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Oxidation is conducted in a cascade of feactors (not less than two) with a
vari abl e tenperature profile. An aqueoﬂk solution of NHANaCO3 is used as an
al kal i ne agent at a cumene oxidation level of up to 10 - 12% as well as an
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oxidation process. To prevent this situation several alkaline agents such as NaOH

or NaxCO; are taught in U.S. patent 3,187,055 as useful. U.S. patents 3,523,977 and

3,907,901 teach that bicarbonates of alkaline metals - NaHCO; and KHCO;z can also

be used as alkaline agents to remove phenol.

In US.S.R. Authors Certificates 858313 (application 2843504 priority dated

November 27, 1979) and 567723 (Application 2134382 priority dated May16, 1975),

a dry oxidation (non water-emulsion) process using neutral ammonium salts of

organic acids such as ethyleneiaminetriacetic acid, napthenic acids, a fraction of

Ci0-Cis fatty acids as well as (NH.):COs to speed-up the rate of CHP accumulation

and yield is taught. Judging by the examples, said ammonium salts are used to

obtain high levels of cumene conversion (above 20%).

In the conventional scheme of water-emulsion cumene.oxidation, aqueous
NaCOs solution is added to each cascade reactor according to US patent 3,687,055.
To reduce the rate of consumption of soda, a recycle water-salt stream which
contains Na:COs and NaHCO:; is added into these reactors. This regycle is
consistent with the teachings of the patent which notes that NaHCOs can be also
used for neutralization of organic acids. In fact, cumene oxidation occurs in the
presence of Na;COx»-NaHCOs . A simplified scheme of the prior art wet oxidation
process is shown on Fig. 1. The description of this process is given below for a
better understanding of the improvements of the present process and the process of
the prior art.

In the prior art process the oxidation is carried out in a cascade of reactors (2
and more) as shown in Figure 1..



In the conventional schene of water-enulsion cunmene oxidation, aqueous
Na2CO3 solution is added to each cascade reactor according to US patent
3,687,055. To reduce the rate of consunption of soda, a recycle water-salt
stream whi ch contains Na2CO3 and NaHCO3 is added into these reactors. This
resycle is consistent with the teachings of the patent which notes that
NaHCO3 can be al so used for neutralizat?.on of organic acids. In fact,
cumene oxidation occurs in the presence of Na[err]CJerr]- hthIIerr] A
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where cumene is contacted with an aqueous Na,COs /NaHCO; mixture and the
aqueous stream containing formed phenate goes to biotreatment through
secondary settler IV.

Treatment of reactor (oxidizer) feed to remove phenol is accomplished in
secondary settler IV with fresh water through 6 and off-gas condensate through 7
from condenser V. Treated mixture through 3 from secondary settler IV is added
into the first reactor (A) in cascade and a stream comprising cumene and cumene
hydroperoxide passes through reactor A and then into the other reactors (B, C and
D) through 14, 15 and 16, respectively in a series flow operation. The level of
cumene hvdroperoxide introduced into each subsequent reactor is greater than the
level in the preceding reactor.

Oxidation in the cascade reactors {A, B, C and D) is carried out at a
temperature which in each successive reactor is lower than the temperature in the
previous reactor. CHP concentration from one reactor to the next goes up, thus
obtaining 15-40 wt% at the outlet of the last reactor. At the higher CHP
concentrations vields drop precipitously.

A part of the treated aqueous sodium carbonate solution through 8 from
reactors A and B is removed from the process through treater IV and sent through 9
to biotreatment and another part flows through decanter III and 10 as recycie to
treater IV and then to reactors A, B, Cand D.

A stream of off gas from the reactors is added through 11 into condenser V
to condense cumene and water entrained with air.

Cumene selectivity in the prior art wet process is about 92.5-93 % mol under
optimum conditions at a cumene conversion 20-22%.



the CHP concentrator Il through 12 are treated with alkali (NaOH) from 13
to renove phenol, and then directed through a settler VI and to secondary
settler IV, where cunene is contacted with an aqueous Na[err]CJerr] /
NaHCJ err] m xture and the aqueous stream containing fornmed phenate goes to
bi ot reat nent through secondary settler |1V. Treatnment of reactor (oxidizer)
feed to renove phenol is acconplished i7" secondary settler IV with fresh
wat er through 6 and off-gas condensate through 7 from condenser V. Treated
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reactors A caB bonate sajtsgontent in the aqueous from the oxxdxzer, the followmg equipment
is required:
A simple isocratic pump/detector instrument such as DX100 Ion
Chromatograph supplied by Dionex Corporation, Sunnyvale, California, US.A.."
An ion exclusion column such as Jon Pac ICE AS1 supplied by Dionex.
An anion micromembrane suppresser.
A micromembrane installation kit such as supplied by Dionex.
An autosampler accepting septum sealed vials which at no time are open to
the atmosphere such as a Gilson Model 234 Autoinjector, Alitech Model 570
Autosampler or a Dionex Model AS 3500 Autosampler.
A peristaltic pump (4 to 10 ml/ min range) for the suppresser with tubing
and connectors such as Model 77120-10 from Cole-Parmer.
A chromatographic data system and integrator.
The foliowing materials are needed.
Tetrabutylammonium hydroxide available from Aldrich Chemical Co.
Heptaflorobutyric acid available from Aldrich Chemical Co.
The tetrabutylammonium hydroxide is diluted to 40% by volume in water
or 1 molar in methanol and stored free of atmospheric COz. A helium sparge has

been found to keep the diluted tetrabutvlammonium hydroxide free of air and
atmospheric CO,.



A streamof off gas fromthe reactors is added through 11 into condenser V
to condense cunene and water entrained with air. Cunene selectivity in the
prior art wet process is about 92.5-93 % nol under optinmumconditions at a
cunmene conversion 20-22% As far as chem stry and technol ogy are
concerned, the prior art process of water-enulsion cunene oxidation is
characterized by the followi ng paraneterts: 1. Uses Na[err]CJerr] as an
"al kaline protection”. 2. Recycles water-salt streans to all reactors. 3.
Washes the reactor feed to the first reggfeqr With fresh vvaéler (vvatfe][
condensate) and recycles t wat er: organi ¢, st.ream fr.om oxi dati on of f-gas
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the prior art process is typically converted to 80-100% sodi um bi car bonat e
by neutralization of organic acids (Table 1). These neasurenents are nade
by ion exclusion chromatography. To anatagoatiBlgpimfor formate, lacetate,
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C 8.48 4350 1460 4137 243

D 8.50 4660 1550 4120 222

Experiments with cumene oxidation in the presence of NaHCOs and a
comparative experiment with NaCO; gave a surprising reduction of process
selectivity by 0.5% abs. in case of using NaHCO; (Fig. 2).

