PROPYLENE OXI DE PURI FI'CATI ON Background of the Invention Field of the

I nventii~on The present invention relates to the purification of alkylene

oxi des such as propyl ene oxi de by contact with solid activated carbon
adsor bent and especially to a process wherein the activated carbon is first
contacted and prewetted with a glycol sugh as propylene glycol before
contact with the al kyl ene oxi de whereby excessive exotherns caused by the

heat of adsorption are suMM&ﬁm@t ion, a substantially
I mproved car bon bed chang - Description of the
Prior Art Methods are knowg Va5 Eg%&?n@%f f9e t#%eg&rl EEI cation of alkylene

oxi des such as propyl ene oXi con acti-vated carbon. U S
Pat ent 4p 694 235.thkOIno¥atpbs. shovvs separation of high nol ecul ar wei ght
poly (propyl ene oxide) polymer from propyl ene oxide by contact with
activat ed carhenprés&ntPabeent forl §2128esahd tlké ghedi fi@tikeat efit abkBben&07

show t he shfarat ion of various organic inpurities fromlower_alkyl ene
oxi des seifless gHIpypen®reRydenangxpdeyancwmbant ittt sohiddactivated

carbon adsorbent and especially to a process wherein the activated

carbon is first contacted and prewqtted with a glycol such as
propyiene glycol before contact with the alkylene oxide whereby
excessive exotherms caused by the heat of adsorption are
substantially avoided; innaddition, a substantially improved carbon
bed changeover procedure is provided._

Description of the Prior .Art

‘ Methods are known in the art for the purification of alkylene
oxides such as propylene oxide by contact with solid activated
carbon.. ’

U.S. Patent 4,692,535, for example, shows separation - of high
molecular weight poly (propylene .oxide) polymer from propylene
oxide by contact with activated carbom.

U.S. Patent 5,187,287 and related U.S. Patent 5,352,807 show
'the separation of various orgahic impurities from lower alkylene
oxides such, as propylene oxide and butylene oxide by activated
carbon treatment.

There are various difficulties associated with the treatment
of propylene oxide with activated carbon. Due to the considerable
heat released upon adsorption of propylene oxide on activated

carbon there are both hazards and possible damage to the carbon bed



carbon treatnent. There are various difficulties associated with the

treat ment of propylene oxide with activated carbon. Due to the considerable
heat °rel eased upon adsorption of propyl ene oxide on activated carbon there
are both hazards and possi bl e danage-to the carbon bed 2 associated with
excessi ve tenperature increases during the ini.tial or start-up phase of the
activated carbon treatnent process. Wheke the bed is contacted with liquid
pr opyl ene oxi de, the acconpanyi ng adsorption exotherm has resulted in
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steam nitrogen, <cooling, flare facilities as well as sophisticated

control emdiergxradnion riai ted bed which in turn causes secondary exotherms
with temperatures in excess of 500°C with extreme hazard and
reactor damage. Dufing bed changeover, a major concern has been
the handling of toxic and hazardous carbon/propylene oxide/water
slurries which pose safety and environmental hazards.

Prior carbon treatment procedures have required vapor recovery
s&stems, the - provision of steam, nitrogen, cooling, £flare
facilities as well as sophisticated control systems and trained
operators.

Difficulties are.compounded by the fact that high molecﬁlar
weight poly (propylene oxide) polymer can be formed during shipping
and storage of propylene oxide and this polymer formation has a
pronounced* adverse effect on the use of polyolé formed from the

" propylene oxide in polyurethane fbéms, U.S. Patent 4,692,535
proVides'a detailed description of this."Although propylene oxide
can be .purified at the source, impurities form during shipping and
storage, and frequently it has not been practical to provide the:
sophisticated facilities and operation At various locations where
the propylene oxide is used to accomplish activated carbon
treatment by prior procedures.

