SEPARATI ON PROCESS BACKGROUND OF THE I NVENTION 5 FI ELD OF THE | NVENTI ON
The process. of the invention relates to a process for the separation of
organi ¢ phosphi nes and/or phosphi ne oxi des from so6lvents such as are used
for the production of propylene oxide and especially to the recovery and
recycl e of = organi ¢ phosphi nes and/ or phosphi ne oxi des in-.a propyl-ene oxide
production 10 process. BACKGROUND OF THE I NVENTION A" great deal of effort
has been expended on the devel opnment of a no coproduct direct oxidation
process for the production of propylene oxide. US. Patent 6,005,123 is
illustrative of the encouragi ngSERARATEOMRRECE e been. 15 achieved. . As
reported in USP 6, 005,123, propyl ene oxide can be prepared by reacting
propyl ene, oxygen and hydro en inthe presence of a noble netal on titanium

silicate catal yst, e.g. ACKSROUNS G THE IMENTONI catal yst is slurried

in an apgopri ate'sol vent suckasp aFBihaENTBo] Water m xture during the
20 reaction. Espe i al I% advant ageous results are achi eved where reaction
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phOSphIne and ghosphlne oxi des cannot be conveniently recycled for reuse.

Unf ortuna eI process in which nethanol and/or water are used as
sol vent s renders nost of  t BACKGROENDWF THEMVENTION unusable. As
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- As repor’:ed in USP 6,005,123, propyiene ox1de .can be preparect by
reacting propylene, oxygen and hydrogen in“the presence of a noble metal on
titanium silicate catalyst, e.g. Pd on TS-1. Usually the solid catalyst is sturried in

. an appropriate solvent such as a methanol and water mixiure during the

20  reaction. |

Especially advantageous results are achieved where reaction promotars

of the phosphine or phosphine oxide type such as tripheny! phosphine are also
present in-the propylene oxide forming reaction mixture.

~To enable phosphines and phosphine oxides o be used in a confinuous

25 Chemi_cai process they must be recycled. The use of phosphine's'and phosphiﬁe
oxides is prohibitively expensive if the phosphines and phosphine oxides cannot
be conveniently recycled for reuse. Unfortu'nately; a process iﬁ which methanol
and/or water are used as solvents renders most of the typical unit operations'
unusable: As methanol is d‘tstiiled,' of stripped,- from the reaction mixture the

30 phosphines and- phosphine oxides precipitate from solution, thus fouling the
stilis. Furthermore, the phosphines and phosphine oxides are not stable
~enough, or volafile enough; to distili overhead. Even if the wéter is somehow
distilied overhead, while keeping the phosphine and phosphine oxides in a
solution of PEG and other propylene. oxide ring opened products, the separation

r



distilled overhead, while keeping the phosphi ne and phosphine oxides in a
sol ution of PEG and ot her .propyl ene oxide ring opened products, the
separation 1 of the ring opened: products fromthe phosphi ne and phosphi ne
oxi des cannot be acconpliShed by distillation. Hence; distillation will
not wor k. Conpounding the fact that distillation is not an option’is that
extraction technology will not work efficiently, either. Even if one could
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retainin n te e the phosphi ne and/or phosphine oxide 'pronoters
for pecyg‘d %ﬁﬁ@ﬂr@ ON OF THE DRAW NG The attached drawing illustrates

schematically a practice of t&gMiVARNOFGIHE INDERNIOED DESCRI PTI ON An
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reactor 25 waataihing eeactiemotiking gucbps hbabproduqegeatcammgodﬂseém%nza liquid
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2, 3 and ¥%-r elg’fg@scplmtynd gmnwjmfractlon for recycle ; and a propylene 0x1c:le fractson for
product recovery, The separation is aqcomphshed by the use of membranes
_which function to allow passage of the solvent and propylene oxide in the
permeate while retaining in the retendate the phosph:ne and/or phosphine oxide
’promoters for recycle.
20 DESCRIPTION OF THE DRAWING
The attached drawing illustrales schematically a practice of the mventlon
DETAILED DESCRIPTION |
An especially preferred practice of the invention is described in the
. attached Figure, Referring o the Fig'ure, reactor 1 is a conventional reactor
25  useful for reacting propylene, oxygen and hydrogen in a liquid slury of solid
noble metal on titanium silicalite catalyst to form propyléne oxide. Pmpylene,
. oxygen and hydrogen are introduced via lingés 2, 3-and 4 respectively. Solvent
and catalyst are introduced via line 5. ‘Make up solvent can aiso be added via
line 5 (not shown). Known conditioné effective to form propylene oxide are
30 maintained in reactor 1 and the propylene oxide containing reaction mixture is
removed via line 6. R . _ : ' 7
A key feature Is the provisioh of phcssphine' and/or pﬁosphine oxide ‘
promoters in the epoxidation reaction mixture. These promoters are contained in
Tecycle stréam 7 and may be supplemented as needed_via line 8.



