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| nproved process for the production of phenol and acetone

from cunene The invention concerns an inproved process for the
5 producti on of phenol and acetone wi th oxidation of cunene W th
subsequeft cl eavage of cunene hydropergxide in a reactor with an

. acidic catalyst and distillative Separation of the reaction products.

Al existing proggsgggafongthe production of phenol 10PCT?Eﬂ9@?§596§ from
cunene consi st of the foll ow ng nost | nportant steps:

oxi dation of cunefprévesUpesce by dfepetRXi feod&tPlon of ph@noﬂ'éﬁd'béét@ﬂeOf
t he oxidation products and production of the technical CHP, 15
3. acidic cleavage of the CHP and ofréhecdnsréhyl phenyl - car bi no
(DMPC) contained therein to give the end . products phenol, acetone
and [err]-nethyl styrenehé AMention cOncBENt'h! 82 éi@@e@f %9@e§§'§bf the

catal yst and separati ng off of the salts Tromthe reaction
products, 29 Prodepeichi 60 PRENGUr hhd Catéeondfwibl $£884t 08nPHLAYERENE
As a rule, the research with regard to the process for the production
of phenol was cawitkdsabseqtiéhttbbeavage obf ectiméte tiedt opepoehdat infaonly
one step of the process. One has thereby not attenpted if possible 25
si nul taneously tveacpooveitheasedeidivicgtakyetgynd distithhativeristic

val ue and certainty of the process. The
separation of the reaction products.

A1l existing processes for the production of phenol
10 and acetone from cumene consist of the following moét‘
important steps:
1. oxidation of cumene to cumene hydroperoxide (CHP),
2. distillation of the oxidation products and production
of the technical CHP, |
15 3. acidic cleavage of the CHP and of the dimethylphenyl-
carbinol (DMPC) contained therein to gi?e the end
products phenol, aceténe and X-methylstyrene (AMS),
4. neutralisation of the acidic catalyst and separating
off of the salts from the reaction products,
20 5. separation and purification of the reaction products.
As a rule, the research with regard to the process
for the production of phenol was carried out with the
object of the improvement of only one step of the
process. One has thereby not attempted if possible
25 simultaneously to improve.the selectivity, energy
characteristic value and certainty of the process. The
most important characteristic value is the steam

consumption.



nost inportant characteristic value is the steam consunpti on.

Si nce the main anobunt of undesired by-products is formed in the step
of the acidic cleavage of the CHP, nost researchers observe, in the
first pl.ace, precisely this step. In the course of the cleavage of the
5 technical CHP, which contains t he_geactive DWPC, chem cal

reactions occur which lead to the |loss of end products and to the
formati on of dlfflcultly utilisabl e waste products, . the so-called
phenolic tars. Since the maip PWﬁHPFaﬁ? BPﬂ?éiFSH 8y - Pﬁ@d§§¢écﬂﬁV|ty
10 of the process is the |eId of able y products, cially of
[err]-nethylsty eﬁ@eéAwB) ﬁsSF§PkH§ wheaRgi HePe ﬁﬁVBSehﬁngB@n dto

cunene or isolated, direct] t he |nc&easing

o he vi el 4 of BARE, TeREPECHEES shoeliR0uy shesfaret: paacs, precise
selectlon of thggﬁgnﬁgghtlo oghghgoh?ggtbgntggd E%g?ﬁﬁs SF t&ghemcal

variants). the reactor type and € heat

B e e R T
that the catal ykbgctionsPberakt #BEcAl 184HPREr kheatbds Wi 6Rdi prededtas
and to the formation of difficultly utilisable waste
products, the so-called phenolic tars.
The most important criterion of ﬁhe selectivity
10 - of the procéss is the yield of valuable by-products,
especially of ®-methylstyrene (AMS). As is known, AMS
can be hydrogenated to cumene or isolated directly as
product.
For the increasing of the yield of AMS,; there are
15 various possibilities:
a) selection of the composition of the reaction medium
(chemical variants).
b) choiée of the reactor type and nature of the heat
removal (technoiogical variants).
20 c) combination of the chemical and technological
variants. |
Our investigations have shown that the catalytic
properties of sulphuric acid, which is used as
catalyst, in the phenol-acetone reaction medium chénge
25 by a multiple by the formation of strong bridge bonds
between the phenol molecules, as well as between the

phenol and acetone molecules, by the change of the ratio



catal yst, in the phenol -acetone reaction nediumchange 25 by a nultiple.
by the formation of strong bridge bonds bet ween t he phenol nvol ecul es,
as well as between the phenol and acetone nol ecul es, by the change of
the ratko . -4 of phenol - acet one and
by add¥tion of an inert solvent, -{such as cunene. The change of the
activity of the catalyst is also not less strongly influenced by

vat er £ PRI anl ) AL DR A, S

wat er : cumene: si a gad to q ative changes

catal ytic proDgdieSsloduin MITHE URARNGE the RANVIYY BYiuHB as Lhe

anal ysi s of our experinenta data show, which is illustrated in Figs.

1, 2, 3. ‘catalyHies® H1HY frotante hanaemgdly i IRatdd Dby Mhter.
i constants of the CHP cl eavage are connected in that great changes of
the catal ytic activi tGon¥iddig ond PRUNar Gyl ratiod A gHeaard idedtdime:
mul ti conponent sol uti on. These phenonena denonstrate the changeover
from one t & anaidterr : cumerespar lgthuadEicalacsitd leatdiadd yqualti isst ivequadstngss of
the 15 change over froma superstrong (magic acid) to a weak
cat al yst. Her efoforhbter e atadgrtsitcandaiples ttiles grfedathis muldiffdommonsnt in t he
selectivity in the various patents and technol ogies in which the
conposi ti on of nesetigarmesiium, asygdiaanal ysighgld outh exparidentalls of AVS
amount to 20 _ about 40 - 45%of theory in the case of a reaction
medi um of an efAtfolshov Which drs gHdiditratedda diigs. 1, 2, 3.

These sighificant changes of the reaction
10 constants of the CHP cleavage are connected in that.great
changes of the catalytic éctivity of the sulphuric acid
take place in the multiéomponent solution. These
phenomena demonstrate the changeover from one to another
type of catalyst. Actually, it is a question of the
15 change over from a superstrong (magic acid) to a weak
catalyst. Herefrom are understandable the great
differences in the selectivity in the various patents
and technologies in which fhe composition of the reaction
medium is changed. Thus, the yields of AMS amount to
20 about 40 - 45% of theory in the case of a reaction
medium of an equimolar mixture of phenol and acetone
(RU 1,361,937).
In the process according to US 2,663,735, where
a large excess of acetoné is used and the mole ratio of
25 aéetone:phenol is 5:1, the yields of AMS do hot exceed

55% of theory.



(RU 1, 361, 937). In the process according to US 2,663, 735, where
a l'arge excess of acetone is used and the nole ratio of 25

acetone: phenol is 5:1, the yields of AMS do not. exceed. 55% of theory.
- 5- - In the process according to RO 63,168, as reaction

o

medi um éne al so uses an equi nol ar mi xt¥re of phenol and acet one which
contains up to 20 w.% of cunmene. In this case, the yield of AMS

amounts to about 60% Qi the prikR@sY daccording to RON 634 6¥,0G8S T eAGAH NY
to RO 1,563, 181, the reacti on nedi um contai ns an excess of acetone of

20% and ofley ilim @nd%adfsoC wgere anl @R qiuin®1@as &i xithe ey io¥ phehoAMand

al ready anounts to about 70% of theory. 10 - I'n the processes
accordi ng to t hacegiomet whii8h containa54p/Tb @0d WS 75 oE3@uinethe .t hdnyi el ds of
AMS reach about 80% of theory. In these processes, one uses a
reacti on medi umthiisci¢asent &ities ydeldo of0 AMS. ¥moumtise tana@bout 60% wdfl e ratio
of acetone:phenol = 1.5:1. At the sane tine, 15 one uses for the process
a nmix reacter ak@e@ryubul ar reactor. It is stressed that the '
above-nentioned yield of AVB was achieved on the | argest operating
pl ant . Ond o8 BEOCKESs eCOTSing & RO éoﬁﬁ@vgélbnt%ﬁe
Patents US 5, 254, 751 .and US.,5, 520, 166 in the Patent _ 20 US 4,358,618 jn
the case of a cufas&EiognMe ugfcaat@&ns an excess of acetone of 20% and

only 1 to 2% of cumene. In this case, the yield of AMS
already amounts to about.70% of theory.