Summary of the TInvention

In accordance with the present invention, activated carbon



operators. Difficulties are conpounded by the fact that.high nolecular

wei ght-*poly (propyl ene oxide) polynmer can be formed during shipping and
storage of propyl ene oxide and this pol ymer formation has a pronounced
adverse effect on the use of polyols fornmed fromthe propyl ene oxide in

pol yur et hane foans. U.S. Patent 4,692,935 provides a detailed description
of this. Although propyl ene oxide can be purified at the source,

i mpurities,farm.during _shi_ppin tara d_f uent}y it has not .been
practicalapégéréﬁiég ﬁe“?%%hf%t?gg gdpfggﬁf?ggegx%%% B%e#%ﬁ%%ng§;iafgfﬁous
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treatnent by prior procedures. Summary of the Invention In accordance with
t he preserlteastvdntlion ofacidopafiedecaiponl peB Wwhiké. i st t capwrusedthaugbat
propyl ene oxide is first contacted with a glycol such_as_propyl ene glycol,
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car bon. /g&iyﬂéggarbon, this does not pose any particular problems in view
of the reiatively high boiling and flash points of the glycols.
Indeed, the activated carbon can be prewetted with glycol before
shipping to the site where it is to be uéed and can be charged to
the tréatmeht vessel in the prewetted condition. The activated
carbon containing adsorbed giycol is then contacted with propylene
oxide which is to be purified in accordance with standérd
procedures. During this, contact, there is an initial period during
‘which the propylene oxide displaces the adsorbed lecol, after
which purification of the propylene oxide Eakeé place normally. An
important feature is that there is 1little or no exotherm
accompahying the displacement of glycol and purification of the
propylene oxide thus resultihg in a much easier and safer
_ operation. Little or no utilities or sophisticated control systems
are needed, and the procedure is well adapted for use at the
location where the propylene oxide is to be used, for example, in
the formation of polyols for polyurethane foam.
‘Description of the Drawings o N
Figure 1 is a plot of temperature versus time which results
during conventional procedures involving saturation of activated
carbon with a 10 wt% vapor mixture of propylene oxide in nitrogen.

Figure 2 is a plot of temperature versus time resulting from



there is an adsorption exotherm associated with glycol adsorption on the
carbon, this does not pose any particular problens in view of the
relatively high boiling and flash points of the glycols. Indeed, the
activated carbon can be prewetted with glycol before shipping to the site
where it is to be used and can be charged to the treatnment vessel in the
prewetted condition. The activated carbon containing adsorbed glycol is

' t activated carbon ing adsor b
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during wishetha W&QN'&%e@éEQerEﬁpi@Cﬁé%t@%ﬂﬂ?&ié’ﬁfﬁyﬁd’ﬁo', after which

purification of the propyl ene oxide takes place norma An i nportant
feature is timiguder® is ki ploe @f Nheexotdieiermcwhipanyesgltbe from the
di spl acenent of glycol and purification of the propyl ene oxide thus

resul ti mctivatedictaen dreatoensf ef bpaguidi propylené coxideowvharein k. Jor

sophi sticated control systenms are needed, and the procedure is well adapted
for use WE®t REOPYLEPPoT WY e BM SAgSY HReDx MG st oPEE-§8EHrafEr the

exanpl e, ingéhe formati on of polyols for polyurethane foam Description of
t he EXam?%5 %ﬁgure 1is a plot of tenperature versus tinme which results

during convenyignal Br eedUrfiHd B0 Vi deRBEHERR QRih 3CMRe%rom the
activated carbon treatment of liquid propylene oxide wherein 50 wt%
propylene glycol had first been used to pre-saturate the carbon.
Detailed Description

In accordance with the present invention, activated carbon,
which is to be used for the removal of impurities from propylene.
oxide, is first contacted with suffiéient glycol to substantially
saturate the active carbon. Preferably the dctivated carbon is
wetted with liquid propylene glycol in an amount of at least 1 1lb.
propylene glycol per 5'1bé. carbon, prefe:ably at least 1 1lb.
propylene glycol per 3 lbs. carbon. Good results are obtained
where at least 1 lb. propylene glycol per 2 lbs ca:;boh is used and
there appears to be no advantage to using greater amounts of glycol
although greater amounts can be used if desired.