and catal yst are introduced via line 5. Make up solvent can al so be added
via line 5 (not shomnlﬁ Known condi tions effective to form propyl ene oxide
are 30-nmmintained in reactor 1 and the propyl ene- ‘oxi de cont ai ni ng reaction
mxture is renpved via line 6. A key feature |Is the provision of phosphine
and/ or phosphi'ne oxi de pronoters in t he epoxi dation reacti-on aixture.
These pronmpters are contained in 'recycle stream?7 and may be suppl ement ed

as needed via Ilneh@feaat.ormwr mgséste%om Rhitbe1 PATHES tBrQ%Brét?oﬁ Rt gl via
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The_ phosphine and/or phosphine oxide retendate passes via line 7 back

to reactor 1 for reuse in the process while the permeate, via line 16, is sent to
20  conventional separation means for recovery of propylene 6xide product and the
separation and récycie of salvent (not' éhown).

The membrane separation employed in accordance with the present
invention involves the use of hydrophllic nanofiliration and reverse osmosis
membranes. Many such membranes are well known in the art, with the best

25 exampies bemg poly(amides), e.g., Dow's Film Tec membranes, and other, more
chemlcally stabie polymeric membranes, e.g., Koch's SelRO membranes as
well as others. These membranes can be employed anywhere in the process—
aiter the reactor and included in the separation train. One such pléce' where the
membranes can con'venientiy be employed is during processing of the effluent

30 from the reactor, after the solid slurry catalyst has been removed, or after the .
reactor if the catalyst is used as & packed bed. 1t is especially preferred o use
the membrane after the light gases, propylene and propane, have been removed
from the mixture as Hlustrated in the drawing. The membrane will permeate the
methanq[, water, p:jopylen_e oxide, and the ring opened species, while retaining



i nvention involves the use of hydrophilic nanofiltration and reverse.
osnosi s nenbranes. Many such nenbranes are well known in the art, with the
best 25 exanpl es being poly(ani des), e.g., Dows Film Tee nenbranes, .and
other, nmore chenically stable, polyneric nenbranes;—e.g., Koch's Sel RO
menbranes as well as others. These nmenbranes can be enpl oyed anywhere in
the process- after the reactor and included in the separation train. One
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oxides in a SO'“E'EP O&b met h noI propyl ene oxi de, water and ring opened
products is Fe§EAEEHRRefRF%EN he reactor for reuse. As above indicated,
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Menbr anes sud&gities, %ﬁ!@é@, rhses rehdds |(‘h995) Membranes such as those described in
U.S. Patent 5,681,473 af column 23, can also be used,
The membrane separation is camied out at condilions whereby a
20 predominance, preferably at least 90% of the phosphine and/or phosphine oxide
Jis retained in the retendate for recycle, while a predeminance' of the prepylene
- oxXide and solvent passes through as permeate to subsequent separation.
- In the membrane separation of this invention, an.org.anie solvent-resistant
membrane composite is used which allows a substantial portion, e.g. 80% or
25 more of the propylene oxide and organic selvent and water to pass 'thrcug;h,-
while rejecting at least 80% by wéight of phosphine and/or phosphine oxide.
The membrane separation is a pressure-driven process and in general the
pressure of the feed stream may range from a low of about 50 pounds per
square inch and fo a high of about 1500 pounds per square inch, More
30 preferably the pressure of the feed stream of this invention is from about 100 psi
to about 600 psi. The “permeate”’ is the stream which has passed through the
membrane, and compared fo the feed stream, the pefmeate is at a greatly
~ reduced pressure. Typically, the permeate Is near atmospheric pressure o 50
psi. The permeate contains a greatly reduced amount of the phosphine and/or