In Figure 2, curve X is based on data points from water-emuision cumene
oxidation with Na;COs and curve Y is based on data points from water-emulsion
cumene oxidation with NaHCOs. The substantially equivalent mol % selectivity
shown in figure 2 is unexpected as NaHCO:; is a salt of a strong base and a weak
acid, has a pH value > 7 (~8.6), and thus should not favor the reaction of acidic
CHP cleavage to phenol and acetone. Phenol in the composition of oxidation
products from the above reaction inhibits oxidation with reduction of both reaction
rate and selectivity.

In addition, the presence of the oxidation products of phenol which is a key
process inhibitor results from incomplete neutralization of organic acids, i.e.,
formic and benzoic acids. This incomplete neutralization is caused by the fact that
the formic and benzoic acids are organic acids which are primarily found in the
organic phase and NaCOs and NaHCO: being salts are primarily in the water
phase. With the acids in the organic phase along with the oxidation producgs,
neutralization proceeds slowly because (i) of low Na,COs and NaHCO:; solubility
in the oxidation products; and (ii) the poor neutralization reaction of organic acids
with NaHCO3 if it proceeds at all.

In the present invention, it has been discovered that the injection of
ammonia into the process described above in an amount at least stoichiometric to
the amount of byproduct organic acids, e.g. formic acid, benzoic acid, etc.,



An ani on m cronenbrane suppresser. A mcronenbrane installation kit such as
supplied by Dionex. An autosanpler accepting septum sealed vials which at
no time are open to the atnosphere such as a G |son Mddel 234 Autoinjector,
Al ltech Mbdel 570 Autosanpler or a Dionex Mdel AS 3500 Autosanpler. A
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stage process is also effective in multi stage processes as well.
Preferred embodiments described hereinafter have been found which
magnify the beneficial effect of the mixed salt resulting from NHj injection on
process performance. However, although these preferred embodiments provide
superior results, these are not meant in any way to detract from the basic discovery
of the improved results from the mixed salt formed in situ by the injection of
quantities of ammonia into the cumene oxidation process whether it be by injecting
the ammonia at more than one point in the process, in an aqueous recycle stream or
into an aqueous sodium carbonate stream to form NH,;NaCOs and/ or directly into
the oxidizer vessels. There are many instances where the preferred embodiments
of the present inventive process can not be installed but improved performance of
- the existing process is still desired. Such instances may be limited financial
resources, space limitations, regulatory restrictions, etc. In these instances the
replacement of prior art neutralizing agents with gaseous ammonia will pay
handsome dividends and embodies the present invention in its broadest sense.
A preferred embodiment of the present invention shown in Fig. 3 consists of
cumene oxidation which is conducted in a cascade of reactors (more than 2) in two
stages, Stage [ and Stage II, as shown within the dashed lines, wherein the
oxidation at the first stage (Stage I) is carried out in reactors A and B to a cumene
conversion by weight of less than about 18% preferably from about 10 to about 18%
more preferably from about 10 to about 15% with the use of mixed salt NH;NaCO:.
This mixed salt is preferably formed in situ by injection of NH;s through line 28 into
line 10 which carries the aqueous sodium carbonate solution from decanter III to
secondary settler IV. The NHi:NaCO:; forms almost immediately. The amount of
NHs is at least stoichiometric to the organic acids in the stream. At the second
oxidation stage, (Stage II) the cumene conversion attains the value of over about
18%, preferably from about 18% to about 30%, more preferably from about 18% to
about 25% and only fresh aqueous Na;CO:; solution is fed into reactors C and D

(Stage II) through line 4. Thus, at different stages of cumene conversion, various
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NaHCO3 (Fig. 2). In Figure 2, curve X is based on data points from
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treated with NH. through line 27. The amount of added ammonia is stoichoimetric

to the amount of the formic and benzoic acids determined by chemical analysis. To
monitor the completeness of neutralization of this mixture after mixing with NHjs

(stream 33), the pH is maintained within the range 8-10. Such an ammonia

treatment eliminates any penetration into the oxidizers of strong organic acids

along with recycle streams or losses of CHP in the form of CHP salts since the

ammonium CHP salts are not formed which is in contrast with the formation of the
sodium salt at the treatment of CHP with NaOH.

The results obtained are demonstrated by examples 2-3. For comparison we
show as example 1 a prototype which is representative of the prior art process with
the use of Na:COs and recycle water-carbonate solutions.

The present invention improves the yields of cumene from the wet oxidation
process, improves process selectivity, reduces the level of phenol in the process
streams and more effectively neutralizes the undesirable formic and benzoic acids.
These surprising improvements result from replacing the neutralizing agent in the
treater with NHiNaCO;, neutralizing the organic acids in the condensate from the
reactors overheads, changing the reactor feeds to a two stage cascade system from
the single stage cascade system of the prior art and controlling pH of the recycle
water-salt streams within a narrow range.

Brief Description of Drawing



neutralization proceeds slowy because (i) of | ow Na2CO3 and
Na[err]HCO err] solubility in the oxidation products; and (ii) the poor
neutralization reaction of organic acids with NaHCOJ err] if it proceeds at
all. In the present invention, it has been discovered that the injection of
ammoni a into the process descri bed above in an anmount at | east
stoichionetric to the anmbunt of byproddct organic acids, e.g. formc acid,
benzoic acid, etc. neutralizes these undesirabl e byproducts and,
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(1) the in situ formation of NHiNaCOs from the NaHCO; by NH; addition which
neutralizes the organic acids, such as formic and benzoic acids, inhibits their
formation and increases the cumene hydroperoxide yield

(2) the cascade of reactors are configured in two stages, the first with a lower
cumene conversion is fed with a recycle carbonate stream and the second with a
higher cumene conversion is fed with a fresh carbonate stream and no recycle
feed in one embodiment.

(3) in a preferred embodiment, the fresh carbonate and water stream is added to
the reactors in the second stage with a higher cumene conversion as a counter-
current flow to the oxidate feed stream into the reactors

(4) NalNH,CO;, formed in situ from NaHCO; when ammonia is added to the
recycle, more effectively neutralizes formic and benzoic acids in the recycle than
does either NaxCO; or Na HCOs alone or together as practiced in the prior art
process of Figure 1;

(5) in a preferred embodiment ammonia is injected into the processbefore treater
IV at two different points in the process, into the gas condensate from the
condenser V and into the aqueous sodium carbonate solution from the decanter
Ir;

(6) in yet another embodiment the pH of the recycle water-salt streams is
maintained preferably between 10 and 12, and more preferably between 10.5
and 11.2; and

(7) measurement of levels of carbonate and bicarbonate are determined by ion

exclusion chromatography analytical techniques.



