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yield PDO is shown below:
EO + CO + 2H, — PDO
U.S.Patents 4,873,378, 4,873,379, and 5,053,562
25 from Hoechst Celanese describe a single step reaction
using 2:1 (molar) syngas at 110 to 120°C and about 1000
psig to give 65 to 78 mole percent yield of PDO and
precursors thereof. The catalyst system used consisted
of rhodium, various phosphines, and various acids and
30 water as promoters.
U.S. Patents 5,030,766 and 5,210,318 to Union
Carbide describe the reaction of EO with syngas in the
presence of rhodium-containing catalysts. At 110°C and
1000 psig of 2:1 molar syngas, a selectivity of up to 47

35 mole percent was achieved but the combined rate of
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to neutrallze any acid therein such that the pH is at

20 least 5, and the neutralized aqueous solution is
subjected to hydrogenation to produce a crude 1,3-
propanediol mixture which is distilled to produce 1,3-
propanediol, water, and reactive heavy components. The
improvement on this process comprises replacing the

25  sodium hydroxide with a hydroxide selected from the group
consisting of ammonium hydroxide, alkali metal hydroxides
other than sodium hydroxide, and alkaline earth metal
hydroxides to reduce the viscosity of the reactive heavy
components.

30 Detailed Description of the Invention

The 3-hydroxy propanal (HPA) aqueous solution
which is the starting material of the present invention,
can be produced by a number of different processes. The

aforementioned U.S. patents 4,873,378, 4,873,379,
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preferably renmoved fromthis aqueous solution of HPA
by R %PX'I di zing the cobalt and 30 then extracting

it utilizing Gheabydrobormlcitdngereastion effluent is
20 preferably extracted with a small amount of water at
water-solvent ratios ranging from 2:1 to 1:20 at 5 to
55°C under an atmosphere of 50 to 200 psi (350 to 1380
kPa) carbon monoxide. The solvent layer containing more
than 90 percent of the cobalt catalyst in active form is
25 recycled back to the hydroformylation reactor. The HPA
concentrates in the water layer at a concentration of 10
to 45 weight percent of the total water  layer.
The cobalt is preferably removed from this
aqueous solution of HPA by first oxidizing the cobalt and
30 then extracting it utilizing an acid ion exchange resin.
The ion exchange resin may be a weak or strong acid ion
exchange resin.
The agueous solution from which the cobalt has

been removed contains organic acid which must be



The ion exchange resin nmay be a weak or strong acid
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neutralize the HPA aqueous solution is a hydroxide
selected from the group consisting of ammonium hydroxide,
alkali metal hydroxides other than sodium hydroxide, and
alkaline earth metal hydroxides. When any one of these

25 hydroxides is used in this process, the viscosity of the
heavy ends stream (reactive heavy components stream from
the bottom of the distillation column) produced during
the distillation of the crude PDO mixture is generally
low enough such that the heavy ends can be handled

30 easily, the heavy ends stream can generally have a PDO
concentration of about 30 percent by weight or less, and
it generally is possible to recover PDO from the reactive
heavy components. Specific preferred alkali metal and

alkaline earth metal hydroxides include potassium
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almost gels. The salts of the hydroxides of the present
invention in PDO are much less viscous, i1.e., preferably
on the order of 40 mm’/s or less at 40°C, usually 100

25 mm’/s or less at 40°C. When sodium hydroxide is used, the
distillation must be carried out such that the reactive
heavy components stream contains from 55 to 70 weight
percent of PDO or else the entire stream is too viscous
to be distilled in conventional equipment. This PDO is

30 lost because it 1s too expensive to distill out of the
reactive heavy components stream and, even if the PDO was
distilled out, it would leave a nasty sticky solid in the

distillation column.
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process advantages in terms of handling the disposal

20 and/or treatment and/or recycle and/or separation of PDO
from these reactive heavy components. Also, the amount
of residual PDO in the distillation column bottoms stream
can be significantly reduced, resulting in improved
economics.

