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(54) Title: PROCESS IMPROVEMENT TO PRODUCE LOW COLOR TRIMETHYLOLPROPANE
(57) Abstract ' '

Disclosed is a process for acquiring crude trimethylolpropane (TMP) of low reacted color. TMP is generally prepared by the
condensation of n-butyraldehyde and formaldehyde in an alkali solution. The mixture is then concentrated and placed through an extractor.
It has been found that a high concentration of low color TMP is present in the extractor and may be obtained by taking a slip stream of hot
organic/water/TMP from the extractor and allowing the mixture to cool and phase separate. Upon separation of the phases, TMP generally
having an acid wash color of about or less than 5 GU is recovered from the water phase. Disclosed is use of a single and multistage
extractor.




This extraction:is reported to result in greater than about 85%yield of
TMP product having an acid-wash color of 3 or less Gardner Units. The
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- organi ¢ solvent, followed by washing the extract with 2 sulfuric acid,
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Gardner Unit (GQJ) value. The purity of a TMP sanple is generally
I ncreased/ enhanced by (re)crystallization techniques, or the like.
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for the TMP product desired. O her processes have produced product having
an aci d-wash col or of about 5-6 Gardner Units. However, for many

applications it is desirabl gAKEREFUNDOF THRINVENTYOND as | ow an 10

acid wash color, or other color anal yses, as possible and this | ow col or
obt ai ned i n anThisdvemtion kdlyteefd a prioeess forrottaning Tow sedchasl aldr (irgerchageahlpus| y
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pl aced through an extractor. It has been found that a high concentration of

| ow col or castielsplution. Removal of the TMP from the reactor solution can be carried out by the
partition of the product between the aqueous solution and an organic solvent for the TMP, e.g.,
ethyl acetate, isobutanol, butyl acetate, and the like. The TMP is then removed from the organic

15 layer, as for example by distillation. Another method for the removal of the TMP from the
organic layer and the further removal of caustic from the TMP is to add a second solvent, one in
which the TMP is insoluble, in an amount sufficient to separate the aqueous but not sufficient to
separate out the TMP, remove the water layer, and then remove the first solvent by distillation.
Typically the second solvent is a non-polar solvent, €.g., xylene. The TMP/second organic

20 solvent mixture is allowed to settle and the separated TMP is removed by decantation. See
Palmer et al., U. S. Patent 3, 956,406. These processes generally produce a product which has
an acid-wash color of about 5-10 Gardner Units (GU) or phthalic anhydride color of about 100-
300 APHA. Historically, the art has obtained low reacted color TMP by extracting, leaching, or
further purifying color-causing impurities generated in the reaction to produce TMP.

25 Cheung in US Patent 5,603,835 discloses a process which extracts color-causing
impurities generated in the reaction to produce TMP, the process comprising extracting purified
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 about 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



TMP is present in the extractor phase and may by obtai ned by taking a
stream of hot 20 sol vent/water/ TMP fromthe extractor and allow ng the
m xture, WHOPI8P58%i t hout additional water, to cool and phasBCE’é’B%?fzg? . “Upon
separation of the phases TMP generally having an acid wash of less than 5
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SUMMARY OF THE INVENTION

15 Disclosed is a process to obtain low color TMP in yields of at Ieast 30%, having an acid
wash color of less than about S, and preferably less than about 3 GU. TMP is generally prepared
by the condensation of n-butyraldehyde and formaldehyde in an alkali solution. The mixture is
then placed through an extrabtor. It has been found that a high cdncentration 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 about 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



10 i sobutanol, butyl acetate, and the |like. The TMP is then separated
fromthe or ?5;%(%94 vent phase, for exanple by distillation. ;&ngﬁ,ﬂ%
been found tha I's solvent extraction phase contains a high concentration
of low color TMP which can be isolated easjily and be rephased and both
phases can be processed further. It has bé€en found that at operating
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15 exists in one phase with the organic solvent and water in the extractor column. It was further
discovered that the low color TMP could be obtained by separating the aqueous layer from the
organic extractor stream at lower temperatures. The mixture is cooled to allow phase separation
to occur. The low color TMP can then be isolated from the aqueous phase.

It was discovered that the addition of water to this organic/aqueous TMP stream

20 increased the volume of aqueous phase and the quantity of low reacted color TMP available for
recovery.

At a temperature greater than about 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 about 32-212 °F

25 (0-100°C) and most preferably about 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 about 1-4% water based on total volume.



