01 DEC 2003 | TREATMENT OF A COMPGCSI TI ON COVPRI SI NG A TRIMETHYLOLALKANE

Bl S- MONOLI NEAR FORVAL 5 CROSS- REFERENCE TO RELATED APPLI CATION T 'i
application is a continuation-in-part of application Serial No. /355,,[:43@3
filed June 1, 1999. BACKGROUND OF THE INVENTION 1 o Field of the Invention
The invention relates to a novel procdss for treating a conposition
conprising a trinethyl ol al kane bi s-nonolinear formal such as that obtained
as a heavy ends residue from the purification of a crude trinethyl ol al kane
product, to obtain useful conmpounds. 15 Description of the Related Art
Trimet hyl ol propane (TMP) and trinethyl ol et hane (TME). are well-known
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15  Description of the Related Art

Trimethylolpropane (TMP) and u—imethy-loleﬂla.ne (TME) are well-known chemical
commodities used as intermediates in the production of a wide variety of products, e.g.,
varnishes, alkyd and polyester resins, synthetic drying oils, urethane foams and coatings,
silicone lube oils, laf_:tone plasticizers, textile finishes, surfactants, epoxidation products, etc.
20  TMP and TME are made by reacting one mole bf n-butyraldehyde or prop'ionaldehyde
respectively with an amount in excess of 3 moles of formaldehyde in an aqueous medium and
in the presence of an alkaline condensation agent. However, these conditions result in the
formation of not only TMP or TME, but also various higher boiling mmpurities. Thus it is
necessary to subject the crude TMP or TME product obtained from the reaction to a
25  purification process including distillation and solvent extraction steps, not only to separate
relatively pure TMP or TME from excess formaldehyde, water, and basic condensation agent,
but also from the higher boiling impurities. ,
A critical step in the purification process for obtaining relatively pure TMP or TME
from the crude product of the reaction is a vacuum distillation or "flashing" of the bulk of the
30  TMP or TME produced in the reaction, which is thus removed as a vapor from the higher
boiling impurities remaining behind as a liquid heavy ends residue. While the residue may

still contain some TMP or TME, the percentage of such desirable compound is fairly low and



boil'ing inpurities remaining behind as a |iquid heavy ends residue. Wile
the residue may still contain some TMP or TME, the percentage of such
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recover economcally. Furthernore, several of the high boiling inpurities
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monomethyl formal from a crude TMP product by treating the product with a sulfonic acid
cation exchange resin. The trimethylolpropane monomethyl formal decomposes to form
trimethylolpropane monocyclric formal and methanol.
German Democratic Republic Patent No. 142] 84 discloses a process for the recovery
20  of TMP from higher boiling residues comprising adding water and methanol to the residues
such that they contain at least 15 wt.% of water or 10-40 wt.% of methanol, pretreating the
residues with a cation exchange resin to remove traces of condensation agent contained in the
residues, treating the residues under distillation conditions with a highly acidic, highly

crosslinked cation-exchange resin with a polystyrene base, and recovering the TMP formed

25 by conventional separation means.

BRIEF SUMMARY OF THE INVENTION
As part of the invention disclosed herein, it has been discovered that a major
proportion of the heavy ends residue obtained after removing the bulk of the TMP or TME,}
30  excess formaldehyde, water, and basic condensation agent, is a trimethylolalkane

bis-monolinear formal having the formula,



- As part of the invention disclosed herein, it has been discovered that a
maj or proportion of the heavy ends residue obtained after renoving the
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nore than about 0.5 .% o0 t hanol, all rcent 4gés based on the total
wei ght of the conposiltjon, lis contacted vvittb 15 ghr

an el evated tenperat an@Bh sufficient per of

significant anmount of said TMP-BM.F or THE-BM.F _to TMP or t

cor r es pwhete Ryistetliyii thel caseadfkaimetndelotpens bistaenplincairmg! Q%T@Hﬁgﬁ%

formula, 20 .1 a--G $x re ' thyl .in t ass - ' ropane

monocy cindex Namea 3-{ropgn )2!ﬁ”%’%ﬁﬁn%ls(bxym&ﬁylgné?blﬁﬁ"etﬂwl'rﬁ?&mg RbProp
[93983-16-5] or methyl in the case of trimethylolethane bis-monolinear formal (TME-B_MLF)

ong acid catal yst at
ne to convert - a = :

10  CA Index Name 1,3-Propanediol, 2,2'-[methylenebis(oxymethylene)]bis[2-methyl-], CAS
No. [636073-72-5). Thus, in accordance with the broadest aspect of the invention, a
composition comprising a substantial percentage, €.g., at least about 40 wt.%, of TMP-BMLF
or TME-BMLF, no more than about 5 wt.% of water, and no more than about 0.5 wt.% of
methanol, all percentages based on the total weight of the composition, is contacted with a

15  strong acid catalyst at an elevated temperature and a sufficient period of time to convert a |
significant amount of said TMP-BMLF or TME-BMLF to TMP or TME and the

corresponding trimethylolalkane monocyclic formal having the following formula,

R E’——OH

20

where R is ethyl in the case of trimethylolpropane monocyclic formai (TMP-MCF) CA Index
25  Name 1,3-Dioxane-5-methanol, 5-ethyl, CAS No. [5187-23-5] or methyl in the case of
trimethylolethane monocyclic formal (TME-MCF) CA Index Name 1,3-Dioxane-5-methanol,
5-methyl, CAS No. {1121-97-7). The additional TMP and TMP-MCF or TME and
TME-MCF produced by the process have considerably greater value than the TMP-BMLF or
TME-BMLF consumed. In many instances the composition treated is a heavy ends residue
30  obtained from a crude TMP or TME product in the course of a purification treatment after the
bulk of water, excess formaldehyde, basic condensation agent, and purified TMP or TME

have been separated. |



25 Nane 1, 3-Di oxane-5-net hanol, 5-ethyl, CAS No. [5187-23-5] or nethyl in
the case of trinethyl ol ethane nonocyclic formal (TME-MCF) CA 1 ndex Nane
1, 3- Di oxane- 5- met hanol , - 5-methyl, CAS No. [1121-97-7]. The addilt §dy&C
and TMP-MCF or THE and TMe-MCF produced by the process have consi derably
greater valué than the TMP-BMLF or THE-BM.F consuned. |In many instances
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met hane oni [ an_aryl sul fonic acid such as toluenesul fonic acid,
or a suﬁ%ﬁ%gh@hl&aﬁfﬁgﬁéﬁ @ resinin acid form e.g., a sul fonated
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to employ an alkanesulfonic acid such as methanesulfonic acid, an arylsulfonic acid such as

| toluenesulfonic acid, or a sulfonated cation-exchange resin in acid form, e.g., a sulfonated

polystyrene-based cation exchange resin. The amount of acid may vary widely, but is often

in an amount such that the acidity of conversion reaction is in the range, for example,

20  equivalent to the acidity contributed by the strong acid, less than about 15 wt.% , preferably
about 0.3 to about 1.3 wt.%. |

Generally a strong acid is added in sufficient amount to result in a pH rangé of the
reaction of less than about 4, and preferably between about 2 and 3, purified BMLF has been
found to optimally convert to TMP at about 102°C, pH of about 2.35 in about 4 hours.