After contact with glycol, the activated carbon containing
adsorbed glycol can be cooled to remove the exo.th'erm associated
with glycol adsorption; alternatively the carbon can be pre-sprayed
with the glycol prior to being charged to the vessel in which the
contact takes place. The glycol containiﬁg carbon is then

contacted with sufficient propylene oxide, preferably as liquid, to



carbon with a 10 wt % vapor m xture of propylene oxide in nitrogen. Figure 2
I's a'plot of tenperature versus tine resulting from 4 the activated
carbon treatnment of |iquid oxide wherein the carbon had first been
prewetted with 20 wt % propyl ene glycol. Figure 3 is a plot of the exotherm
which results fromthe activated carbon treatnent of |iquid propyl ene oxide
wherein 33.3 w % propyl ene glycol had fixst been used to pre-saturate the
carbon. Figure 4 is a plot of the exothermwhich results fromthe activated
carbon t re@pIase dfthe | qidsopPegy|adiveodxiviic hiiver e nSB8Bs Y% isrlo psA e rgl -y c ol
had first_ been ed .o pre-saturate. the carbon. Detail ed scriptjon In
accor dand® i'th e%rsé)gé'ﬁ?m??\?/e?ﬁ’fb%,' ﬁt“?’\?%‘[“é& O&r L%ﬁ,‘)y%‘?ecl‘i”&sdet &k
used for dNeeaRvaheb1i TRUELE LS &8 ORI P 18R r2X 4R, bescaavr%&i fyact ed
with sufficient glycol to substantially saturate the active carbon.
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an amount of at least 1 Ib.
to a refiner or to a polyol production operation.

After displacement of the'glycol, the activated carbon is used )
in a normal fashion for the removal of impurities from propylene
oxide as described in ﬁ.s. Patents 4,692,535 and 5,352,807, for
example. The impurities removal capability of the carbon is not
adversely affected by the glycol pre-saturation.

When the. impurities’ removal capability of the carbon has
decreased tﬁ) an uneconomical degree, carbon bed changeover is
conveniently carried out.by draining free liquid propylene oxide
from the carbon bed and then converting residual propylene oxide to
propylene giycol_by addition of wéter containiné a catalytic amount
of a base such as NaOH. The resulting slurry of
carbon)water/propylene glycol is non-hazardous and can be pumped to
a tank trﬁck for disposal.

A series of éxperiments were conducted to iliustrate the
advantages of the present invqnﬁion. In each case about 750 grams
of activated carbon, Calgon 12 x 40; were placed in a cylinder 4"
‘in diameter and 8" long. Means were providéd for the introduction
of propylene oxide and nitrogen vapor ﬁixtures'or liquid propylene
glycol into the .carbon bed and for removal therefrom.
Thérmocouples were placed at the inlet, at points 0.25", 4" and

7.75" into the bed and at the bed outlet along the cylinder axis in



propyl ene glycol per 5 |Ibs. carbon, preferably at least 1 |b. propyl ene

gl ycol* per 3 Ibs. carbon. - Good results are obtained where at least 1 Ib.
propyl ene glycol per 2 |Ibs carbon is used and there appears to be no

advant age to using greater anmounts of glycol  although greater anobunts can
be used if desired. After contact with ggycol, the activated carbon
cont ai ning adsorbed gl ycol can be cooled to renpbve the exotherm associ at ed
with glycol adsorption; alternatively the carbon can be pre-sprayed with
the gl ycoPr@ry dro try dydideg ac kgmgedater & texafdsise| fdm egtincisaske cBheactter akes

pl ace. . The col containin rbon is hen contacted with sufficient
propylene 3§¥FEF8F8F§bP§ %gglﬁéihqgertﬂas 2554 SpFALE* T he adsorbed

glycol wit hOUtm’D1 aSL#l%-ts%“gb%aP dfﬁ?r:@n ?ﬂb@%%@?ngi e +P&?€“§J}%&%
m xture of propylene oxide and displaced glycol is collecte nlxture
can be cotygsnt efiiXNtureoBYe1d eftd prabl/l1ghy cotidy islintiabbgehWHOlMsirged to
procedures or sent to a refimer or to a polyol production operation. After
di spl aceneh@ cshrbhe dledccit the aetevatfedl¥ir byansgmygedropylene oxide.
Attached Figure 1 shows the resulting temperature profile. As can
be seen, there was a modest exotherm but the procedure required in
excess of 500 minutes and in commercial use requires sophisticated
controls in order to avoid potential hazards. _