4 The extraction streamconprises primarily on a solvent-free basis TMP at
a volune of about 77% wth trace quantities of EPDO, MCF, NP BMLF, DTMP,
MELF, wat eWO%#8588hout 3% of unidentifiable matter. Abbrevi BEVESS/20853
EPDO - 2-ethyl -1, 3-propane diol MCF - nonocyclic formal of TMP NPG -
neopentyl glycol BMF - bis(nonolinear) 4ormal of TMP DTMP -

di trimet hyt ol propane_ 10 'MELF - nethyl (nonolinear) fornmal of TMP After
extraction, tﬁé‘ eractinystreamegmprisesquinastly and sokvertrfreechheis TNIP des ivolethe of
Thereafter t or.gani ¢ phase pr ] r h_a.r y tem and .t he
aqueous. ﬂ‘étsi,}@/ Prr gbﬁ%cf ‘i‘)lﬁ?atbtlfﬁ r?fgﬁ’ﬁﬂﬁ\g{# ngy @ygm]rf %ﬁ ﬂ(’%ﬁ: s VAlsEpd lag‘b‘“
from t hgopgpgadstifB¥R mited conventi onal techniques. is In an
enbodi ment wherein TMP is recovered fromthe agueous phase, the decanted
agueous Abbredgtiontonpri si ng TMP, sodium formate, water and inpurities
uncbergogmg_@gmw_lgﬂ,qﬁn@d{(gl e. Colum 1 involves use of the water - organic
solvent stripper colum wherein it is preferred to feed the streamat the
top of MfE -cwremticdme ol B hospheric pressure, at an overhead tenperature of
about 14P61la&pbmen klyéol (60-70 [err] C), and a base tenperature of about

248- 266 rlF_(185- .20 5 [err]C. The residue streamof this first
col umm é@l%%ﬁ?“%‘ﬁ?’f?ﬁ%’?’alc%iréﬁn) is directed to a second colum identified
as t he PaMPumivirhettgtvdproperel urm or colum 2. For columm 2, the streamis

pregf era f . colum at a pressure of about 6 mm Hg and
a 1g’Iehei‘)t/ltﬁ’(g'r ﬁ%ﬂgé?og?ﬁfatéﬂg?“qgﬁgﬂfﬁ 158-176 [err]F (70-80 [err]C), and
overhead tenperature of about 365-383 [err]F (185- 25 195 [err]©Q, and
a base t enpengiepberRtioRNA hor NP 4HEarh 6 édo'l:eél(a%?"rh?a’t)ér%c]l[i&f filibdired " HSrelf
columm generally serves to renove heavy ends tromthe process (é.Q.,
BMLF) . organic phase proceeds through a recovery system and the aqueous phase proceeds through a

finishing system. The TMP is recovered from the aqueous layer via conventional techniques.
15 In an embodiment wherein TMP is recovered from the aqueous phase, the decanted

aqueous stream comprising TMP, sodium formate, water and impurities undergoes a four stage

cycle. Column 1 involves use of the water - organic solvent stripper column wherein it is

prefetred to feed the stream at the top of the column under atmospheric pressure, at an overhead

temperature of about 140-158 °F (60-70°C), and a base temperature of about 248-266 °F (185-
20 195°C).

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 about 158-176°F (70-80°C), and overhead temperature of about 365-383 °F (185-

25 195°C), and a base temperature of about 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 (about 90%TMP) entering
about 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 about 1 mm Hg, overhead temperature of the column at about 284-320°F
(140-160°C), and a base temperature of about 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.
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[err]C). Approximtely 99% TMP was recovered fromthe aqueous |ayer of the

~extraction strdapraxamateln?0% TP was eerovened Sroni the agnemsdayer Fhtheeatractionf stiehins
final TMP_praqduct has bheen determ ned.to be SS.t QU. typically |ess

than 3 GUPESES of the present SYEnGRE BioPeon e CeRBBLTFuRREl 1B PEISHE torpddeppined
t he extra&;Bé)lgs@tthgggrggp%p#ggup[egg@ﬁﬁgcb@;s descri bed herein to recover TMP.

Approxi mately 98% TWMP waS™ recovered fromthe organi c phase of the

ext ridct i on st r &aan alidinate embudimentfthe ongdnicphuseadltin extidetiomytrdagn inag be peRdsdey

addi ng addi tional water and/or_by further | owering the tenperature of .
ei t her t has @sserbrd hrreinte eeeaves TMP g AvpEoximately 9804 TMP was recoverst §fom etargapic

results baged (Pthe' diGabRRYSredfS FHleIecbRPHEI i8S WA AHMP may be increased by

adding additional water and/or by further lowering the temperature of either the extractor stream
or organic phase.