10 In the processes according to the patents US
5,254,751 and US 5,530,166, the yields of AMS reach
about 807 of theory. In these processes, one uses a
reaction mediﬁm which contains up to 20 wt.% cumene and
a mole ratio of acetone:phenol = 1.5:1. At the same time,

15 one uses for fhe process a mix reactor and a tubular
reactor. It is stréssed that the above-mentioned yield
of AMS was achieved on the largest operating plant.

- One obtains the success which is achieved in the

Patents US 5,254,751 and US 5,520,166 in the Patent

20 Us 4,358,618.in the case of a cumene content of up to
15 wt.% and equimolar ratio of-phendl to acetdne (mole
ratio acetone:phenol:cumene = 1:1:0.23). In this Patent,
:one uses a combination of a mix reactor and two tubular
reactors. The composition of the feaction mixture in

25 all reactors thereby remains constant but one uses a
differing temperature range: in thé mix reactor 50 -

90°C, in the tubular reactors 120 - 150°C.



15 wt. % and equinolar ratio of phenol to acetone (nole ratio

acet one: phenol : cunene = 1:1:0.23). 1In this Patent, one uses a
conmbi nation of a mx reactor and two tubul ar reactors. The
conposition of the reaction mxture in 25 all reactors thereby remains
const ant” but one uses a differing tenperature range: in the mx
reactor 50 - 90[err]C, in the tubsdar reactors 120 - 150[err]C.

- 6- . The results of our investigation and the anal ysis

of
t he patent data show t : . . C. n | are
addi tional 'y int roduce@ﬁ% n’{%'q%ﬁ%'p% &JIF Zfaﬁél)%%%%nmar}% #Hr%o%%%éfor
the selectivity of #i€ patent BHESSs éﬁa@%q@:{r?oﬁiﬂ’@-of Afe O¥ne

. . . and
i nvesti gations showed, the conbination o above- nent | oned ?actors

i's very inportandumdiddBlwhidheamPtddaig {BN£11¥ snrSduced into the
acet one: phenol : cunene: water, and a correct choice of the reactors for

which this rati aeatstidie oied iy N, inpertad® fof the debedOivioy dbheche
cl eavage of CHP and a tubul ar reactor for the cleavage of dicunyl
per oxi de (DCP) gubcess HIMPAs Inptaldeqidird s ksl duncinwes higapssmd | onal
technol ogi es, the conposition of the reaction nmedi um which is
characteri sed byshdwedptthaiomhinatiodn of allb above-mentioned factors
acet one: phenol : cunene: water, is practically constant in the m xing up
and tubul ar reackt®reery important, Qianglni righe opfslayemolar Healelo of
ascertai ned t hat .
acetone:phenol :cumene:water, and a correct choice of the
reéctors for which this ratio must be maintained, i.e.
10 a mix reactor for the cleavage of CHP and a tubular
reactor for the cleavage of dicumyl peroxide (DCP) and
DMPC. 1In all patents and functioning operational
teéhnologies, the composition of the reaction medium,
which is characterised by the optimum mole ratio of
15 acetone :phenol :cumene:water, is practically constant in
the mixing up and tubular reactors.
Surprisingly, however, we have ascertained that
the composition of the reaction medium in the above-
mentioned reactors must clearly differ from one another
20 in order to achieve a high selectivity and, at the same
time, a minimum amount of by-products (see Examples 2 -9).
In the practical process for the production of
- phenol and acetone, not only is the selectivity of the
process extremely important but also the amount of the
25 formed by-products, such as mesityl oxide (MO) and
hydroxyacetone (HA), which make difficult the separation -

of the products and significantly increase the energy

consumption.



t he conposition of the reaction nediumin the above- ment i oned
reactors nust clearly differ fromone another 20 In order to achieve a
hi gh selectivity and, at the sane time, a mninmum anount of

by- products (see Exanples 2 -9). In the practical process for

t he proWduction of phenol and acetgne, not only is the selectivity of

t he process extrenely inportant bUfT al so the anbunt of the 25 forned
by- products, such as nesityl oxide (M) and hydr oxyacet one (HA), which
make difficult the seiphtlerdn, in thé sbeverpduehss anonsi godkinant!y

I ncrease the energy _consunption.

-7- réfgahdrod, thihstseatdoot phifants, ohe owokraesearch woehgard of
this state of affairs. As our research works have shown (see Tabl e
1), the opti muntedadshovns(ser Takle 1), yhe| eptimpmiconditbenshfor the

m ni m sation of the, anpunt of 5 the above-nentioned by-products do _not

coi nci de. Thus,yield qg %%%ea%§c§9¥th%dméRE@%ﬁﬁEh?%IP@ Fﬁ%taﬁpﬂéﬁpéfature
i ncrease in the te erature [ ; whi ch s re omended %Ee Pat ent
US 4, 358, 618 Eh%h T%%W5}°ﬂ$ t%YePB? PenoF - %8%?6%@9 *whi-eHs»

contalns 15 wt . % of cunene desired |ncrgase of the

content of MC of®up@ve aSC%BP%%ﬁg%pﬁ%pqﬂ+@eﬂgﬁ%gyt 2t BnttHReBAEUAGNd, in
al | prochéﬁggeég the ¢ é“?%@ﬁ#%gfﬁPgrﬁ%ﬁgggwﬁfcﬁ”QQQVagggﬁ?ﬁnded of

the yield of AMS TS ac |eve an on t her

concentration of, M3,4Spst Rt fh§aR3yg! §£§A5Che equimolar mixture of

phenol-acetone, which contains 15 wt.% of cumene, brings

10 about an undesired increase of the content of MC of up
to 750 ppm. This means that, on the one hand, in all
processes in the temperature increasing an improvement
of the yield of AMS is achieved and that, on the other
hand, the concentration of MO is significantly increased

15 (see Table 1). Since, in all processes, strict require-
ments are placed.on the MO content in the phenol
(é 10 - 15 ppm), with régard to the optimisation of the
process, not only from the point of view of the yield of
AMS but also from the point of view of the minimisation

20 of the portions of the above-mentioned by-products and

admixtures, is extremely important.

Table 1
the characteristic values temperature, °C
100 120 140
yield of AMS+, % of theory < 70 73 78
mesityl oxide (MO), ppm 124 319 751




15 (see Table 1). Since, in all processes, strict require- © ments

are placed on the MO content in the phenol (< 10 - 15 ppm), wth
regard to the optimsation of the process, not only fromthe -point of
vi ew of t-he yield of AMS but also fromthe point of view of the
mnimsdtion 20 of the portions of tge above-nentioned by-products and
adm xtures, is extrenely |nportant Table 1 the characteristic
val ues temperature [err 100
120 140 Theyydeddopf $ igp akeneﬁrym Fig.78 of the7Batent 78

mesityl OX|de (N(» gg 124 319 751
-8- . : %h §Péﬂ§ of AMS is taken fromFig. 1 of the Patent

US 4, 358, 618 Erocesg ﬂ@tg hi h acetone content_in the
reaction medi um as |ﬁntﬁeP§8F8 PsviEnongE t8ﬂ8 cogtepf inigherg7. one

00 . et rAbASh SRERLIRHLEE 2ol B
Slgnlflcant5 Us fnfbgyZ?z 8H2t58ﬂ1§9e5h3 8&9?? aagoncentrgolghg

above- nenti oned st ép process trom 1 ron up
o o e g e ente e, e et
i's : - amounts of by-products present lead to a significant '
energy consumption in the process.:
In all above-mentioned steps of the process from

10 the oxidation up to the isolation of the end products,
chemical losses of the end products occur whereas about
75% of the energy consﬁmption of the whole process is
assigned to the step of the rectification of the cleavage
products of.CHP.