I nto an aqueous sodi um carbonate streamto formNH err]Na[err] CJ err]
and/or directly into the oxidizer vessels. There are many instances where
the preferred enbodi nents of the present inventive process can not be
install ed but inproved performnce of the existing process is stil

desired. Such instances may be limted financial resources, space
limtations, regulatory restrictions, e#c. In these instances the
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A, B CandD reactors or oxidizers which oxidize cumene to
cumene hydroperoxide

1 CHP concentrator which raises the level of
cumene hydroperoxide in the outlet for reactor
D to the minimum level required for feed to the
cleavage section of the phenol plant.

I decanter which removes the aqueous phase |
containing carbonates and salts from the
organic product stream

v secondary settler (treater) which prepares the
feed for reactor A

v condenser which condenses the offgases from
the reactors A, B, C & D and recovers cumene
and water

A%t settler which separates the aqueous and organic

phases for recycle to the treater IV

Since the wet oxidation process is well-known to the skilled artisan, the
prior art process of Figure 1 will only be described as appropriate to teach the
improvements of the present invention



al kaline agents are used i.e. NH4ANaCO3 in reactors A and B (Stage 1) and
only fresh Na[err]CJerr] in reactors Cand D (Stage I1), wthout recycle
of aqueous streans. Preferably, in reactors Cand D (Stage Il), fresh water
(wat er condensate, stream 26) is added as a counter-current to the reaction
oxi date. NaHCO err] forned in the reactors of the second stage is renoved
fromthe lower part of the reactors alemg wth water stream separated from
oxi dation products in the settler Il and is treated inline 10 with
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to the firskyge estetsthe Yoagem of\/e\.&t:ﬁli-éé&&g%l@ Qhd O @rddyOHAG 19, 8¢ 31 fgom

ff h,line 27.  The
grmu%f1 SofC Oggd& g%?r‘r‘r%h?gﬁ?é‘vésr? W ﬁ};gygl,\@”nfg &ﬁé’xﬁﬁﬁfﬂ@e‘&fw‘f‘ﬁéﬁ’fﬂ@rm ¢ and
benzoi ¢ ac |CH§19@étaéﬁirﬁth@d>l‘9dueﬂq@lfrpuaﬂahanahsess wactbo Anbmihedowehpoxtiomp| et eness

of neutral iReeyl0Ba®onhtd WwhithXd H{eeaq%feéﬁ la%xxﬂnrlgea%xillv Md Fhidh 1(1§lturd§§‘m 3).
the pHis mai nt an ammonl a treat

d wi r.an
el i m nat es "BHy'T @@gg’ﬁ"d{"i‘ H%F?ﬁrg’ %‘t’ﬁlﬂaﬁ '?é’r‘g the reactogh ¢ §r§éﬁ‘ichaC| ds al ong
wi t h recyclthrasighdiness. oThd wsbagaonic [y don tati higng FCH By cﬂfmﬁdl%r&a]nt;mxsme”sce t he

ammoni um ClaRsaakd froal Pea%? A Q{rgg%)’i@é ?&b td B tjhgn ?%%ﬁh%htﬁh d fifoloL e i on
of the sodi alt_a treat ul t's” obt ai ned
are demonsttheh é&“b? és&%& '8, F’She &’Gﬁﬁ%“l"é‘dﬁ"%éhe“ leaves D through line

17 to go to decanter IIl. The aqueous layer from reactors A and B recycles to

recycle loop 18 of treater IV through line 8. The aqueous layer from reactors C & D
recycles to decanter [II through line 19. The decanted organic layer of decanter III
containing about 15-36% by weight CHP goes to CHP concentrator II through line

20. Product CHP with an assay of about 82% CHP by weight goes to the phenol

plant cleavage operation through line 21. The remaining organic portion in CHP
concentrator II recycles to settler VI through line 12. An alpha-methyl styrene

stream containing cumene from another part of the phenol process is also added to

line 12 through line 2. Fresh cumene is similarly added to line 12 through line 1

along with aqueous sodium hydroxide through line 13. From settler VI the

aqueous layer is recycled to the recycle loop 18 of treater IV through line 22. The
organic layer is recycled directly to treater IV through line 23 along with the

aqueous layer from decanter III through line 10. Spent aqueous carbonate is

removed from recycle loop 18 of treater IV through line 9. The overhead spent air

from each of the reactors A, B, C and D is collected in line 11 and recycled to

condenser V. Non-condensables are vented through line 25. Condensate recycles

to treater IV through line 7. Water is added to treater IV through line 6.

In Figure 3, these same key pieces of equipment with the same identifying
designators are shown. Lines having the same numbers as in Figurel are
unchanged. However, the new lines needed or old lines rerouted in order to
practice the improvements of the present invention will now be described in detail.

Recycle carbonate containing NH.NaCOs which is the aqueous layer in
treater IV enters the top of only reactors A and B (Stage I) through line 5. Fresh
carbonate solution in line 4 and water through line 26 enter only the top of reactors



show as exanple 1 a prototype which is representative of the prior art
process with the use of Na2CO3 and recycl e wat er-carbonate solutions. The
present invention inproves the yields of cunene fromthe wet oxidation
process, inproves process selectivity, reduces the |evel of phenol in the
process streans and nore effectively neutralizes the undesirable formc and
benzoi ¢ acids. These surprising inprovéffents result fromreplacing the
neutralizing agent in the treater with NH err]NaCJ err], neutralizing the

organi ¢ aci@sand D (Stegecihndtiensg lend 4.0Thd &ﬁuft@z@?f&hﬁﬂﬁweﬂfbﬁ%?ﬂhrf@{lgi ng t ge
Cyetom of - thath QDR ARE o EAR KA ISR The Cfficni of WeealufeC 7o °
streans wi tifiprgy empuval. ridvigprevenisdhe Organid impuritiesffrdin awtaripg reactdrs €i gure 1
i s a procesmd hqStagh AYr WaLe is RoPadd@d ﬁi&eéﬁ; Ir\ﬂx‘éﬁixgﬁ(%rgﬂ (Nigiﬁj ﬁ;ag%gu!tgi g” a0
Comparing SHveiroRE)iEE 22 0u FE R IO MERSer tin e it lne ms pripioninss © O
enpl oyi ng Nefreedipely end pffigirntidaie0tfadicey theRirganic a@ds $n theprondessaté from di agr am
of the wet taxio@aidsefrbieretétoR A BiORNE Wf&ﬁiiégwe@mso%&s SR Shiuke
present inventi t o nmake cumene, hydr oper oxi de nventlvg_asgscis of the
i nproved m@?nﬁﬁﬁgﬁf‘? BrEAIOrdsinghe %F@'ﬁ‘? LR, PespdHed impurities are

readily removed for disposal in the spent carbonate layer of treater IV through line

9 after passing through reactors A and B (Stage I). In line 10 the ammonia rapidly

forms NaNH.COx which further enhances neutralization of organic acids in the

aqueous laver of treater IV.