It should be noted that in practices such as illustrated in
Figure 1, protection must.be provided in case of loss of nitrogen
flow. In such a case, ~temperature spikes within the carbon bed
occur which require external cooling and shut down of the unit. 1In
some instances where liquid propylene oxide has been introduced to
the carbon bed there have been temperature spikes of 160°C or more
which in turn lead to vaporization apd.migration of propylene oxide
which leads to a second exotherm with temperature spikes of 500°C
or more. In such extreme cases, reactor damage cen occur and the
danger of fire and explosion.exists.

In a sefies of experiments in accordance with the invention,
the carbon bed was first pre-wet with liquid propylene glycol and
subsequently liquid propylene oxide was charged to the carbon bed
at the rate of 133 grams/min. Figure 2 shows the bed temperature
profile where the amount of propylene glycol used to pre-wet the
bed was 20% by weight of the carbon contained in the bed.. As can-

be seen there was a slight exotherm resulting in temperatures



in a normal fashion for the renoval of inpurities from propyl ene oxide as
descrithed in U S. Patents 4,692,535 and 5, 352,807, for exanple. The
“inpuritieées renmoval capability of the carbon is not adversely affected by

t he glycol pre-saturation. Wen the. inpurities renoval capability of the
carbon has decreased to an uneconom cal d}agree, carbon bed changeover is
conveniently carried out by draining free liquid propylene oxide fromthe
carbon bed and then converting residual propyl ene oxide to propg/! ene gl ycol
by additi &fashingt & l¥orRav ntP°s - cdesl y]ltoeﬁzs atffht TBE maXipsewhighcRanas
“NaOH. T r lting.  slur n/wat | ene ‘gl ycol is
non- hazar &&f’é‘lgn g%zriﬁ rzgrp%rrlpsgdq gl{—gg)%zliﬁﬁét(ﬂa}g%qf \r%d?é%g{'s%ﬁy A series of

experinents werggaeBdyEiRiist enklddisteabersber@Prftiageshdfe the HASANLE
i nvention. In each case about 750 grans of activated carbon, Calgon 12 x

40, were pmradene glygdl nted 45 pre-cheantherbeddad” 3Body.by Weaglt wef ¢he
provi ded for the introductjion of prop%:ﬁene oxi de and nitrogen vapor,
mi xtures CPAIRGUEANEROPGE SHE thrybed- Bt 620 tRfe SeCRr bERFTDHUES eFRFNHIGA LY

(oDl SR Yl PRI BL eI R LRCRE, bl B PR
axts 1n Figure 4 shows the bed temperature profile where the amount of
propyléne glycol used to pre-wet the bed was 50% by weight 6f the
carbon. contained in the bed. Again, there was essentially no bed
temperature increase.

In order to determine whether the carbon pre-wetted with
propylene glycol retained its ability to remove ‘impurities from
propylene oxide,linlet and outlet propylene oxide samples were
taken after 15 gallons of propylene oxide had passed through the

bed. The following table shows the inlet and outlet concentrations

of poly (propylene oxide) of different molecular weight.

