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SUMMARY COF THE | NVENTI ON The invention is a nethod of purifying propyl ene
oxi de whi ch contains 25-100 25 ppm al dehyde inpurities. The nethod
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Lyondell Chemical Company and other producers. The propylene oxide having an

aldehyde content of 25-100 ppm, and preferably 25-50 ppm, may be produced by
. any known process,-but is preferably the product of the reaction of propylene with an
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Distillation can produce purified propylene oxide containing very low levels of
aldehyde impurities. However, in order to produce propylene oxide having an
aldehydes content of 10 ppm or less, the distillation has very high energy
requirements that result in significant production cost. Because few applications

30  require an aldehyde content of 10 ppm or less, significant production savings could
result in a process in which propylene oxide is first distilled to an aldehydes content
of 25-100 ppm and then aldehydes are lowered to 10 ppm or less through a less

costly process. -



propyl ene oxide is of exceptional purity. Over the course of tine the
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passed t hrough &huonereiesabli fiengnethed hofodhe dgwailiPat eMRGIRSadst igfEl%l so

that opti rhhie Rl redliceral bk e @Ltf)dlcfd cation
met hod, Wg’lr'}’?wﬂgd%a i Woxﬁ@@eﬁg&uct ﬁgw g(:%e 30decregr§¥e)g gl d eny

irripuriti eaéﬂu:aohtaedttheﬁdls_tﬂjhrm)the codel mjg@,ylen%om@t gerddo praggce a propy
2011/ 1235440/ (2R S 3ARES =100 poicdiBldbO bR ERAIBLIGSSIR B, ITHaist rat e

the i nvent i°8lf° Shose™s ar t reco%gl ze many variations that
are Wit i n prdyg/lspi eiide sfedrheohtaining 251 0amensaldpeydss is Heert Fentagied SENRVPLE 1:

ADSORPTI ON |, RU A st ainl t
packed wit qu“g‘s 58 ﬂﬁ%&%bgﬁﬁlg%?é&t%ﬁge%é\aa )&f‘ 8'11%]%}?%%1 16%% rgcad(\/%lee)r?z{yos
ani ne- f unctyr@naki Z ediritien peapiamrgexite spradudCdryingES0 @i, 16 lavs| ebighatessi eve

13X, alumina, carbon, silica). The tube is placed in an electric furnace
and the teﬁﬁ@?eéﬁure is controlled to 28C. The feed of 10 propyl ene oxide

(containing 21- ﬁﬁore@rnﬂoa@@&@ Hehndedf disetpassedulitesliowme propyghe bh’éelfrem at a
LHSV fromO0.1 - 0.15 h-1. Sanples are collected ile u 0,21 | unes
(BV) ar® pa&sk¥ rmn 6QYA tPh@ IR0 OF {638 g?n?fP@geréer 8;?@%5 %rg t%?xzfl iy 8\60
chromat ogr ?IHQ% (\Al“rtﬁ)arf QhiREaInatistemyste igokerhge Resibl tis adfc@rm\san/vlimth'éabl e 1.
The result ow that the am ne- functl onal i zed i on xcha r h
o@lﬂsgﬁ’g oxi de

ef f ect i vel pra®nkiryeelion, i ineRuEe PreRYICevH U ISHAIE XTI fﬂﬁﬁ

feed. EXAMB GENTL NYOL) SWNadsorbentAvHeréhynbigsisydst igplriasbe (1
inch |.D. anEd’ﬁ'Pe sb ackgcliéﬂv_\néﬁ%h%\{atl t% S\(/)Fr’ eOnC 1065. }nTheh;}{ ubg@| S éol aced

in an el ectaré cretalmamhcﬁel & arweetf@iﬁﬁen%%ltzaﬁﬂ eions exFRNes| 18l @hd2g PEECIThe
feed of pr%ﬁ%})a/erﬁ% Bb DGR BN %rd%9¥d%0%e&ﬁ|%§léwﬂé/rﬁeismvmeﬂt@ ppm

pr opi onal d anount’s  shown 1 n Is passed upflow through the bed
at a LHSV fsepamafedn-1 and sanples are coll ected periodically. The propyl ene

oxi de Teed T passed i UAUIN LB, GnddeLlaliy OhaaRetioutl UTEho BY).

The sanples are r ace e and propi onal dehyd
content. Brre@lﬁhdsrroegrm 2506 C uraserid t Grat 26 sBYS Fforatrhnecrrqppmuszml retﬂ@sted

%ggb?lt geg)r/giﬁ@%,y gglgec%%@fsgmﬁedl COpCﬁ)}P er qu%ﬁ)'ha@aﬁge?hyﬁ%tlbﬁal‘%éQ/w{hegMﬁ%d

20 groups and supplied as the free base. Preferably, the amine-functionalized ion
exchange resin is a benzyl amine-functionalized ion exchange resin, wherein the
cross-linked copolymer has been functionalized with benzyl amine groups. Specific
commercially available amine-functionalized ion exchange resins include Lewalit®
VP OC 1065 (a product of Lanxess).