Since Figure 2 is merely a graphical representation of data points, the

previous discussion of Figure 2 is a sufficiently detailed description.

) The temperature ranges in the reactors given in the examples and the

number of reactors do not limit the scope of this invention. Temperature ranges

- and the number of reactors are not critical to the practice of the invention since the
improvements are applicable to any prior art wet oxidation CHP.
Simulation under laboratory conditions was carried out with cumene of
99.9% puritv.

EXAMPLES
EXAMPLE 1 (for comparison)

The laboratory unit for studying the oxidation process employed a reactor
made of stainless steel, of 300 mm height and of 30 mm inner diamster, and a
continuous feed supply unit. In order to measure the temperature, a thermocouple
temperature sensor was installed along the height of the reactor. The reactqr
temperature was controlled and stabilized by the temperature controller
PROTERM-100. An air sparger, Shott filter, was installed in the lower part of the
reactor. The pressure was controlled by the manometer installed at the reactor
outlet. The air fed to the reactor was measured by a flow meter. The unit
providing a continuous feed supply of the hydrocarbon phase includes feed vessels
which are joined in series and a glass burette for measuring the feed consumption



are: (1) the in situ formation of NH err]NaCJ err] fromthe NaHCJO err] by
NH err] addition which neutralizes the organic acids, such as formc and
benzoic acids, inhibits their formation and increases the cunene

hydr operoxi de yield (2) the cascade of reactors are configured in two
stages, the first with a | ower cunene conversion is fed with a recycle
carbonate stream and the second with aii gher cumene conversion is fed with
a fresh carbonate stream and no recycle feed in one enbodinent. (3) in a

preferred esbasl aenmicroliesihp @ing al ROAQic®ua Rkt Elt stbdiRavas nadldegsiy 0 t he

reactors i €5 Wi [ r . C [ a count er -

current 11 oeiv D § R 3hAN Mol IR SUFP ARG HEE S FRafer oo,

formed in $thage isrginemHBOreRr | when anmonia is added to the recycle, nore

effectively neutwnén ﬂﬂ&yf%ﬂﬁb%ﬁﬁ@r%ﬂdﬁi@ PEIcESs inMhé RRctREYsha8e bha@n does
S

orior art. GrIvERal e cafadp arar sdpd yBietitadt, FOIRATRe MR ARk s
injected i meect@hétemmm@b@d@ed wziémtsdying the provediig éne was upsl st sfeed. t he

process, into timhigaansslePRoviabe te’ QM S48t 60A5IR RS ehe Mbaroiytba dfhigiorgueous
sodi um car boEglt solution fromth in yet another

_ ne decanter 111 (62!_ _ _

embodi ment FHhYAFESR UL GUBSHE o °é‘r‘-nsaa‘iat°‘ca§{erdé§nr§ $¥8%Sngi nt ai ned

preferably betwdhe okidiaedfetd forstdd yimgehp peidatiablpyodess inckhe {6t reacindwhi . 2;

and prepared by mixing pure cumene and the recycle cumene produced from the CHP
concentration stage in a ratio of 1:3. The oxidizer feed which was produced was
treated with 3% aqueous sodium hydroxide solution and 3% aqueous solution of
sodium carbonate and sodium bicarbonate, and then washed with water and
separated from the water. The oxidizer feed prepared in such a way had pH=7 -
and the following composition, wt%: cumene - 99.06, AP - 0.043, DMBA - 0.17,
CHP - 0.72.

When studying the prior art water-emulsion oxidation process in the
laboratory the process parameters corresponding to those of a commercial unit
were maintained. The mixture of fresh 10% aqueous sodium carbonate solution
and water recvcle carbonate were mixed and used as a water-salt feed stream.



(7) neasurenent of |evels of carbonate and bicarbonate are determ ned by

I on excl usion chronmat ography anal ytical techni ques. To be certain there
is a clear understanding of Figures 1 and 3 of the drawi ng, the follow ng
is a detail ed description of these figures. Figure 1 is a process flow

di agram of the major process streans and pi eces of equi pnent usually

enpl oyed in a cunene wet-oxidation pr6@éss of the prior art. Conpressors,
punps and ot her mnor equipnent itens are omtted. In this prior art
process, reactors A, B, C and D are tThable2i di zers in which cunene is
oxi di zed to cunene hydroperoxide. In each successive reactor, the CHP

cont ent imcreases—fromapout—7==8 MW or to
about 15-136 weight _perceht in the last rObdt TAGEt hough four reagtors are

shown t he ppyditb64radbtes €aCt OF & Wil | swary f{@m P tg. 6 jor sore| Sgmcelonly a
smal | pefcent of cumene js oxidized tp CHP ih each freactor|the process is

replete \ SPEIOr ACRIH| ngPaftort clritpActoBnl grad%e | dr awi ng
w1 firgdtTempeastdel>C t he Key.2pi ¢qg2y of | equi pnepd.s shoves as fpéd ows: (A, B, C
and D r,eactors or oxi dLzersiwhi ch bxidi ze{cunenel t o cuntpe hydhoperoxi de

Pressure . . 3
| ] Y€ CHP concedtrat ¢ which’rai ses’the llgvel of | Sumene

hydr oper gebaiesion_t he outllet fod reactor

Selectivity, mole%: 91.8 92.9 92.8 92.7 92.6 92.5
Cumene conversion. 54 9.0 13.2 16.4 19.1 219
mole%

CHP 6.3 10.7 15.7 194 22.6 259

concentration wt%

Weight ratio of water- | 3.3 3.3 31 0.5 0.4 0.3
salt phase to organic

_phase.