25 As suggested previously, a small amount of water under 5 wt.% may be present in the
composition subjected to the acid treatment of this invention. Furthermore, an additional
amount of water is produced by the conversion of TMP-BMLF or TME-BMLF to TMP-MCF
or TME-MCE respectively. Although not necessary to obtain the advantages of the process,
it may be desirable in some instances to keep the amount of water at a lower level than would

30  ordinarily occur. For this purpose a minor amount, e.g. less than about 15 wt.% preferably
less than about 10 wt% based on the weight of the composition, of a compound which forms

a low boiling azeotrope with water and is substantially immiscible with any of the
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sodium hydroxide. Such a residue is obtained from the purification of the product of the

reaction including the following steps: 1) removal of excess formaldehyde; 2) removal of
water; 3) separé.tion of TMP or TME and higher boiling impurities from the liquid being
purified, and the basic condensation agent and, 4) heating the crude TMP under vacuum to
20  flash off and recover the TMP or TME having a high degree of punty. Th‘e remaining residue
1s the heavy ends residue containing highrboiling impurities coﬁtemplated for acid treatment
under this invention.
When the composition being treated is the heavy ends residue from a TMP process as
described previously, such composition usually contains, in addition to TMP-BMLF, TMP in
25  anamount, e.g. less than about 60 wt.%, typically often about 8 to about 20 wt.%; less than
about 15 wt.%, typically about 7 to about 10 wt.% of di-trimethylpropane (Di-TMP). The
| amount of TMP-MCF present in said heavy ends residue is generally lower than the latter
compounds, usually less than about 0.1 wt.% and often non-detectable.
In accordance with another aspect of the invention, TMP-MCF or TME-MCF in the
30  composition resulting from the process of the invention is subjected to a transalcoholysis
reaction with an M a’r_npp_ppydric or gih}_{drjc__ajqohol, e.g., containing 1 to about 6

carbon atoms, at an elevated temperature, e.g., about 30°C to about 300°C, in the presence of
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use ul as I'ng ven ahd eXtract ant ats, waxes, dyes
and various unsaturated systems, especially ultraviolet curable coating compositions.

The following examples further illustrate the invention. Small amounts of water were

removed from the system utilizing cyclohexane as an azeotroping agent.

20 Examples 1 and 1A

In Example 1, a round-bottom flask, equipped with an overhead stirrer, Dean Stark
trap with condenser, and a heating system, was charged at ambient temperature with 91.30
grams of a previously analyzed, heavy ends residue obtained from the punification of a crude
TMP product as described hereinbefore, 12.53 grams of cyclohexane, and 0.25 grams of
25  methanesulfonic acid as a catalyst. The charge was heated to 98°C over a period of 90 min.,
and a sample of product withdrawn and analyzed.
In Examp]e 1A, the procedure of Example 1 was repeated, except that the charge was
heated to 110°C over a period of 275 min.
The compositions of the initial heavy ends residue feed and the treated compositions
30 of Examples | and 1A in terms of weight percentages of the most sigruficant components

based on the weight of the total composition are shown in Table L.
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1Ex. 1A
Example 2
The procedure of Example 1 and 1A was followed, except that the initial charge was

5  462.00 g of heavy ends residue, 69.19 g of cyclohexane and as catalyst, 69.19 g of sulfonated
acrylic-polystyrene based cation exchange resin in acid form sold as "Amberlyst 36 (dryj“ by
Rohm and Haas Co. In employing the solid resin catalyst of this example, the experimental
apparatus was modified as follows: The resin was weighed and poured into a "mesh-wire
stainless steel basket" which was attached to the stirring shaft. This basket was shaped like
10 an "X" and had four components which were filled with resin. Once filled, the basket was
connected to the overhead stirrer motor. Each side of the "basket” had a length of ~7.5 cm, a
width of 4 cm and a depth of 1.5 cm and was made using wire with ~42 mesh size. The
design and use of the basket aliowed heavy ends residue to have intimate contact with the
solid acid resin as well as preventing degradation of the solid catalysts due to "grinding" from
15  the stirrer blade.
The charge was heated from 25 to 99.6°C in 190 min. and kept between 99.5°C and
99.8°C for an additional period of 180 min. (total heating time 370 min.}. The composition of
withdrawn samples at various time intervals and temperatures are shown in Table I "N/D"

means non-detectable.
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The procedure of Exanple I and 1A was foll owed, except that the initial
charge was 5 462.00 g of heavy ends réesidue, 69.19 g of cycl ohexane and as
catal yst, 69.19 g of sulfonated acrylic-polystyrene based cation exchange
resin in acid formsold as "Anberlyst 36 (dry)" by Rohmand Haas Co. In
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320 99.6 32.84 28.46 4.06 0.56 0.53
370 99.5 31.36 27.19 3.88 0.53 0.53
Example 3
5 The procedure of Example 2 was followed, except that the initial charge consisted of

709.43g of heavy ends residue, 96.00g of cyclohexane and as catalyst, 67.35g of sulfonated
acrylic-polystyrene ba.sed cation exchange resin in acid form sold as "Amberlyst 35 r(dry)"‘by
Rohm and Haas Co.

The charge was heated from 25°C t0 95.7°C in 295 min. and the composition of

10  withdrawn samples at various time intervals and iemperatu:es are shown in Table III.

Table HI
Time(rmn) | Temp. °C TMP-MCF T™MP Di-TMP . TMP- H,0
| BMLF

0 25 N/D 10.04 7.11 58.56 0.10
38 73.9 N/D 10.38 731 57.54 0.28
72 83.3 14.81 25.07 4.05 | 11.02 1.39
130 91.6 34.06 30.64 4.8] 0.63 1.03
175 93 33.24 30.03 4.52 0.61 1.25
245 94.3 33.65 29.77 4.20 0.62 0.63
295 95.7 33.5 | 30.02 4.30 0.62 0.89
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Bxanpl eugder 15°C, a specific gravity at 254°C of 1.30 and an acid number of 330. The charge was )

heated from 25°C to 200°C in 182 min. and the compositions of withdrawn samples at

varjous time intervals and temperatures are shown in Table IV.

10 Table IV
Timetmn) | Temp 'C | IMPMCF | IMP | DiIMP | TMP- 5,0
BMLF
0 25 N/D 10.04 711 58.56 0.10
50 100 31.39 39,62 5.07 0.78 0.20
75 112 32.65 30.80 514 0.65 0.10
80 127 3237 3131 5.06 071 0.14
85 143 3228 33.22 455 0.62 .11
98 160 33.00 3213 251 0.80 0.37
108 175 34.06 31.72 438 0.50 038
120 185 36.61 77.89 3.76 0.82 0.45
151 190 41.66 20.45 7.58 0.75 037
% 200 36,13 17.43 736 0.84 034
Example 5

The procedure of Example 4 was followed, except that the initial charge consisted of
186.54 grams of heavy ends residue, 24.82 grams of cyclohexane and 0.92 grams of modified
15  toluenesulfonic acid catalyst. The charge was heated to 12‘1 *C in 138 minutes and kept
between 121°C and 133°C for an additional 265 min. for a total heating time of 403 min. The
composition of withdrawn samples at various time intervals and temperatures are shown in

Table V.
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are shofi g Tabl ¢ VgoQ I E {13003 25.91 423 11.62 0.79