15 In addition, a considerable amount of energy is
needed in order to concentrate the diluted CHP produced
in the cumene oxidation step to the desired content for
the sﬁpply to the CHP cleavage step. Since the
conversion of the cumene in the oxidation step in the

20 oéerational procésses amounts to 15 - 35%, because the
selectivity of the oxidation reaction decreases
strongly above 35% cumene reaction, the oxidation
products obtained are conéentrated. The concentrating
is carried out in several steps in order that the

25 residual content of cumene in the technical CHP obtained
amounts to 1 - 2 tol10 - 15 wt.%. Due to the needed low

conversion of cumene in the oxidation step, there thereby



assigned to the step of the rectification of the cl eavage products of
CHP. 15 ‘I'n addition, a considerable anmount of energy is

needed in order to concentrate the diluted CHP produced in the cunene
oxidation step to the desired content for the supply to the CHP
cleavagé/step Since the conver5|p@_of the cunene in the oxidation
step in the 20 operational processes anobunts to 15 - 35% because the
selectivity of the oxidation reaction decreases strongly above 35%
cunene reaction a¥hesxdtaadditional energyteonsumpriten afer coeent rat ed.
~The concentrating Is carried out in several steps in order that the
25 resi dual corﬁ%ﬁ’ﬂr%?l%n‘é‘?}eth?\ YiHee 3 @eafhi eememg i BhR oF R CHP  for gileint s

tol- 2to 10 - %  Due t Ihe n eded | ow, conversi on of cunene
in the oxidatiorf$ %ﬁﬂu?%%r%sﬁ cumene into the oxidation step.

-0- I

of the unreacted oo [FoIR THD %&%314 STPSHRELbAEL ! %’ﬁ%%%’q%?é%? ﬁ“pﬁ?ﬁ%‘é' of
i nt h ' |-

ggggpieelngeos o@%?ﬂég%ﬁi% d| Sil? Of?%@;&?é o?rpi%ﬁ&ene in gt:‘ ep? in

the case Qfade %W%xﬁﬁ’éh’é‘rédﬁbp% 1iR% P 0PISSAYFas d to achieve

a conplete reaction of 1t of cunene e steam consu t|on t her eby

amounts to 1.2 té&hﬁv@@f@mﬁmﬂ:@freactloﬂk@fcyn@r@f CAMER . | NThdCsteam
technlcal CHP of 1 -

consumptlon thereby amounts to 1.2 t/1 of phenol and of
the cumene content in the technical CHP of 1 - 2%.

10 We have ascertained experiméntally that, at this
step, besides the main steam consumption, side reactions
of CHP to DMPC and to acetophenone.(ACP) also occur.

The amount of these by-products increases to 20% in the
case of a residual content of cumene of 1 - 2 wt.% in

15 technical CHP. The increaéing of the cumene content in
the technical CHP to 10 - 15 wt.% reduces the chemical
losses to 8 - 10%. The investigation carried out of the
influence of cumene on the stability of CHP has shown
that it is possible completely to exclude the thermal

20 cleavage of CHP at a concentration of cumene of over
20 wt.7% in the tecﬁnical CHP.

As our researches and calculations have shown,
the energy consum?tion in the concentration step sinks
to about 70% and amounts to 0.95 t of steam/t of phenol

25 when thé cumene content in the technical CHP increases |
to 25 wt.%. At the ‘same time, the chemical losses of

CHP are practically completeiy suppressed (see Table 2).



10

W have ascertai ned experinentally that,
besi des the main steam consunpti on,
to acet ophenone (ACP) al so occur.

i ncreases to 20%in the

at this st ep,
side reactions of CHP to DWPC and
The anmount of these by-products

case of a residual content of cunene of 1 - 2

W.%ih 15 technical CHP. The incr @gi ng of the cunmene content in
the technical CHP to 10 - 15 wt. % reduCes the chem cal | osses to 8 -
10% The invegiégﬁéign carried out of the i nfluence of cunmene on the
stability of as” shown that it is possible conpletely to exclude
the thermal 20 <cleavage of CHP at a concentration of cunmene of over

20 wt. % i n t hgtechmcat—CHP: AS_Our resgarches and
cal cul ati ons hawe simpent of CHP bh@ Enénepeasorsfunhd i on |i mtehe coasapttioat| on
step sinks cuienen linuthe7 686tmidal 1o umditent cof) DEBEC tandf| sinetind tconéentirenol 25
when the cuneneigbuiesnCHR,nwtife t ecpnACRIinCEl® icnocedses ation oft the®xid- %6 At
t he sane t§ne,[the—chemcal—tousses| otation of CHP are pr @it Firo efely
suppressed (sde (@bl e 2) .cumene gxidation proc.iucts t steam/t phgpo
Tabl e 2 The content of CHP pndn % ofickheaBEX®Fetjhe st eam consunpti on
cunmene in the ftechnical content of DMPC and 1in the [concentr- '
m xtures CHP, (w980 ACP 1nOthe cpncent- 28tion of the oxi §-28
rati on of the ation products |[n CHP cunene oxi dat} on
products t stleaBBtOphenol0.0 10 in %ot2the mixfure
93.0 1.0 20 1.20 88.8 10.D
The increasing of the content of hon-distilled off
cumene in the technical CHP reduces the chemical losses
and the energy consumption in this step but makes
difficult the carrying out of the homogeneous acidic
15 cleavage of CHP. - Therefore, the use of a cumene
concentration in the technical CHP of above 10 - 12 wt.7%
was not recommended by the researchers and operators of
this process, although in the patents cumene contents
of up to 20 wt.% were mentioned.
20 The key problem of the use of high cumene -
concentrations in the step of the acidic cleavage of CHP
is, namely, the sure carrying out of this step. Without
solution of this problem, the carrying out of the process
in a medium with increased cumene content leads.to the
25 results:

accumulation of non-cleaved CHP in the reactors and
explosion insofar as the heat evolution in the case of
the.cleavage'of CHP of 1600 kJ/kg (380 kcal/kg) is

equivalent to a temperature increase to 700°cC.



10 - 73.0 25.0 < 0.5 0.95 The
I ncreasing of the content of non-distilled off cunene in the
techni cal CHP reduces the chem cal | osses and the energy consunption
in thi§~step but mekes difficult the carrying out of the honbgeneous
acidic® 15 cl eavage of CHP. Therefote, the use of a cunene

concentration in the technical CHP of above 10 - 12 wt. % was not’
recommrended by the researchers and operators of . this process,

al though in the patefRe &enend pvablemsto be seived is 20shenifhepat
mentioned. 20, . The keg probl em of the use of high cunene
concentr at i onsippreasingepf oFhe nenaEeyi eorfFERREienoin step p§ thanely,
the sure carrying_out of.this.step. Wthout solution of this problem
the carrying SEECBEE PR REtEl” c1orRate anpdne bRt HheRCHBasEtPERREne
content | eads 2 tesulls: .o.accumul ation_of non-cl eaved CHP
in the reactoréggéggt fr t%%%lgg%%ﬁcFn%%?gygésgﬁﬁgéﬁg%§'evoIution'in t he

- case of t he cl gavage P 3 /

equivalentsto a tenpg$%t8§%P$%%$L%§% %gQgﬂg%éggTé.ggrkggh 64t by us

The second probhgi tRake $R! ¥RE %é?ﬁeéfgﬁhéiﬁf‘é?&e?s accbP@iRESERILAL the

energy consunption in the step o ectification of "the cleavage

products when pheo£USEAS the re@QPEESH bR thiSeRsPEYCEoRbYhPEEohNBYEases.

non-removal of the cumene in the step of the concentration
of.CHP is considerably exceeded-by thé energy and

10 operational expense for the separation of the éleavage
products and reéycling into the oxidation step of the
cumene first separated off at the end of the process.
The total cumene must thereby be passed through all steps
of the process and makes considerably'difficult the

15 subsequent purification of the phenol to impuiity
contents of a few ppm.

In the complex process elaborated by use, it is
possible to avoid the above-ﬁentioned disadvantages and |
to obtain an-energy gain for the whole process. The

20 safety in the step of the cleavage is increased with
simultaneous increasing of the selectivity and reduction
of the amount of by-products. Furthermore, it is
possible significantly to reduce the salts in the step
of the neutralisation. These advantages follow from our

25 laboratory investigations which are demonstfated in the

Ekamples 2 - 9 and in Fig. 4.



