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TITLE 

PROCESS FOR THE PURIFICATION OF 1,3-PROPANEDIOL 
FIELD OF THE INVENTION 

This invention concerns a process for the removal of impurities, especially 
S color forming impurities, from 1,3-propanediol. 

TECHNICAL BACKGROUND OF THE INVENTION 
1,3-Propanediol is a precursor for polyether glycols, polyester 

homopolymers and copolymers, and thermoplastic elastomers. The quality of 
these products is in general dependent on the quality of the raw materials. For 

10 some applications, such as fibers, color quality is a major concern. It is known 
that products derived from 1,3-propanediol have suffered from discoloration. 
Commercially available samples of 1,3-propanediol starting materials have 
resulted in brown colored polyether glycols. Disclosed attempts to remove color 
from the products made from available 1,3-propanediol have been laborious and 

15 expensive. Even after extensive purification processes, many products retain a 
yellow color. 

U.S. Patent No. 2,520,733 discloses a process for the purification of 
polyols prepared :from 1,3-propanediol in the presence of acid catalyst (2.S to 6% 

by weight) and at a temperature from about 17S°C to 200°C. This purification·· 
20 process involves percolation of the polymer through Fuller's earth followed-by · 

hydrogenation. Even after this extensive purification process, the final product 
remains light yellow in color. 

U.S. Patent No. 3,326,985 discloses a procedure for the preparation of 
poly(l,3-propanediol) of molecular weights in the range of 1200-1400 possessing 

25 improved color by vacumn stripping, under nitrogen, poly(l ,3-propanediol) of 
lower molecular weight. 

U.S. Patent No. S,659,089 discloses a process for the preparation of 
poly(2-methyl-l .3-propanediol) by the etherification of 2-methyl-1,3-propanediol. 
No diol purification process is given. Any available grade of diol can be used in 

30 the etherification process. 
U.S. Patent No. 5.527 ,973 discloses a process for providing a purified 1,3 

propanediol which can be used as a starting material for low color polyester. That 
process has several disadvantages including the use of large equipment and the 
need for dilution with large quantities of water which is difficult to remove from 

35 the product. 

The process of the present invention alleviates the problem of discolored 
polymer production in a relatively simple and economical process. The process of 
the present invention involves purification of, and removal of color precursors 
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from the starting reactant l ,3-prop~ediol rather than treating the resulting 

products. The purified diol from this process is useful for prepari~g a variety of 

polymers that include polyether glycqls, polye~ters and thermoplastic elastomers 

having excellent cole>r c~racteristics. 

5 SUMMARY OF THE INVENTION 

10 

Disclosed is a process for the purific11tion of 1.3-propanediol comprising 

the steps of 

a) contacting l,3-propanediol w~th an acid c;1talyst at a temperature 

above that require(,! for impurities to react and J>eJow that required 

for exten.sive eth~ formation; and 

b) separating purified 1,3-propanediol from impurities, reacted 

. impuriti~ and the ~d c~~ysl 

DETAILED DESCRIPTION OF THE INVENTION . . . . . . . . - . . 

In the preparati()n of low mQl~ular weight pol~er glycols via the 
.. , : . ·"' ·- . . . : .· . 

15 dehydration of 1,3-propanediol, pqlYC)l qualiW is an impQrtant item. For some 

applications, such as the production of fibers, color is a major concern. In the 

past, attempts to prepare polytrim~ylene. glycols having go~d color properties 
. . . . ·. . . .. . . . -~ . . ' . .. . . . . 

have been wisucc~. This inv'1tj~n 4is~loses a proc~Jor the preparation of 

purified 1,3-propanediol so that pfo4ucts made from it, pol)'QJs, polyester 
. ' . 

20 homopolymers and COJ>Olymers, .~ th~pJastic elastomers, have excellent 

color characteristics. 