TABLE 1

Poly (Propylene Oxide)

Mol wt. above 30,000 Mol wt. above 450,000

Inlet (ppm) outlet (ppm) Iniet (ppm) | cutlet (pprm)
Run 1 1.09 | 0.13 ) 0.13 0.00
Run 2 1.84 0.14 0.32 0.00
Run 3 1.69 : 0.10 0.18 0.00

For Run 1, the carbon bed had been pre-saturated by passage
of a gas mixture of 10 wt% propylene oxide in nitrogen through thg

‘bed. For Run 2, the carbon bed had been pre-saturated by passage



6 order to provide a tenperature profile for each case. The outer skin
tenperature of the cylinder-was also neasured. In a first conparative run
illustrating current practices., a vapor mxture of 10 wt % propyl ene oxi de
in nitrogen was charged to the carbon bed at the rate of 133 grans/mn .
“propyl ene oxide. Attached Figure 1 shows the resulting tenperature profile.
As can be seen, there was a nodest exot Herm but t he procedure required in
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in order to avoid potential hazards. shou e noted that 1 n practices
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| oss of nitrogen flow. In such a case, tenperature spikes within the
carbon beduddcpropiileher gdycod basednah ¢t@ iweighid shutadsym of It headhi t .
I n some instances where |iquid propylene oxide has been introduced to the
car bon Béget hrefeeniresadnrasipar hidwbd spiarsleite PEifp Was vyt ofhiced ah
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The data clearly establish that pre-saturation with propylene
glycol did not adversely affect the impurities removal capability
of the activated carbon.

As a further feature of the invention, after the effectiveness
of an activated carbon bed has declined to an unsatisfactory level,
a changeover of the carbon bed is accomplished, after draiﬁing free
pfopylene oxide, by the addition of water containiﬁg a catalytic
amount of NaOH or other basic material, e.g. KOH, whereby residual’
propyleﬁe oxide is conYerted to prop&lene.glycoi. The.resulting
admixture of water, carbon and propylene glycol can be conveniently
transported to disposal. 1In this aspect of the invention, water
containing basic catalyst is coﬁtacted with the propylene oxide
saturated carbon in at 1e;st'amount sufficient to hydrolyze all of
the adsorbed propylene oxide. Normal temperatures are effective
for the hydrolysis, and after sufficient reaction time, e.g. 10
minutes to 4 days, the resulting non—haiardous slurry of carbon,
propylene glycol and water can be removed as by pumping for
disﬁosal.

The aétivatéd carbon and propylene oxide treatment.conditions

used herein are as described in U.S. Patents 5,352,807 and



danger of fire and explosion exists. In a series of experinments in
accordance with the invention, the carbon bed was first pre-wet with liquid
propyl ene glycol and subsequently |iquid propyl ene oxide was charged to the
carbon bed at the rate of 133 grams/min. Figure 2 shows the bed tenperature
profile where the amount of propylene glygol used to pre-wet the bed was
20% by wei ght of the carbon contained in the bed. As can be seen there was

a slight exothermresulting. in tenperatures 7 reachin | y ahout [err]
far |ess 4Pt AT mdh PEHTEENCF A TN TS é“FHéP%r?ge‘ﬁgDyprr@%ﬁr&%e'

| ycol pre-addjtion. Fiqur sh t he bed ag yr file t:he
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bed tenperature increase due to an adsorption exotherm Figure 4 shows the
bed tenmpenatitig Preobi hecabbor hbemensuch aé pehpyémeeglyyeb) 2iskebutylene

pre-wet the bed was 50% by wei ght of the carbon contained in the bed.
Agai n, thgigcohs amsderite dliike wathedimilar effectiveness. Also included in
the definition of glycols used;herein are glycols which have been

oxyalkylated with ethylene oxide and/or propylene oxide.



tenperature increase. In order to determ ne whether the carbon pre-wetted
wi th propylene glycol retain ' ability to renove inpurities from
propyl ene oxide,”  inlet and outl et propyl ene oxide sanples were taken after

15 gal l ons of pro umml\ﬁl“ w passed through the bed. The foll ow ng
tabl e shows the'iEH et 17 oncentrations of poly (propyl ene oxide) -

of different nol ecdl af weidht.” [err] For ¥un 1, the carbon bed had been
pre-saturated by passage of a gas m xture of 10 wm % propyl ene oxide in
~nitrogen through the bed. For Run 2, the carbon bed had been pre-saturated
by passagBLAIMR®: of a gas m xture of 72 wt % propyl ene oxide in nitrogen

. through the bed . For Run 3, the carbon had been was pre-saturated wth
33.3% | i quid ptopyPeREogessolfFaddit O?F‘?Wé‘kvﬁéh%m@frmoﬁ.mml PIORYA SRS se,

AR O L T R A
propyl ene 4Qx} g8+ 889cREBBNPLOCEEEREt ted with a glycol prior to the contact
.wiﬁh propylene oxide.