5 - The anal yses and cal cul ations carried out by us show t hat,

In the case of the process according to the - prior art, the reduction
of the energy consunption by non-renoval of the cunene in the step of
t he concentration of CHP is considerably exceeded by the energy and
10 operiational expense for the separatjsn of the cleavage products
and recycling into the oxidation step of the cunene first separated
off at the end of the process, ~ The total cunmene nust thereby be passed
through all steps Hfouhclipresiciga tiensrdiace cohevrleridhe yrepetienst the

15 subsequent(ggrification of the_phenol to inpurity contents of a

few ppm - ° thher riqrh‘éew?_réa@ ;ﬁ%eer&;ﬁl e??w%%d;%ﬁhs@sdimgg

i possible to avoid_ abave- nenti one i sadvant.ages an p obtain an
elner gy gain for & %ﬁl??ﬁ%s°fl1(ﬂ%€ %P t%aﬁ%t‘fﬂ’ﬁ"?%e"‘é‘f et of I t hte_ -

cl eavage i s incregased. wi . S neous_increasing e, selectivity

and reduction reegg%fo% h e%’fﬁ)uﬁ %ﬁ%}?’p‘}%@%‘{l CE L Pher (r)ribtr"eeﬁqg‘h?g

possi bl e signifi s e ' P ,

neutral i sat igg(;n. eséeé/%\;et nt%ﬁ?&%ﬁ%%?oﬁ%ﬁr S)‘;‘iﬁ‘ oﬁ a %1; a?gbrgﬁgreby

i nvesti gati ons. wWiigihwd £ demonstrated in the Exanples 2 - 9 and in

Fig. 4. -12- ' As our

i nvesti gations have showls, tie fIRAGdWRfolar miMfutdieof PHEES] Ol S ol CUNY!
per oxi de (DCP) and DMPC
: which contains up to 15 wt.% of cumene, ‘the optimum
selectivity'is achieved in the case of a residual content
10 of DCP of O.S'Wt.%, which corresponds to a total loss of
0.5% abs. of the end products -~ phenol, acetone and AMS.
In the proceés worked out by use, it is possible to
achieve, in the mole ratio_phenol:acetone:cumene-='
1:(1 - 0.77):(0.35 - 0.87) in the reaction.medium, the
15 Dbest results with regard to the yields of AMS and the
cuﬁene consumption, referred to 1 t of phenol, as well
as the formation of phenolic tar in the case of a
residual content of DCP of 0.06 - 0.09 wt.%, i.e. in the
case of almost 100% reaction of the DCP, which is not
“20 échieved in other patents. At the same time; we have
ascertained. that the minimum formation of phenolic tar
and correspondingly the best utilisation of cumene is
achieved by non-maximum yield of AMS (see Fig. 4).
' Figure 4 shows that a comparison of the effective-
25 ness of various technologies on the basis of the yield
of AMS is not quite correct and that it is more correct

to compare the effectiveness of the process on the basis

of the cumene consumption, referred to the phenol.



and the cl eavage of CHP are to be carried out in reaction nedi a of
differing conposition. The higher 5 selectivity and the higher
conversion of DCP is thereby . achi eved. Thus, in the

equi nol ar. m xture of phenol -acet one whi ch contains up to 15 wt. % of
cunene, “t he opti num selectivity i-gzachieved in the case of a residual
content 10 of DCP of 0.5 wt.% which corresponds to a total |oss of

0.5% abs. of the end @hoducts - phgnol acet one In the
process morked out byih€erepplts g SQPEIénWSStlgatlQBﬁPeyglcpnaFﬁe nDIe
rati o phenol :

reaction mediu gﬁgﬁgtrf Bbégﬁppégﬁﬂig %Ptﬁlgggé éo g%?hégﬁlel&§t ft ﬁNB and
the . CumencaGERaLTRE! e KETSD! °dik8otvba®tinPRfl0keat O%?letntass of2S Lhe

formati on of phenolic tar 1n restdual

0.06 - 0.09 wt. el c?eabaééh?RMs) o?a§©09fP?h”ﬁ%%h%ﬂQ%hhﬁéﬁh'Q@ hd h%%dDCP

which is not 20 achieved in other paten he sane tinme, we have

ascertainedsthatotbegﬁhnuHU&hEoeaaélem af cahenel tenktdht of 40384.% in
correspondi ngly the best utilisation of cunene is achi eved by

non- maxi mum yi ekHeoRMAVE (Oneeathfevéy. this effect ihi ghee tdchoudgiyhat a
conpari son of the effective- 25 ness of various technol ogies on the basis

of the yield accootiiAlStbsthet igquehe¢ioar bgcthandhahge bf ithemeoapos-r ect
to conpare the effectiveness of the process on the basis . of the
cunene consunpt Lehenr efethedreectlionpmeddum in. the conversion step of
the DCP and by additional introduction of cumene into
10 the neutralisation step. At the same time, under these
conditions, the amount of water dissolwved in.the RMS is
reduced to 3.5 wt.%.
The result is that the process according to the
invention-solves some technical problems by the variable

15 composition of the reaction medium:

1. The effective removal of the sodium salts (Na2304,
NaHS0,, Na phenolates) from the products which are
passed to the separation, which is not achieved in
other technologies.

20 2. The reduction of the energy consumption by reduction
of the content of water in the RMS, thé heat of
evaporation of which (2255 ki/kg (539 kcal/kg) is
significantly higher than that of cumene (326 kJ/kg
(78 kcal/kg)).

25 3. The reliable cleavage of CHP is guaranteed.

4. The high seléctivity in the reactor of the conversioﬁ

of DCP and DMPC is guaranteed, which is not achieved

in other technologies.



- 13- The results of our-investigations, which are

illustrated graphically in Fig. 5 and 6, show that the anount of the
Na[err] SO err] dissolved in the reaction nmass of t he cl eavage (RVB)
of 2000 ppm wi t hout cunene is reduced 5 to 2 ppmin the case of a
cumene’content of 40 w.%in tAR4RVS. One achieves this effect in the
t echnol ogy according to the invention by the change of the conpos-

tion of the rsackhony ferhUgE! pul hey CPYBISEENSLERy Pl ox1de ahle DOP and by

additional introduction of cunene e neutralisation step. At

the sane tine, Unﬁ?&ré%?é@etone 1§Ofgﬂﬁb9@5(séQeT§HPQnB)Of wat er di ssol ved
in the RVS is uced to 3. - The result is that the

process according tOAtﬁiemuplel@dﬁ@&éoafsghvs§pé@ﬂ31lycméﬁékreaobl ens by
the variable 15 conposition of the reaction nmedium

ef fective renoaetangemdrt sbolt ubhsatasryNag esut S6fethé, 1mproved pﬁbbﬁﬁ%err],
Na phenol ates) fromthe products which are passed to the
separation? whighilbusiorabehi tnvellign 7 and desotibkedt tohtbéofiobowidf. 2.
The reduction of the energy consunption by reduction - of the .
content ‘of water in The ¢aBlathenthpredetts are suppli@druiaobhefimbheth
(2255 kJ/ kg (539 kcal/kg) is significantly higher than that of
cunene (326 lelento the apparyews kgh) wheme the qveperafienetekeavage of

CHP is guarante 4. The_high selectivity in_the reactor of -t he
conversi on f%ce %x?ﬂﬁﬁdofmﬁﬁg|%P%%%?&ﬁ?%%ﬂh ihi eassedpbeckehi eved

F'n other tecrw%héghgﬁ'pipe 9 into the oxidation, by the heat contained
- 10 in the oxidation products. The further concentration is
carried out in one or two apparatus 1 B, C, following one
‘another (the second apparatus 1 C is not éhown in the
scheme) by-heat introduced from the outside in such an
~ amount that the cumene content in the technical CHP
15  obtained exceeds 21% but amounts to less than 30 wt.%.

As distillation equipment for the oxidation
products, there can be used the usually employed standard
apparatus (vacuum evaporators with outer- or inner-lying
circulatory evaporators, thin layer evaporators with film:

20 condenser etc.). Independently of the type of evaporator,
there is preferred a cumene content in the sump product
of 26 - 28 wt.%. The technical CMP obtained has the

following composition (wt.%):

CHP 75 - 64, preferably 67 - 65,

25 cumene 21 - 30, preferably 28 - 26,
DMPC 8 - 3, | |
ACP 1.2 - 0.4

DCP 0.5 - 002.