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

TABLE 1
Color Testing Results

Agq. TMP Organic TMP#1 Organic TMP#2 CA TMP

20 AW color 1.5 6.4 6.3 6-10
NH (Pt/Co) 22 34 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,



TABLE | -Col or Testing Results Aq. TMP Organic TWP#l Organic TMR#2 CA

TMP 20 AW col or 1.5 : 6.3
6-10 NH ( PYQ@8Yy30586 2.2 3.4 PCTUS)8/20353
<5 PA ( AHPA) 0 163 70

50- 200 PA (W o Nitrogen Sparging) 1 6 1 1

1 Comercially available (CA) TMP is that TMP obtained as a final product
from traditi dheromespardescapf Gardner unita tuAREANMitsgs phovaeinskeble v ol vi ng
extraction, |eaching, or further purification of the final TMP obtai ned.
Units for the Above: AWcolor= QJ; PA (W o N2 sparging) = GU.

Abbrevi ations: Ag = aqueous; O gani WKBEE'I yl acetate organic phase; AW=
acid wash; NC = natural color: PA = phthalic anhydride color; CA =
cosmrer ci al |y avai Aald Wash Tes The cor rpﬁﬁﬂﬁ@gmﬁ&;@aag@er units to APHA

units is shown in Table Il. TABLE II Acid Wash Test
Pht hal i ¢ Anhydr i d6arestVes Gar dner UnﬂpbrTest(APHA) Col or Test (APHA) 0-1
o - 4 A; i il 7_% 100 1.0

170 - 200 8 - 10 0-1 200 ‘0 3"{90 The extracti on can be carrled

out using either virgigy or recycled plangp_ggpvent. Al though either batch or
continuous extraction nmay be used in the invention advantageously. the
pribcess is 6-7 170 - 200

8-10 200 - 300

The extraction can be carried out using either virgin or recycled plant solvent. Although
either batch or continuous extraction may be used in the invention 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 about 32 °F (0°C) to about 212 °F ( IOO °C), preferably from about 77 °F
(25°C) to about 122 °F (50°C). Low color TMP may be recovered in yields of up to about 100%
from the aqueous phase, preferably from about 30% to about 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
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[err]C). -Low coOl & e’'recovere up to about

" the aqueous phaged wasleEEAN) golbrio msalfaic ac3d WatlDcalbowst. 30 %his Fst, Shaxrodeess
descri bes recovering a portion of the TMP production as |ow reacted col or

TMP by a prosdycingspegjes ah axrariedoimemklYIB Wil tolyere and thitolushe iy reagted with sulfuric

i c ph d 5 . . hase.. Oot i i ing th
Db e of A 1R TeRla dstos s RARHE o B B3GamRS Y PR RE R e g
tenperat ure anhgf)it YrhyHeide WA Is REerMincdbydeadimp HhERGD afhwdride SAith TMP at

previously. In addition, the extension of 'the single phase operation into a
mul ti - st agkevated ssrmppratpres aThe reswbsarit grokyingerideivelapt 4 golonwhishsemeasnoadausing a
Countercurrent extra Hgﬁ(u)n of the extractor streamwith water in a nulti
st age ext F%]@flglﬂml’\% Yrits or GRS Ynifsr ease the vol une of |ow react ed

col or TMP for enatuFa?%Bl‘b?@gg) g@%%ﬂiﬁﬂl 613k OPTMP@CWca QH{ d 5*3103,,135(

desi gned so 90% or greater I's recovered as | reacte

prodact . keighd selotionl bfENIP infwdtéraanthis teporttdeABKANadtsi on process, once
cooled inthe first extractor, the organic phase is forwarded to a second
extractor where the second extractor is a multistage counter current
extractor hi t(grgani c phase is contacted with WO 99/ 20586

PCT/ US98/ water so as to extract additional |ow color TMP. I|f

desired, sonfl ghehcitikfishebledf tHeNIH id@etériiBdEkinea SulfurkyacRV AR lldrabst. 119
reduce the organic feed rate to the nulti stage extraction.
the test molten TMP is extracted with toluene or cyclohexane, followed by washing the extract
15 with sulfuric acid. The reacted color is monitoréd 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 (to 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



Acid washed (AW color is a sulfuric acid wash color test. In this test,
the col or &roducr ng species are extracted fromTMP with toluene and this.

