assi um
phosphat es,, cal ci um phosphat es .or_ a .c i nation conprising at |east one of
t he foreé)gljdﬁl(gjtat 8?@%%@Qﬁﬁunﬂgmnfygu¥ﬁgﬁggthod of any of clainms 1-26, further
conpri si ng hyde.ogenatmebod dfanpoddidiis 2, 4 and 15-128vheldie aed bodyobor @iy of
clainms 1, 3 and 5-27 erein th atal yst is a heterogepeous catal yst.
20" The  IAUNSE 6Tk D PErt rn FRbadiEr aeSefu Ban R drGryet s a
honbgeneous cat.al yBiie method of anB0f CAINKONRQSd 1 §-00, vaRApht Stsadisdil@onr opyl ene
glycol ketal of ethyl levulinate or. glycerol ketal of ethyl |evulinate of
any of cCgiumg qrthysecond CﬁStHla%(in. COEP%‘&%B%F& fodRmEBHPT iy él¥9<fé‘? AeCqtiduct
havi ng t hig 155K melebul g Wbt siRRieR3

22, The method of any of Claims 2, 4 and 15-21, where distillation is conducted in

the first distillation column or in the second distillation column to separate the glycerol ketal
of ethyl levulinate or the propylene glycol ketal of ethyl levulinate from the high molecular
weight species.

23. The method of any of Claims 1 — 22, further comprising treating the product
with molecular sieves, buffer, a base or any combination thereof,

24, The method of Claim 23, where the base is a carbonate, an amine, a

hydroxide, a phosphate or an oxide.
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ORlL (6) where R, R2, R3, and R4 is independently a hydrogen, Cl1-12 al kyl,
C3-6 cycloal kyl, C1-12 al kenyl, C6-12 aryl, C7-13 arylal kyl, or C7-13

al kyl arylwoant/843s 1-4, R5 is a Cl-12 al kyl, C3-6 cycl ®@arkpko110264862

al kenyl, C2-12 al kynyl, C6-12 aryl, C7-13 arylal kyl, or C7-13 al kyl aryl,
each of which can optionally be substituted with one or nore addition

hydr oxyl groups, R6, R7, R19, and RH is independently a hydrogen, Cl-12

al kyl, C1-12 hydr omh&uémm&lzﬁ%h% e buSPSInl ridd s@hattdaibeddBr t O Si X
hydroxy groups, C3-6 cycl oal kyl, C2-5 heterocycloalkyl Cl-12 al kenyl,

Cl-12 hydmﬁ%?&ﬂﬁﬁnyl C6-12 aryI C7-13 aryl al kyl, or C7 13 al kyl aryl, each
R8 and R9 is Q@depﬁ;&qﬁawo@mmso%ae AR X30m ngéls ajs%hﬁblﬂﬂ eltngac&lz

hydr oxyal kyl , C3-6 cycl oal k Cl-12 al kenyl, f dr oxyal kenyl ene,

C6- 12 ar ;spdlu@mul&@ atvcylllralcmmateoﬁod@lm tmsarébn@yd atvcwm ahrupbatmpf@asmuahd wher ei n
the conp 4 ~ % m nant s;
ahor o - CRG PhAGy SR R e L LA Rl P sk PRy bncolthe AR

| evul i natbeffemat er, or a hi gh nol ecul ar wei ght byproduct having nDIecuIar
wei ght s t hat e | e r |l ar. wei ght of

t he ket al adngt ag? %&X“%an%O%qggﬁqo %y&mxmg?nmm%hggo%mﬁﬁgt ‘etal adduct
has the gtdduct ure (6a): O (6a) wherein Rl is a Cl-6 alkyl and RO is

hyd C Th in the ketal
adduct has. t hevst r DRURESRE oORBE of “Rher er R e €L 7

34. The cewrpesidouoautaystany of O ains 31-33, mhereln t he hi gh nol ecul ar
wei ght byprodyct c i ses dine tr| mers_produced by a
reacti on of oné or mﬂPgﬁ%ﬁﬁﬁanéévpﬁﬁe 6F§%gfw gl Fmb zﬁthP | evul i nat e,
propyl engogbysebusaadiyer an al dol of a propyl ene egcoI ketal of et hyl

| evul inate or produced by a reaction between a propyl ene ycol ketal of
ethyl levulindle, PCOPPEin® grEdns Baaropyisay glycol ketalof cthyl St of

glycerol ketal of ethyl levulinate of any of Claims 1-29.

31. A composition comprising a ketal adduct having the structure (6):
Rz R

R? OR!
0) 0] o
Re R11
R . € Rio

R R
° (6)

where R', R?, R?, and R* is independently a hydrogen, C1-12 alkyl, C3-6 cycloalkyl, C1-12
alkenyl, C6-12 aryl, C7-13 arylalkyl, or C7-13 alkylaryl, and b is 1-4, R’isaCl1-12 alkyl,
(C3-6 cycloalkyl, C2-12 alkenyl, C2-12 alkynyl, C6-12 aryl, C7-13 arylalkyl, or C7-13
alkylaryl, each of which can optionally be substituted with one or more addition hydroxyl
groups, R® R’ R and R" is independently a hydrogen, C1-12 alkyl, C1-12
hydroxyalkylene, C1-12 alkyl substituted with up to six hydroxy groups, C3-6 cycloalkyl,
C2-5 heterocycloalkyl, C1-12 alkenyl, C1-12 hydroxyalkenyl, C6-12 aryl, C7-13 arylalkyl, or
(C7-13 alkylaryl, each R® and R’ is independently a hydrogen, hydroxyl, C1-12 alkyl, C1-12
hydroxyalkyl, C3-6 cycloalkyl, C1-12 alkenyl, C1-12 hydroxyalkenylene, C6-12 aryl, C7-13
arylalkyl, or C7-13 alkylaryl and c is 0-1 and wherein the composition comprises less than or
equal to about 2 wt% contaminants; wherein the contaminants comprise one or more of