-14- 5. The yield of the by-products nesityl oxide and

hydr oxyacetone i s reduced (see Table 3). A principle schene of
an especially preferred arrangenent for the carrying out of the
inprove%~process 5is illustrated in Fig. 7 and described in the

f ol | ow ng. The oxidation ppgducts are supplied via the inlet
10 into the apparatus 1 A, where the evaporation takes pl ace of a

t of th : Lch i .back t h h_npi 9 into th
Oxi dat i on, by the heatPEoRPRFRERTSE80RS, A% RUPGyi BLET BROpPAUCES. DeTne
furth t ' [ ' ' ; t .1 B, C
Fol 1 oni ng one Eccatly Enaneed, S3pERER08 Lobh BHE Qeghll ABPORTHIR-EAT o
he - by heat it t Spde ¢ .
the curene cont ShE TRSPRe FoEhnPaey CREpPH B Fhe BRqtln. 1, cnBpilla18h
amounts to | essrbhaRodd Whd”are, thereforeASn@ishithliabioroeduePyBRllor the

oxi dati on products, there can be used the usually enployed standard

apparatus (gacuigheyapnedatenposlithofut erheOl imiBatibki BAly refe®isl ¢dl &hary
evaporators, thin [ ayer evaporators with film 20 condenser etc.).

| ndependent |y otohbentypeiohseuvfipehat aimene andtBHPe is preferred a cunene

content in the sunp product of 26 - 28 w.% The technical CW
obt ai ned has the Fotrothewcihgavagposift CHR,( whet®: is usedChHP 75 -
64, preferably 67 - 65, 25 cunene 21 - 30, preferably 28 - 26,
DVPC 8 - gonventional device (see Fig. 7) which consists of not

less than three heat exkchangers (A, B, C) which are cooled
10. ' by the water flowing in the pipes, whereas the CHP and
the circulating cleavage products are present in the
mantle space. The cooling water is supplied via pipe 12
and the concentrated oxidation producfs via the pipe 11.
.In the mixer 13, the oxidation products are mixed with
15 the cleavage products circﬁlatinglin the reactor 2 and
the catalyst. The cleavage of CHP is carried out with
ﬁhe help of sulphuric acid as catalyst, the concentration
of which of 200 - 300 ppm is automatically regulated by
a conductivity measurement apparatus (not shown). The
20 sulphuric acid is supplied via pipe 15 to the reaction
mass pumped around by the pump 14. The cleavage of CHP
is carried out in the medium which preferably contajns
28 - 26-wt.%'of.cumene, at a mole ratio of phenol:acetone
= 1:1. The cumene concentration dan'be varied in the
25 device from 21 to 30 wt.%.
The cleavage of téchnical CHP, which contains the

variable concentration of cumene, in the above-mentioned



ACP 1.2 - 0.4 DCP 0.5 - 0.2

- 15- The concentrations of DVMPC, ACP and DCP can be

greatly changed dependi ng upon the degree of oxidation, t he
tenperature and the pH of the mediumin the oxidation reactors and
are, therefore, not linited to the abol@- 5 nentioned conposition. The
limtation only refers to the concentrations of the cunene and CHP.

For the cl eavagfe®{c&Hs t{ﬁ@n&ﬁgs@ﬂoﬁ the cufi@RYePShPORE, deytFEagsee

Fig. 7) which consists of n I'ess than three heat exchangers (A B
C) which are CQ@mﬁdbcé&&dihgt@@ #9d efof1OWM MY FordbBa Pi pes, whereas the CHP

and the circul ating cleavage products are present in the mant | e
space. The cooling water is suppl%g@ vié.pipe 12 and the concentrated
oxi dation products via the pipe 11°Y * “tcam the nixer 13, the oxidation

products are nixed\MtGEi 2 # he—el-eavage—p+roducts circulating (n)the
reactor 2 and the tatal yst. Pheumdmaivage of CHP is carried out with

t he hel p. of sul phuric acid as catalyst, the concentration of which of
200 - 300 ppm i%hmwifgé.llyepmmat%dthg amounty ebnchet¢ ik eyl aetngr ement
apparatus (not shown). The 20 sulphuric acid is supplied via pipe 15 to
the reaction OoXidmikon pirdpratdutlRl Bihs He. guopthe amoune| ebvile of CHP

Lﬁm(;ﬁ.rer ! S? guﬁmtiregclgrgiteq : g(#ﬁl%]hj\éthmlot% E%f};}ﬁﬁgé yté:o&;eai cnlse'avage “nd £ cihens of
the amount by weight of cumene in the technical CHP.
The carrying out of the prOCess'of the CHP cleavage
10 in the above-described way ensures the stability and |
safety in the case of variable cumene content in the
technical CHP and correspondingly in the case of vafying
composition of the reaction medium which is characterised
by a mole ratio of phenol:acetone:cumene = 1:1:(0.38 -
15 0.61). |
'In the case of ﬁariable cumene content in the
technical CHP, the size of the CHP conversion correspond-
ing to the above-mentioned formula (1) remains constant
and is cqrrected.via the size of the temperature
20 differenceiaTl of a colorimeter 16. which represents a
minitube reéctor which is arranged as shoWn in the |
scheme (see Fig. 7). The CHP conveéersion per passing
‘through amounts to 76 - 88%. 1In the case of a deviation-
from the ratio determined With the formula (1), the
25 signal;ATl corrects via flaps the flow-through amount of

the cooling water in the reactors 24, 2B and 2C.



= 1:1. The cunene concentratlon can be varied in the 25 device from?21

to 30 wt. % The cl eavage of technical CHP, which contains the
vari abl e concentration of cunene, in the above-nentioned

- 16- ~ device is, depending upon tf; cunene content, carried out
according to the following fornmula: ~-77 _ 480 x (Jerr]
Jerr] = (1) . % cunene 5
wher eby Cierr] r epr esBme scoimze abomt botwedwe the cuationgf formubxi dadi on
products in t/h, err] the anbunt of the technical CHP in t/h
supplied to thea@¢e@b@g@otwebﬂémsnmﬂmuon on the fhepsi Wyicki pégudstesnene
in the technical The carrying out of the process of the

CHP cl eavage 1he f%PWh%h%%@&@ greeunt befl thy eeelinrs vakestimithey and
safety in the case of varjable cunmene content in é technlcal CHP
and corr espondi TRAGEPFE t E@%e ¥ Glegyage accor bﬁ%o%?tgé of €ppgres

phonol - acar. hgn%%?“écﬁ%uhfacﬁa%%é’%%égeq% the, %a%‘cess of £ G eloavasge o

conver si on cor reibakLnided "Fhe forvd EEORCHE. R HieEid At L) rommi ns
i frerence [ or R EiEEE PAERIS Tl On By BeBR 1T Ccente &
m ni tube reactor “h'théScf@é@ﬁﬁ%*bfﬁﬁﬁ%%@”bfrCﬁfT’which_contain non-
" reacted CHP, come into the evaporator 3 where parts of
10 the acetone are driven off by utilisation of the heat
evolution of the cleavage reaction in order to lower its
concentration and correspondingly the amounts of the MO
and HA formed from acetone in reactor 4 of the conversion
of DCP and DMPC. fhe'evaporation of acetone takes place
15 -adiabatically, preponderantly under-a vacuum of'400 -
666 hPa (300 - 500 Torr) or at normal pressure. The
acetone is removed via .pipe 17.
‘The produét impoverished in acetone comes from the
lower part of the evaporator 3 into the cleavage reactor
20 4 of DCP and DMPC which works according to the principle
of the tubuiar reactor. The concentration_of CHP in this
stream amouﬁts to 0%. By driving off of the acetone in
the évaporatoi 3, there takes élacé the subsequent
cleaﬁage of DCP and the dehydrati&n of DMPC in the
25 reactor 4 in a reaction medium which differs from the
reaction medium in which the cleavage of CHP in the mix

reactor 2 is carried out.