25 EXAMPLES
Example 1

To 50 gm of PDO plant bottoms 1751B (containing
reactive heavy components; sodium content 1.55%wt) was
added 30 gm of Dowex® 50WX4-100, strongly acidic, ion

30 exchange resin, 50-100 mesh, and the mixture stirred,
under a nitrogen blanket, over the weekend. A sample of
the supernatent liquid showed a sodium content of

<0.005%wt.
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Following the procedures of Example 1, 200 gm

of PDO distillation bottoms 1751B was treated with 120 gm
of Dowex® 50WX4-100 resin and the mixture was stirred
20 under a nitrogen blanket to give a supernatent liquid
containing sodium at <0.005%wt. The resin was removed by
filtration and the filtrate (24286-19-1) divided into 60
gm portions.
One 60 gm portion was treated with a solution
25 of 1.62 gm of sodium hydroxide in water (4.5 gm) and the
new mix was evaporated at 1 torr (0.133 kPa) and 40°C.
The residual reddish liquid (24286-19~2) was found to
have a kinetic viscosity of 5686 mm?/s at 40°C.
A second 60 gm portion of filtrate was treated
30 with a solution of 1.32 gm of KOH in water (4.5 gm) and
the mix was evaporated at 1 torr (0.133 kPa) and 40°C.
The residual red liquid (24286-19-3) was found to have a

kinematic viscosity of 54 mm®/s at 40°C.
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gm sample of PDO plant bottoms 1751B was treated with 120
gm of Dowex® 50WX4-100 resin to remove all sodium ions

20 and the remaining resin was removed by filtration. The
filtrate # was 24286-25-1.

A 60 gm portion of the filtrate was treated
with 3.2 gm of lithium hydroxide in water 40 gm and the
mix was rotary evaporated. The residual liquid (24286-

25 25-2, 42.4 gm) had a viscosity of 914 mm?/s at 40°C and 28
mm®/s at 100°C,

A second 60 gm portion was treated with 1.7 gm
of calcium hydroxide in water (20 gm). The residue
(24286-25-3, 43.0 gm) after evaporation had a kinematic

30 viscosity of 88 mm®’/s at 40°C and 11 mm?/s at 100°C.

A third sample was treated with 1.2 gm of
barium hydroxide in water (20 gm). The residue (24286~
25-4, 39.2 gm) had a kinematic viscosity of 47 mm?/s at
40°C and 5.5 mm®/s at 100°C.
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equivalent amount of ammonia — as ca. 28% wt. ammonium

hydroxide solution in water. After stripping to remove
20 added water, the residual ligquids were submitted for
viscosity measurements. The data tabulated below
include, for comparison, our earlier reported viscosity
measurements (in mm®’/s) for the same three sets of PDO
Bottoms samples back-treated with potassium and sodium

25 ions.
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viscosity neasurenents (in mmR/s) for the sane three

W@ 2a03/081f10°PDO  Bott oms sanpl es back-treated w tPCT/US2003/031216
pot assi um and sodium 25 ions. 9 WO 2004/ 031108

PCT/ US2003/ 031216 For PDO Distillation Bottons

#882246 Vi scosity (i n m/s) at: 40C 100C Na ions

Very viscous 37, @0@ %%2246 l:éjlﬂlr ngtr’gomé\l}-%g 52 8

6.7 5 For PDO Bottgns th e
Rermdliecasity POD mmﬁsbsaﬁ4286 29/ -85 Vi sé©§€1ty (i r 100°cC
nm A0C106€—Na—+ons—Crystal onsS—S0-—9-6-1
Nl—léﬁ\llrons 81.4 11.1 For PDO Bottons 1?’§f§ VEEERLT 1y (1 000
mﬂ§<) iahs 4OC 100C Na ions 5686 - K |on§369 58.0 8.2
NH4——oehrs—45—3+—F60—2N¥—+ons—48—2 1-9 H ear-

anmoni’ l?reat nment of these various bottgg's sanpl es 6.7

| eads to a substantial reduction in viscosity in all
exchanged materials as conpared to sodi um hydroxide
solutions. 15 10 WO 2004/ 031108 PCT/ US2003/ 031216 WE
GLAI Mrorl pDbnBat poe exss F2ac Fhetpsoduicitianeaf td, Refove ALL
pr opanedi ol wher ei no.an Saugfeuss 2%%8%t 8/ gg 3- hydr oxy

Viscosity (in mm®/s) at: 40°C 100°C
Na ions Crystals -
K ions 50.9 6.1
NH; ions 91.4 11.1

For PDO Bottoms 1751B

Viscosity (in mm®/s) at: 40°cC 100°C
Na ions 5686 -
K ions 69.5 8.0
NH; ions 45.1 7.0
2xNH,s ions 48.2 7.0

