".e3e;hd; e| : $6TdCLO7169- Pgm‘w&wmm 5 APR 2002 ~coo00z 1 PROCESS

I'MPROVEMENT TO PRODUCE L )| JRIVETHYLOLPROPANE FI ELD OF THE | NVENTI ON
,This inventbACT el ates to the lfﬁ%ducti on of trimethyl ol propane (T@qu
rore particular to obtappi | or crude TWMP. BACKGROUND OF

I NVENTI ON Thi s inventi ah@,lﬂmmﬂmm‘m a process for obtaining | ow reacted

col or (interchangeably herein as "l ow color") crude

tri nmet hyl ol oropane (TWMP). 16G%%%1 net hyl ol propane is produced by the
condensation and _cross_canni o reactions of n-butvral dehvde and
f or mal dehyRROLESSIMERG A £58111 1809 B0 1€ SAREESLYLQLERS
caustic solution. Renoval of the TMP fromthe reactor solution can be
carried out by'the partition of the product between the agueous sol ution
and an organic solvent for theFIRNED OF THE ENVENTION at e, i sobutanol, butyl
acetate, and the like, The TMP is then renoved fromthe organic 15 | ayer,
as for exanpl dhisinyension|relates hthe RRAUREQN ofFIMsEhV @prapage @ng/%nd Beretnaaicigp
fromthe or%ani.c lI %er and tm further renoval of caustic fromthe TMP is
to add a 'SILBIP&ION ST e which the TMP is insoluble, in an amount
sufficient to separate the aqueous but not sufficient to separate out the
TMP, renove the water | ayer, and then renove the first solvent by
distillation. Typically t hBAEKGROVND/ORITHE INVENTHONar sol vent, e.g.,

xyl ene. The TNP/second or@ani c 20 sol verht Jm xture is al ‘ov%ed to setbg,e and
t he separated nyentoRelied 13 PERSESIHPTR I RINE dQ¥ resiefedeqolqr(ingrehangeably

Pat ent 3, : 8 : a product which has an
aci d- was ﬁefggP%foo%‘r Elgggulﬁ“g{oi%eﬁeﬁﬁ %en@r Uﬁl?yof%ﬁf @I‘(z)}‘(rzp)pht hal i ¢ anhydri de
colr of ~ 10U3Rfetiblpropdns isgprodaked by thehwndertsatiasamidradsr@ainlzaavorreatioasof
color TMP by extracti n% | eachi ng, or further guri f{i ng .col or-causi ng

i npur i t i esbiiERidehydspndforpadehyde in BR presernse ol g sBongaikaline hydrgxidss gushpsUs

Pat ent 5, . i sel ' tract - ing.

mpar 1 S AatuPho ReRRER It B0 BB ont e s oRR EPRELAEB S M e i ng
ext ract i partiiohiof tedprodina lbethiden Wietdquesus 36 ytioh and o vigahic wbivest for theeMP) €8,
bodi es are soluble in, but not the "fl~ This extraction is reported to

resul t i sthyl ecgtate, isoharan@bdaupyl ectatefangt e lpkeo dithet TR s then sgmeneddrom die aspame

of or less r dner 1S .. pht hal i n ride col or . of TMP. pr oduct
°5 B n S b gl b B IO o BN 8 fertiaf b B TE T ] O
anal 0gousrimidlagét dadithd furthMembid dehehtivdomn 4RI TP &f 1o BNR aisscdials8vEhi) @de By

extracting T'MP with an organic solvent, followed by washing the extract
with  7v6uchby TMP isinapipble (o 2n aglotnt Suglicientdo sepatateriiniaguedua gut ies snuifieians b

color, e.e., thro colarineter, ,to aqbtain a Gardn Uni t . val ue.
The. pant St BGRE Tode SBl4 Rl 1ovEe S b Bt A sl ! 65 disifice:
(re) cryst@ipldaApihedfRcRddNat RS nodtpdldiQoivekiC e gRRGIeNE! Thé TRAYicRBndBgahiemOVeE
salts generated by the reaction of fornaldehyde and butyral dehvde, but not
nec¥kssar isplventaniynere goallowadadpettlerpud theiseparged )éMPdlsirmow byndecantatiors t SeePal ner

Us ' ~06), add I it f TWP, .whil.e Ch S . 835
o oo 3B ST RSt sl Gtk T SR S e B2 o
extracti QR aBfdosahcol@tofabsut BMD QarafsAlnidq&U)eA gh@ah@hﬂdﬁ@@%&%?ohave -100-
produced product having an acid-wash color of S-6 Gardrier Units. However,

f or many 3pMRkAL Histericallyi thedadias ablimed dow bagicd cFP THMB Uy extrasting,igaching, o

an 10 acid wash .calor, or ofher caql.or anal yses, as possible and this | ow
col or obtfgmfé@uﬂ g, C%‘EBﬁW’@dF’IPb‘“%%cﬂeéFn‘P‘eﬁdhﬁft?r’.ea"f*ip‘?8§° prdcg § MPs

conid nuously SEALGRINES PAentB609HS5 biRc18Rs Al fode@¥Mnfith ¥ktrdd¥color-causing

impurities generated in the reaction to produce TMP, the process comprising extracting purified

A

final TMP with an organic solvent wherein the color bodies are soluble in, but not the TMP.
This extraction is reported to result in greater than 85% yield of TMP product having an
acid-wash color of 3 or less Gardner Units. The phthalic anhydride color of the TMP product is
30 also reported to be less than about 100 APHA.
Low color TMP is not analogous to high purity TMP. The acid wash color of TMP is

determined by extracting TMP with an organic solvent, followed by washing the extract with