Color-free, i.e., chromophore-free, polyether glycol~ have been prepared 

from 1,3-propanedio~ ~at has beC9 purified of chromophore precursors by a two 

step process. The fi~t step in the treatment c:>f the diol to free it of color formers 

25 (referred to herein as "color Precui'sors") involves the co~tacting of the 

1,3-propanediol with an acid catalyst at elevated temperat~s. While not wishing 

to be bound by any me~haniSlll, applicant believes this s~ep, ~onverts color 

precursors and othe~ i~purities to c~lc:>re4 ~d uncolor~ .derivatives that, due to 

their changed chemical nature, are e~ily separable from 1,3-propanediol. The 
. ' ·. . . . : ., : .. · .. 

30 second step of the purification process involves the sepanition of the desirable, 

purified 1,3-propan~dfol from thefopned, colored and uncolored derivatives, from 

the acid catalyst emplored to effe~t the conversion.and, potentially, from residual 
' . . . . . . . . . . 

impurities. . ·•. . . . • .. . . 
An acid catalysi is emplo~d ill tlle treatment process. This acid catalyst 

. .· !: ,.· . . .. 

35 promotes the conversion of chromophore precursors to chromophores. The type 

of acid, (homogenecm.s or heterog~~us)~ nature. (strong or weak) and the amount 

of acid catalyst can be y~ed wi~Jy. .Although soluble ~cid catalysts, including 
• , .• : • • •• l. •• '. :- ,· • 

inorganic acids and organic sulfortic acids, ~an be used. ~eterogeneous acid 

2 
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catalys,ts are usually .p~ferred because they can be remoy~ more easily and can 

easily be recyc_led. $6ihble catalysts. if used. can .be rd~J&f by extraction or 

neutralization, Solid heterogeneous acid catalysts can be removed by filtration. 

· Fixed heterogeneous catalyst may also be used, i.e., in a continuous process, 

5 provided that contact time is sufficient. Suitable heterogeneous catalysts are 

perfluorinatcd ion-exchange polymers (PFIEP).containing pendant sulfonic acid 

groups or pendant carboxylic acid groups, including Nation® catalyst, obtainable 

from the DuPont Company, which is an example ofperfluorinated ion-exchange 

polymers containing pendant sulfonic acid groups, silica or alumina supported 

10 Nafion'li catalyst, Nafion® Superacid catalyst, a porous nanocomposite ofNafion® 

resin and silica, acid zeolites, or acid clays. 

The amount of acid catalyst used herein is not critical, as long as sufficient 

catalyst is present. SmaU amounts of catalyst may necessitate extended treatment 

times. In the case of commercial Nafion® NRSO catalyst, I% by weight of 

15 catalyst versus the weight of 1,3-propanediol was convenient in a batch treatment 

process. The amount of catalyst employed, in batch treatment processes, will 

generally be within the range of about 0.1 to 5 wt % based on the amount of 

1,3-propanediol used. 

The temperature. for the acid ~atment step is selected such that the 
20 reaction that converts chromophore precursors readily occurs, but the dehydration 

reaction of 1,3-propanec:liol is essentially avoided. The process of the invention is 

carried out by heating the 1,3-propanediol and the acid catalyst at a temperature 

within the range of about 100-160°C for 0.1-3 hours under nitrogen atmosphere. 

25 
At temperature greater than 170°C, the acid can :function as a dehydrating catalyst 

that could lead to the formation of polyether glycols from the 1,3-propanediol. 

Preferably, the reaction temperature is maintained within the range of 

130°C-150°C so that chromophore precursor reaction occurs but essentially no 

dimers or trimers of 1,3-propanediol are fonned. 

The acid treatment is most conveniently carried outat atmospheric or 

30 above atmospheric pressures. 

In a prefeued mode of operation, after the color precurson are 

transformed, the mixture is cooled to room temperature, and the solid catalyst is 

removed either by filtration or by decantation. The filtered mixture is then 

distilled under reduced pressure, and the 1,3-propanediol is collected. The colored 

35 impurities and other impurities are left in the distillation flask. The absence of 

acid catalyst during the vacuum distillation process limits the occurrence of 

1,3-propanediol dehydration reactions. 