glycerol, acid, ethyl levulinate, water, or a high molecular weight byproduct having
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35. The conposition of any of Cains 31-33, wherein the conposition
conprises less than |l ess than 200 ppmwater, |less than 20 ppm acid, |ess

t han or ewoabizwmssbout 10, 000 ppm of glycerol, |ess thamrCoSeguakessd about
0. 25 wt% of diners obtained froma reaction between nononers of the
propyl ene glycol ketal of ethyl levulinate, |ess than or equal to about
0.25 w % of diners obtained froma reaction between the propyl ene glycol
ketal of ehllar WeMHisitnah® aaréﬁlstan héd QleaRl HAh ARYNEAR1G WEEAI ofkBE RdalOf et hyl
| evulinate, |less than or equal to about 0.25 w % of dimers obtained froma
reaction a[%@tc@veen the propyl ene glycol ketal of ethyl |evulinate and et hyl
Levulinate, 1855 UAAAibo8ANAL diRnARCUhelinknd i Glladl hATRASuABLAI BT from 2
reacti on between the propy ene glycol ketal of ethyl levulinate, ethyl

| evul i nate and al dol s ofopr opyl ene glycol ketal of ethyl Ievulinate and

| ess than or egoal ut 0.10 wt% of triners obtained froma reaction
bet ween propyl en chol ketrral of ethyl levulinate and ethyl |evulinate,
where the wei ghR pefcents are based on the total wei ght of the conposition.
WO 2012/ 018939P 2011/ 046463 36. The conposition of any of O ains

31- 35 where the conpmsoRPon conprises a color less than 30 Yl units and
wherein the color change is Iq5@ than 30 Yl units when subjected to

t enperatures of ;about 200C f period of a two hours. 37. The
conposi t MBKTH RamyA GF 6@31(5}4?&1%15 I?DSIYO%%@F@H“HBW&OWO& tion is hydrolytically
stabl e. 33.38. THh@nfpoiR@Sshitd1fm Pf wal¥inQhe Kt ialucBlas IR sttbgfQeb)he

conmposi tion conprises a conmpositional ketal according to structure (6a) or
(6b), and wherein the co ositional ketal structure (6a) or (6b) does not

change by an arlgo nt r than 0.4 wt% in purity over a period of 24

hour s. o rrul &R'on conprising the conposi tion of any of O ains
31-38. APwat er - based formul ati on conprising the conposition of
any of C ains 31 ) 41. The wat er-based fornul ati on of clai m 40,
further conprising achyffer. 42. An article conprising the
conposition of any of Cl ains 3?

wherein R'is a C1-6 alkyl.

34. The composition of any of Claims 31-33, wherein the high molecular weight
byproduct comprises dimers, trimers or oligomers produced by a reaction of one or more of a
propylene glycol ketal of ethyl levulinate, propylene glycol and/or an aldol of a propylene
glycol ketal of ethyl levulinate or produced by a reaction between a propylene glycol ketal of
ethyl levulinate, propylene glycol and itself.

35. The composition of any of Claims 31-33, wherein the composition comprises
less than less than 200 ppm water, less than 20 ppm acid, less than or equal to about 10,000
ppm of glycerol, less than or equal to about 0. 25 wt% of dimers obtained from a reaction
between monomers of the propylene glycol ketal of ethyl levulinate, less than or equal to
about 0.25 wt% of dimers obtained from a reaction between the propylene glycol ketal of
ethyl levulinate and an aldol of propylene glycol ketal of ethyl levulinate, less than or equal
to about (.25 wt% of dimers obtained from a reaction between the propylene glycol ketal of
ethyl levulinate and ethyl levulinate, less than or equal to about 0.1 wt% of trimers obtained
from a reaction between the propylene glycol ketal of ethyl levulinate, ethyl levulinate and
aldols of propylene glycol ketal of ethyl levulinate and less than or equal to about 0.10 wt%
of trimers obtained from a reaction between propylene glycol ketal of ethyl levulinate and

ethyl levulinate, where the weight percents are based on the total weight of the composition.
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36. The composition of any of Claims 31-35 where the composition comprises a
color less than 30 YI units and wherein the color change is less than 30 YI units when

subjected to temperatures of about 200°C for a period of a two hours.

37. The composition of any of Claims 31-35, where the composition is
hydrolytically stable.
38. The composition of any of Claims 31-35, where the composition comprises a

compositional ketal according to structure (6a) or (6b), and wherein the compositional ketal

structure (6a) or (6b) does not change by an amount greater than 0.4 wt% in purity over a

period of 24 hours.

39. A formulation comprising the composition of any of Claims 31-38.

40. A water-based formulation comprising the composition of any of Claims 31-
38.

41. The water-based formulation of claim 40, further comprising a buffer.

42, An article comprising the composition of any of Claims 31-38.
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