Material balance:

Inputs to the process Outputs from the process
fresh cumene 215 gr cumene 621.58 gr
recycle cumene 645 gr DMBA 13.40

AP 232 ¢gr

CHP 222.7 gr
EXAMPLE 2

The study of the oxidation process of the present invention was carried out in the
same way as the prior art process described in Example 1. But in this secored
example the first stage of the process (the first two reactors of the cascade) used
treated recycle carbonate solution. This solution contained 0.7 wt% of sodium
bicarbonate and was treated with the aqueous ammonia solution (Swt% of
ammonia) in an equimolar (1:1) ratio to sodium bicarbonate (water-salt solution
A). A mixture of 0.7% aqueous sodium carbonate and water-salt solution A ina
ratio of 1:1 was fed to the third reactor of the reactor system (1+ stage) as a water-



Dto the mninumlevel required for feed to the cl eavage section of the
phenol plant. 111 decanter which renoves the aqueous phase
cont ai ni ng carbonates and salts fromthe organic product streaml|V
secondary settler (treater) which prepares the feed for reactor AV
condenser which condenses the offgases fromthe reactors A B, C & D and
recovers cunene and water Vi settler which separates the
aqueous and organi c phases for recycle to the treater IV Since the wet

oxi dati on ?)ﬁrlb&BéOﬁl-sA\?\élq sepprhptage of the pykidsh e dast thrga reackrs pf ther  art
process Of cdscde)®.7% WhéoBWoMilif cADRA IR Hish ARPHEI Wat?® Wae f&REItHENE
|nprovenents.o& t he Presigt |nqu%%ont -9- Fresh carbonate sol ytion
(Na200B i nONiERHPY reastaryq Lhe faq plethe dynterrsalbsalutign e oreanis phase § SWRE and D
t hrough |i ireTable@xygen, preferably as air encircled with oxygen enters the
bottom of each reactor A, B, C and D through lines 29, 30, 31 and

Table 3
Stage 1 Stage I
1 |2 3rd 4t 5th 6t
Process parameters reactor | reactor { reactor | reactor | reactor | reactor
Temperature °C 107.2 102.7 99 95.3 93 92
Pressure, above atm. 5 5 5 5 5 5
Selectivity, mole % 93.3 94.0 94.2 93.9 93.8 93.7
Cumene conversion, mole % 5.3 8.0 13.2 16.3 19.0 21.8
CHP concentration 6.3 10.7 15.7 19.4 22.6 25.9
Weight ratio of water-salt 3.0 2.8 2.6 0.7 0.6 0.4
phase to organic phase
Material balance:
Inputs to the process Outputs from the process
fresh cumene 215 gr cumene 625.2
recycle cumene 645 gr DMBA 104
AP 1.7 gr
CHP 222.7 gr
EXAMPLE 3

The study of the oxidation process was carried out in the same way as the process
described in Example 2. But in this third example the recycle aqueous carbonate
solution containing 0.7 wt% bicarbonate was treated with an aqueous ammonia
solution in the mole ratio 1:2. The data obtained are shown in Table 4.



32, respectively. Fromtreater IV through line 3, the oxidizer feed

conpri sing cunene and ot her products of oxidation enters reactor Ain the
| ower portion. Recycle carbonate which is the aqueous layer in treater |V
and which includes the inpurities previously described enters the top of
the reactors A, B, Cand D through line 5. The wet organic |ayer containing
CHP, cunene and inpurities cascades fitbmreactor A through line 14 to B
then fromB through line 15 to C and then fromC through line 16 to D. The
wet organic |ayer then | eaves D throqgghg%ne 17 to go to decanter IIl. The
aqueous |l ayer fromreactors A and B recycles to recycle |oop 18 of treater
IV throughline .8 . The aqueaus layer fromreactors C & D recvcles to
decanteril !l through line 19{ The deggatfed organic | aggpe@f decarjter |11
cont ai ni RNg about I5-36% by wer ght CHP gOgsS to HP copcentrator T1f through
line 20. {Product CHP with an|assay}|of abput 82% CHP py wei ght godgs to the
phenol plant cl eavage operati®h thtadgh |Bhe 214" Thej #enmai hé*hg orjgani c
portion progég)p&%&&gt rator Leagtgr_c - Fela§§r %a&@:“ l'eg&orv rega&o JgebctJnJ ﬂ? 12. An

al pha- mefhyt—styrene streanmtontarnr g cunmene T o apother{part—df the
phenol p pesating °5| 5o added | A4 | nd0292 {18 0ugh%dnel B Eredh cugene is
siml arlypadadedadoQe kikne 12 thsough|{ki ne 1sal ongsw t hj{ aqueous sodijum

hydr oxi d¢ _Through [ ne 13. Fi seffler ) he eofl ayer. 1s rijecycled to
t%e recy r%@PEépme*bﬁ-tLea+\g“,v 4 BEbueh ?Pc g%g T*ii]'XA%fc ! ye¥ is

AAVAY L Lt

L2 2 T . T 9
recycl ed| dumestdoyvetsaunt melatier | BY t hieagh | iha 28143 ong19 t h| et¥ aqueous
| ayer fr¢ er Ll throtgh |ine,10. nt | agueous, carbonate i s renoved
Ial:ﬂ’ecgl%xtltmpgn }"L c? v i %pj Rbicme g %‘@

from recycte-toop to-of—tTeat oyt e—S: Te-overtead—spent air
from eacT"Yﬁght tatio plgaitrors A, |BC C ard D i{3®col |€ted|PA |inBi11 ahd
recycl ed {tRBase to organic phase.

(

Material balance:

Inputs to the process Outputs from the process
fresh cumene 215 gr cumene 621.1
recvcle cumene 645 gr DMBA 9.65

AP 1.55 gr

CHP 2227 gr



condenser V. Non-condensables are vented through Iine 25. Condensate
recycles to treater 1V through line 7. Water is added to treater |1V through
line 6. In Figure 3, these sane key pieces of equipnent with the sane

i dentifying designators are shown. Lines having the n S .as i

Fi gurel are unchanged. However, the new |ines neededsl??glaSh }‘Htg%re Rl ‘fﬁgut ed
in order to practice the inprovenents of-the present |Hl | now be
described in detail. Recycle carbonate containing NH e ichis
t he agueouspleayfim:i N treater 1V enters the top of only reactors A and B
(Stage 1) through line 5. Fresh carbonate solution in line 4 and water
through line 26 enter only the top of reactors Cand D (Stage 11)

t hrough |ine 4. TTh&ndmpntwedoqenocess forf produoingwatmemet Hydoopdrokiglzdtyosdd 8fdn
scrubs the GaseRer@ifl 2 WREAUAANLD BHRISibE WO pRIdutel SizRR iRl Lad dRMGILY.

renmoval . This prevents the organic InpuritieS fromentering reactors
D (Stage | |5YPQduess whergig the i grrvesant apprises AnjesHng IONTE &PPYPRE3ts added
to line 7 tleaststdichiometid toothd atrunit o€bifrodacborganiciaeiis?8. In line 7 the
amoni a i nedi atgel @;?qu f G ral NAeS:.t i i in the
condensat e frquShZho f cgsfassdé?@%?nx\?%g%’thégésﬁ% 1@?&}%@%%%%&@3{%; gﬁsm' ng
wat er - sol ubtesiamfarbenate srlutopand ferses MiGN COsaci ds in the organic stream
the;e unvvalnt ed immf épicﬁéss&ffflﬁiﬁalﬂw?]érléi@rmwwegGfor@hﬁi&(a&ai sduﬁ fbhﬁicsgent
carbonate r of treater |V thp ing 9 after passing through reactors
Aand B ( st 28grpier by Rnexctionanisateeabhy i g y

4. The process of Claim 1 wherein the oxidation is in a first and second

stage.