3 
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The purification of l .3-propanediol, as described above, can be carried out 

in either a batch process or a continuous process. The treatment maybe carried out 

in an agitated system ordfthe acid catalyst is in solid fortn or adhered/attached to 

a solid support, the treatment may be carried out hy passing the diol over or 

5 through a bed of the solid acid catjllyst. 

The process can be conducted as a stand alone process, carried out on 

available l ,J.;.propanediol. Alternatively, it may be integrated within a 

1,3-propanediol mam1facturing process• carried out as one of the Steps of a 

1,3-propanediol manufacturing process~ The l,3-propanediol may be prepared by 

10 a variety of manufacturing processes, including the hydration of acrolein followed 

by hydrogenation of the reSUlting hydroxypropanal, or the hydroforrtlylation of . 

ethylene oxide followe~ by reduction of the resulting hydroxypropanal. The 

purification process may by integrated Within either of these or other 

manufacturing processe$• 
15 The purified l,3~propanediol is isolated by means known in the art, most 

preferably by vacuum distilling the dial away from the oonverted color precursors 
and colored and uncolored derivatives. 

In subsequent iJrocessin& th~ purified diol ·may be pol}'JDeriZed in the 

presence of either soluble or insoluble acid catalyst to obtain colorless polyether· 

20 polyol o( low molecular weights. In altenia~e end uses, the purified diol may be 

used to prepare polyesters, .for example paly(l,3-propylene terephthalate) by 

methods known in the art. · 

Depending upon the intensity of the color of the samples to be measured, 

two different color scales are used. For light colored products, Platinum-Cobalt 

25 (APHA) Standard and for dark colored products Gardner Standard are used. 

EXAMPLES 

EfCAMPLE 1 
Purification process of 1.3-pronanediol µsing Nation®· acid catalvst 

A 5 L-three necked flask equipped with a distillation column, mechanical 

30 stirrer and nitrogen inlet was charged with 1,3-propanedioJ (3714.2 g) 

(commercial grade, Degussa) and Nation~ NRSO catalyst (37.147 g)(DuPont). 

The mixture was stirred mechanicaJly and heated to l 30°C under nitrogen 

atmosphere. At this temperature, the liquid.tlirned yellow. The liquid then turned 

brown as it was heated to 150°C. 'tjie temperature was kept constant at 150°C .for 

35 about 2 hours and then allowed to <:901 to room temperature.· No distillate was 

collected at the receiver flask indicating that ~sentially no dehydration reaction ·. 

occurred under these conditions. The solid acid catalyst was removed by · 

decanting the colored solution. Th~ the diol was isolated from the colored 
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impurities by distilling at l 00°C under reduced pressure. The APHA color values 

as meas·ured on a Hu4,'~~Lab ColorQuest (Hunter Assoc~~t~.~f.Laboratory, Inc., 
Reston, VA) for the purified diol and the original di9l are 3 ~ 7 respectively • 

. indicating an improve~ent in color characteristics of the purified diol. 

Heating the thus purified 1,3-propanediol to reflux, under nitrogen, for 

3 hours caused the APHA color to increase from 3 to 20. Similar treatment of the 

starting 1,3.:.propanediol gave a colored product having APHA color of 60 (i.e., a 

change from 7 to 60 APHA color). Example 2, below, and comparative 

example 1, wherein these two samples of 1,3-propanediol are converted to 

poly( 1,3-propanediol) further illustrate the efficacy of the process of the present 

invention in removing color forming impurities. 

EXAMPLE2 

Svnthesis of polv<l 3-propanedioll from purified 1.3-propanediol 

To a 250 mL three-necked flask, 152.2 g (2.0 mol) of purified 

15 1,3-propanediol, prepared as m Example 1, and 1.903 g (10 mmol} of 

p-toluenesulfonic acid (Aldrich Chemical Co, Milwaukee, WI) were added at 

room temperature. The mixture was stirred and heated to 180-200°C under 

nitrogen atmosphere. The distillate (33. l mL), mostly water was collected as the 

dehydration reaction progress. The reaction was stopped after S.S hours and the 

20 mixture was cooled to room temperature. Colorless poly(l,3-propanediol) was 

obtained from this process. The APHA color value for the polyol was measured 

and had a value of 48. 