SUMMARY OF THE | NVENT10N 15 Disclosed i's a process to obtain |ow color TMP
in yiel dsl6SEP@T | east 30% having an acid wash color of |esg % kBB and
preferably less than 3 GU. TMP is generally prepared by the condensati on of
n- but yr al dehyde and fornal dehyde in an al kali solurion. The m xture is then
pl aced through an extractor. It has been found that a high concentration of
| ow col or crude TMP is present in the extractor phase and may by obtai ned
by t aki am of hot. ?0 sol vent/water/ TMP from the extractor and

a1 | ovi ng e Af e GEPORFTEghS (iaF RGP ORdd (SHAD & FRICBMES GOCURNn AR BREse
separ at e, tRef) SARET 344 10T LN8,PUARAS TR AADGIAL LYy A og @n_aci d vash

of less IS recovered aqueous phase. I onal® TMP or | ow

col or TNre)e8eaVeANod feeAhihhe. oFf Ganke. RBasQalligatRptrh&N@movd ¥Risahadat@dbyhe t he
i nventive process typically also has a phthalic anhydride color of [ess

t han 100reARidA,of| maldﬂtf/énmbbbwr@mebyd_en 108 mnmmrilxmndlve cplmelbady impumities g
NN B YR S ATACS oMl s Y Y P ) T
vi a CO”V@HMgth@E ‘ﬁf%m%sseﬁyen%{mg&céﬁwofmps HERRDS ‘E@@En&i-rgflgé gﬁ i?}'vgﬁfg a%eg(r)

processi ng IS I'nvention ., after extraction an ation)-
DETAI LEDyflak&aRidriproddsOfor TRET MMizbdbdDediredaccor dance with this invention
there is provided a process for obtaining TVMP havi ng an aci d-wash and

nat ural col orOer pwsersehave Pseducedproduat hging ay aeidavash colos of t han 59 Gadperand

3. TISSBET RO g ALY E5AS 6 0% k5 AT TS SRR 00Re RO BT

most typrc et'ween rocess conprises reco

trigret hydcd paapaier, br Omercdereanalyasse asgdstibieqind @his TV chior abtaipedanis sol vent
and water by allowi ng the solution to phase into at |east two separate

phases agranemivally effresent mannerrdlibivg thsl 3ot is gontinupugdyrseareieg for metiodganm pbtagrlowhe
aqueous rfas.ﬁv TMP is typically produced by the reaction of n-butyral dehyde
and fonndl'Ye ge in the 10 presence of a strong base, such as sodi um
hydroxi de. A fotinate salt is produced as a co-product (sodiumformate if
sodi um hydroxide is used) with the TMP. After neutralization of the excess
base the TMP can be recover &VMMARYNOF AHEINYENTI®Non cont ai ni ng t he

LA AR R RN T T
5 o SR B S6D oLy Ry © SglE g A
cont ai nsbythhicghdensatwanifmabutgmldehydesand formaldehyde in an alkali solution. The mixture is
then placed through an extractor. It has been found that a high concentration of low color crude
TMP is present in the extractor phase and may by obtained by taking a stream of hot
20 solvent/water/TMP from the extractor and allowing the mixture, with or without additional
water, to cool and phase separate. Upon separation of the phases TMP generally having an acid
wash of less than 5 is recovered from the aqueous phase. Additional TMP or low color TMP
recovery from the organic phase is optional. TMP obtained by the inventive process typically
also has a phthalic anhydride color of less than 100 APHA, most often between 0.1-50
25 APHA. Unlike the art, this inventive process involves obtaining crude TMP having low color,
not solid end-product TMP which is to then be extracted. leached, or purified further via
conventional methods. By crude TMP it is meant that TMP obtained after processing by this

invention (i.e., after extraction and distillation).

30 DETAILED DESCRIPTION OF THE INVENTION
In accordance with this invention there is provided a process for obtaining TMP having

an acid-wash and natural color of about or less than 5 (most typically less than 3) GU, and a



'l ow tol or TMP which can be isolated easily and be rephased and both phases
can be p{O@ﬁﬁq_gd further. It has been found that at operating tenperatures
greater hogr 0 F (66 C, TWP exists in one phase with the orghfifPRIg)vent
and water in the extractor colum. It was further discovered that the |Iow
color TMP coul d be obtained by separating the aqueous |ayer fromthe
organi c extractor streamat |ower tenpersatures. The m xture is cooled to
al | ow phase separation to occur. The |low color TMP can then be isol ated
from t he, a0lie oGy ARSI o1 lof 148 fhaf SCOMED aPHABhodk R @Y idelvpren@-sVAPEIA t O

t hi s organi c/aqueous TMP stream 20 increased the vol ufre of agueous phase
and t he Theaptbidsy cahpliewréceaairedriortioiolpidpare/zoth aluine phase sokrounef TMRAIn @
tenperature greater than 150 F (66 C), the TMP containing streamis in one
25 30 phuganiaselNentgad yiatpahy allayingdhg SCAMIPIIE RBRSCABIRES Hafl oY a§tPhaseyand s

ofoccas VRgEP RO RAE LA PR PR ISPy 71551
(25550 Q). Orpegpis naMaVoptciutel bhte @dctiag bPi-buiyedlddlsde bedTorlafleRydeinaRe

diethyl ether, nethyl tert. butyl ether, dipropyl ether, ethyl tee, butyl
et her, diresehgd efestringdabe. duchetstspdivan hysroxids. Gh forwmye saditin prodaeest astaeqo-product

w thC e fptmaR R Pboie 8 e B8 807, Bk teuliahion chmpitss’
ether, neLbule FIPtan B Fobbye N EbmARE adileBUd scAGiRIAofraintth cd

bei ng rrergt%%ywet er\(rill. l%ﬂt yf e¥ﬁer arrrllgﬂe?ﬁ/el a%:et ate. %éneérg\e@l?ﬁﬂgtgggl{i added
to the Tidauwalizeddiane penesdillydariolvenvextracmom k.gs uking colvatts sochemsteand acqitesi ng and
i ncrease the volunme of aqueous phase, generally this occurs at an addition
of 14.- 49 iseRueanobduey asfate otng) the, Bk de seberpieparpted fgoptheqgnganip golyeiitr act i on
stream ¢ i | bv.:on @ solvent-free basis TMP at a volune of 5 10
about 7f%qgge\r/uf@ﬁé%%@’!q%’g‘ﬁ]fa?’t°ﬁés of EPDO, MCF, NPG BM.F. DTMP. MELF.