5. The process of Claim 2 wherein about 10 to about 18 percent by weight of
the cumene is converted in the first stage. '

6. The process of Claim 4 wherein fresh aqueous Naz CO; is fed only into
the second stage.

7. The process of Claim 6 wherein the fresh aqueous Na, COs is fed
countercurrent to the oxidate stream.

8. The process of Claim 7 wherein water is added along with the fresh
aqueous Na, CO:s.

9. The process of Claim 4 wherein the NH; is injected into a recycle aqueous
stream from the second stage.

10. The process of Claim 4 wherein the NHa is injected into recycle aqueous
streams from both the first and second stages.

11. The process of Claim 9 wherein the pH of the recycle aqueous stream is
controlled between about 10 and about 12.

THIS SHEET HAS BEEN.
REPLAGED
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forms NaNH err]Cq err] which further enhances neutralization of organic
acids in the aqueous |ayer of treater IV. Since Ifh,gg“eg;gsgénﬁ@,ﬂaegw a

graphi cal representation of data points, the prev ' of Figure
2 is a sufficiently detailed descrlptlon The teﬂﬁmmg &E éw in the
reactors given in the exanples and the nunber of limt the
scope of this invention. Tenperature rafiges and the number of reactors are
not critical to the practice of the invention since the inprovenents are

applicable to amy Nmé’dhoarotf WiRdr-61 LR @in&addRbxidhtion Bid eldcatdsireh@bmr at ory
conditions _wa EXAMPLE 1

oot o etk i B alich 0r SRR A o Rea b h et en L e By s v

enpl oyed a preditioef thadeidationtcanmprising sxiditing efcuspnedenchitregm ianfirssndo mm

Itgne; rglt 3?§é&rnd%a;g$@h@@m wmeuﬁstfs@@gbre Bhy\qmNacd)@;s?dhldl%ger@ll;ﬁﬁgsg[] e the
, u nsor. was a e al on e

heiort Cof " aket R I R o the S BPR 2k iRt Bt Prre b

stabi | i zed hlysirmpmomdnpeaauﬂmeecom«iraloh@tf BROTEERNIOLO08 parceat by syeigidemd Shot t

filter, ebh&gm 8 Nded, %vm r@aﬁahmmmﬂgeheﬁﬁtaerdm Ebfprea@é@ Hlof Vas

controlled man ter | nst al t the [eactor outlet. The air fed to
t he reactort xidgHer g %“BW??W‘BW%‘{ PPerpife At YRR PRNEFSIPLBRES nuous
feed suppl yhad abdn.a Byeranabboveiphiase i ncl udes feed vessels which are joined

'n series and a1g! 368 nRUAEE bECTAh RRRElaldd%s LEEH CAIRMRRIER 0 the
cumene feed stream in the second stage.
14. The method of Claim 12 wherein the aqueous NH, Na CO; is formed by
adding NHs to the neutralized acid by-products of the second stage.
15. The method of Claim 14 wherein the oxidation produces an off-gas

which is concentrated in an off-gas concentration unit which recycles off-gas
condensate to the reactors after neutralization by NH,.

16. The method of Claim 12 wherein a water-salt feed into the first stage
reactors has a pH within the range of about 10.0-11.5.

17. The method of Claim 12 wherein the first stage reactors are maintained
at a temperature of from 95 to 105°C and the second stage reactors are maintained
at a temperature of from 90 to 100°C.

18. The method of Claim 12 wherein the method includes an oxidation
products concentration unit and fresh cumene treated with alkali metal hydroxide
and recycle cumene from the oxidation products concentration unit is added to the
first stage reactors.

19. The method of Claim 12 wherein the method includes an oxidation
products concentration unit and an alpha-methyl styrene hydrogenation unit and
fresh cumene treated with alkali metal hydroxide and recycle cumene from said
units is added to the first stage reactors.

20. The method of Claim 12 wherein the aqueous NH.Na CO:; is obtained
by adding ammonium hydroxide to the neutralized acid by-products of the second
stage.
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as well as a mcrodosing punp. The aqueous water/salt stream was
continuously fed via a separate snmall dosing punp. The weight ratio of
aqueous to organic phase is given in Table 2. Wen studying the prior art
oxi dation process in the reactor cascade each reactor of the cascade was
studi ed subsequently. For studying each subsequent reactor the oxidate
produced whil e studying the precedi ng elffe was used as a feed. This exanple
provi des the conparative data of the |aboratory test of prior art

wat er - emul si on oyneR xﬂé&hgatolf@alhmfw@@?&ﬁ% &&?Mrﬁa&t&@s an - sgap' di zer

feed for Stugéh t he oxi dation grocess In I rst’ reactor wa repared
by mi xi ng p¥ ﬁ%‘ﬁ@“gﬁf? t‘ﬁémr‘g 6§89 @‘EE%%%F%‘GM‘H‘ facyeies pd-gesp

concent r at i @adshsge to theaeidbisafet néu&ah%ﬁmdm ghrenidmégduiide was pr oduced
was treated w th,3 %

sol ution of sod%mqﬁcgﬁﬁ%ﬁggéﬁgé H{s%%?(%‘m | car %ﬂng{at@é}aﬁﬁ% eeno@ggg ed with
wat er and §@E§W§t@@ HHHAhe water. The oxidi zer feed prepared in such a

way had pH=7 an@3t I"[Q\ef:ﬁédh@biﬂdﬂgilﬁﬁﬂp@ﬂieﬁ'élﬁﬁhe Bkidatien iR ducd. iIQGxidiFer
0. 043, DMBA rior, art water-emulsion

oxi dat i on prec‘?(sie(el andﬁ}(‘}ﬁgﬁl‘%b%?%?%\gve‘fivem8¥E’Eeg%xégﬁﬁgﬁ?%?lérs corresponding to
t hose of a commercial unit ver e mal ntal ned-"The m xture of fresh 10%
aqueous sodi um car bonate-sf iy
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and wat er recvcle carbonate were m xed and used as a water-salt feed

stream -12- Table 2 ONE STACE Process paraneters st 2nd
3rd 4t h 5th reactor reactor react or react or react or
reactor Tenperature C 107. 2 102. 7 99 95.5 93
92 Pressure 5 5 5 5 5 5
above dtni. Selectivityv, nole% 91.8 ~182. 9 92. 8 92.7 92. 6
92.3 Cunene conversi on. 5.4 9.0 13.2 16. 4 19.1
21.9 nol e% CHP CUMENE: . 15. 7 19. 4 22.6
25.9 concentration w% Wi ght rati c%ngA\fégagr ?Rocggg 3.3 3.1
0.5 0.4 0.3 salt phase to organic phase. Mterial bal ance:
| nputs to the process Qut puts fromthe process

ABSTRACT

Greater efficiency in a water-alkaline emuision cumene oxidation process
using a cascade of reactors is obtained by splitting the reactor cascade into 2 stages
with the first stage utilizing NH,NaCO:; as the active carbonate in the stage
containing less than 18% by weight cumene hydroperoxide and using Na:CO; as
the active carbonate in the stage containing more than 18% by weight cumene
hydroperoxide. By directly injecting ammonia into a recycle stream organic acids
are efficiently neutralized. A counter current water wash of the second stage also
increases process efficiency by scrubbing out unwanted impurities. Control of pH
in the process improves efficiency and reduces impurity levels.