59 90 29.88 28.81 5.04 0.85 0.52

88 100 31.66 29.92 499 0.62 0.19

126 112 31.80 3171 .4.51 0.73 0.12

138 121 32.38 32.22 4.39 0.72 0.12

151 125 32.67 32.01 4.43 0.78 0.19

223 125 34.8 28.71 4.04 0.78 0.36

283 133 34.56 28.26 3.92 0.72 0.15

343 121 34.22 27.6 3.76 0.65 0.17

403 126 35.39 28.11 4.06 0.76 0.11

As indicated in the data shown in the foregoing tables of Examples 1-5, an acid

treatment under the conditions of the invention of a heavy ends residue obtained from the

purification of a crude TMP product containing a substantial percentage of TMP-BMLF
results in the conversion of the bulk of the TMP-BMLF to TMP and TMP-MCF. A

corresponding acid treatment of the heavy ends residue obtained from the purification of a

crude TME product results in a similar transformation of the TME-BMLF in such residue to
TME and TME-MCF.
As stated previously, TMP-MCF or TME-MCF in a composition resulting from the

process of the invention may be subjected to a transalcoholysis reaction with an excess of a

monohydric or dihydric alcohol in the presence of an acid catalyst to produce additional TMP

or TME and a valuable acetal by-product. The reaction may be carried out at a temperature,

for example, of about 20°C to about 400°C, preferably about 25°C to about 300°C and more
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previously, the acid catalyst for this reaction may be any of the strong liquid or solid acid
catalysts disclosed as suitable for catalyzing the reaction between TMP-BMLF or
10 TME-BMLF to form TMP-MCF or TME-MCF and additional TMP or TME respectively.
The reaction of TMP-MCF with ethylene glycol (EG) to produce 1,3-dioxolane and

additional TMP, for example, proceeds in accordance with the following equation:

e o
Ha MIA .
> \/\U'l - 0/\5 .
o __/
15 o
THP- MCF  Etbyiens Giyeal v I Dicuiane ™

The amount of monohydric or dihydric alcohol may be in the range, for example, of
slightly above the stoichiometric amount necessary to react with TMP-MCF or TME-MCF to

20  produce additional TMP or TME and an acetal by-product, i.e. two moles of a monohydric
alcohol or one mole of a dihydric alcohol per mole of TMP-MCF or TME-MCEF, or up to
about 5 — 20 fold excess above such steichiometric amount. The actual amount utilized
depends on various factors known to those of skill in the art, for example, the alcohol used,
and concentration of reactants in the process stream, among other factors.

25 The TMP-MCF or TME-MCEF reacted with the monohydric or dihydric alcohol may
be relatively pure material, such as that obtained by further distilling the TMP-MCF or the
TME-MCF containing material obtained.by the acid treatment under this invention of the
TMP-BMLF or TME-BMLF containing heavy ends residue remaining after the separation of
the bﬁlk of the TMP or TME, excess formaldehyde, water and basic condensation agent from

30  the reaction product of n-butyfaldchyde or propionaldehyde with formaldehyde. Sucha
conversion of relatively pure TMP-MCF with ethylene glycol (EG) 1s illustrated in Example

- 6. .
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Such a

conversion of relatively pure TMP-MCE with ethylene glycol (EGQ is
illustrated in. Exanple 6. . 01 DECEQ@QEQlZ Exanple 6 To apparatgshgs
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wt . % of3gTMP-MCF @ gh nd ded ect dogp quanti ty 6521, 3- gh.6x0l and, 0.IMP of ND
di -T|VP. __The tenperaturle and cqnposition off withdrawn sanples after [t he
addifi ot of MSA H6.0vari|ougs 10 t|i ma.d2nt er val{s36.4 tle2®d6of wdi §I86 per &EAt s
of tjhe nost significant! conponants determ |GC..—are—shHown i-n—-Fable -\
shert W0 reafdedor Bl ed]” S0 Sl T T T
15511 0170aNDe1| 5039, 6<q 1 kD 3087 AL16NDB2 |S0%h. 640 | oo | NP
9015p. 199157, 0§28 0b6. Asp0GaND | 20T oo | oe FTOY FE4E TST SR TND
150 158.0 1.02 1.12 53.43 25.94 8.88 ND
180 162.7 1.13 1.52 51.11 25.97 9.06 ND
210 164.1 1.08 1.39 51.53 24.75 10.65 ND
240 165.5 1.20 1.24 50.25 24.61 11.61 ND
270 168.7 1.23 0.73 47.17 24.55 12.57 ND
300 171.1 1.15 0.94 50.43 21.01 15.52 ND
330 169.5 1.18 0.78 49.12 19.86 16.73 ND
360 170.9 1.14 0.77 47.82 18.53 18.41 ND
390 170.3 1.12 0.65 46.17 17.54 19.34 ND
420 170.6 1.27 ND 44.62 17.49 19.91 ND
450 184.2 1.11 0.28 43.59 13.10 23.84 <0.4
480 189.1 127 0.40 38.98 8.52 2465 | <04
510 190.2 1.1 ND 35.63 5.71 26.8 0.37
540 195.6 0.86 - ND 29.53 3.73 25.46 0.89
570 196.8 1.09 ND 26.26 3.10 21.64 1.16
615 202.7 1.09 ND 16.26 3.67 15.9 0.99
662 204.4 0.89 ND 11.57 2.86 10.56 1.03
The reaction solution right after the addition of MSA was colorless. At 150 min. of
reaction time the color of the reaction solution was pale yellow. After 180 min. of reaction,
5  the Dean Stark Trap (DST) commenced filling up. At 360 min. the reaction solution was

brown.
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di-TMP. 5 At conclusion, the DST bottom (g)hase vei ghed 6.72 grans and
cont ai ne@n@gyzd@ﬁ%@@mm. reaction time weighed 10.55 grams and contained 13.16 wt.% of H,O

and 78.75 wt.% of 1.3-dioxolane.

10 Based on the GC analysis the total amount of the 1,3-dioxolane collected was 11.12
grams, (0.15 mole). However, based on the water anaiysis, the amount of 1,3-dioxolane
produced was 16.21 grams (0.21 mole). This discrepancy can be in part attributed to the
factors used in the GC method. Since there were no other components observed in the gas
chromatogram method, the éccountability based on the water analysis is bélieved to be more

15  accurate. The amount of TMP left in the reaction mixture at the end of the experiment was
determined to be 2.46 grams, (0.018 mole). However, during the course of producing the
1,3-dioxolane, the amount of TMP was found to be 7.42 grams (0.53 mole). The high
reaction temperatures readily explain the low amount of TMP formed.

Although the TMP-MCEF or the TME-MCEF for the foregoing transalcoholysis reaction

20  with 2 monohydric or dihydric alcohol to produce TMP or TME and an acetal by-product, has
been described as obtained by treating the TMP-BMLF or TME-BMLF resulting from the
reaction of n-butyraldehyde or propionaldehyde with formaldehyde, to produce TMP or
TME, such TMP-MCF or TME-MCF for the transalcoholysis may in fact be obtained from
any source.

25 In the course of purifying the TMP or TME containing TMP-MCF or TME-MCF
respectively, obtained as a result of the acid treatment of a TMP-BMLF or TME-BMLF
confaining residue, a light ends overhead stream is obtained from a distillation finishing
treatment of a crude TMP or TME, such light ends containing some TMP or TME as well as
a minor amount of TMP-MCF or TME-MCF respectively. However, the latter compounds

30  have been found to be acid washed color forming bodies, i.e., they color the TMP or TME
when the latter are subject to contact with an acid in certain applications. While it is

relatively easy to separate the TMP-MCF or TME-MCF from the TMP or TME by
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TVP- BM_Eomiind Mramviuft of P tor TY/E . rfonexameple, ehovt Bhwote, prelﬁmalylmlbdvetrﬁﬁie or

pr opi onal dehyde Wit h fornal dehyde % produce TMP or !\éE TI\/lP5 MCF or

TME- MCFalaut 6P pye. @%Hﬂgdr{@?ﬂyww £ il £3 &froHat, Sqftcé?"ﬁ’@ pt Utalmy sour ce.
th our L.N T, T 4 TME- MCF

resipd;ct?"ggcfrefg'ﬁpeﬁ bg)b]{%w%bor%eg@l%ft)gf ‘é"% '?)trfgla mentt %{E ljXE?!}_:_I\/P BM_LF or