wat er, and 3% &hs howw dedit fohmduhhethisadolvent exdfablicpiaké ooitainEPBPh-concentration of
3-ethyl -1, 3-propane di ol MCF - nonocyclic formal of TMP NPG - neopenryl
gl ycol BRprolomiMPyihe sandgrisolated pasily gnd perephasegand bethinhasgsicay be ppcsisade

MELF - i ( inear), formal_ aof TMP After ex tion, o

stream {%ﬁg%r(bllgggggﬁ n?y&p@@%gﬂ@gﬁﬁfﬂ goleergp?rgél.res‘lgﬁ%a&éergﬁ%ner t hg@g%g %—)Wani c
phase praefenSorePhastORith e QMRS 3016eh hedwaRflin the e AR LS KA SIE wak BaaRdS

t hrough a finishi ng@ﬂsjéstem The TMP is recovered fromthe aqueous | ayer via

convent i disrgivereddhatitrilow, coler VP sawld be wbrinedibyrseparatingthe gquesuslayerftofrthen t he

hase. the d i um f or nat e,
el or - oS e Ror SRR AR o BroBE W aritel T AR SIS b S s Y erRlRR o

the wat e oce@, OB 16wSelor EIMP &4dd theW B is6Rtdd ForMRI Ruéoustphase. pref erred to feed
the streamat the top of the colum under atnospheric pressure, at an

over head t enpléMmasissovsred et the gdgition of wateryp, thigedganidieaneovse MEr weame  of
245({) gggrlﬁs%ﬁ%i%ﬁ%g ?%l%erog gérlge%u% gﬁ' due gz.li%&%}i%fotl IQ\IovsreJclterds éolc%wmvgi?a%llé/ {%pt

stf °s
recovery.
At a temperature greater than 150°F (66 °C), the TMP containing stream is in one

phase with the organic solvent and other components present. TMP is typically cooled and
separated from the solvent mixture in the extractor at process temperatures of 32-212°F

25 (0-100°C) and most preferably 77-122°F (25-50°C). Organic solvents in the extractor
include chemicals such as diethyl ether, methyl tert. butyl ether, dipropyl ether, ethyl tert, butyl
ether, diethylene glycol dimethyl ether (DIGLYME), ethyl acetate, isobutanol, butyl acetate and
esters of ethylene glycol or propylene glycol with C,-C, acids and the like. The preferred
solvents include diethyl ether, methyl tert. butyl ether and ethyl acetate, with most preferred

30 being methyl tert. butyl ether and ethyl acetate. Generally, water is added to the TMP
containing stream in an amount sufficient to enhance phasing and increase the volume of

aqueous phase, generally this occurs at an addition of 1-4% water based on total volume.



‘colum identified as the vacuum fl asher colum or colum 2. For colum 2,
the stre i referably fed at the top of the columm at a pressur

about 6 ﬁﬁgl'-gcgnd a preheater tenperature of 158-176 F (70-80 O), 134@3 2002
over head tenperature of 365-383 F { 185195 C), and a base tenperature of
401-419 F (205-215 C). This second colum generally serves to renove heavy
ends fromthe process (e.g., DIMP, BM.LF)4 Exiting colum 2 as an over head
stream is a streamof TMP ( ~ 90%MP) entering the mddle of colum 3

whi ch serves g 6QREABYE Eidladh EdMirises plhMer VA Adhven@ ey BaskYMPEITRI ViihiGe beavy
ends inpurities present. CGenerally, the product is taken as an overhead
with a 3fbovazIsnwithemselq@anafies of IERDO HylCFoWNPh &AL F eipeiPaMEer .ofatethend ol umm
at 284-320 F ( 140-160 C), and a base tenperature of 401-419 F (205-215 C).
The heavi”oehysidgpefiskiaBpEer- as a residue fromcolum 3 and the overhead
contains,pringrily TMP for further processing. 7169- PCT 15 APR 2002 TMP (
94% TMP) enters colum 4. a light ends renoval (finishing) colum for final
pr ogessi FRPQrvdethved #-PEppetle d8f remmi ning inpurities. The final |ow color TMWP
i's coll egtedmancpif Rshdlbernat ream fromcoliunn 4. with any |ight ends
impurities (which include MCF, EPDO. NPG) beine renoved as an over head
stream MSfpitearerylelyse TMP is taken as a residue stream5 with a vacuum

pr essur eBfF Ibistimvridgnean foroaief Themd t enperature of . 284-320 F ( 140160 O),
and a b enperature of 401-419 F (200-215 C). Approximately 99% TWMP was
recover Zﬁ&éb&%ﬁgylﬁéﬁggﬁs | ayer of the extraction stream based on the

pr é8ent MBAVENhitwdmonadisegsormIETMB] or of this final TMP product has been
determned to be less~than 5 GQU, typically less than 3 GU. 10 In an

al ternate enbodi ment, the organic phase of the extraction stream may be

processed as d&stextastiomahehot TNP sweasy isrcopierd andpyystes eides i dgsizgosThrsaiiershe
recovered fromthe oraganj,c phase of the extraction st:ceam Th ecovery of
rude. | oweabf aheshmorage riofelar Eeden ST e aabhols isf Mot &b GREZEE T,
further figueihgR@stthe THheMMEP & rdédverid fRirh BIRY aduBusa¥fdr ¥ DnvéritioRaliestiniQicdani ¢
phase. 15 Color testing results based on the above described processes
folfow TAB LE 4n @obadimEetswierein RA4R i recongrediivem GragaueousTivise, theQlagamted TMVP#2

CA TMP 20 AW | 1.5 6.4 A, b-10 NH (Pt/Co) 2.2 3.4.4.7 <5 PA (AHPA) O
63 Vo Seisgs S, e DB S et WA 450 SpRirics MARFRoG Ao FAke