25 

COMPARATIVE EXAMPLE 1 

Svnthesis of poly(l.3-propanedioll from unpurified 1.3-propanediol 

To 152.2 g (2.0 mol) of 1,3-propanediol (commercial grade, Degussa), 

1.903 g (10 mmol) of p-toluenesulfonic acid was added. The mixture was stirred 

and heated under nitrogen atmosphere. As the temperature of the reaction mixture 

increased, the color fonnation was observed at the temperature of 130°C and then 

the dehydration reaction occurred at 180-200°C. About 32.5 mL of distiUate was 

30 collected during the dehydration reaction which continued for a time period of 

5.5 hours. The color properties of the polyol was measured and had a APHA 

color value of> 300, i.e., off the APHA color scale. The color was measured in 

Gardner units using a Hellige Daylite Comparator Illuminator (Hellige, Inc., 
Garden City, NY) which gave a Gardner value of 4. 

35 EXAMPLE3 

A Larger Scale Diol Purification 

The 1.3-propanediol purification process described in Example l was 

scaled up. A 30-gallon glass-lined clave was charged with polymer grade 

s 
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1.3-propanediol (176 lb) and Nafion·I: NRSO catalyst (L76 lb). The mixture was 

stirred .mechanically and heated to l 50°C under nitrogen atrriosphere. The 

temperature was kept constant at l S0°C for about two hours and then allowed to 
'· . : . 

cool to room temperature .. After cooling, the cfave was discharged through a filter 

5 to recover the solid acid catalyst. The discolored diol solution, that has an APHA 

color value greater than 300, was distilled in .batches using a 22 L-tmee necked 
flask equipped with a distillation colwnn, ~~hanical stirrer and nitrogen inlet at 
120°C under reduced pressure. After the distillation was complete the purified 

diol {144 lb), has ail APHA color value of 3. Heating the thus purified 1,3-

10 propanediol to reflux, under ni~gen for 3 ~ours caused the APHA color value to 

increase from 3 to 12. As described in Example 2, poly(l,3-propanediol) was 

made with the purified diol and the AP~ color value of the polymer was 30. 

6 
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CLAIMS 

1. A process for the purification of 1,3-propanediol comprising the steps 

of 

a) contacting 1,3-propanediol with an acid catalyst at a temperature 

5 above that required for impurities to react and below that required 

for extensive ether formation; and 

b) isolating purified l ,3-propanediol from impurities, reacted 

impurities and the acid catalyst. 

2. The process of Claim 1 wherein the purified 1,3-propanediol is 

10 isolated by 1) separating the acid catalyst and 2) distilling 1,3-propanediol from · 

the impurities and reacted impurities. 

3. The process of Claim 1 wherein the temperature in step a is between 

100 and 160°C. 

4. The process of Claim 3 wherein the temperature in step a is between 

15 130 and lSOOC. 

S. The process of Claim 1 wherein the acid catalyst is insoluble in 
1,3-propanediol acid. 

6. The process of Claim S wherein the acid catalyst is a solid. 

7. The process of Claim 6 wherein the solid acid catalyst is selected from 

20 the group consisting of pertluorinated ion-exchange polymers (PFIEP) containing 

pendant sulfonic acid groups or pendant carboxylic acid groups, acid zeolites, and 

acid clays. 

8. The process of Claim 7 wherein the solid acid catalyst is selected from 
the group consisting of pertluorinated ion-exchange polymers containing pendant 

25 sulfonic acid groups, silica or alumina supported perfluorinated ion-exchange 

polymers containing pendant sulfonic acid groups and porous nanocomposites of 

perfluorinated ion-exchange polyiners containing pendant sulfonic acid groups 
and silica. 
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