TME- BMLExarg184 &f shitABle/a8 Aty stPark il danfndh e eeh@agrabiasinior sheobt ai ned from
a distillation finishing treatnment of a crude TMP or TME, such Ilght ends

cont ai niragsaiohelyFivRf orlativiy pereviBVP-MEF ca TMROMCEndhatragsaloabpbweofor  TVE- MCF

washed CHT6MGERTE Heissds sebrabi P TBSRdshaMS AR TR =R hBErE”
latter g sUBhAly 4QH6PRAGLANA ) Blndfdsd ad ertai n apptications. while

ati1vely easy to separate the TMP-MCF or TME-MCF fromthe TMP or
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Example 7 7

Apparatus as described in Examples 1 and 1A was charged with 121.9 grams of a
TMP light ends overhead fraction, including 4.15 wt.% of TMP-MCF (5.06 grams, 0.035
mole), 36.55 wt.% of TMP and 0.12 wt.% of H20, determined by GC, then EG (8.31 grams,

20  0.13 mole) and finally MSA as a 70% solution (0.201 granﬁ, 0.0002 molej;

Then, the reaction was slowly heated to about 190°C. The temperature and _
composition in terms of weight percents determined by GC of significant components of
samples withdrawn after various time intervals following the addition of MSA, are shown in

Table VII where."ND" means "not detected",
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36,55 W9t-0] —JP ad O T s 95 O gy USTETRizEd by 4_8'pen EG
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iTToLg) . Tnen, [Thg; eacti pngwas sl ojyp heat ed| t g.ggbout 1P0LG.27he
at ure and _copposition ip terns of] weight pefcents determ ned by GC
i f Boant conppne4t.§ of sadpRes wif htl7awn af | el2.%@r i ous| t 3he0
|s followinglthe additibn of MSA !are showalin—Fable M} where “ND'
not20et ect ed! . 1899 DEC p0oB8016 Tabl@-3h | Ti frelthdh) Tenp] 3598
N NCETANPR Q2680 ’)QI\\II’L}S 42_;3 faYa
1507 7 192 0.72 1.37 14.69 37.89
180 154.7 0.58 ND 14.19 37.50
210 158.5 0.66 0.26 15.07 37.70
240 161.7 0.86 1.39 14.43 37.22
270 163.9 0.90 0.63 15.16 38.13
300 170.1 0.78 <0.21 16.14 35.93
330 174.9 0.75 <(.21 15.25 36.66
360 177.4 0.77 0.21 14.87 37.23
390 179.2 0.83 <(.21 15.99 36.98
423 1792 0.08 1.40 14.38 3738
450 179.7 0.83 <0.21 15.75 36.98
480 180.4 0.73 <0.21 15.3 36.23
510 181.2 0.75 <0.21 14.72 36.38
540 188.2 0.46 <0.21 14.64 38.57

Essentially no 1,3-dioxolane was detected in any of the withdrawn samples. The DS

trap started filling with liquid after 120 min., and the liquid collected after reaction

completion contained 2.55 wt.% of H,O, 5.74 wt.% of 1,3-dioxolane which was substantially

all the 1,3-dioxolane produced in the reaction, and less than 0.21 wt.% of EG, as determined

by GC.
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540188. 3R #5Ane EldarkithdSePanabysscanieiinphiy anﬂbﬂm&cdnheimcaﬂeswam thetécted in
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G

after 12fethodand fmdirpitee redsqos, dhecasichentetitityapased on BgctateAnabisitph é?hl%ﬂ to
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subsPantbcanerg aca‘FfPtéE ﬁ@efn@“m &Mﬂg{ﬁ? {S’SJE%&OW‘ #'i'g ér:tet}gg L?dc}f'f',@kand | ess

t han 0. %%P%m?‘! tQBc:xE%ed% 1d@3tm§ram ned by GC. 0 1 DEC 2009 17 At the end of
c .

the rea ase ter analysis, the anount of 1, 3-di oxol ane :

Exampie 8
In an atternpt to verify and optimize the reaction of the TMP light ends overhead

| 1-0 described in the previous example, with EG, the overhead material was spiked with a
relatively pure TMP-MCF. Apparatus as described in Examples 1 and 1A was charged with
250.0 grams of TMP light ends overhead containing TMP-MCF (10.38 grams, 0.07 mole),
followed by EG (18.10 grams, 0.29 mole) and finally MSA as a 70% solution (0.59 gram,
0.004 mole) and the mixture was slowly heated. When the temperature reached about 150°C
15  anadditional 10.91 grams (0.18 mole) of EG was added and the mixture was then heated to

about 207°C. Results obtained in the manner described in Examples 6 and 7 are shown in

Table VIII.



collected in the DS trap was 1.30 grans (0.018 nole).
di screpancy between the GC and water analysis can be in part.attributed to

the factors used in the GC nethod and for
~accountability based on the water analysis is believed to 5 be nore
The amount of TMP | eft
I ncreased by 1.03 grans. Exanple 8 In an attenpt to verify and
optim ze the reaction of the TMP |i

accurate.

experi

ment

As in Exanple 6, the

sim | ar reasons, the ﬂ
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in tle reaction m xture at the end of the

le oyerhead 1Q described in the

previ gus—exanple =47 w2
r el atijvEime(pitle TWPEMBE.C Appal &bts as dekEdihed in |EOBAES | bddE A uas
charggd woth 250]0 Mréans of TMP.3Di ght epd¥.4ver hedd 28t ai ni ng MR MCE
(10. 38 gr@ams, 0.0f male), Tollowed by EG<QM 10 grarTB,SOO 29 npl 8).12and
finall ’-G%gﬂu. uton (3§§§r gra <9L&4UU4 el)oga;na The rrgzrggre waﬂs
sl ow d—When—thetenpetatyre—reach pott—456C do—anatdii T ona
10. 91 |gr dos (0. 181 m8l&3 of FGlwA® added had-4he mi iy o
about [POFQ. Resul {s1dbbai ned inOthe mannerldiiscri beld §%7Exanpl =s3613nd 7
are shpwmgin  Tablle13Bl. O 1|DBEG82003 1B T8bl e VII| IA.O&(m n) Tedp.37
CH2 CEGTVREVEFTIVP™ 924 551 30<U. 4772131 U7 @534340 58<0. 49546032 12 34.11
RN (o NP EENET TSN AT NN ATRI S S ER %41
021500 7330 4416 $a32 31 105166080 887 o) 1 Haza a7 1995 31.51
120162} 20393<0. 4419.16631. 51 185066. 30. 99B3. B816. 6733 2B.67 33.25
150 172 1.18 7.26 15.56 33.98
173 176.7 1.13 1.73 17.90 33.42
195 178 1.37 0.44 18.02 32.28
210 179.5 1.33 5.50 15.84 33.84
240 189.9 1.27 <0.44 19.99 33.29
270 2035 1.18 0.46 16.63 32.15
300 - 2058 1.49 <0.44 17.22 28.79
330 204.9 1.09 3.72 15.01 31.65
360 204.9 1.62 2.88 13.86 27.83
390 2043 0.93 2.38 13.54 28.46
420 205.6 0.92 3.01 12.53 27.11
450 206.5 0.79 0.82 12.97 25.59
The DS trap began filling with liquid after about 60 min. of reaction time and the
liquid in the DS trap separated into two phases after about 270 min. Additional EG was
5  added after about 90 min. of reaction time.

The liguid in the bottom or top phase in the DS trap was withdrawn at various

temperatures between 203°C and 207°C and its weight and weight percent of 1,3-dioxolane
“and H,O determined by GC. Results are shown in Table IX.
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liquidin
i onal EG

was 5 added after about 90 min. of reaction tine. The liquid in the bottom
or to e DS Trap was vmthdraer@t vari qQuss- dﬁmm&aturfﬁhhmkween
203C and 207C and its wei ght and wei ght percent of|_1.3-di oxol.ane! and H2Q
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DS Trap bottom phase removed @.206.5°C 85.19 6.24 2.51

DS Trap top phase removed @ 206.5°C 2.85 - 8.56 4.84
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Based on the GC analysis, about 3.1 grams (0.04 mole) of 1,3-dioxolane was formed
in this example. The results of Examples 7 and 8 indicate that the process of ﬂ1is invention
for treating light ends overhead is effective in the production of 1 ,3-di0x01{ane by-product and
additional TMP indicating a reduction of total TMP-MCF in the system.