(CA T Mdes ¢hainnMaveREaLeS iRSwatef | H@hniRsO9b st fRIL SRR ARt is

commerci dl 25 manufacturing processes involv ing exiracnon, |eaching, or
further pefdarfeddatfécdntheftrdaneatithaaip of théRobioha undst atrhimspherid pressuhe atiroeeerheadd W

color= GU, PA (Waq N spargin = breviations: A = a : ani c
S eyl REREE S gani QIHAES (64 U0 cAAM et FmREtre 4 or aRVEOBIT (A =
phtpahc agdvedride color; CA = conmercially avail abl e. 7169-PCT 6 The

correspondence of Gardner units to APHA units is shown in Table I|. TABLE
I The residue stream of this first column (solvent stripper column) is directed to a second

column identified as the vacuum flasher column or column 2. For column 2, the stream is
preferably fed at the top of the column at a pressure of about 6 mm Hg and a preheater
temperature of 158-176 °F (70-80 °C), and overhead temperature of 365-383°F (185-
25 195°C), and a base temperature of 401-419°F (205-215°C). This second column
generally serves to remove heavy ends from the process (e.g., DTMP, BMLF).
Exiting column 2 as an overhead stream, is a stream of TMP ( ' 90%TMP) entering
the middle of column 3 which serves to concentrate further the TMP and remove any
remaining heavy ends impurities present. Generally, the product is taken as an overhead with a
30 vacuum pressure of . 1 mm Hg, overhead temperature of the column at 284-320°F
(140-160°C), and a base temperature of 401-419°F (205-215°C). The heavy ends are
removed as a residue from column 3 and the overhead contains primarily TMP for further

processing.



15 APR Z002 Acid Wash Test Phthalic -Anhydri de Reacted Gardner Units Col or
Test (APHAN9-BET1 0-40 10 4-5 70- 100 6-7 170-200 8 - 10 200 - 3?3 BR%DZ
extraction can be carried out using either virgin or recycled pl rﬁ
solvent. Although 15 either batch or continuous extraction may be used in

t he invention advantageously, the pr ocess is preferably carried out using a
continuous extraction with internal recycle streans enpl oyed. Vari abl es

Content,  ampubbiRd ol T SR e it 3 gl hinFEmO S FErRGRbCo g O
exanpl e, s GRYEnd R RARGH cﬁ%erhgmagm %ﬁesqq%%%ﬁﬁEW£ol¥}aflﬁp @Qcﬂleuegfzfﬁ
i rough e e

i ncreases. cont imuous, once-t put extraction of t process o

i nstant jeB\es birdim Gam Qeum) 4 itk Led]i ghitendd infpuditie SAvHTcH Picklde MCRIEPHO( 100
C), preferably from77 F (25 C) to 122 F (50 O . Low color TMP may be

r ecover etyPO byingIrersovsd asgnioyerhegbsifermm Tiypisalyubo IM blsdaken ap e e¢eduisrgamr om

30%to 50% This process describes,recovering a portion.of the TN
pr o%luct i ‘Hﬁ%ésvaF‘&WE‘)PEcéﬁLF%B col olrl %%er?ﬁ’gée@gﬁﬁwe %ft'age %"u‘é&%ﬁ& (140-
operat i o%@t%’tsg}l 20t At dehursiogam | qgg4@@o§(rzgg_qilgo@pase and an aqueous

phase. Optio or 1ncreasing the volume of Tow reacted color TWP for
recovery by fApproaimiteleiothGMPewmereedvared feoml tieraquesstiayer afl dietexoractivh swaisar
have been di scussed previously. Ln additio?,,the extensi on of the single

phase opasad PBihe PIEWTRINYEPHYE oM Dot @t pefinali PP msedugt hasdeen detarmipgd
i ncr eafsetoﬁ%ﬁ&%’setﬁ% % %%ﬁ%ﬁ&liﬂ&%ﬁ?‘? ction of the extractor streamwth
I stage extrac

wat er ina nurt or woul'd significantly increase the volune of

| oypreact ed CHH &f alteMiitd mbsdimene the orddnic sHasNs Pthe Bkt &Mibn SfédnR &g rbegywiedsebe
designed so 90% or greater of the TMP is recovered as | ow reacted col or

product . ad desembedritserin terecovsr MR Anproximately @8 ¥ T MEBcvasgacqyereddram theprganic

led in the.first extract th ' ' d t d
xt 1 act opnaih af el iR Tk g ey BPLRaBIRY oo TVLHRY BF nctbed "
ext r act ofddiddhddiR6 @ Nafer BR@SEDLY furGeModetifgltheiéhperattdOSF éRbdr the exPaciéiRueas.

or organic phase.

15 Color testing results based on the above described processes follow:

TABLE 1
Color Testing Results

Aq. TMP Organic TMP#1 Organic TMP#2 CA TMP

20 AW color 1.5 6.4 6.3 6-10
NH (PvCo) 2.2 3.4 4.7 <5
PA (AHPA) 0 163 70 50-200
PA (w/o Nitrogen Sparging) 1 1 1 1

Commercially available (CA) TMP is that TMP obtained as a final product from traditional commercial

25 manufacturing processes involving extraction, leaching, or further purification of the final TMP obtained.
Units for the Above: AW color= GU; PA (w/o N, sparging) = GU.
Abbreviations: Aq = aqueous; Organic = ethyl acetate organic phase; AW = acid wash; NC = natural color;

PA = phthalic anhydride color; CA = commercially available.



-water so as to extract additional |low color TMP. If desired. some of the
sol vent d@o6-8Ce renoved, e.g., by evaporation, to reduce the qrygﬁ’? mi eed
rate to the nmulti stage extraction. Acid washed (AVID color is a iC
acid wash color test. In this test, the col or producing species are
extracted from TMP with toluene and thisgstoluene is reacted with sulfuric
acid. The resultant color is measured on a colorinmeter in Gardner units.
Pht hal i ¢ anhydride (PA),is determ ned b cti.n ht hal i ydride with
TMP at el evat iée f%@?%qeﬂf%%féam’éﬂr”é‘gﬁfc{@{)ﬁ WV%’E&‘%@V@I%{HEWS col or which
is measured using a colorimeter in APHA units or Gardner units. The natural
color (NC) of TMP is the visual color of TMP. Typically it is a 10% by 10
wei ght solution of TMP in water and i BABERdIted in APHA units. Col or Tests
The acid.wash color of the TMP is determined using a sulfuric acid wash

col ér test. In theAcusWapblten TWP i s BithelicfehydrideRepetedene or

cycl ohexane, foll oped, by. washing the extyact g t.h sulfuric acid. The
reacted color is ﬁfdc“Si/Qa“i hr ough a céPﬁfﬁﬁfé@P\qﬁ? Gardner Units. a.