25 In general, suitable amine-functionalized ion exchange resin adsorbents are
further characterized by having a relatively large surface area in relation to their
mass. The amine-functionalized ion exchange resin adsorbents for purpose of this
invention preferably have a surface area of at least 200 m?/g, and more preferably
the average surface area is from 400 m2/g to 1500 m%g. .

30 Adsorption is preferably carried out by passing the impure propylene OX|de
through a bed of amine-functionalized ion exchange resin adsorbent. The invention
may be carried out in a continuous or batch-wise fashion in accordance with known

procedures. Continuous operation is preferred, as is the use of a plurality of



TABLE 1: Adsorption Run Data for Various Adsorbents Run # Adsorb

ent # B
Acet al dehyde Feed Product 1A Lewatit VP OC 1065 21 26-38 <1 1B * Ml ecﬁl ar
Si eve 13Xvo 20ne2Baceti ve 1C * Activated Alumina 5 21 PCT/US2011/030539

adsorbent contact zones. When a plurality of adsorbent contact zones are used,
one zone may be in use yvhile adsorbent in a second zone is regenerated. The use
of three contact zones is particularly preferred, with two zones in use at the same
time, one a lead contact zone and the second a polishing zone, while the third zone
5 is regenerated.
" The adsorptive contact is conveniently carried out at moderate temperatures.
Suitable temperatures are in the range of about 10°C o 100°C, preferably 15°C to
60°C. In general, higher adsorption temperature reduces adsorption capacity.
Therefore, to maximize adsorption capacity of the amine-functionalized ion
10 exchange resin adsorbent, it is preferable to control the adsorption temperature
within the range of about 20°C to 40°C. Flow rates of about 0.005 to 50 volumes of
propylene oxide per volume of adsorbent per hour are preferred, more preferably
about 0.02-5. In general, slower feed flow rate reduces product impurity at a given
bed-volume. Therefore, flow rate may be optimized depending on the volume of
15 adsorbent utilized in the method.

The amine-functionalized ion exchange resin adsorbent retains the impurities
adsorbed thereon and purified propylene oxide can be separated. Initially, there can
be substantially complete removal of the aldehyde impurities and the recovered
propylene oxide is of exceptional purity. Over the course of time the amine-

20  functionalized ion exchange resin gradually become less effective for the removal of
these impurities. ‘

Thus, when the separation efficiency of the amine-functionalized ion -
exchange resin adsorbent has fallen below a desired point, the adsorbent is
preferably regenerated. The adsorbent is préferab!y regenerated by one or multiple

25 cycles of light caustic washes and/or water washes. [t is advantageous to employ a
plurality of parallel contact zones such that while one zone is being regenerated the
feed is passed through a zone containing fresh or regenerated contact material so
that optimum impurities removal can be achieved.

FoHoWing the purification method, a purified propylene oxide product having

30 decreased aldehyde impurities content of 10 ppm, or less, is recovered.



18 1D * Activated Carbon 3.7 26 18 1E * Silica Gel 7.4 38 25 *Conparative
Exanpl e TABLE 2: Continuous Adsorption Run Data # BV Acetal dehyde, ppm
Pr opi onalwehyde23zapm Feed Product Feed Product 0.6-24 PBT/US2011/030539

The-following examples merely illustrate the invention. Those skilled in the

art will reco'gnize many variations that are within the spirit of the invention and scope

of the claims.

5 EXAMPLE 1: ADSORPTION RUNS
A stainless steel tube (1 inch [.D. x 2 ft.) is packed with various adsorbents _
(Ex. 1A: Lewatit® VP OC 1065, a benzyl amine-functionalized ion exchange resin;
Comp. Ex. 1B-1E: molecular sieve 13X, alumina, carbon, silica). The tube is placed
in an electric fur’nace and the temperature is controlled to 28°C. The feed of
10 propylene oxide (containing 21-38 ppm acetaldehyde) is passed upflow through the
bed at a LHSV from 0.1 — 0.15 h™'. Samples are collected while up to 21 bed
volumes (BV) are passed through the bed. The samples are analyzed by liquid
chromatography (LC) for acetaldehyde content. Resulfs are shown in Table 1.
The results show that the amine-functionalized ion exchange resin effectively

15 removes low levels of acetaldehyde from the propylene oxide feed.

EXAMPLE 2: CONTINUOUS PLUG-FLOW RUN

A stainless steel tube (1 inch 1.D. x 2 ft.) is packed with Lewatit® VP OC

1065. The tube is placed in an electric furnace and the temperature is controlled to

20 28°C. The feed of propylene oxide (containing 17-30 ppm acetaldehyde and 11-70
ppm propionaldehyde; amounts shown in Table 2) is passed upflow through the bed

at a LHSV from 1 h™' and samples are collected periodically. The propylene oxide

feed is passed through the bed for a total of 256 bed volumes (BV). The samples

are analyzed by LC for acetaldehyde and propionaldehyde content. Brea'kthrough

25 occurs éfter 210 BV. For the first 210 BV tested, acetaldehyde is reduced to ~ 1-3

ppm. Propionaldehyde is also reduced. Results are shown in Table 2.
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1. A nmethod of purifying propyl ene oxide containing 25-100 ppm al dehydes
whi ch compoi2sasi2azamt acti ng t he propyl ene oxide in the |ipquius2q@hases3ni t h an
am ne-functionalized ion exchange resin, and recovering a purified

propyl ene oxi de product having 10 ppm or |ess, aldehydes content.