2. The process of claim 1 wherein the glycol is propylene
glycol. |

3. The process of claim l'wherein the glycol is ethylene
glycol. ' |

4. The Erocess of any one of the preceding claims wherein the
carbon bed is pre-wet?ed with at least 20 wt% propylene glycol
based on the weight of carbon.

5. The process of claim 4 wherein the carbon bed is pre-
wetted with at least 33.3 wt% ﬁropylene glycol based on the weight
of carbon. '

‘6. The process of claim 5 wherein the carbon bed is pre-
wetted with at least 50 wt% propylene glycoi based on ;he weight
of carbon. |

7. fhe process of claim 1 wherein after the activated carbon
has déactivated to a predeterminéd extent, the carbon.is contacted
with water containing a'basic catalyst and adsorbed propylene oxide

is hydrolyzed to propylene glycol.



The data clearly establish that pre-saturation with propylene glycol did
not adversely affect the inpurities renoval capability of the activated
carbon.™ As a further feature of the invention, after the effectiveness of
an activated carbon bed has declined to an unsatisfactory level, a _
changeover of the carbon bed-is acconplished, after draining free propyl ene
oxi de, by the addition of water containildg a catal ytic anmobunt of NaCOH or

ot her basic material, e.g. KOH whereby residual propylene oxide is

converted to propyl ene gl probyLENE d@DH tiuRtFadRiDtbyr € of water, carbon and
propyl ene glycol can be conveniently transporteg to disposal. In this
aspect of the invention, water containing basic catalyst is contacted with
t he propyl ene oxide saturated carbon in at |east anmpunt sufficient to
hydrol yze all of the adsorBRstpaetmofodheDigcloguren| tenperatures are
effective for the hydrolysis, apd after, sufficient reaction tinme, e.g. 10
i utes to APGkIEACHICCRIS oo TE b n RS E B YR L S b ARBHTOT LSS E5B ne
gl ycol e ] S i i Sp ..Jhe activated
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carboen _ | ene” oxi d ment  condi hgreln
descri bed yice1y. 2rtB2t BBE Sdeacti%a#16n@"Fater containing a basic catalyst

is added to hydrolyze propylene oxide and to form a non-hazardous
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slurry of carbon, propylene glycol and water.

Fig 3



94,692,535, the disclosures of which are incorporated by reference. In
practicte,of the invention, the use of propylene glycol is greatly
pref.erred. G ycols generally can be used, especially those having 2 to 4
carbon atoms such as ethylene glycol, 2,3-butylene glycol, and the |ike
with simlar effectiveness. Also includeg #n the definition of glycols used
herein are glycols which have been oxyal § ated with ethyl ene oxi de and/ or
propyl ene oxi de. CLAIMS: 1. A process for the renoval of inpurities from
propyl ene oxi de by contact with activated carbon, characterised in that the
activated carbon is prewetted with a Ff olgprior to the contact with
propyl ene oxide. 2. The process of clhalg.liwherein the glycol is propylene
glycol. 3. The process of claim1l wherern the glycol is ethylene
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glycol. 4. The process of any one of the preceding clains wherein the
carbonh bed is pre-wetted with at |east 20 wt % propyl ene gl ycol based on the
wei.ght of carbon. 5. The process of claim4 wherein the carbon bed is pre-
wetted with at |east 33.3 wt % propyl ene gl ycol based on the wei ght of
carbon. 6. The process of claim5 mhegg} the carbon bed is pre- wetted
with at | east 50 w % propyl ene gl ycol d on the weight of carbon. 7. The
process of claim1 wherein after the activated carbon has deactivated to a
predeterm ned extent, the carbon is contacted with water containing a basic
catal yst and adsorbed propyl ene oxide is hydrolyzed to propyl ene glycol.

Fig.3.
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