Ref er ence—standards fpr; coror tesrs. 1n &e_giprrri Mg COt or tEests, o Humter—s
Lab Tristimulus Col orineter (ColorQest 188) and software (#CMR-884) is
used. ASTMIliquid standards are used for 79alligbrati on according to ASTM

Met hod D 1544-80. 20 b. Cell Sizes Color is shown to be dependent on cell
si28s. A cell of 10-fmTuvette was used fldP-@8Por analysis. c. Shaking

Col or depends on the g nLdansi ty of shaki n%&bh% @ol uene extract with acid.

Vi gorous 25 shaking is needed to ensure T'i8 ent m xi ng between phases.

1. Add 20 g of TMP (to 0.1 g accuracy) crystalline or nolten) to a 200 m
tared beaker. Add 80 g of reagent grade toluene (acid wash col or of about 1
Gar dner Uni t ) Th@exthsson térebesairmed an using leitherpiingiragy recitclerhplant s6Bef. f Althdmgh

m nutes. Use. a netic stirring bar, Start timng at 60 C once all the . TWP
mel ts ellfgxser batcg%gcont{nuous extraction may be use% in the mven%on advantageously, the process is

15 preferably carried out using a continuous extraction with internal recycle streams employed.

Variables which affect the recovery of the low color TMP include temperature, water
content, amount of solvent, contact time, and number of stages. For example, recovery increases
as temperature decreases or water addition increases.

A continuous, once-throughput extraction of the process of the instant invention can be

20 carried out at from 32°F (0°C) to 212°F (100 °C), preferably from 77°F
(25°C) to 122°F (50°C). Low color TMP may be recovered in yields of up to 100%
from the aqueous phase, preferably from 30%to 50%.

This process describes recovering a portion of the TMP production as low reacted color

TMP by a single stage phasing operation of the extraction steam into an organic phase and an

25 aqueous phase. Options for increasing the volume of low reacted color TMP for recovery by
further lowering temperature and/or further addition of water have been discussed previously. In
addition, the extension of the single phase operation into a multi-stage phasing operation would
significantly increase recovery. Countercurrent extraction of the extractor stream with water in a
multi stage extractor would significantly increase the volume of low reacted color TMP for

30 recovery. The countercurrent extractor could be designed so 90%.or greater of the TMP is
recovered as low reacted color product. In an embodiment of the multi stage extraction process,
once cooled in the first extractor, the organic phase is forwarded to a second extractor where the

second extractor is a multistage counter current extractor. This organic phase is contacted with



30 3. Charge 75 m (+/- 1 m) of the toluene layer to a 250 ml separatory

f unnel ((ﬁé&g@a pi pette). Add 25 m (+/- 1 m) of concentrated sulfuric
acidtot aratory funnel using a graduated cylinder. Shake th g/_g&m
separatory funnel vigorously for 30 seconds) being sure that 716 08
15 APR 2002 different phases m x thoroughly, allow .l mnutes for the
solution to phase out. The solution shoufd show a tenperature of ~ :1~
+l-'? C. Decant the acid !aver (bottom. -1. Add a sufficient anmount of the
aci d | ayeuater o fi§ 1d exaradiGrddichaluvet dotor TRER O fHesidd D oy offi@nslveht @ulkdupd er Lab
Tristimulus Colorinmeter. Data are noted to the nearest nunber in Gardner
Unit's byramiveg. egsb}ééva@pr%mgtpaﬁﬁlucedmeo?r@egfee#@tisfsthemmlél SEABE eRERGIODoNVer t s

h t t th t to Gard
it The. Lorgimeears FAVDPEIEF alRES £ & i ARM b I P B en falbls (e, o
K: Pt Gl b) ﬂﬂ%l‘ﬁ? sﬁéaéi' a%k@xtracteﬁ f@?ﬁ IREP witHBGu@ethnd tRiQ IIAER! 9 keatRA Wity Hﬁﬁﬁilct 0

rcpl ace he colfonneter. 10 PA Color Test This method of test describes a
pr oéedur ecifioTheesssliantrglor emeasueedsintacoddringkoin @evedropas when treating a

sanple with phthal.i c anhyd t a re tlon,te rature of 200 _C and a
reaction ti rre%\‘ haliganhy, U?%E‘l /%118%%53%“5 %r%“”@%lgg‘ﬁ%]ﬂ??@lyfiPQ‘eWVBrTNgﬁt col or
conpar at T Rires. t Ao af |rred
const ant g{eearlrt}g)%ﬁa ure ve\kseo?§l &R mcée{lgggynér? co roI ﬁrngﬂl&e%‘slt}gél entefi%slt%%
t enper at gslerifietez @ ACHA nifs. or Gar&meﬂ&mtéf brating mxer. Tiner. Reagents
Pht hal i ¢ Anhydri de, 3990 2~ Note: The quality of the phthalic anhydride
can affect t hdhesamr F@QbW@hOfWEr’F&?Wh@MhWPcTé{ﬁW?HY itdeail§% by
nmrended. Q %ﬁll@ a test tube and add 3. 00
g o C@ t he plﬁhﬁé?lu{;&ggﬁﬁg%llaga%ggngnfregg%%slgl y seé#mf'he tube with a cork
stopper. 30 2. Suspend the tube in a wax bath maintained at 200 y 5 C. Set
the timer for 30 mnutes. Allow the test tube to remain in the wax bath

unti | th@glml_lﬂs.fj_on rrelts and becones cl ear (appr oxi rrately 10 mi nutes). At
t5h:A\|SDRp(2)|08t2) W‘er Scid v noqlogot0 he T™MPF pgoa{e?er}n?r%dsal}rx% a sulrrunc acxla wash coﬁ)? teF;?TIng 1