2. The nethod of claim1 wherein the am ne-functionalized i on exchange
resin is a benzyl am ne-functionalized ion exchange resin.

TABLE 1: Adsorption Run Data for Various Adsorbents

Run # Adsorbent #,BV Acetaldehyde
Feed Product
1A | LOellIPOC a1 | 2638 <1
1B* MOIBC;”;E Sieve - ineffective
g | Aolvated 5 21 18
1D * Activatod 3.7 26 18
1E* Silica Gel 7.4 38 25

* Comparative Example

TABLE 2: Continuous Adsorption Run Data

# BY Acetaldehyde, ppm Propionaldehyde, ppm
Feed Product Feed Product
0.6-24 25 3 69 8
24-159 17 1 26 7
159-210 30 1 12 6
210-256 30 9 12 11




3. The method of claim1l wherein the al dehydes conprise acetal dehyde and

propi onal dehyde. 4. The nmethod of claim1l wherein the

am ne-f urwOi2onial2Baed | on exchange resin has a surface area/usmoiihsgossange of
400 to 1500 n2/g. 5. The method of claim 1l wherein the propyl ene
oxide is produced by the reaction of propylene and an organic

hydr oper oxi de. 6. The nethod of claim5 wherein the organic

hydr operoxi de is ethyl benzene hydroperoxide, t-butyl hydroperoxide, or
cumene hydr oper oxi de. 7. The nethod of claim 1l wherein the propylene
oxi de cont &Veslats- 50 ppm al dehydes. A 8. A nmethod which conprises

reacti ng propyl gne d rgani c. r i de,: gpyd
propyl ene oxi de%ef f ﬁe??t%&ogi g?l *tﬁifﬂégtﬁgﬁglrgﬁ%egﬁé(gpﬁ@%gﬁgx?ggbgf ?FT}ent to
produce, 2 Bidienenikicdesses amtecinta ey i 10Xl alidekatuse i

ene. oxide streamin. . Wi
ani ne- f unc@Po‘?‘fHF‘iegz)fg%dioaﬂl‘Zggc'ﬁanedgﬁ?ré%el IF1e,rémana§1dr 'ée%(%{//%}r{éngspg”ﬁ%é FB{ ?dgyclje ne

propyl ene @xidderaednslinday bpe, d0eppmdebyddessiterdl dehydes content.
9. The nethod of claim8 V\her%%g]t]_ e am ,nﬁﬁfuncti nal. i on exchange
i

resin is a benz§d aniFeDEUREG 2HEPIBANR LBV Cb%é(ﬁ%?é lon eXChangs™ " rp e

met hod of ¢l @ BoMhSr ShifeltisctiohsipRE forhddhangs @sirde i s ethyl benzene
hydr oper oxi de, t-but ydr oper oxi de, or_ cunene hydroper oxid

I h , _ e. 11.
The nethod of chai m Bhevingiher it eam i WeerptielSe RS carRriss sty aeN4Rd
pr opi onal dgﬁg%ﬁ nionaldehydd2- The method of claim 8 wherein the
am ne-functi o acflzeddl(gn exchange resin has a surface area in the range of
400 to 1500 nR/4. The methdd ofbeimdtwsteiofthe paina-Binalwedzed IPAEXPRBWE ene

oxide stream, cont AlNg. & Y iPHE Bl JEIVAR%o 1500 mPlg.

5. The method of claim 1 wherein the propylene oxide is produced by the
reaction of propylene and an organic hydroperoxide.

6. The method of claim 5 wherein the organic hydroperoxide is ethyl
benzene hydroperoxide, t-butyl hydroperoxide, or cumene hydroperoxide. -

7. The method of claim 1 wherein the propylene oxide contains 25-50
ppm aldehydes.

8. A method which comprises reacting propylene and an organic
hydroperoxide to produce a crude propylene oxide effluent, distilling the crude
propylene oxide effluent to produce a propylene oxide stream containing 25-100
ppm aldehydes, contacting the propylene oxide stream in the liquid phase with an
amine-functionalized ion exchange resin, and recovering a purified propylene oxide
product having 10 ppm, or less, aldehydes content.

9. The method of claim 8 wherein the amine-functionalized ion exchange
resin is a benzyl amine-functionalized ion exchange resin.v

10. The method of claim 8 wherein the organic hydroperoxide is ethyl
benzene hydroperoxide, t-butyl hydroperoxide, or cumene hydroperoxide.

11.  The rﬁethod of claim 8 wherein the aldehydes comprise acetaldehyde
and propionaldehyde. |

12.  The method of claim 8 wherein the amine-functionalized ion exchange
resin has a surface area in the range of 400 to 1500 m?/g.

13. The method of claim 8 wherein the propylene oxide stream contains

25-50 ppm aldehydes.