t ol uene i sWPPRRPBE with sulfuric 5 acid. The resul t ant RGi/E$98:24353
measured on a calorineter in Gardner units. Phthalic anhydride (PA) is
determ ned by reacting phthalic anhydride with TMP at el evated
tenperatures. The resul tant polyner devel ops a color which is neasured

usi ng a différent pi@ﬁ@rmmﬁhmﬂllnrﬁﬁ/ émicutes frgithe solutéon erbasmm Fhe sadution ( NC)

of TMP i e, visyal col or | 1 wei ght
sol uti oﬁEB‘FIHfW|aﬁe%‘Er ?’ma?%tbpgtl\@eﬂo%ﬁeg&?#tmma 58’ %ﬁr Tests The
acid wagh col C kycol or
Fost. |1t he o L O hier Kb e

f ol | owednézays vhis Huntgr Lhk Textimalos Coforimeter Datsate hoteddo &el rebareStwuniten i ed col or

S nitored through a col orineter Gar dne nits., .a. Reference standards
for? col &arg@gﬁémts %ar USIERASPRGIA ProgpYy 891%@26“ %C#-Jm ekhigsqftyppre-eonsiertin| us

Col ori ng} LYo}

l'iquid skn%rmc?(t ‘Egg%g&gﬁ%geggr &gtrmgg?@%r at'l %%&%%ggé% ng aﬁigé g%‘%? I\/ES@E %IA%IM&
1544- 80 is &dlibrated by using ASTOEbdlutfbrzetandanisqe.gi K,P30R)end widediskependent on cel |
sizes. A cell of 0-mm cuvette was used for color analysis. c. Shaking

Col or depenﬂ@'&'ﬁ”ﬁ"ﬁé"@rﬂ‘f"éﬁ?ﬁ?“Pﬁ“s“é'l‘\%fRﬂlﬁﬁb‘h%"r‘i’@"‘t“’(Sﬂruene extract with acid.

Vi gorous 25 shaking is needed to ensure sufficient mxing between
phases. 1. Add 20 g of TMP (to 0.1 g accuracy, crystalline or nolten) to
a W00 niPAGelonTestaker. Add 80 g of reagent grade t ol uene (acid wash col or

of about Gard er e soluti Wt h. rapi itati on at
o0 1o ot lest essfihes prpratens £ Pien g e Beaniy BFodlod b aed |
once al hyHeh@redtify ABinile 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.

2. 10 mm *Gardner tube.
3. 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.

5. Timer.

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.
30 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



- sulfuric acid

30 3.: .Charge 75 nm (+/.:— 1 mM) of the toluene layer to a 250 ml
separatoryf ecant or pipette). Add 25 mM (+/- 1 m) o f/gg 3,ated
?%({s&e separatory funnel using a graduated cyl |{) 58% i
the separatory fimel vigorously for 30 seconds, being sure that
di fferent phases m x thoroughly. Allow 4 nutes for the sol ution to phase

out. The so I on shoul show a_tenperatur out ] C. Decant
The acta © aydit SRLRRRRE t oroesd xirg Draiseialy SlecS Bt doksron the vikertng ray@r a8,
fill a1 0- \v:
ol or | ot er - our S B £ 20 RESHIS of Rl R SallpRIS Lo R HBHR. KBl irpfS
using a specfonbll paropgiesm  Col or Quest #CA4188. This software converts

- chromati ci t&ﬁoordl nat es from t he spectral transmttance data to Gardner
Units. Thé- chftesmixiag placs theinbemthe avagpathsyntyy ﬂmgﬂ\mymtq;trpasauogmmmmp(e@ec@

K[ er 5] Pt Cl 6) Jarat or can be used

to repl ace t%ﬁtﬂgaﬁ%bf{r}%g %&ﬁgﬂgme@e@(%g} a}#gegta Fod B W&

descri bes4a Allee ebiagpieyto BBEISV rbdtd téthﬁerhtﬂf@fé?BOYmﬁﬁte@m or devel Oped when

treating a sanple with phthalic anhydride at a reaction tenperature of 200

[err] C and. aVinedbe putsideiofthepfangpie wbpsitogemoySany matspial remainidg from the sample

Gardner/ Hel | i ge Varni sh oI or conparator. 2. 10 mm *Gardner tube. 3. Wax or

paraffin batfCRIYOLITPEHON: st ant t enperature wax bath capabl e of

cont ;g: 'n'g@?n %gltﬁe é‘d]&l o th@ SarhSIEBF ifetirfy B saffle e thtothé 85163 commfarat? 4.

10 apparatus and matchlng the color of the sample with one of the reference colors.*

* Replacing the color comparator with 2 Bausch and Lomb Spectronic 20 according to Cheung et al. yields

APHA valves.