schene (see Fig. 7). The CHP conversion per passing t hrough anmounts
to 76 - 88% In the case of a deviation fromthe ratio determ ned
with the formula (1), the 25 signal [err]T[err] corrects via flaps the
fIOMFth;Dugh amount of t he cooliqﬁﬁmater in the reactors 2A, 2B and
2C. TRT- The connection
between the ratio of fornula (1) and the correcting action on the
flaps, which regul at eFor the tdpe ifnimatiomwgh tdro wdnmds ithicorw aof | tige wat er
in the ‘reactors of the CHP cl eavage according to [err] Tl, ensures 5
t he doubl e prot esdasniasf mediyn dosssarofindreGidRl otieshdigef AMS, thel

m nimses the formation of the dineric AMS and conplicated phenols in
this step. cumene fupactdiamffeaamditt andt thep cignwletdang aatemwnn-
reacted CHP, cone into the evaporator, 3 where parts.of 10 the acetone are
driven off by uti95=eam dif ok 44t swpplied in apquptsiehorléheand ofvaheto

ount o of the M3 K2, TEHariod 15 ded (o IRSAL (OHE otit CE GRER
conver si on f nd. DVPC.. .The, .evapor.at i an. .of, acet one takes ace
15  adi abati'cal%@,an;%:gzp%’nd:éarsaprﬁqvvfﬁlge’ratgo \theuﬂ:ﬁ’fb&laibﬁgéctor 66 tha
(300 1,500 Tor Vel Al DGR AU of the WSHAIDA ¥ty ed Vi 2

pi pe 17. overl in acetone cones fromthe

| ower part of t r ' liaqyv t 2 and
DVPC whi ch wor k?ﬁ%‘%&t oa%tdr?(}t%r&lé]nﬁcfﬂ%% HHadger: Arr i ot ofn e

reactor 4, to a mole ratio of phenol:acetone:cumene =

10 "1:(1-0.77):(0.35-0.87).

Depending upon the amount of the.supplied cumene
and of the water, the cleavage of DCP and DMPC ig-the
tubular reactor 4 is carried out at temperatures of 151
‘to 168°C, -as described in Examples 2 - 9.

15 The control of the cleavage of DCP and DMPC is
carried out by the ratio 'ATl/ ATZ which is kept in the
--device in the range of 1.5 to 21.4.

The wvalue ¢5T1 represents the temperature

difference of the cleavage products at the entry and exit:

20 in the minireactor (the calorimeter 16). The value AT,
represents the temperature difference af the entry and
exit of the reactor & of the conversion of DCP. The
value of the ratio must be kept in the range of 1.5 to
21.4. The best ratio is 3 - 8. These conditions make

25 possible the certain carrying out of the cleavage of CHP
and a selective convefsion of DCP in the caée_of a

conversion of the latter of over 97%, which is not

achieved in other processes.



of the tubular reactor. The concentration of CHP in this stream
anounts to 0% By driving off of the acetone in_ t he evaporator 3,
there takes place the subsequent cl eavage of DCP and the dehydration
of DMPE in the 25 reactor 4 in a reaction nmediumwhich differs fromthe
reaction nmediumin which the cJeavaggj&E CHP in the mx reactor 2 is
carried out. -18- _ For t.he optim sation of the
conposition of the reaction nediumfor an increased yield of AMS,
the - cunene After iemegineaniton) il tédwcor c athege lmdeage
(stream111) are supplied in amunts of 160 and of 1 to 5 30 kg,
referred to 1 Rreduetietodded 69 aa ttrmpepature of 30 265Q1H. 28,
respectively, to the tubular reactor 4. In ~ the result, the

conmposi tion of VihePiRctb orBreleR RS ka/t, refprradoirisl fackermirelo the
changes carried out in the reactor 4, to mol e rati o, of

phenol :acetonéﬂﬁ, the cumgpe fll?%%t’ff?f??‘i%‘(o‘?%ﬂst%?%ﬁ? supplied from
Dependi ng upon_,t he anount of the SLW%%ié%L of .t he_wat er,

the ol cavabe OTIDRERST BEC $1h iR P ED Rt 28 8 5 9E Cr ST e
out at temper affgn?stlﬁlr éIeSplar tox 207f' tﬁréﬁ?e’éﬁé rtlecad ag@%%#f?%n? !SExarrpI es

2 - 9. 15 he "con e cl eavage of” . (
Car L, 0% Y, e A rddlova Rert ookl Sy toRielo oy
represents thegdeMEIAIHE removal, passed via pipe 20 to the
neutraliser 5. The neutralisation of the sulphuric acid
10 is brought about by supply of alkaline agents, such as
NéQH, Na2003 and Na phenolates, via pipe 19. In the
neutralisation step, sodium sulphate thereby separates
out as concentrated aqueous phase on tﬁe bottom of the
device 5 which is removed via the pump 23 and the pipe 22
15 by decanting. The change of the'composition of the
reaction medium achieved by supply of the cumene fraction
to the cleavage products makes it possible to separate
off from the organic phase the salts formed in 2 to 3 fold
shorter time than in the case of the prior art and with
20 greater effectiveness (more than 95%). The salt concent-
ration in the orgaﬁic phase (stream VI)-passed on via
pipe 21 lies below 10 - 20 ppm.
It is to be stressed that, in existing technologies,
the separation of salts takes up much time (of 1.5 to
25 24 h). This necessitates the use of buiky equipment with
large capacity for the leéving to stand of the salts.

Nevertheless, the effectiveness of the separation of the



difference of the cleavage products at the entry and exit 20 in the

m nireactor (the calorinmeter 16). The value [err]T[err] represents
the tenperature difference at the entry and exit of the reactor 4
of the ceonversion of DCP. The val ue of the ratio nust be kept in

t he ranég of 1.5 to 21.4. ThmeWlrest ratio is 3 - 8. These,
condi ti ons make 25 possible the certain carrying out of the cleavage

of CHP . - s 2 FRRIL HOtY xREIF RN ahdXdfdre ! s stantial
conversion of the latter of over 97% which is not achi eved in

ot her processes.and certain function of the heat exchank®r of the After
. energence fromthe reactor 4, the cl eavage products are cooled to a
tenperature of 3I@parmlfienr [cBlumns, evipenmipe 2Malesdent?$H Ikmpyrs wigfter r ed
to 1t technical CHP, of the cunene fraction can thereby be supplied
from 5 the uspecisdr tcosfs tirve tdoinumust ded ins ttad 12 .k g/Thesfe Watwsr
fromthe separator 27' fromthe head of the colum 8. The

cl eavage prducttessalit comtant dm phey icd epviage produgit® tHoorlQ tt renpval ,
passed via pi.pe 20 to the neutraliser 5. The neutraljsation of, the

sul phuric acid 2%0 pPm shiicdug HCcAFGIMnen o (RS \inorenhien s dé &fdHiesekuch as

NaCH, Na[err] err] and Na enal ates, via pipe 19. In the
neutralisation ,°‘Eo&%ﬁn°§ﬂ&§ﬁ#§%her eby separat es out as

concentrated aqueols Ase ARANC BLITIY dRr sups§V¥® cheMidltd
separated off in the evaporator 3 via the pipe 17, is
10 separated off in column 6 from the cleavage products and
passed via pipe 24 to further working up. The cleavége
- products (stream VIII) separated from acetone are removed
as sump product from the column 6 and passed via pipe'25
for further rectification.-
15 The separation of cumene from the cleavage products
is carried out in two successively placed columns 7 and
8. In the column 7, as head product there separates the
cumené-containing fraction which contains not more than
1% AMS and 0.3 wt.% phenol. Over the head of this column
20 is also removed practically the whole of the water which
then separates off from the cumene fraction in the
separator 27 and is passed to the column 8. As sump
product of the column 7, fhe crude phenol is passed via
the pipe 29 into the column 8. As head product of the
25 ~ column 8, via the pipe 18 and the separator 27', a
fraction cumene-AMS (stream IX) is removed which is

further worked up in known manner. As sump product of



15 by decanting. The change of the conposition of the reaction

medi um achi eved by supply of the cunene fraction to the cl eavage
products nakes it possible to separate of f fromthe organic phase the
salts formed in 2 to 3 fold shorter tinme than in the case of the prior
art and"with 20 greater ef fectivenes€lfnore than 95% . The salt concent-
ration in the organic phase (stream Vl) passed on via pipe 21 lies

bel ow 10 - 20 ppBe column 8, vih! the H3phe 39! HEEede! ﬁknoﬂnl%X?%PoQQd
t echnol ogi es, t he separatlon of "salts takes up ch tinme 5710