In accordance with still another aspect of the mvention, the previously described acid
treatment of a composition containing a substantial percentage of TMP-BMLF or
TME-BMLF, e.g. heavy ends residue containing TMP-BMLF or TME-BMLF, obtained in
the course of producing and purifying TMP or TME by reacting n-butyraldehyde or
propionaldehyde with formaldehyde, is carried out in the presence of a monohydric or
dihydric alcohol to produce a greater amount of additional TMP or TME than would be
obtained by the acid treatment in the absence of the monohydric or dihydric alcohol, and, 1n
addition, an acetal by-product. In some instances, this process can be substituted for, or used
in conjunction with the previous described and separately carried out acid treatment of the
TMP-BMLF or TME—BMLF containing heavy residue in the absence of monohydric or
dihydric alcohol, and the subsequent treatment of a resulting TMP-MCF or the TME-MCF
containing stream with the monohydric or dihydric alcohol.

The TMP-BMLF or TME-BMLF containing heavy ends residue and the conditions of
the acid treatment, e.g. time, temperature and nature of the acid catalyst are the same as
described previously for the acid treatment in the absence of a monohydric or dihydne
alcohol, and the nature and amount of excess of the latter alcohol which is added to the heavy

ends residue are the same as described previously as suitable for reaction with TMP-MCF or

" the TME-MCF; note that the stoichiometric amounts of alcohol necessary for complete




5in this exanple. The results of Exanples 7 and 8 indicate that the
process of this invention for treating |ight ends overhead is effective in
t he production of 1, 3-dioxol ane by-product and additional TMP in“qaﬁ[gggma
reduction of total TMP-MCF in the system In accordance with still "anoth
aspect of the invention, the previougby described acid treatnent of a
conposition contai ning a substantial percentage of TMP-BM.F or 10 TME- BMLF,
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course of_ pr i nd ifyi TMP or, THE by reacting n-butyral dehyde or
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nmonohydri c i i itRe@yRAL @lycaBGofaf addi ti onal
TMP or THE ?%gﬁggg%sah%é@hggpg%gggugﬁﬁgﬁgﬁgcid&tregghent in the absence of
t he nonphpdBMLIOgonthihiyid hiesvyadmis hedi duedrastingi the d@mpekiticen shoywnan Tabet lads
by-product. In sone instances, this process can be substituted for, or used
i n &onj Unittal beedidi t h t he previ ous described and separately carried out acid
treatnent of the TMP-BM.F or TME-BM.F cont ai ni ng heavy residue in the
absence of nonohydric or dihydric alcohol, and the subsequent treatnent of
a resulting TMP-MCF or the TME- MCF gpggpgiaioni ng streamw th the nonohydric
or dihydric al cohol. 20 The TMP- BML - BMLF cont ai ni ng heavy ends

resi due and hpparansds tiésonsedin Etdneplect ahd tAataseharged figst withnid4. 2eegrperafur e
and nature of the acid catalyst are the sanme as _ descri revi ly for

t he acilkeavy eadyaspidue.follpwedibs evrees BF (58.%ﬁ%§§rﬁ7cmal;i§iﬂﬁ§fdmﬂ-ﬁg yz}ﬁg‘ghol , and
t he natur nd nt, of exgess o r i i o the
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reacti o Mhdr RirdiMP1dos8 kived in tHerdWhudampiat Ichidiig weighspeoeats onetric
amounts of al cohol necessary for conplete 01 DEC 2003 20 reaction are at

| east t dmemmihesbyGCofimenohy domponentsdh sithdravghsamalese arsfshawaiipJablecX hethol
per o) e of TNR%?QLF or TME-BWLF in the residue. Exanples 9 and 10

i 11 ust r AR F5ans FEG ARSIt A%t hyl ene gl ycol (EG) of a TMP-BMF
cont ai ni ng heavy ends residue having the conposition showh in Table 1 as 5
"Initial Feed". Exanple 9
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grans of

nol e),

1. 08x10-2 nol e).

heavy end

s residue,

and 1 A was charged first with 404. 28
foll owed by excess EG (48.0 grans, 0.77

and finally by MSA 1 o catalyst as a 70% sol ution (1.48
Conditions and results obtained in a nanner
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those given in the previous exanples, 2i ncl udi ng wei ght percents detern ne
by GC of various conponents in wthdrawn sanples, are shown in Table X
where "NR' means "GC anal yses not run". 01 DEC 2003 21 Table X
Ti me(m n) Tenp. CEGTMP- MCFTMPDI - TMP OSEggggNRNRNR 4097. 8NRNRNRNR
701105. 7129. 3932. 903. 04 95118. 14. 8230= 3.502. 35 115123. 1NRNRNRNR
140127. §=8 2932, 9~170 Z2Z2. 03 8{]%?%@44 U2TMmP Di-TMP
220139.[94™%; gp)8733 Z;[%§np420237 L%? 1NRNR@ 294153. 4NRNRNRNR Condensat i on
of liq4id gn the DST ceymenced| air 237 mi|nyRand the tjgtRl [iquiNEn the §
DST at jthe end of the experinent separatied into two |phases, nd H20 or
1. 3-di dxolane was' det@®tged in| &R of tHeNRithdrawn |SdRpl es andNR he ent.irfe
anount §_of these congpounds arel assunmed {t.o have been collected in-the DS
t he botft onTphase of |wHiléh meig1éﬂ7h2 41 gﬁ%ﬁﬁ) and qoﬁggpned by3éﬂ
det er nijration—73—-59-w—06-of—H2O 28—t et e 2—93—
of TMP- ,5and t he tdﬁgﬂhase d 4&%|ch wef%%g@ 8. 69 g?gﬁg and gﬁ?alned
2.37 mﬁ.?61$0 of H2QTigs 64w %3{ 13- olane, andgg. 41 W gl TVP- MIF
Exanpl 4 1d he procedure of Exanple 9 mas general ly ifol |l owed except that
the chargespas 127.4 3.83 29.29 32.94 2.39
170 131.2 2.03 29.98 33.94 2.02
220 139.9 4.28 29.87 33.43 2.42
. 237 143.1 NR NR NR NR
294 153.4 NR ' NR NR NR
Condensation of liquid in the DST commenced at 237 min. and the total liquid in the
5 DST at the end of the experiment separated into two phases, no H,O or 1,3-dioxolane was
detected in any of the withdrawn samples and the entire amounts of these compounds are
‘assumed to have been collected in the DST, the bottom phase of which weighed 12.41 grams
and contained by GC determination 73.59 wt.% of H,0, 9.28 wt.% of 1,3-dioxolane, and 2.93
wt.% of TMP-MCF, and the top phase of which weighed 8.69 grams and contained 2.37 wt.%
10 of H,0, 19.64 wt.% of 1,3-dioxolane, and 4.41 wt.% of TMP-MCF.
Example 10
The procedure of Example 9 was generally followed except that the charge was
202.14 grams of heavy residue, followed by excess EG (24 grams, 0.39 moles) and finally
15  MSA catalyst as a 70% solution (0.74 grams, 5.38X10-3 moles). Prior to the addition of

MSA, at a temperature of 26.7°C, the reaction solution contained, as detenni_ncd by GC,
22.93 wt.% of EG, 25.71 wt.% of TMP, 4.42 wt.% of di-TMP and 17.75 wt.% of
TMP-BMLF. No TMP-MCF was detected. Conditions and result of the reaction are shown
in Table X1 where "ND" means "not detected by GC".