the test molten TMP is extracted with toluene or cyclohexane, followed by washing the extract
15 with sulfuric acid. The reacted color is monitored through a colorimeter in Gardner Units.
a. Reference standards for color tests.
In performing color tests, a Hunter's Lab Tristimulus Colorimeter (ColorQuest # C4188)
and software (#CMR-884) is used. ASTM liquid standards are used for calibration according to
ASTM Method D 1544-80.
20 b. Cell Sizes
Color is shown to be dependent on cell sizes. A cell of 10-mm cuvette was used for color
analysis.
c. Shaking
Color depends on the intensity of shaking the toluene extract with acid. Vigorous
25 shaking is needed to ensure sufficient mixing between phases.
1. Add 20 g of TMP (to0 0.1 g accuracy, crystalline or molten) to a 200 ml tared beaker.
Add 80 g of reagent grade toluene (acid wash color of about 1 Gardner Unit).
2. Heat the solution with rapid agitation at 60 °C for 5 minutes. Use a magnetic stirring bar.
Start timing at 60 °C once all the TMP melts.
30 3. Charge 75 ml (+/- 1 ml) of the toluene layer to a 250 ml separatory funnel (decant or
pipette). Add 25 ml (+/- 1 ml) of concentrated sulfuric acid to the separatory funnel using a
graduated cylinder. Shake the separatory funnel vigorously for 30 seconds, being sure that



" vibratin

bat h and V%ﬁoﬁ ff the excess wax. |Inmmediately place the test tubg PAPR e
& € and allow to sur for 20.seconds or until the sample is
t horoughly m xed. Repeat the procedure for all sanples. 3. After m xing,
pl ace the tube in the wax bath until the 30 mnutes reaction tine is
completed. At the end of the reaction tigre renove the sanples and w pe off
the excess wax. 4. Allow the sanples to cool to roomtenperature for 30
m nutes. 4 %ﬂ}aﬁ'ﬁe?h‘ﬁ@i g?ouQBlvt AR R YR Ruds Y He kOGS V@a@@é{m”ﬁ%@r Rllion
remai ni ng ro e sarrp préparation or reaction. ead the color of the
sanpl e bshoultsgioW N@nipeenganpl e t ube/-L ME.oDehen delald leosmbsiadoy. 10 appar at us
and matching the color of the sanple with gne of the reference colors.* *
Repl aci n4 t heAté@)Iaéklff@mpama@@rOf Wetqﬁldalamugéﬂ aakfimmmp ey vesie cRecord eolpoby

di fPtl Co
e mppar et S e i s R G e AR o s P O b pe g
comput erca,%hemh@g bYTBLAY 2 g?éciﬁ ro%%nmud@mehmtms R@’ﬁﬁ%Bhﬁ arNdnMeterial s |

. Type | deioni zed ‘wat er use as an instrunent blank. 20 2. Black card
to set tdiwomenaryt comndinates ﬁomehef spectrd eransrsittancesdata to3Gar@odrdlditsPl Eltd culomiGeleor

Standard. Procedure 1. Initially standardiz he equi pmrent  (i.e.
col ori nes&alibrateg by usingsha M S?WOfléian%%éde ﬁ%f’g}"éo)sanagolpams&m TVP | 10%

sol uti 0n? 1.5 EOME b0l Mk i2ar eI M phi2l Gork@ L graduat ed cyl i nder
with 90 nL of warmwater init. t opper the cylinder and shake the

sanpl e until a honpgeneous sol ut| on is formed. 3. Anal yze the sanple in the

coI er rrelggrcolorrlﬁestol | ow ng non-limting exanples are provided to illustrate
t hi ther. All 7169-PCT | O proportions are by wei ght unless

ot herwi se T athed of test describes a procedure for measuring the intensity of color developed
when treating a sample with phthalic anhydride at a reaction temperature of 200°C and a

reaction time of 30 minutes.

15 Apparatus

1. Gardner/Hellige Varnish color comparator.

[

10 mm *Gardner tube.

(%)

Wax or paraffin bath - a stirred, constant temperature wax bath capable of controlling
efficiently the temperature at 200°C = 5°C.
20 4. Vibrating mixer.

Timer.

(9.

Reagents
Phthalic Anhydride, (99%).

25 Note: The quality of the phthalic anhydride can affect the color reaction. Aldrich brand
phthalic anhydride is recommended.
Procedure
1. Place a 3.00 g sample in a test tube and add 3.00 g of the phthalic anhydride reagent.
Loosely seal the tube with a cork stopper.
50 2. Suspend the tube in a wax bath maintained at 200 = 5°C. Set the timer for 30 minutes.

Allow the test tube to remain in the wax bath until the solution melts and becomes clear
(approximately 10 minutes). At this point, while wearing gloves remove the sample from the

»



EXAVMPLES 1 5 APR 20D2 Exanple | The. reacted col or of purified TMP was
reduced BYOXPETfol | owi ng process. 17,000 g of a 30% crude TMP, p?%pg;tmwl
acetate, and 10% H O solution at 149 F (65 C) was allowed to cool to 77 F
(25 C). Upon cooling to roomtenperature, the solution phased into two

| ayers. The aqueous | ayer was separated Jromthe organic layer at 77 F (25
C). The TMP fromeither |ayer was then recovered by the foll ow ng process.

Th | i Q- - ati F (70..0)..and 1
e por e ThENRgERRY IR & SHRRAE AL HhBine Pat i & ok s Futen
di stillati@no@tio 320foF26 sébAdCor @it bk sambldds thbasughPmieeo\rehes thed SHatddige

aqueous | ayer had an acid wash color of 5 or less Gardner units. Wereas,
t he TMP obtferialestnfplesm t he organic | ayer had an acid wash col or of 10 or

| ess Gargner, uniits. 15 TABLE I.11, Conpositiqn, of . TMP Layers Separated at 77
E (35 05 BERB I ARt hRRe Re T TR B G e e e g gl 5
0. 65N.D. 2.0 (A0ch A1 GARkEIdrAYRE &M e rfhids Dhauible B 7420 Exanpl e 2
TI\/Pvaith a si gn?fi cantly I1 ower éci d vvaeshe coﬁgorws\’/%s ogﬁé’fcﬁsésdw%gder t he
sanme protegdlovephasanples tccond td foonstesipataede far 3Bxaimptes. 1 except that a two
colum conti nuous purification systemwas used. 25 After solvent renoval