Natural Color Test (Pt/Co)

15 Apparatus: 1) HunterLab Tristimulus Colorimeter (ColorQuest) and computer. 2)

Colorimeter cells, 20 mm path length

Reagents and Materials
1. Type I deionized water for use as 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 2 homogeneous solution is formed.

Analyze the sample in the colorimeter.

(93]

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



Reagents Phthalic Anhydride, (99%. 25 Not e: The quality of the

pht hal i ¢ anhydri de can affect the color reaction. Aldrich brand phthalic
anhydri de i%¥OP¥B¢rended. Procedure 1. Place a 3.00 g sanpl ®GTAPSESRBE t ube
and add 3.00 g of the phthalic anhydride reagent. Loosely seal the tube
with a cork stopper. 30 2. Suspend tHk tube in a wax bath naintained at
200 [err]5-[err]C. Set the tinmer for 30 mnutes. Allow the test tube to
remai n i propestiensarebi weight unlessiptherwisgindigatede| t s and becones cl ear
(approximately 10 minutes). At this point, while wearing gl oves renove the
sanple fromthe 9 bath and w pe off the excess wax. | medi ately place
the test tube on the vibrating m xer ggRAMPLERW to stir for 20 seconds or
until the sanple is thoroughly m xed. Repeat the procedure for all sanples.
3. After Exampled place the tube in the wax bath until the 30 minutes -
reagtion tine scon'g he reaction _tine renove

| d of
t he 7sanpl es and® WepiE Gg ?Pﬁauréf%@e'?%ﬂ’m recﬂlcecig ¥ Ph%wglgr%‘{"i?‘éstél%%g ofa
room { eMBEIAHHLTYIR! 668 ¢ ﬁﬁ%&f‘r and 19998,0 P@uﬁaﬁa'ﬂ@ fos05 waS HlbFed 2GR 1 ©

renove any nateri remal ‘omt he S re ara ron react

Read t hete®! ®r(26fC) Héponaoplirg tmyroomstennpera@:ré i i3 mmnqmawaanmm layes. CPAeOF
conparator 10 apparatus and matching the color of the sanple with

one of t AdueoRs Byawes ssparaied from thropgamg lﬁbertah &7 8of25rCh o%"FMﬂ’drommtherdayer
Bausch aG}Zs ha%H*%a%%r%h rb? r?lllecfoﬁgwﬁfg (%gesg g'l‘lge so@e%!tj w%s 1eetmoaved VY roto evapoﬁlﬁ‘on at

val ves.
10 158°F (70°C) and 1 mm Hg. Pure TMP (>98%) was obtained as an overhead product via batch
vacuum distillation at 320 °F (160°C) and 1 mm Hg. The TMP recovered from the aqueous
layer had an acid wash color of 5 or less Gardner units. Whereas, the TMP obtained from the

organic layer had an acid wash color of 10 or less Gardner units.

15 TABLE I -
Composition of TMP Layers Separated at 77 °F (25 °C).
EtOAc T™MP MELF BMLF MCF Unknowns H,O

aqueous layer 158 31.0 02 06 N.D. 2.0 504
- organic layer 90.3 4.3 0.1 02 N.D. 0.4 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 with 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,



Nat ural Col.or. Test (Pt/Co) 15 Apparatus: 1) HunterLab Tristimulus

Col ori et er W&oedssgs'est) and conputer. 2) Colorinmeter cells, g8risdshassd

| engt h Reagents and Materials 1. Type | deionized water for use as an

i nstrunment bl ank. 20 2. Black card to;set the zero transmttance for

the instrunent. 3. Cobalt Platinum Col or andard. Procedure 1. Initially

st andar di S ul nt ~(d.. £. or kneter).., 25 2. Pr re, TMP for

col or ana ;E]s)fd;%{as %’%n'g‘\?\g fe(dﬂ’)% 2{%%}%1%2?’&?}11 %ﬁje %1. E)ﬂﬁa%gﬂﬁﬂgfrs?%‘% cRlgmnr)p

into a 10§84 withBVOIHE debioylel stdLg/miite. PRerfilal Well Va8 Miadedlin kit feboile3Oray 10,2-

- Stopper the cylinder and shake the sanple until a honbgeneous sol utlc?,n 'S

formed. 3trapdakndtray A% Light erds were nemevdddn itheedverhead lseredno bhd pimre TMP was

- non-limting. exanpl re provided to illustrate this invention further.
Al l 100%@0@%@&3@ by wei ght unl ess otherw se indicated. EXAVMPLES