Figure 3



fresh cunene 215 gr cunene 621.58 gr recycle cunene 645 gr
DVBA 13.40 AP 2.32 gr CHP 222.7 gr EXAMPLE 2 The study
of the oxidation process of the present invention was carried out in the
same way as the prior art process described in Exanple 1. But in this
second exanple the first stage of the proqg%s (the first two reactors of
the cascade) used treated recycle carbonate™solution. This solution
contained 0.7 wt% of sodi um bi carbonate and was treated with the aqueous
anmoni a sol ution (5m¢@6§f anmoni a) in an equi nol 1) ratio to sodium

bi carbonate (water-sgltwsolution A). A mxture o [eypqueous sodi um
carbonate and water-galg solution Ain aratio o

reactor of the reacter system (1st stgzg ~F-E.
solution. At the se{ﬁ@ tage of the grocess 5 &34 three reactors of
t he cascade) 0. 7% aqueous sodi um carbgnate sdg : esh water were
fed to the oxidation reactors. The ratfi o of & sol ution and

organi c phase is shown in Table 3. Taljle 3 3\
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St age |

Stage Il 1st 2nd 3d
4t h 5th 6t h Process paraneters reactor reactor reactor
reactor reactor reactor Tenperature [err]C 107. 2 102. 7
99 95.5 93 92 Pressure, above atm 5 5
5 5 5 5 Selectivity, nole % 93.3 94.0 94. 2
93.9 93. 8 93. 7 Cunene conversi @y,3 nole % 5.3 9.0 13.2
16. 3 19.0 21.8 CHP concentration 6.3 10.7 15.7
19.4 22.6 25.9 Weight ratio of water-salt 3.0 2.8 2.6
0.7 0.6 0.4 phase to organic phase Material balance: Inputs to the
process Qut puts fromghee ppocess fresh cunene 215 gr
cunene 625. 2 recycle cunene 645 gr DIVBA
10. 4 AP 1.7 gr CHP 222.7 gr EXAMPLE 3
The studv of the oxidation process was carried out in the same-way as the
process described in %xanple 2..But inthis third exanple the recycle
aqueous carbonate sol gti on containing 0.7 W % bi carbonate was treated with
an aqueous ammoni a solfution in the nole ratio 1:2. The data obtained are
shown in Table 4.
ELECTIVITY
{MOLE
PERCENT) "
7.0  Tr— T
-
96.5 - . Y
L . '
-h
960 Lememmmmpueeny r r Y ?
4,5 5.5 6.5

CUMENE CONVERSION
(PER CENT)



-14- Table 4 Stage 1 Stage |1 1st 2nd 3rd
4t h 5th 6t h Process paraneters react or

react or
reactor reactor reactor reactor Tenperature C 107. 2
102. 7 99 95.5 93 92 Pressure, above dtm 5
3 5 5 5 Selectivitv. nole. % 93.7 94. 4
94.7 94. 29 94.1 94 Cunene conversion, nole, % 3.3 9.0
13.2 16. 3 19.0 21.8 CHP conggntrati on wt % 6.3 13.7
15. 7 19. 4 22.6 25.9 Weight ratio of water-salt 3.0 2.8
2.6 0.7 0.6 g 0.4 organi c water Mat al} bal ance: Inputs to
t he process g CQutputs fromthe proc unene 215 gr
cunene = 681.1 recycle cdpe DVBA
9.65 AP ? § 1.55gr CHP .7 gr
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W claim A 1. An i nproved proces for producing cunmene h &W&!&E%SB@ET
oxi dation of cunene in a water-al kaline enul sion via oxyg ont al ni ng
gases whi ch produces organic acids as undesired by- producksi werRoy Hv¢
| nprovenent conprises injecting NH err] in an anmount at | ejsk
stoichionetric to the anount of byproduct organic acids. Hre—-process
of Claiml wherein the NH err] is inj ec%?ng I nto an aqueous sodi um

!

car bonate gt utliedm and forns NH err]NaCd err]. 3. The process of Carml

wherein the level of g ga hfév@&'];g:o%‘%lst sof %fr@@ch.ﬁgd@h?éri@ H?grgﬁei‘&&de
excl usi on ¢hromat.ogr.aph. procegs of erein t'he oxidation

isina fir¥ BEdeddednat s?‘éfbeéle %n & ¥R eﬁr%%)%aslsmc?f eﬁu FP2 Viber&rf¥Sbout
10 to aboutcorgajaivgngabys wehith Rifodusesc oreRBic sachidm c3e cendepived fhyest

fstgge | 6. pro®cREOGREScDh hal mﬁ%&éﬂtncém@l@@?u@ﬁ@&thﬁéeﬂﬂ QQ%&{] ] is
ed only i e C ergin the
fresh aque(%ngmhg[ ae?ﬁ]ce%ager ri lo%‘egr(l:g{}ﬁ% g?%uarqfozlr# ?gtgjﬁ)e O(%(lwg cglgg eam

8. The priséé€$s of Claim 7 vvhereln wat er i s added al ong wi-th the fresh
aqueous Na[err]Cderr].
2. The process of Claim 1 wherein the NH, is injecting into

an agqueous sodium carbonate solution and forms NH,NaCO,.

3. The process of Claim 1 wherein the level of organic
acid salts formed is determined by ion exclusion chromatograph.

4. The process of Claim 1 wherein the oxidation is in a

first and second stage.

5. The process of Claim 4 wherein about 10 to about 18
percent by weight of the cumene is converted in the first stage.

6. The process of Claim 4 wherein fresh agqueous Na,CO, is
fed only into the second stage.

7. The process of Claim 6 wherein the fresh agqueous Na,C0,

is fed countercurrent to the oxidate stream.