vi a rot o2-eVhipsihg pwde phide sampls thHeS 19 FHAVERBY MR, EerRHRAING (ipanihe srmpler (90%
or 70% re pvel purified first by renoving the heavy ends, then
the |ight @Eegl(sé}a&';égogge@é\ﬁ(?ﬁ'di stillation. TMP was obtained as a residue
stream f@r Read thel @Y&bi-theﬂﬁﬁxg'f@?’%s@rﬂﬂg tHERmble teBe {nMVitfe, coldYbBp¥RtR I enoved
using a 35-tray 2-inch inside dianmeter jacketed O dershaw col um. The
colldm was apparatys apd matchingobe ealor efisb¢ baspple Widiromglof 8@ refer¢nse weloss. bl aced i n

the reboil gr t tray 10, tray 25 and tray . Crude TMP. was fed to the
Colurm at 4 BFIER HF R Gt w(F s e B R S D ESCO PR TR § b ed
fromthe basguAvalvee col um. The overhead stream containi ng 94% TMP and
light end inpurities (MCF, 7169-PCT ~ 5 a ~R 2a02 EPDO. NPG was then fed
into a 3~tray 2-ncth inside dianmeter jacketed O dershaw colum titted with
300 mL r I t inute. Thermal wells were placed in the reboiler,
tray 10,1@9{9%&1@1&%1 g‘o 35. Light ends were renoved in the overhead

st 1&am and AppamatdshVR ) thamteebiaT ristnaus Coforiteeer {@8 rQuddBland| cdnibitet 5220
Conmposition and Col or _Analysis for TMP Recovered Fromthe Aquous and

Or gani ¢ ‘PriagEsterppludR mumpathilergtvy  pA* aqueous layer 99.84 0.09 0.07 1 < 1
organic layer 99.27 0.66 0.07 7 2 * GJ Exanple 3 TMP was obt ai ned by addi ng
distilled and deioni zed water (2% by weight) to the organic extractor

st ream aReab@dtsand Mutéelals The m xture was phased at 104 F (40 C) and the

resul ti ng | ayers processed according to Exanple 2. TABLE V Conposition and
Col or Ankl yiaps ! figioniprbwates furaise s an instrument blank. :

20 2. Black card to set the zero transmittance for the instrument.

3. Cobalt Platinum Color Standard.

Procedure
1. Initially standardize the equipment (i.e. colorimeter).

25 2. Prepare TMP for color analysis as follows:

TMP (10% solution)
1. Pour 10 mL of the hot TMP into a 100 mL graduated cylinder with 90 mL of warm water in

it.
30 2. Stopper the cylinder and shake the sample until a homogene'ous solution is formed.

Analyze the sample in the colorimeter.

(O8]

The following non-limiting examples are provided to illustrate this invention further. All



From t he uous and Organi ¢ Phases Wth Additional Water at 104 F (40 O
T™P unkn7d\ﬁ§sp%o AW PA" aqueous |ayer 99.66 0.16 0.18 1.5 1 ofgatPRQillayer
98.64 1.09* 0.27 6.4 1 *unknowns include trace anmounts of MCF and MELF 25 '
= QU The following table illustrates col or anal yses from TWMP obt ai ned by
various manufacturers, all of whom produce the TMP by simlar conventi onal
nmet hods. 7169- PCT 1? TABLE VI TWP Col or Anal ysis For Various

Manuf actp%ﬁ;ﬁorgqrgp@} L,va‘e%q“ M@Jthé%(s,@Pmmg\e\atural Color (GJ) A 4-8 50-90 <5

B 10 ---- Lab Results from TMP processed in accordance with
t he present |nvent|on. Ag. Phase 1-2 < 1 2.2 EtAc* Phase 6-7 70-160 3.4-4.7
10 Sanpl e Prepared by Conventi onal gsg}%g: -9 530 1 15 APR 2002

*Et Ac=et hyl acetate t 315 APRZ LES\ ~ what is claimed is: 1. A
process aining | ow reacted color tt”. nethyl ol propane (T1~)

conpri m% vering tiinethylol propane froma heated one phase solut;oiz

of srimethyl atherrededsdecolor cdpuefighTMP wa N@Lﬁﬁedapdhel\@ﬂlew,m?pmklessm1|7QTDO|gn(ﬁat he
solution to cool and separate into at | east two phases, and recovering the

trirnet APPotpaopiHs 69?’@@11@@61&7@@&@%5«0 SQlumlfﬁnét HAYE d65°@fwas) aliowed tavbad ei n

the reco wash col or of
prcess 8775 G5y e et MR s T S-S St Tate i RS v s bt

| o d
o, apraieqls 3 SaPSiAnia £inidhe SRmIe LSl R O TheTN ARk Glhe el |
wash colveas th)én rtcmrerdcbl%thésﬁwltbveng pivicess. dihe salvphtmlremomhﬂdlrotde:vapxjramoroét 50
or | ess APHA. in the recoyered TMP has a

e c15§nlﬁ§/7d’r Rryans biim e Tugs THFT8%) tas oGiathed 25 2 GraIheacnionuGMa g
than 103 é’rF ﬁlh{ﬂﬁh at@@ g"rsélé@f’CﬁAr@' Math MBEeTRE 'T*Nhh CQVéggd]ermstﬂ% @.H?ugs

sel ecte tent. ~butyl propy er)
et hyl t Qayer hhdituy heid lwae}ﬂ coldr aft S lenethhyemnhndl Vsﬁmtehsgxk th¢ MMMP olmhingd freaethat e,

butyl acetate, isobutanol and esters of ethylene glycol or propylene glycol
Wi th C, -organigfayer had an acid wash color of 10 or less Gardner units.

15 TABLE III
Composition of TMP Layers Separated at 77 °F (25 °C).
EtOAc TMP MELF BMLE MCFE  Unknowns H,0
aqueous layer 15.8 310 02 06 N.D. 20 50.4
organic layer 90.3 4.3 0.1 0.2 N.D. 04 4.7

20

Example 2

TMP with a significantly lower acid washed color was obtained under the same process
separation conditions stated in Example 1 except that a two column continuous purification
system was used.