- Exangle | 5 The reacted color of purified TMP was reduced by the

follow ng process. 17,000 g of a 30% crude TWMP, 60% et hyl acetate, and 10%

H20 solution at 1490F (65 [errC) was aTABLMEIMV o cool to 77 [err]F (25

[err]C). Upgn cooling tQ roomtenperature, the_solution phased into two
| ayers. Th gComposition and Color Analysis for TMP Recovered From the Aquous and Organic Phases

TMP Unknowns H,O AW* PA*
aqueous layer 99.84 0.09 0.07 1 <1
10 organic layer 99.27 0.66 0.07 7 2
*GU
Example 3

TMP was obtained by adding distilled and deionized water (2% by weight) to the organic
15 extractor stream at 104 °F (40°C). The mixture was phased at 104 °F (40°C) and the resulting

layers processed according to Example 2.

TABLE V
Composition and Color Analysis for TMP Recovered
20 From the Aquous and Organic Phases With Additional Water at 104 °F (40°C)
TMP unknowns H,O AW! PA!
aqueous layer 99.66 0.16 0.18 1.5 1
organic layer 08.64 1.09* 0.27 6.4 1
*unknowns include trace amounts of MCF and MELF

25 t=gu

The following table illustrates color analyses from TMP obtained by various

manufacturers, all of whom produce the TMP by similar conventional methods.



aqueous | ayer was separated fromthe organic |layer at 77 [err]F (25 =
[err]C). The TMP fromeither |ayer was then recovered by t

process. TW@%3¥¥ent was renoved via roto-evaporation at 18f€1f/6§fhlgwferr] F
(70 [err]© and 1 nmHg. Pure TWMP (>98%_was obtai ned as an over head
product via batch vacuumdistillation, 320 [err]F (160 [err]C) and 1 mm
Hg. The TMP recovered fromthe aqueous Ia%/er had an acid wash color of 5 or
| ess Gardner units. \Wereas, the TMPTL ¥kd fromthe organi c |l ayer had an

acid wash col or of 10 or.|
TABLE 111 Conposition Oﬂhflﬁﬁfq_g{%&%%ﬁ%%%%mﬁi/tlany.l;acrurer!rrs ]F (25 [err] O .
Et COAc TMP M F (GUINKNOWNPA(APHIA) aqueatfal IRl (GU) 15. 31.0
0.2 0.6 ‘N‘d&t@—% A 50. 4 or anlclayer 90. 3 4.3 0.1
0.2 N.D. 2.4 448 7 20 Exanpg(b% TMP wi tf%a significantly | ower
aci d washed cql or was obtai r]ﬁd under the same procesgcseparation condi ti ons
stated in Exalgpl e 1 except t'Mat a two colUmm conti nuoTs purification system
was used. 25 Afterg sol vent remaval via rotasevaporation, the
crude TMP from t he aqueous and organic |ayer (90% or 70% respectlvel y) was
puri fi ed dbiRestiltdftomeNMP iprgetsed ihamoydasceiwith thmeStEh’Hnwergim ends via vacuum
distillation. TMP was obtained as a residye streamf both | ayers. The
heavy end ir’rp%ﬂ?ltlﬂsés ( BMCF, 1Ifial'l\/P) vere réehoved usi ng # 35- tray 2-inch
i nsi de di ame keted O shaw col u e colu fitted with a 300
et Biitso” L 1 the Fobg

m. reboiler. 0 wells were p aced in the reboiler, at tray 10,

tray 25 @dﬁﬁglgp ared by QondentibivEl Metholled to the columm at 4 gr am;/n‘i nut e at
tray 10. Heavy ends {BI\/LF DTMP) were renoved fromthe base of the col um.

The overhead stream cont ai ni%® 94% TMP a?P i ght endli npurities (MCF,

*EtAc=ethyl acetate




11 EPDO, NPG was then fed into a 35-tray 2-inch inside dianmeter jacketed
- O dershaw cghy m}lhgstted with 300 nL reboiler at 4 g/ mnute. TheF§ds20843! S
© were placed In e reboiler, tray 10, tray 25 and tray 35. Light ends were
removed in the overhead stream and pure TMP was obtai ned out of the base. 5
TABLE |1V Conposition and Col or Anal ysis f r TMP Recover ed Fromrthe—Aquous

R R T Y

organi c | ayer 99. 27 0. 66 CLAII\@S
Exanpl e 3 TMP was obtained by-adding distilled and deionized water (2% by
wei ght) tWhahis caipadis 1 5 extractor stream at 104 [err]F (40 [err]CO).