8. The process of Claim 7 wherein water is added along
with the fresh aqueous Na,CO0,.

9. The process of Claim 4 wherein the NH, is injected into

a recycle agueous stream from the second stage.

10. The process of Claim 4 wherein the NH, is injecting into
recycle agueous streams from both the first and second stages.

11. The process of Claim 9 wherein the pH of the recycle
agqueous stream is controlled between about 10 and about 12.

RER O



9.  The process of Claim4 wherein the NHerr] is injected irjt RERLAGESMESIT eSHEET

aqueous stream fromthe second stage. 10. The process of d aijm{Z WTErer™N

the NHerr] is injecting into recycle aqueous streans from botjh ”2?3];»{;@% %
and second stages. 11. The process of Caim9 wherein the pH 4f {the @C
[~ 1.2 JAN

aqueous streamis controlled between abbut 10 and about 12. .
met hod of wat er-enul sion cunene oxidation in a cascade of reagtors

1
i
}
!
§
1

-4

grml oyidng ai rfaiﬁt.heAsng@@'chi @KY%B_e@anﬂ_s{il%F r&ﬂé@i@ﬁ&%q ; TR g diT
y-products,_q e _pxidatiaon conprising oxidizing nene_feed streamin a
first and S8EGA e.s?ag?ée%teorré“:i r?mngogﬁré? %JTrstaSstzcgg?esgld%%o%% mgeerl?r ]aﬁgca err|

i s the neufedtiralhgebent 29nt atei @i priatraosivet g motth dhex | ettitdad oof
cunene to cRPBEsySrepeTi@ingdeaaturerlfeee soAvaN Siroa 6f rbessnd haroabout 18

percent by i.ght 1‘3?9 Jn e co a [e r ' he.
neutral i zats\ié%ﬁgagvén_ “or ggi drisrge bggr,%dg%ta?%f r%‘%%let eseoéll{ff}aat%l(%n lcﬁ é:trjlr?ene to
cunene hydPEHEFBXi BERA2IeEuhBRe PYIBROART S threR sBsue*udrtierceft by
wei ght . 13.cukheenei hodend hgdabped@xideneian cvatee donvaddbon of less than
about 18 percent by weight and in the second stage Na,C0, is the
neutralization agent for acidic by-products from the oxidation of

cumene to cumene hydroperoxide at a cumene conversion more than

about 18 percent by weight.

13, The method of <Claim 12 wherein water is added
countercurrent to the cumene feed stream in the second stage.

14. The method of Claim 12 wherein the aqueous NH,NaCO, is
formed by adding NH; in an at least stoichiometric amount to the
neutralized acid by-products of the second stage.

15. The method of Claim 14 wherein the oxidation produces
an off-gas which is concentrated in an off-gas concentration unit
which recycles off-gas condensate to the reactors after
neutralization by NH,.

i6. The method of Claim 12 wherein a water-salt feed into
the first stage reactors has a pH within the range of about 10.0-
11.5.

17. The method of Claim 12 wherein the first stage reactors
are maintained at a temperature of from 95 to 105°C and the second
stage reactors are maintained at a temperature of from 90 to
100°C.

18. The method of Claim 12 wherein the method includes an
oxidation products concentration unit and fresh cumene treated
with alkali metal hydroxide and recycle cumene from the oxidation

products concentration unit is added to the first stage reactors.

T
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countercurrent to the cunene feed streamin the second stage. 14. The

nmet hod of Caim 12 wherein the agueous NH err]NaCJ err] is formed by addi ng
NH err] in an at |east stoichionetric amount to the neutralized acid

by- products of the second stage. 15. Tg met hod of C aim 14 wherein the

oxi dation produces an off-gas which is“Concentrated in an off-gas
concentration uh?t wheHn cPELIGHM gasvierfien§he engtrachdneéngedran af t er
neut ral i zadtioradiynNbE€dudts ¢bncditerarabhoshinf afliaimeighavhesiyl acyedey - sal t
feed into ﬁ)%}ﬁrcrden%tt ghagﬁ& eéﬁéogéﬁ}? c@mefﬂé V{!xie*a't@dt Q?tﬁagﬂﬁai’{ Aoy 10.0-

11.5. 17. erein the first ge reactors are
mai nt ai ned¥droxidenprt FEGYEL WS/ T SaiéE}{ré‘rtrs] 32 éﬁ&efih"eo sbeohtrst age
react ors astagwmirebaicned. at a tenperature of from90 to 100[err]C. 18. The
met hod of Claim 12 wherein the net hod i ncl udes an oxi dation products

concentration unjt d fresh tr d wi.t h_al kal i dr oxi de and

recycl e cunene ffom ﬂ?}% “5"%?‘83 S‘dﬁgt ecr(?r}éleﬁ ?aatquc?ﬁ’uﬁnﬁ{i 1\1% Cadded to

the first gbta}@e;deagtqﬁd;ng ammonlum hydroxide to the neutralized acid by-
products of the second stage.
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17 19. The nethod of Claim 12 wherein the nethod includes an oxidation
products concentration unit and an al pha-nmethyl styrene hydrogenation unit
and fresh cunene treated with alkali netal hydroxide and recycle cunene
fromsaid units is added to the first stlgtge reactors. 20. The nethod of

C ai m 12 wher ei n%-he BrueestsofiHperdljaNaCOp evrdrdis phe aigtdbdyingddiag an
amoni um hygdrexikdent Prddie cResdsdd zed 1361 ¢h ity an@r2dHESa Mediia seFALKE
stage. 21. Tr&e met hod of Cléeu md12 V\hqlrelur;n tnhe 9xlLda |0£1w2rgg]l{m§s an o{f-gas
whi ch is cONCERBFREEHCT nuBh of1< ghES TbncEit a6/ Thni F* ki 2H 3 et yBFEa

of f - gas coldersxidetand hecyebe tcwmengf fram gaid ralitsats éddpg wamibai fiwst

hydr oxi de. s22geTheagedbhod of Cl aim 12 wherein ion-chromatograph nonitors
and controls the oxidation. 23. The nethod of Claim1 wherein the oxidation

i's conducted in oxidizer vessels and the NHerr] is injected directly into
t he oxi di zer vesfe| g The method of Claim 12 wherein the agueous NH,NaCO, is

obtained by adding ammonium hydroxide to the neutralized acid by-
products of the second stage.

21. The method of Claim 12 wherein the oxidation produces an off-gas
which is concentrated in an off-gas concentration unit which recycles off-gas
condensate to the reactors after neutralization by ammonium hydroxide.

22. The method of Claim 12 wherein ion-chromatograph monitors and

controls the oxidation.

23. The method of Claim 1 wherein the oxidation is conducted in oxidizer
vessels and the NH; is injected directly into the oxidizer vessels.
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