25 After solvent removal via roto-evaporation, the crude TMP from the aqueous and organic
layer (90% or 70%, respectively) was purified first by removing the heavy ends, then the light
ends via vacuum distillation. TMP was obtained as a residue stream for both layers.

The heavy end impurities (BMCF, DTMP) were removed using a 35-tray 2-inch inside
diameter jacketed Oldershaw column. The column was fitted w?th a 300 mL reboiler. Thermal

30 wells were placed in the reboiler, at tray 10, tray 25 and tray 35. Crude TMP was fed to the
column at 4 grams/minute at tray 10. Heavy ends (BMLF, DTMP) were removed from the base

of the column. The overhead stream containing 94% TMP and light end impurities (MCF,



7. The process of claitas 6 wherein the organic solvent is ethyl accrete.
di ethyl eghgacpfrethyl urt butyl ether. 8. The process of claim7 wherein
the solvent is ethyl acetate. 9. The process of claim 1l wherein §ljeppp ZQU
hot ' Ti vl pl or gani c/ wat er phase is cool ed and separated at between ~ 77- £2F
(25-50 ©). 10) A process for obtaining | ow reacted col or trinethyl ol propane
(TMP) conpri sing recovering trinethyl ol ptlopane from a heated one phase
solution of trinmethylol propane in an organic solvent and water, allow ng

t he sol utbiP&XO.tNPGpwhs @ feslaparaat etrang-onct infidadiamewn jehese ©ldosmw silogna

wat er phase and an organic phase, addin ter to the qrgani c phase, and
recoveri r‘u’é‘etjﬁ‘f‘f}k:fo@trﬁjylr%loﬂteb é(%/@lw%n:”e%@\gﬁwa%werem%%g.m %f.reh%@f-pﬁ%cl@ss of
claiml yaersifayales tsReARE (e BlBRN £.cRRATE:a Bld G TR ROAsE

sol ution has separated, Thoan anxount sufficlent 1o ensur urther “phasi ng.
12. The pbeeeIUObf Gkahses 1 and 11 t~~h~rein 1-~l % .eater is added to ills
onC phase sol ution based upon the total volune of the one phase sol ution.
15 APR 2002 14 13. The process of clains 11 and 12 wherein a one stage
extractor is enployed to phase the Th/lF/A%i%aich solventrlwater msxntre. 14.
The process of clainms 1 | and 12 wherein & nultistage extractor is

srnpl oyed Qnpasisien ahe CoHMPlANaEARRIf6r TOPVREtoV¥RE BForfi the Alf®dus and DrgdiEPRALST SS
of clainms 1 | and 12 wharoin at Ica.,~ one single stage extractor and one

mul ti stage extractor isIdMPloyed tUnknbwre H® 7MP/ or 4t ¢ s@Atnt / wat er
ixti:re. 16. Tli f dai 15 wh i f th i I t

ST erov BB el o cnt GPHg the MRt i s’ (a0g extrachor. ALl A AH . A AE

. A&.nA&U. f. AOHS&gA~ . A R*f 4;
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The following table illustrates color analyses from TMP obtained by various

manufacturers, all of whom produce the TMP by similar conventional methods.
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1096 & () - @109 & () - S10% & () - ! Lt $10%R&& () - F11F2I 223\ 3dEUV7! %&10% & () - L
104 & ()-Ly $10% & ()-9 10% & ()-&&! 10% & () - |
s109 & () -\ 333J4MIA5dEUV7! % &L$10% & () - Ls$! 10% & () - &$10% & ()5 KR 7012
1096 & ()-L& 10% & ()-L $10% & () - 5v5yH| 519293949=9xnmbC! %109 & (5) (9
10" L+3109% & ()- &5109% & ()-& 109 & ()- &) 109% & ()-=9?9L99: X: : dENbC! %
#1096 & ()- & &10% & ()-"110% & ()-""1109% & ()-f&IMO%W & ()- L' 10%W & ()-
;) <k<aBrbCl 9@ 1096 & () - &10%W & () - éﬁg{%& ()-79110% & ()-9
10% & ()-!10% " & () - k<w<, ===>dEntek- 1 10% & ()-&L! S10% & () - &39%4.0% & () -
L#10% 8F . .
109 & (*f* iso%“ﬁ}‘{’js: >f >} >>>>>dEnbCl %&- F10% & () - Y+910% & ()-&) !10% & ()-&(1
0% & () - S&. 1Q%oskds for @M}&w.{aym&m@m{@@ Qlagg (TVP) comprising
H&7&10% " & () - 3$10% & () - 3$1 U8 g "109% & (g &LOL0N & () -9 10% & ()- @\
AAAAAAA%N%@M@%C@T{O}MOWGG/@RP(“) e“‘i‘g ne fyase solution of mmethylolpropane i
18 %§<zf) %10@&16 Yol $dnt ankOWaté, (hg 6 S of o AMRNRDIAAEE pariElohd A EAQNB\BhskS,( ) - | %
8& () - lavd ﬂﬁa%é\r&g@)aWem%@f@m&gﬁ@@ﬁa&“ﬁ‘BMERFsFFG| [9bCl v, - &10%\ & () -
C, - &109%NW\&' ()- ck $10%& ()-!k $10%\& ()- >k $10%Rh
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7. Tbe process of claims 6 wherein the organic solvemt is ethyl acctate. diethyl ether,
methy] tert bury] ether.
8. The process of claim 7 wherein the solvent is ethyl acetate.

5. The process of claim 1 wherein the hot T\AP/orgamc/watex phase is cooled and

separated at between 77-122°F (25-50 °C).

10. A process for obtaining low reacted color trimethylolpropane (TMP) comprising
recovering trimethylolpropane from a heated one phase solution of trimethylolpropane in an
organic solvent and water, allowing the solution to cool and separate into at least two phases
comprising a water phase and an organic phase, adding water to the organic phase, and
recovering trimethylolpropane from the organic phase.

11, The process of claim 1 wherein water is added to the organic phase aficr the one
phase solution has separated, in an amount sufficient to ensure further phasing.

12. The process of claims 1 and 11 wherein 1-4 % water is added to the one phase
solution based upon the total volume of the one phase solution.
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