25 24 h). ThiyhieBCesnithahes prAetisaldly Al kumeadi BHENAMS,t And furthdkde
capacity for the leaving to stand of the salts. hbvertheless t he

ef fectiveness ofoktkedsepadat kadwal maheer. -

- 20- salts does not exceed 90% Therefore, for a substantiaL

and certain function ¥fiat heabdeaf e¢kehandemnoB tiberemovedseher ahiode o&l ums,
expensi ve coal escent filters with ' speci al construction nust be
instal | ed. Phes&hkoweter,5whihb saprresasefiromnthke comeaeagedpAlidudns the 10
to 20 ppm whi ch, according to the invention, is achieved ,
without use of PPPRER§Or 27' and isTkhescpessed pgs§h§|ye&¢¢9¢ $uppl yhe

t he acetone separated _off in the evaporator 3 via the pipe 17, is 10
separ at ed of f ﬁ°B8FEﬁﬁ°G PEoRCPhend| B¥FSge PRASUBESCEES makesp&§sed vi a

pipe 24 to further Kin The eavag r oduct stream VI11)
separ at ed fron138§Fmﬁ goPBﬁE%SBa y to lower the requirgme or

fresh water in the process 2 to 3 fold and correspondingly

- 10 the amount of the waste water. The totél reduction of
the energy consumption in the.process according to the
invention, illustrated in the scheme with use of two
columné, is due to the reduction of solubility of water
in the.cleavage products from 10 - 12 to 3.0 - 3.5 wt.%

15 in the case of the composition of the cleavage products

used by us which are suﬁplied to the séparation.

The total reduction of the steam needed in the
process amounts to 0.4 - 0.6 t/t phenol due to the saving
of the heat in the steps of the concentration of the

20  oxidation products and of the separation of the cleaving
products.

The special differences of the process worked 6ut
by us to those in the Patents RU 1,361,937, US-2;663,735,
RO 1,563,181, US 5,254,751, US 5,530,166, US 4,358,618

25 consists in the following:
1. The step of the concentrating of CHP is carried out
up to a residual content of cumene of 21 to 30 wt.%,

preferably 26 - 28 wt.%.



as sunp product fromthe colum 6 and passed via pipe 25 for further
rectification. 15 The separation of cunene fromthe cl eavage
products is carried out in two successively placed colums 7 and

8. In the colum 7, as-head product there separates the

cumene-‘contai ning fraction which contabps not nore than 1% AMS and
0.3 w. % phenol. Over the head of this colum 20 I's al so renoved
practically the whole of the water which t hen separates off fromthe
cunene fraction?i nf¢ecleavagecphirGiiBrand the ¢iepwasgedofoPEReisol um 8. As
sunp. product of the colum 7, the crude pheno] is passed vi a,

the pipe 29 into tR3TELF nﬂuﬁ.lﬁemh%aﬂeﬁ?B%E%tOBft?h% apsreagppfiniB, via
t he pi pe 18 and thghge arator 27 n_cupene- AMS éstrean1IX)

_ . a . ractLen_cu .
o Bbved which 1 68 CEEEIE Elrtodranding!y OkEERRERE AGRPORLE LS
product. of _ . . . -21- .Lhe.colum 8§,
via the pipe 30 a %?u%%epﬂ%%%Fl?% ?%%%W%d}n the ab%%?c%e%%ﬁéggﬁs
practicallyzno cu A f h P e p
manner. > _ nPQg%?@E%ég%h%fggieH%%Iﬁ%%P%S}gl?ﬁﬁégegh€h£éaﬁg?gﬂgf 5
the water, which SROAfGheEn!§PIN §BRe £ ULESENGIG AME 18 kBBt constaffparator
27" andis then passed to the reactor 4 of the conversion of DCP and

DMPC. This procgssti@kebedvage of DEPSEhE! BMPCOPRA thONELbY14P Le¥Etothe
requi renent for fresh water in the process 2 to 3 fold and

correspondingly 1f)s céheiedooit whdéhethasfelhewenig cdhéitddas:reduction
! a) in the case of lowered acetone content in the reaction
10 medium which is achieved By the preliminary removal
of a part of the acetone and/or the édditional supply
of the cumene and water fraction,
b) at temperatures which displace the reaction
equilibrium of the conversion of DMPC to the side of
15 the AMS and permit the achievement of almoét 100%
| conversion. In the previous technologies, the ratio
of phenol:acetone in the reaction medium corresponds
to 1:1 to 1:1.5, i.e. there an additional amount of
acetone is supplied. The procesé used by us of the
20 .. reduction of the acetone content in the reaction
medium was previously still not used? in the same way
as the process of the simultaneous supply of water and
of the cumene fraction into the cleavage reactor of
DCP and DMPC. The combination of the mentioned
25 processes makes possible the high selectivity, Whereby
praétically near 100% coﬁversion is achieved which was
not achieved in other ﬁechnologies (the selectivity is

not more than 90%).



t he energy consunption in the process according to the I nventi on,
illustrated in the schenme with use of two colums, is due to the
reduction of solubility of water in the cleavage products from 10 -
12 to 3.0 - 3.5 w.% 15 in the case of the conposition of the cleavage
products used by us which are sthptied to the separation.

The total reduction of the steam needed in the process anounts to

0.4 - 0.6 t/t pk@.nofhéjbl?oﬁ@rz%feoﬁ?ﬁﬂé‘gprocess OF the bealvide the eipps of

. the concentration of the oxi dation products and of thé separation of

the cl eaving a BEELBMPC takes place B SpeCatisli Nerepeps, of the
process wor ked out by us to those in the Patents RU 11361,%%7, us

2,663, 735, Ridelr SAGBAIB L, i IS He Adhpdda tuse X OBfbAdkce e twadd$, 618
25 consists in the foll ow ny: 1. The step of the concentrating of

CHP is carried out entry and exit dirm tlesicledvapntwrdciodr coffreDEP oin®l to 30
w . % preferably 26 - 28 w. % ‘

- 22- 5 The dMNEVarl oh GHA :mhe henpematage ofiffdrésce of the
carried out in mx reactors or tubular reactors in t he case of
correspondi ngly di fraekarinetaihost tihghsevice for gfhe heleasarge oo f NP um i n

t he above-nentioned, 6 5 - .reactors, whereas the_conposition of the
reaction mediarRLh He nresssastriaiefgr af e arocsstand . its

3. The cl eavage of .DCP and DVPC jn the tupular reactor
ge o high se ectivity are-s%ﬁuf%aneously-achieved. In the

previous technqlogies, for the ensuring of the safety
10 of the process, only the process of the.calorimeter
(ATl) is uséd.

5. At the step of the neutralisation, for the effective
removal of the salts there formed, the additionél
amount of cumene fraction ié'added. ‘There are no

15 analogies:fhereto.

6. The water -content of the c¢leavage products after the

step of neutralisation does not excéed 5 wt.%, which

- reduces the energy consumption of the process. 1In

the previous technologies, the water content amounts
20 . to 6 - 12 wt.%.

7. The cumene fraction supplied to the cleavage reaétor
of DCP and DMPC aﬁa in the step of the removal of
salts is separated off by the column used and is
returned to these steps in the process.

25 8. In the-process, the requirement for frééh water and
correspondingly the costs for the water purification

is lowered.



is carried out under the follow ng conditions:

| oner ed acet one
the prelimnary
- addi tional supp
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r enoval
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in the reaction
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i tenperatures which displace the reactigg4_
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4. The control
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e., there an_additional
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a)

in the case of
medi um whi ch is achi eved by

of a part of the acetone and/or the
of the cumene and water fraction,

b) at

equi libriumof the
the AMS and permt the
I n_the previous

anount of

il not

12upply of

TaQ{et e cunene fraction into the cl eavage reactor of
DCP and DMPC. The conbf hation of the nentioned 25

gt'yt Jmp PPLLERYexam le): practically near 100%

the ¢

processes makes

achi eved i n ot her

and DCP/ DMPC takes place by the ratio [err]T[err]/ [err]T[err],

whereby AT2 is tfhe Tenperature [@ri1erence between . entry and exi
in the cl eavage rga@ﬁzomtgonDCP and naming of the materials in all
of the oxidation
products cumene { CHP | DMPC ACP | DCP
10 |wt.% 71.536| 26.7 |1.436 | 0.239( 0.089| 100
t/h 147.056 | 54.8872.952 | 0.491| 0.183| 205.569
selectivity, mol % 93.17
which corresponds to thé achieved total selectivity of
93.17 mol %, are passed to the step of the concentration
15 in order to obtain the technical CHP. After the -

0, ., . .
mposition:
Fompo;

eavage o

concentration, the technical CHP has the following

composition:

composition of naming of the materials

the technical CHP camenel CHp IMPG ace| pep in all
wt.% 12.31] 81.9| 4.7 | 0.8 | 0.3 | 100
t/h 6.2184]41.5314]2.3762 | 0.4044 | 0.1517 50.502
selectivity, mol % 92.7

which corresponds to the achieved total selectivity via

two steps - oxidation and concentration -~ of 92.7 mol %.