The m xture was phased err F(4 the resulting |l ayers
" processed accok dlA‘lqucsss%%i F‘@ ng ° d\}‘%b‘néﬁ Hm&’ﬁﬁe %MB) CQXHB}F%}%E S
- for

Addi i ong% %?ﬁtgqm%ﬁlts ile[.hglolﬁgp?&é: frﬁﬂ'r l{ég eégi.)%g%ﬁas%r&glu(a’og%g 'tr?mgt'ﬁ?Po‘ffro

H err] 0 anorgdM¢ solveftAind a0 WHowingeathe solution #%0d6and separatélnﬂcﬁat least two phases

0.18 1.5 1 organic | ayer 98. 64 1. 09*

6.4  andrepnvernathe noletiadolpropese Brmuthe squsouspRsand MELF 25 —GU The

fol low ng tabl A lIlhle lfn%crezsist St clé:lgll Pwhzeirréiinl the %esco]:rer:r%mehgsbgnaaltc? wagy color ofo alf)out 5

GU or less.
10 3. The process of claim 2 wherein the recovered TMP obtained has an acid wash color

of 3 or less Gardner Units and a phthalic anhydride color of 70 or less APHA.

4. The process of claim 3 wherein the recovered TMP has an acid wash color of 1 or
less Gardner Units and a phthalic anhydride color of 50 or less APHA.

5. The process of claim 1 wherein the recovered TMP has a phthalic anhydride color of

15 less than 5 GU, and a natural color of less than 100 APHA.

6. The process of claim 1 wherein the organic solvent is selected from diethyl ether,
methyl tert. butyl ether, dipropyl ether, ethyl tert. butyl ether, diethylene glycol dimethyl ether,
ethyl acetate, butyl acetate, isobutanol and esters of ethylene glycol or propylene glycol with C;-

C, acids .
20 7. The process of claims 6 wherein the organic solvent is ethyl acetate, diethyl ether,
methyl tert butyl ether.

8. The process of claim 7 wherein the solvent is ethyl acetate.
9. The process of claim 1 wherein the TMP is isolated from an aqueous phase.
10. The process of claim 1 wherein the hot TMP/organic/water phase is cooled and
25 separated at between about 32-212 °F (0-100°C).
11. The process of claim 10 wherein the hot TMP/organic/water phase is cooled and
separated at between about 32-176 °F (0-80 °C).
12. The process of claim 11 wherein the TMP/organic/water phase is cooled and
separated at about 77-122 °F (25-50°C).
30 13. The process of claim 1 wherein the TMP is isolated from an organic phase.

14. The process of claim 1 wherein water is added to the organic phase in an amount

sufficient to ensure phasing.
* This Sheet Has Been

T



manuf act urérs, all of whom prOﬂIH“uu! “MIMW' m | ar conventi enal nethods.
12 TABLE VI TMP Col or Anal ysi s B8R facturers Cog?/%tsluéta%gss :
' 4-8
B

AW GUM  WO'99/20585( APHVA Natural Color (GU) A P

50- 90 <5 5 10 ----
<5 C 6 14 <5 Lab Results from
TMP processed in accordance wth the present invention: Aqg.Phase

1-2 15. Thelprocess of claim 14 whegeitEabiait 1#hwide water is added Yo the organic phase.

70- 160 3.4-4.7,.10. Sanpl e Prepared by.Conventj onal t hod: 8-9
§30 . 16 Thebippass OEEhim | 3R & one SERCEEEPY FIR A ORIEE TS ol a red
Is: 1. M/@%ﬁﬁié/&a?érrﬁ%ﬂé.m ng | ow reacted col or trinethyl ol propane (TM
conpri sing recovering crude trixnethyl ol propane froma heated one
phase sol uti ph The processofiydlaimplr wheraim 4 multistage extractor is employed to phase the -
5 TMP/organic/water mixture. |
18. The process of claim 1 wherein at least one single stage extractor and one multistage
extractor is employed to phase the TMP/organic/water mixture.
19. The process of claims 18 wherein some of the organic solvent is removed prior to

entering the multistage extractor.