10
Clearly ammonia treatment of these various
bottoms samples leads to a substantial reduction in
viscosity in all exchanged materials as compaxed to
sodium hydroxide solutions.
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propanal is fornmed, catalyst, if any, used in said

formation is renoved fromthe solution, sodium
whyanoxilode s added to the solution to neutraPCESHNY031216

acid therein such that the pHis at least 5, the

neutralized aqueous 10 solution is subjected to

hydr ogenation to produce a crude 1, 3-propanedi ol

m Xty @pivch is distilled to produce

1, 3-propanedi ol , water, and reactive heavy conponents,

the i nprovenent which conprises replacing the sodi um

hydr oxi dg w th elect he_groyp 15

consi sting of grﬁqrgyﬁ%&%sdgrogx%g& Eg?idﬁocmotn f e

Hy dresdrgasdiel heke réim asndqumahsym@butd@n mﬁdBahk@f}onﬁ

eart I y e uce.t viscasity of . the

eact P heaty oot b1V BE R (IS T W i

wherfgmmathenpis | sem@G:dadjrest te t @oltlitaoman godbfim Shycn:cﬁude

3. T rage C r hydr oxi de

repl gggggdtgﬁe%éoggl%rr%cﬁl@léﬁgg r|“?(:;é',£ltsf;eh'Leth%a DY ORTEH 4l

gr ougrctoisest they i Jmtaasébam h@/,drtmel d:eutcrallﬁ:z@dnaqueous
dr gxi [ e m_hydr ox

S s o e TR A e P enum cxude

hydrbﬁ-@éopanddl@bsmmuh;adwbxc]de:.s ﬁlsfhelpdot@q&dﬁuce

cl aiim e [.OX whi.ch repl aces
sodlﬁuiiﬁwggég% %6#5 iﬁg eétgg§f$%ﬁﬁﬁﬁ¥e %gﬁvﬁpcomponents’
congibst |lmgr9f7e1p@t’%ls'dmm kpupoksake, rapd]amum 8he Soddlum
hydr | [ drOX| e

. %rgggggii%?%%g{d%%%% e?é;iljen ?G%IOWM ch
3r5epICai>@éS stheg sofi a;de-dlmthdeoxnsdqoobaskath nme'hybl roxirdeides
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an agueals,sQ! ution of 3-hydroxy propanal, renoving
any ca? P s? used fromthe sol ution,

The process of claim 1 wherein the pH is
20 adjusted to the range of 5 to 6.

3. The process of claim 1 wherein the hydroxide
which replaces the sodium hydroxide is selected from the
group consisting of potassium hydroxide, calcium
hydroxide, barium hydroxide, ammonium hydroxide, lithium

25 hydroxide, strontium hydroxide, rubidium hydroxide, and
cesium hydroxide.

4. The process of claim 3 wherein the hydroxide
which replaces the sodium hydroxide is selected from the
group consisting of potassium hydroxide, calcium

30 hydroxide, barium hydroxide, and ammonium hydroxide.

5. The process of claim 4 wherein the hydroxide

which replaces the sodium hydroxide is potassium

hydroxide.

11



5 adding to the solution a hydroxide selected fromthe

group consisting of ammoni um hydroxide, alkali netal
whganoxiloes, other than sodi um hydroxide, and BCREEI008031216

earth nmetal hydroxides to neutralize any acid therein

such that the pHis at |east 5, subjecting the 10

neutral i fed alueerctisel behun t@nﬂsr;nﬁm:gseaaﬁ:em Eiawlng a
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replaces the so
gr o@p crodsi $I3frg:omfan|eoﬁass|ma&d)ydhaxﬁﬂet;lnau_r@l 4Bt d

Dy PR Ay, and ot Do g 1
wherepatihe Hr@ajm)qodleombn’cm steqdaaces the sodi um
hydrOXid?. 'SNPOt%%%Egg%rgggéyué%%ponen% stream of claim 6
15 wherein the pH is adjusted to the range of 5 to 6.

8. The reactive heavy component stream of claim 6
wherein the hydroxide which replaces the sodium hydroxide
is selected from the group consisting of potassium
hydroxide, calcium hydroxide, barium hydroxide, ammonium

20 hydroxide, lithium hydroxide, strontium hydroxide,
rubidium hydroxide, and cesium hydroxide.

9. The reactive heavy components stream of claim 8
wherein the hydroxide which replaces the sodium hydroxide
is selected from the group consisting of potassium

25 hydroxide, calcium hydroxide, barium hydroxide, and
ammonium hydroxide.

10. The reactive heavy component stream of claim 9
wherein the hydroxide which replaces the sodium hydroxide
is potassium hydroxide.
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