202. 14 grans of heavy residue, followed by excess EG (24 grans, 0.39 nvoles)
and finally 15 MSA catalyst as a 70% solution (0.74 grans, 5. 38>ﬁ10-ﬁ

mol es). Prior to the addition of MSA, at a tenperature of 26.7C, @HeDEC 2003
“reaction solution contained, as determined by GC, 22.93 w.%of EG 25.71
W . % of TMP, 4.42 wt.%of di-TWMP and 3%.75 wt.% of TMP-BMLF. No TMP- MCF
was detected. Conditions and result of the reaction are shown in Table Xl
where "ND' neans not detected by GC'. 01 DEC 2003 22 Table M

Ti me(m n) Tenp_CEGTMP- MCFTMPDI - TMPTIVP O30ND6. 0529. 613. 8315. 214

544ND5. 1030. 123. 0812. 212 2047. 424. 7794 .322.275.910
358992725715, B230. 972. 425. 631 O0p10D. oo, 01p29. 0433. J73. 03ND
95120 Find(8ie) 58T8mp2L. 51NBGL 251 4pEMIGEIS. 7082 TP, o5 NIDI-TMP TMP-BMLF
1851jp04,.12030. 5735)(2‘622 32 N%Z?Ol 8 §3. 138BGJ 22:2’3 1 792.160Np} Condehsatdign in

t he ')QTOpnn-n-pn rad '.ectiln and-5-separati ng

i nt of t we phases ak4 185 ni g At thes. q:@ncl usi ()mdgfz t he reﬁ@g I on, thQ j:PST

bot t ptr pllaoc and—contafmed—10—74— w96 of —ij-3=diroxotamne

and [B. 120 wt . % of 4THP- I\/EF24\m9I el thBODST top Fh3ze wei ghed 38. 73 §Paks and
cont gimed 2Z5. Uz WL, % of | L, 3-di oxaollane and Z2.51 . %olof - MCH i
resuits35of Exahpl 8899 and 48 %shol R4t t he a}g-%ﬁat v?z‘g\jlpt rea m{H?l of a
TWP ends i.due clo i ng - BMLF i 10 |pr nce of hyl ene
gl yclo aélq effec |e®lécg|.jn r rrgd §1 ;BWH nﬂt A.féf

=4

Iclng oxol-ane—by-pr and—agdditional
TMP andg_c; educi ng o el nf nating t@g_ggNP— BMLF 4751 he riesi slue. A N&C 2 03
= 125 140 3.405 29.72 32.67 2.25 ND
185 150 4.1.20 30.57 30.62 2.32 ND
270 168.9 3.138 36.25 31.79 2.60 ND

'Condensation in the DST commenced at 65 min. and liquid was co&lecting and
5  separating into two phases at 185 min. At the conclusion of the reaction, the DST bottom
phase weighed 23.31 grams and contained 10.74 wt.% of 1,3-dioxolane and 3.14 wt.% of
TMP-MCEF, while the DST top phase weighed 38.73 grams and contained 25.04 wt.% of
1,3-dioxolane and 2.51 wt.% of TMP-MCF. The resuits of Exampl:s 9 and 10 show that the
acid-catalyzed treatment of a TMP heavy ends residue containing TMP-BMLF in the
10  presence of ethylene glycol is effective in producing 1,3-diox61anc by-product and additional

TMP and reducing or eliminating the TMP-BMLF in the residue.



We claim 1. A process conprising contacting a conposition containing a
substanti al percentage of trinethyl ol propane bi s-nonolinear forpal or
trimethyl ol et hane bi s-nonolinear formal, no nore than about 5 \Aﬂ 1 DEC ¢
water, and no nore than about 0.5 w %.pf nethanol, with a strong acid
catalyst at a tenperature of from about 30 C. to about 300 C. for a period
of time of fromabout 1/2 to about 8 hours to convert a significant anopunt
of said trimethyl ol propane bi s-nonolinear formal or trinethylolethane

bi s- monoWerdaam: f ormal to trinethyl opropane and tri methyl opropane nonocyclic
formal or trinethylol ethane and trinethyl ol et hane nonocyclic formal,
respectively. 2. The process of claim1l wherein said conposition is a heavy
ends resﬂduerbtoaésaecbnbwyisimgrmviactglg 8 hemipoditionotomaitieg ,a exisessalf parcaatage hofde,
basi c copdensat,i on a gent urifi
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The process of claim4 wherein said heavy ends residue contains at Ieast
about 20 wt. % of trinmethylol propane bis-nonolinear formal, no nore than
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aci d, I Ifonl c acjd, or a sulfonated cation-exch n n in acid
form 8 %ﬂé crég%msfn-wﬁﬁlﬁ?hrdwérpéqungEQF%ydachwe%Féu‘y@f ?@aked@%@etww rom

t he gr oupg@bussttditth afid Behebréence RRAPAKIRE Sonderstlion 4dnt DEC 203 24 9. The
process of claim8 wherein said acid catal yst is nethanesul fonic acid.
3. The process of claim 2 wherein said heavy ends residue contains trimethylolpropane bis-

monolinear formai and is obtained in the course of purifying a crude trimethylpropane product. - -

4. The process of claim 3 wherein said heavy ends residue contains at least about 10 wt. % of

trimethylolpropane bis-monolinear formal.

5. The process of claim 4 wherein said heavy ends residue contains at least about 20 wt. % of
trimethylolpropane bis-monolinear formal, no more than about 1 wt. % of water, and no more than

about 0.1 wt. % of methanol.

6. The process of claim 3 wherein said elevated temperature is from about 90 to about 220° C. and

said period of time is from about 1 to about 6 hours.

7. The process of claim 1 wherein said acid catalyst is an alkanesulfonic acid, an arylsulfonic acid,

or a sulfonated cation-exchange resin in acid form.

8. The process of claim 7 wherein said acid catalyst is selected from the group of sulfuric acid or

phosphoric acid.



10. The process of claim8 wherein said acid catalyst is a toluenesulfonic
acid. 11. The process of claim7 wherein said acid catalyst is a sulfonated

pol ystryrenebased cation exchange resin in acid form 12. The pgﬁfmm
claiml1l wherein said acid catalyst is present in an anmount of fr t

0.1 to about 15 wt. % 13. The proces 4%f claim 12 wherein said range is
~about 0.3 to about 1.3 wt. % 14. The process of claim3 wherein |ess than
about 15 wt. % based on the weight of total conposition of a hydrocarbon
and i s subst &hd pratdsyofichirh S avhbleth saidtabid amylysafis hétbaneoitfpoinecitd.s of t he
conposition, is added to said heavy ends residue fed to said process. 15.
The process of claim 14 wherein said hydrocarbon is cycl ohexane. 16. The

process 0f. ciThd procesydfelaih B vwhateth Adavi cablgls iy ewivdtguibmiongid ed to the process
al so contains |ess than about 60 wt. % of trynethyl propane. 17. The
process of claim1l wherein the trinmethyl ol propane nonocyclic formal or

trimet hylpl erhepRicestRARRNHE 7 whdrélh HBH 2l dabh@ys€ BNP Oidhited pbigitrdneh@ed EBhSuUCh
process is_subjected to a transal coholysis reaction with excess nonohydric
or di hydffdangession agig fdm- el evat ed tenperature and in the presence of an
acid catalyst to produce trinethyl ol propane or trinethyl ol et hane
respectively and an acetal bh/- product. 18. The process of claim17 wherein
sai d al céhol Thepigashahdrimanwhaseip gaigadd satalysy isgresgidn ap amoyps ohifpm about §:1 tohe
process gfouehainel7 wherein said al cohol is ethylene glycol and said acetal
by-product is dioxolane. 20. The process of claim 17 wherein the al cohol
is linear or branched. O DEC2003 25 21. .The process of claim20 wherein the

al cohol 15 Sahepleds bf it RHeRAM\RId rarde /80303 to aWut 23 wWRlepnOpropanol . 22. A
process conprising contacting a conposition containing a) a substanti al

percentage of trimethylol propane bis-nonolinear formal (TMP-BMF) or
trimethyhgl etang,isSsARM & NARkeil Wsian (abME BMWE) % based on the weight of total

composition of a hydrocarbon and is substantially immiscible with any of the components of the

composition, is added to said heavy ends residue fed to said process.
15.  The process of claim 14 wherein said hydrocarbon is cyclohexane.