10

Has Been Replaced

"



7169-PCT
‘an organic solvent and water, allowi ng the solution to cool and separate
into at |east |wo phases, and recovering the trinmethylol propane fromithe
aqueous phase. 2. TMP obtained by the proggss of claim1 wherein the

Tecovered TMP has an acid wash col or of about 5 GU or Iclmﬂmmmluuumm 3.
TMP obt ai ned by the process of claim2 wherein the rec issed

has an acid wash color of 3 or less Gardner Units and a *phtchaILi o"anf‘uydri de
color of 70 or less APHA. 4. TWMP obtai ngLAIMShe process of claim 3 wherein

the recovered TMP has an acid wash color of 1 or Iess Gardner Units and a
pht hal i c aWhgtisidEmedisr of 50 or | ess APHAK 5. TMP obtai ned by The process

of Teos than s B pitels 360y ke W spitied et e o Brooan IME) dfipitng
process of resdwiriglcradearisiethyldlpropagefion slwatedine phaseabhnioadf imethgiolpropine in

ether, nethyl tert. butyl ether, dipropyl, qther, gthl tert. buté/l et her,
di et hy| eneaprgawic seivaakang| waten, allowinahe seluien fasoohand Jeparen intaat 1¢ash Bye Bhgses.

and esters_of 2 glx L,th [err] acids. 20
7. The pr oacngsrseg%w%gg&rrs & lgtr'}é?‘n %E‘él‘%@g% |cﬁgs)hvg\%'nt is ethyl acetate,
di ethyl ether, ZEUIMP ob@lidedbyttit pRicbRiof claimiewhireRahe reabvartd TV hasher @id)
the solvent is ethyl acetate. 9. The process of claim1l wherein the bot

TMP/ or gani washegoler gfiehewt § GUcasdessd and separated at bet ween about

77-122[ err] F (25- : . f L W
reac?éd col or t2$'i m%%%%obﬁ%W)dg%% ‘é’ﬁéﬁg‘i‘?@%%@%ﬁq%%%%%&% lhgsm
trimet hyl oddid aREHNEILF 65 or lesrGadnaniphada hMaliiaghydridetcoloraf il ¢l 1pss0nPHa.
in an organic solvent and water, allow ng the solutjon to coal and separate

into at | ﬁast tdo Wﬁ@b&inodrhy th@pmﬁsqqﬁg 3me wharpiniths resPyrrer ANE hasawm acib
or Sani o b cplk.of YR IR REE S Uil B HckurlIE RO G L8y P SEBERE ABeiAle

amount suffici et TP QB&kted tfztm& pRkcebiciang 1 Whereiflike BCOCRESTMP idsal pithalic
1,10 and 11 wherei n about 14 wet % based on total vol une
15 anhydride color of less than 5 GU, and a natural color of less than 100 APHA.
6. The process of claim 1 wherein the organic sclvent is selected from diethyl ether,

methy! tert. butyl ether, dipropyl ether, ethyl tert. butyl ether, dicthylene glycol dimethy! ether,

ethyl acetate, butyl acetate, isobutanol and esters of ethylene glycol or propylene glycol with
C,-C, acids .
- 20 7. The process of claims & wherein the organic solvent is ethy] acetate, diethyl ether,
methyl tert butyl ether.
8. The process of claim 7 wherein the solvent is ethyl acetate,
9. The process of claim 1 wherein the hot TMP/organic/water phase is cooled and
separated at between about 77-122°F (25-50 °C). R
25 10. A process for obtaining low reacted color frimethylolpropane (TMP) comprising
recovering crude 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,
and recovering the trimethylolpropane from the organic phase.
11. The process of claim 1 wherein water is added to the organic phase after the one
30 phase solution has separated, in an amount sufficient to ensure further phasing,
12. The process of ¢laims 1,10, and 11 wherein about 1-4 wt% based on total volume
water is added to the organic phase. '

AMENDED SHEET



7169-PCT : e
Wwater is added to the organic phase. 14 13. -|-hﬁ mg

I\ 11 and
12 wherein-a one stage extractor is enployed to p “m\ I C

sol ventwat er m xture. 14. The process of ghains 11 &nde 12 wher éi n*a
nul ti stage extractor is enployed to phase the TMP/ organi c sol vent/wat er

mixture. 15 The PhOGRESs OF claind 11 2hh 1@%&&:%%@%& ek e&g%p %gggyﬁ]g%h%se

stage extractor and one nultistage extractor is enpfoye
TMP/ or gani theddPiergahivetodvent/watet mixturel 6. The process of clainms 15 wherein
sone of the organi_solven ig renoved prior to entering the | tistage
extractor. 914 he process of clafms 11 and 2wheremamx.dtexstagegexn'actoxr'nxjs employed to phase

the TMP/organic solvent/warer mixture.

5 15, The process of claims 11 and 12 wherein at least one single stage extractor and one
multistage extractor is employed to phase the TMP/organic solvent/water mixture.

16. The process of claims 15 wherein some of the organic solvem is removed prior to
entering the multistage extractor.

AMENDED SHEET

¥k TOTAL PRGE.BB »%