U S. Patent. 5,681,473 at columm 23, can al so be used, The nenbrane
separation is carried out at conditions whereby a..20 predoninance,
preferably at |east 90% of the phosphi ne and/ or phosphine oxide is
retained in the retendate for. recycle, while a predom nance of _the,
propyl ene . oxi de and sol vent passes through as perneat € to subsequent
separation. In the nenbrane separation of this invention, an organic

sol vent - r esi sphedphime mRklandissobrponi the belkusfethewbigahicabdieg #hdsplsiuant i al
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1500 pound® p#tougiutieengmizhne. Nbheere8ddpteafontaity Hie bl of tresshesehicf andier f eed
stream of thigf LR [4Sa bl s Si ut, 600.psi. JThe
"perneate" | sa?%éeb\@ﬁ &é)ggn'? \t}\ﬁ?{m&ﬁggpﬁicsggg\%rﬁr (L)rﬂatﬁ&? ﬁée)a?e FPEW ésﬁé(?w%@d
.conpared to tReyfdight lsweelmresshiee henibafasd siream andycarabé yecycledibegtlto

pressure.. TypCabidationt B8 BdL |'s near atnospheric pressure to 50 psi.
a

The perneate contains greatly reduced anmount of the phosphine and/or 4

phosphi ne oxi de di Seofolleding gxerpeiiins practise eitiee twgalisnc sol vent and product
propyl eneqgxi de. Said .perneate can b@}é@%ver ed in any conventi onal
manner, e.g. by sinply collecting it as iquid. The retendate stream
(al so called the P%Mééﬁt‘? agactedoin & mRtipguseteaetion Boge dnjreacion hewitt r eam

that does not opafs &nd Myar@Bntiiea MRERERIVatet QIR MRBEE USARLAIIRdde bul k
of the phOSphlg%fﬁ Ind/ or hi ne oxi de dissolved in organic solvent. The

phao

retendate str LM §fpiTeAl I@% Bhi% FQ)i gkelystdRercceriagre 4l Bt Asethe feed
stream and cadedmibeddy iseds, beg; k23, oTrighRayIQtiodghih® h 4RaGH OF ab&t Ol EWER The
fol |l owi ng gxer‘rp‘%‘i?fi e%gr actice of the inyention: 10 Exanple Propylene is
reacted if°a CoNEiRTBIEE PEYETF YRed@R oM S eactor | with-oxygen and hydrogen
in. a nmethanol / wat ldquid oteaetitn mixttirer eor@hing dursibdir datebt is withdrawn from

- reactor 1 via line B_Qnd is passed to separator 9. Catalyst and solvent are

recycled to reactor 1 via line 5 fogether with a recycle stream from separator 14 -

which is recycled via fine 7. '

20 ' From separator 9 a liquid reaction mixture stream is passed via line 10 to
distillation column 11 and' a lights stream is Separated overhead via line 12.
Bottorns from column _'11 at 170°C and 275 psig passes via line 20 to distillation
column 21 and a product propyfene oxide stream is recovered thefefrom via fine
22 at 120°C and 100 psig. ‘

25 Bottoms from column 21 passes via line 23 to separator 14 at 123°C and
100 psig. A pump’increases the pressure to 300 psi and the temperature is
adjusted to 30°C.  Separator 44 has positioned thersin a hydrophilic
nanofiliration membrane, Koch SELRO MPS-44, which eésentiaily retains the
triphenyl phosphine promoter while permeating the bulk of the ring opened

. _ 30 organics, water and methanol. - ‘ |
| The retendate is removed via line 7 at 30°C and 290 psig and recycled io
reactor 1 while the permeate is removed via line 16 at 30°C aﬁd'zi}. psig for
further separation. '



palladiumon TS-1 (1.5 wt % Pd) catalyst in accordance with the process
described in USP 6,005,123. Tri.phenyl phosphine in anount of about 0.1 wt
% 15 of the reaction mxture is used as pronoter. Liquid reaction. .
m xture containing slurried catalyst is withdrawm from reactor | via line
6 and is passed to separator 9. Catalyst and solvent are recycled to
reactor | via line 5 together wwth a recycle streamfrom separator 14