16. The process of claim 3 wherein said heavy ends residue being fed to the process also contains

less than about 60 wt. % of trymethylpropane.

17.  The process of claim 1 wherein the trimethylolpropane monocyclic formal or trimethylolethane
monocyclic formal in the composition resulting from such process is subjected to a transalcoholysis
reaction with excess monohydric or dihydric alcohol at an elevated temperature and in the presence of -
an acid catalyst to produce trimethylolpropane or trimethylolethane respectively and an acetal by-

product.

18. The process of claim 17 wherein said alcohol is methanol and said acetal by-product is

methylal.

19.  The process of claim 17 wherein said alcohol is ethylene glycol and said acetal by-product is

dioxolane.

20. The process of claim 17 wherein the alcohol is linear or branched.



b) no nore than about 5 wt. % of water, and no nore than about 0.5 wt. % of
methanol, «c¢) wth a strong acid catalyst at an el evated tenperagu d
sufficient period of tine, d) to convert a significant anount of sﬁiﬁﬁznﬂa
TMP-BMLF or TME-BMLF to trinethylol progane (TMP) and tri nethyl ol propane
monocyclic formal (TMP-MCF) or trinethyl ol ethane (TME) and

tri met hyl ol et hane nonocyclic formal (TME-MCF), wherein the TMP- MCF or

TME-MCF in the conposition resulting from such process is subjected to a
t r ansal céhol Vkd procesaof ploim A whersincibs slcotmh dhseticied fom dliphypdndlc2-afopaiebloré: an
el evat edy, Dﬁ%ﬂn@]ure and in the presence of an acid catalyst to produce
addi ti onal or TME respectively and an acetal by-product, wherein said
conposition containing TMP-MCF or TME-MCF is a |ight ends overhead stream
resultin erm a_finishin crude TMP or TME. 23. The process

treat ment of. .
of claim22 Wwherern Sag" ‘foﬁ{?ftm&‘?acgm(g?/sét?%é’g '8PBeam cont ai ns TMP-MCF and i s
obt ai ned from a 4 subistaitiahperéeneagt afrfimethilolprapaies bisvionAihear Fhrthap(TOLRBMLEH ol ai m
23 wherejn sai nohydri ¢ or .di hydrl ohol contains | to about 6
car bon atrg?@yhcgggg)“?ﬁgq’b%ﬁ%?gfoﬁlgé%?ﬁ@mer ein said monohydric or
di hydri c al cehol né moehmabed 5twtomof Weter, Bidisind thah Shdun .5 ft. Blohykida 1,9l ycol ,
nmet hanol , 1-prop

anpl , 2-prgpanol, and 2-bronopropanol _and sai acet al
by- product 18 1, AR 5xELH ,°at31éfftﬁ§/1“h‘lq‘?"aﬁ temp F@ﬁ%{@ﬁbﬁﬁ&ﬂf&emg of time,
di - 2- pr Oplgxyfr)s_t hai;eco%erdi a 2sigﬁlﬁgﬁ®pﬁﬂﬂ.ﬁﬂ(§YBﬂ wgrﬁ@;mggpi ?Uﬂ %‘l\/lﬂg_ﬁML'Fhﬁtol
process oI cl al.m 5 rein sal .nmono rrc or I nyar| al co | t ene
gl ycol Aoty Lo eoRRey aqefNﬁ’Q- paf@dJEt“eihM?@%ﬁ oRBReRyElic 2 .mﬁhe(Tg‘F%E/@ off
cl ai m 22 uidhaiydlethsi(OME) S0 rigBdi$lokGRhhbfocAilo Wrmil (tMBR@mA), 15 wt. % of TMP-
01 DEC 2003 26 _28. The. process of claim 22 whergin said

MCF or TME- I\/CS Y
excess of noN8Hgtr the TNP-HGE aF TMEMShay the compgitionstesgfting Som sHsRREOSERR 18

st oi chi opRjjdcted taADHHALalRhoIFAS ebadldnOME] exXteS SchBRirit Qr dfAAkic WcbHdl kg dIbAtdNCH
or TME- MCF. 29. The process of claim22 wherein said acid catalyst is

sel ect ed PSR, é“cb’ln TESSACS %ftapﬁ@idd;ptagﬁ to produce additional TMP or TME respectively
and an acetal by-product,

wherein said composition containing TMP-MCF or TME-MCF is a light ends overhead stream
resulting from a finishing treatment of crude TMP or TME.

23.  The process of claim 22 wherein said light ends overhead stream contains TMP-MCF and is

obtained from a finishing treatment of crude TMP,

24.  The process of claim 23 wherein said monohydric or dihydric alcohol contains 1 to about 6

carbon atoms.

25. The process of claim 24 wherein said monohydric or dihydric alcohol is selected from the
group consisting of ethylene glycol, methanol, 1-propanol, 2-propanol, and 2-bromopropanol and said
acetal by-product is 1,3-dioxolane, methylal, di-1-propoxymethane, di-2-propoxymethane or di-2-

bromopropoxymethane respectively.

26. The process of claim 25 wherein said monohydric or dihydric alcohol is ethylene glycol and

said acetal by-product is 1,3-dioxolane.

27. The process of claim 22 wherein said light ends contains about 1 to about 15 wt. % of TMP-
MCF or TME-MCEF.



al kanesul fonic acid, an arylsulfonic acid, a sulfonated cation-exchange
catalyst in acid forn1 sul furic acid and phosphoric acid. 30. The process
of claim29 wherein said acid catal yst is nethanesul fonic acid. 30‘1ME 2003
process conprising subjecting trinethylgl propane nonocyclic fornma

(TMC-MCF) or trinethyl ol ethane nonocyclic formal (TME-MCF) to a

~transal cohol ysis reaction wth excess nonohydric or dihydric alcohol at an
el evated tenperature and in the presence of an acid catalyst to produce
trimet hyP®I pFloppmeest IRimo}2 wirereine sy bxsksstof aeechyddp ecdihydeicyalcobelds arvungal al
by- produ . cess cl [ r dr|c
al cohol got(])dn bg)lg%tsh-g?ﬁ)%dgl{ogrﬁgictm% ntcozgg on (gﬂ Y‘Q&es‘%@g té?leﬁ% %&g@gﬁ@ I?C? o qt
wher ei n B#IFd nonohydric or dihydric alcohol is selected fromthe group
consi sting of ethylene glycol, nethanol, 1-propanol, 2-propanol, and

2- bronopropanol and said acetal by-product is 1, 3-dioxol ane, nethylal,

di - | - pr opaaxyThkd pracss oﬁdlaxﬁrnr\m&mwm k@d\&tﬂyst ihi selZeted fromips grooxX yoreitivegy e an
t ! f hydr.i .
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1, 3-di oxadlmﬁtelphaﬁghoﬁ&\mcpr ocess of claim 31 wherein said excess of
nnnohydric or dihydric al cohol is between about 5-20 fold above the
stoichionetric anount of said al cohol necessary to react with the TMP- MCF

or TME- MSE. 3fe prbbls Hf DAY whikrefl saidAtid tatipiehahsmedufomicbeldcat al yst is
selected fromthe group consisting of an al kanesul fonic acid, an
aryl sul fonic acid, a sulfonated cation-exchange catalyst in acid form

sul furic3racixd F;ﬂaslss PhRsRRE | fibRéng. tri%%thyUé}ﬂoﬂlﬁ@Qﬁﬁ%cﬁilc Gbadn GMONEIR ot

said acid cata yst i s nmet hanesul f oni ¢ aci process
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tri met hyhQhpyanasednl &rdmbudaeﬁéie-ﬁa&rdrf&hp&maﬁi\/lnﬁhe Presdntd GdcaciddaeilRane

bi s- nDnollnear forma qw nore than about 5 wt. 9% of water and
a nonohy @M Ecedfflm&FhM?H%“?H?“%qTé’SEﬁGF {fpetipylolethane pesprgtively. andaqy agptoby-prpdush

el evated tenperature and sufficient period of tinme to convert a significant

anount of sald TMP-BM.F or THE-BM.F.to trimeth ape, re ctively, an
an acet al by The process of claim 31 wherein seudt monohyg? 1y éﬂ?ydp ric Pcoﬂ(s conta;Sn to a outy6

carbon atoms.

33. The process of claim 32 wherein said monohydric or dihydric alcohol is selected from the
group consisting of ethylene glycol, methanol, 1-propanol, 2-propanol, and 2-bromopropanol and said
acetal by-product is 1,3-dioxolane, methylal, di-1-propoxymethane, di-2-propoxymethane or di-2-

bromopropoxymethane respectively.

34. The process of claim 33 wherein said monohydric or dihydric alcohol is ethylene glycol and

said acetal by-product is 1,3-dioxolane.

35. The process of claim 31 wherein said excess of monohydric or dihydric alcohol is between
about 5-20 fold above the stoichiometric amount of said alcohol necessary to react with the TMP-
MCF or TME-MCF.

36. The process of claim 31 wherein said acid catalyst is selected from the group consisting of an
alkanesulfonic acid, an arylsulfonic acid, a sulfonated cation-exchange catalyst in acid form, sulfuric

acid and phosphoric acid.

37. The process of claim 36 wherein said acid catalyst is methanesulfonic acid.



product. 39. The process of claim 38 wherein said conposition is a heavy
ends residue obtained by renoving the bulk of water, excess forngnqﬁbkﬁe
basi ¢ condensati on agent, and purified TMP or THE in the course 203
purifying a crude TMP or THE product ohtai ned by reacting n-butyral dehyde

or propional dehyde respectively with formal dehyde in an aqueous nedi um and
in the presence of an al kaline condensation agent. 40. The process of

cl aim 39 wherein said heavy ends residue contains TMP-BMLF and i s obtained
in the c®rsa piocesirdomprinigg aosteciole a Mempositchuc tontading Th substaotiz spereshtagt aif m 40

wherei n sai avy ends residue c j | east . about 10 w. 9% of . T

o e r. E S RSt BRI TRAE R o SR R RettopalieR ford
cont ai ns(MEBRHSR), abmote Beh wfout Ymwaf% of MRter BAM. k moaoid/drio ormdihedrichdephabwith al

wt. % of water. 43, The process of claim38 wherein id elevated. .
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el evat ed tsnperature is fromabout 90 C. to about 2200 C. and said period
of time PE%Yom about 1 to about 6 hours. 45. The process of claim3 8
wherein said acid catalyst is an al kanesul fonic acid, an arylsulfonic

acid, a sulfonated catjon-exchange resin in acid form sulfuric acid

phosphor P adliProgess ofndaipy 4% aderepr sad SPHPARHINHE 2V &P HSidye CBE e9st8'ri s

sel ect edrdncR s tthe balk Wf Rvaddr, Sk YbrnfaldeRydd, Bsic RAGSEIAGH iagen®Cdnd.puified THP or
process of claim45 wherein said acid catalyst is nmethanesulfonic acid, | |
DEC 2003 TYE aghe qypsenf pumlypegrerede iR anTiEairedust ebiainpd wirencting Bibytaldeliyde

t ol uenesy 9Rofal @bl ak re§RctivEROw iR RERAThPde 162 iafhedds MABHR AN Hothél pRSdnde of an
catal yst is a sulfonated pol'ystyrene-based cation exchange resin in acid
f orm ~ 502lkaling cppdspeasian égengl ai m 38 wherein said acid catalyst is present in
~an anount such that the acidity of the conposition is equivalent to that

contributed in the range of about 0.1 to about 15 wt. % of net hanesul f onic
aci d. 40. The process of claim 39 wherein said heavy ends residue contains TMP-BMLF and is obtained

in the course of purifying a crude TMP product.

41. The process of claim 40 wherein said heavy ends residue contains at least about 10 wt. % of
“TMP-BMLEF.

42. The process of claim 41 wherein said heavy ends residue contains at least about 20 wt. % of

TMP- BMLF, and no more than about | wt. % of water.

43. The process of claim 38 wherein said elevated temperature is from about 30° C. to about 300°

C. and said period of time is from about 2 to about 8 hours.

44. The process of claim 43 wherein said elevated temperature is from about 90° C. to about 220°

C. and said period of time is from about 1 to about 6 hours.

45. The process of claim 38 wherein said acid catalyst is an alkanesulfonic acid, an arylsulfenic

acid, a sulfonated cation-exchange resin in acid form, sulfuric acid, or phosphoric acid.

46. The process of claim 45 wherein said acid catalyst is selected from the group of sulfuric acid or

phosphoric acid.

47. The process of claim 45 wherein said acid catalyst is methanesulfonic acid.



51. The process of claim50 wherein said range is about 0.3 to about 1.3
w. % 52. The process of claim40 wherein said heavy ends residue being

fed to the process also contain |ess than about 60 wt. % of Twﬁl 5$EPT2mB
process of claim 38 wherein said nonohydric or dihydric al cohol Jn n

to about 6 carbon atons. 54. The procé@s of claim53 'wherein said
nmonohydric 'or dihydric alcohol is selected from"the' group consisting of
et hyl ene glycol, nethanol, 1-propanol, 2-propanol, and 2-bronopropanol and

sai d acsd al TRYpride@biGlaih 85 Whadeid isAX 8didBRaly M RGN mdbulfoflc abid Pr opoxynet hyl ,
di - 2- propoxynet hane or di-2- bronopropoxynet hane respectively. 55. The
process of claim54 wherein said nonohydric or dihydric al cohol is ethylene

glycol apd -pgd ﬂ‘o@&@Toﬁl:lailﬂ'V 1P AEt saldSacks g%ﬁéi'}spﬁozi &llfonated polystyrene-based cation

exchange resin in acid form.

50.  The process of claim 38 wherein said acid catalyst is present tn an amount such that the acidity

of the composition is equivalent to that contributed in the range of about 0.1 to about 15 wt. % of

methanesulfonic acid.
51.  The process of claim 50 wherein said range is about 0.3 to about 1.3 wt. %.

52.  The process of claim 40 wherein said heavy ends residue being fed to the process also contain
less than about 60 wt. % of TMP.

53.  The process of claim 38 wherein said monohydric or dihydric alcohol contains 1 to about 6

carbon atoms.

54. The process of ciaim 53 ‘wherein said monohydric or dihydric alcohoi is seiected from the =~
group consisting of ethylene glycol, methanol, 1-propanol, 2-propanol, and 2-bromopropanol and said
acetal by-product is 1,3-dioxolane, methylal, di-1-propoxymethyl, di-2-propoxymethane or di-2-

bromopropoxymethane respectively.

55.  The process of claim 54 wherein said monohydric or dihydric alcohol is ethylene glycol and

said acetal by-product is 1,3-dioxolane.