,vv[]i ch is recycl E{S T}lrieﬁo_bvi mei(?ff@cﬁn@eﬁﬁp?rm O&rig?js%trb%ﬁ‘giéﬂzgﬁg‘ﬁﬁﬂ fﬁtg m i(t ure
streamis pa : ine stillation colum and a lights stream
i s separat eds%ger%éiah\?ﬁa{nfa? s -.'fll"méfottorrs from colum 11 at 170C and 275
psig passes via line 20 to distillati dmablecpl uim 21 and a product propyl ene
oxi de streamis A thetrefroma—tHne—22-at—120C and 100 psjig. 25 ,
Bottons fromco %ﬁéﬁéﬁasses via line 23 t&“’seéﬁ'ar ator 14 at 123C and 100 .

psig. A punp' increases tlhetpregssdee {02800 poi JanektHe TEMPErajaire i s
adjusted to 30G—S atgr=t4-Has pss'tinr‘A{d—(-hs\, : Lr.ﬁ_n_! ~a-hydrophilic c e
nanofiltration -neanlrfzgjne, K?)T(?f_‘\"? SELRO s/l3§524 whil cH %% sertd-&l y13fgé‘l ai ns the-
triphenyl phosphi neéPPYorgt €Cwhi | e pefnmaling T He ol K ®bosdh€ gddag jopened

30 organics, erzane—n tb‘["réol. He—fet-endat-e—is—+emved via linel7 at 30C-
and 290 psig anld_re€yEl eq t'§’ rea@t%r 1 whill e the perneate i$ renovied via

line 16 at 30C jand 2@ psi|g +er { further separatijon 5 [The fTpwrategs of the
conponent s of the—varteus—streans—aregh-ven-in-the—fdllowng Table | in
pounds per. hour|, Tagfize | | Conpdnent Stream| 10 12. 2022 23 7 16 H20 173.2
173.2 173.2 33.]8 139laét TPR-0.Q1 0.01}0.01 0. 0099 0.000T C3Ho 18- 9 18.8
Methano! 4473 4473 1 40 | 407.3 79.5. 3278
ROW i 83 8.3 ' 8.3 1.6 6.7
PO™ 1 899 69.9 | 69.9 '
CaHg 3.1 3.1
Catalyst
5 -~ ™ Triphenyl phosphine

@ Ring opened organics
®) Propylene oxide

- From this example it can be seen that the process of the invention
effectively separates the triphenyl phosphine for recycle.



02 H2 --- Ballast --- Methanol 447.3 447.3 40 407.3 79.5 327.8 RO 8.3 8.3
8.3 1.6 6.7 PO69.9 69.9 69.9 C3H8 3.1 3.1 Catalyst 5 (1) Triphenyl -
phosphine (2) Ring opened organics (3) Propylene oxide Fromthis exanple
it can be seen that the process of the invention effectlvely separates the
triphenyl phosphine for recycle. 6 1 claim 1. In a process for the
production of propylene oxide by catalytic reaction of propylene, oxygen
and hydrogen lighaia: | i qU| d solvent and wherein a phosphine and/or. phosphine
oxi de. pronoter i the i ro ement, which 5 ri ses separating
phosphi ne and/ or hOS[eJ'HI:?“IéN%%?S b FEhBGskeliaf ?fhp@pygg%tﬁx#ﬂ?e berrgiifve to
retai '?t the saiedctpdnom‘pimmdaermn@kpgenpﬁms MfdrgﬁrpThl Qﬁ?wd serv_e?rgpém whivain @f I
‘permitting p OXI e and sol.ven . .The process of claim
| wherein thga%%gﬁrm% H{Og {r ﬁ}ﬁ eﬁ%@ﬁtﬁfhse”sﬁcb tée ‘WHE’VEWS‘%@‘Q‘CW claim
| wherein& hecqmmfbeam@pa@ﬂag mr@sm;m | afel/or npitabhint r aidied rpromoteRy Qlithea 0SNDSI S
menbrane. 7 pemprane effective to retain the said phosphine and/or phosphine oxide .

promoteré while permitfing passage of propylene oxide and solvent.

2. The process of claim 1 wherein the promoter is triphenyl
phosphine.
10 8. The process of claim 1 wheréin the membrane is a hydrophilic

r_manoﬁltration or reverse osimosis membrane.