The loss of the selectivity by partial cleavage of CHP




5 DMPC and AT is the tenperature difference of the

calorineter in the device for the cl eavage of CHP, wher eby t he
necessary safety of the process and its hi gh selectivity are

_ sinultageously achieved. In the = previous technol ogies, for the
ensuring of the safety 10 of the Pptocess, only the process of the
cal ori neter ([err] T[err]) is used. 5. At the step of the
neutralisation, HforDMR: afd AQR vin the step rafirnhed ainddmetwsatingt here
fornmed, the additional amount of cunene fraction is added. There
are no 15 = aarainge €0 theft Bk oabs.). dChertagn onpmpitonfin Hehe
cl eavage products after the step of neutralisation does not_exceed

5 w.% which 8tep of /e canqentraickqy amnisrmHttd P A9 the FpfRERRd |1

t he previous technal ogje t he ter content anpunts 20 to 6 - 12 w.
% 7. The TRIMEL (GHB CFUP TR G o dyef 2hanal

of DCP and C q{d jq%*he step of the renoval of salts is
separ at ed of bQ’ #ﬁ?Q: um used and is returned to these steps in
the process. 25 8. t P r.equi TR r r§§@ ey.and
correspondi ngly the co'fsl-[ks (;}gPr {@asm]g}ee&r hlﬁhrl | ca{fl on J@ 56' | s%m%sr ed.

- 24- padied MAb ANAU AL S ANh JTSAIGES %nd Wieavage
takes place in the presencé of 200 - 300 ppm HZSOA-in a
reaction medium; the COmppsitioﬁ of which is determined

10 by_the cleavage products obfained, CHP and the addition-
ally supplied acetone.

According to US 5,530,166 (Example 2), the cleavage
is carried out in the reactor block which consists of
the three reactors arranged one after ;he other which

15 work according to the principle of the.mix reactors in
which the mixing up results by circulation of the
cleavage products; | |

The cleavage products emerging from the last cleavage
reactor of CHP come into the cleavage reactor of DCP

20  which works according to the principle of the tubular
reactors.

To the reaction medium in which the cleavage 6f
CHP is carried out is supplied acetone according to the-
applied rafio in an amount of 6025 kg/h.

25 After the addition of the additionél amount of
acetone, the reaction medium has a composition which is
characterised by the mol ratio of phenol:acetone:cumene

which, in the given concrete example, is 1:1.36:0.2."



t echnol ogy according to the invention are denonstrated I n Exanpl es 2

- 9. The Exanples are sumarised in Tabl e 3. 5 Exanple 1
(conpari son exanpl e): . The oxi dation products of follow ng
conposi td on: conposition nam ng of the materials in all
of the oxidation products_ggcunene CHP DWPC  ACP DCP
products 10 w.% 71.536 26.7 1.436 0.239 0.089 100

t/h ' 147. 056 54.887 2.952 0.491 0.183 205.569

selectivity, nol % In the reactors of the cleavagg3oi7CHP and @i the

corresponds to tge achiev d h tal select|V|t¥ 93,17 nol % are
passed to the sf ﬁaBFg?hg cBREenthe: pane °?ﬁt6PBePft5thFS?ﬁtﬂﬁé

t echni cal CHP. After t he . ogcentratlon, the technical CHP has the
fol | owi ng med i¥B 18 Baintaided. (o 06 tion of nam ng of the

gﬁ;g;galep the tegﬁ% E%%gé?gfuremﬁn the cleavage rﬁicggr gf 80@” al
0.8 0.3 5 19190unts tb/ 9o - 100°C, , the 6c6ABantlarddfi 6534820 4944

0. 1517 50.502 selectivity, 92.7

whi ch correspong§3go_tmg7aﬁhlgvedIﬁOEﬁé %QbéﬁtEﬁhhﬁlé'alt is 1thW%t9ps B
oxi dati on and concentration - of 92 | oss of the

SggeCthlty by partlaTh§|§d§ﬂﬂﬁoﬁ§1CkEbtone introduced into the reaction
T medium in the step of the cleavage of CHP is removed in
the evaporator which is placed after the cleavage reactor
10 - of DCP. The acetone driven off in the evaporator and
condensed in the cooler is returned into the step of the
cleavage of CHP in the process.

In order to reduce the losses of the end products
phenol and AMS, ammonia solution is added in the

15 evaporator for“the partial neutralisation of the
sulphuric acid.

The control and guiding of the cleavage of CHP is,
because of the safety of thé step, carried out by'.
maintenance of the particular temperature difference

20 between two calorimeters which are installed in the
circulation pipe of the cleavage products and in the
inlet pipe of the products in the cleavage reactor of
DCP. The concentration of the most importaht admixtures
and by-products in the product stream after the evaporator

25 is shown below:



to DMPC and ACP in the step of the concentrating anounts to 0.47%

(abs.). The steam consunption in the step of the concentration
amounts to 0.69 t, referred to 100% CHP, and 1.12 t referred to 1t
of phenaglk 5 obtai ned. The CHP contained in the amount of
50.502 t/h is passed into the step2pf the cl eavage. The cl eavage

takes place in the presence of 200 - 300 ppmHerr]SJerr] in a

reacti on nmedium the conposition of which is determned 10 by the

. cl eavage productls obtained, CHP and_ the addition- ally supplied
acet one. CoRReREr Helan s By smoodwsts Examyl ec%?elﬂfféa&-%vage

is carried out i{n the reactor hyeck which consists of of "adpixtyrede

reactors arrang bdone_after the other which B _worlk _accaor
principle of the mx feactors in which thHe miximg up resulits b
circulation of {herMS| ANS olRMFfe! ACRIcgwnyl- | DCP Iﬁ%-cle vagh

e g ce
products energi fg_frofiPRE | ast ¢l eavdg®Pen0l (reactof of CHP cone into the

cl eavage reactofl of DCP- 20, whi ¢h worlks accorlding t¢ the pringiple of the
t ubul ar 5 reaktibfs.0.3310.34] 0.8q thed50edclidh fedi L3OO n wWhi cBO®he

cl eavage of CHP i s carriedlout ils suppliled acetione according to the
applied ratio in an anount of 6025 kg/h. 25 After the addition of
t he additional amount of acetone, the reaction nmediumhas a

conmposi tion which is The yihkd aaf ANS caindynthetonl 6% of othgory after the
phenol : acet one: cunene which, in the given concrete exanple, is
1:1.36:0. 2. step of the cleavage, the formation of phenolic tar is

44 kg/t phenol.
The cleavage products.obtained are neutralised with
10 the help of NaOH, mixed with water up to a water content
of 10 ~ 12 wt.% and passed into the step of the separ-
ation of the salts. After the separation of the greater
part of the salts, the content of the latter in the
reaction mass of the cleavage (RMS) amounts to 2000 ppm.
15 The RMS containing 12 wt.% of water is passed in
the usual way to the separation where the separation of
écetone from a mixture of.cumene-AMS, from phenol and
the products of the tar condensation is carried out.
The steam consumption in the step of the
20 separation'of acetone and the mixture of cumene-AMS
amounts to 2.9 t/t phenol.
' . The consumption coefficient cumene/phenol amounts
to 1318 kg/t in the step of the cleavage.

As result, one obtains in the process:



- condensed in the cdw@d/br is retyirn2Bh70aé0 t hel5868p4 of the l6l@avage |of

- 26- In the reactors of the cleavage of CHP and of the

cl eavage of DCP, the sane conposition of the reaction mediumi s
mai nt ai ned. The tenperature in the cleavage reactor of DCP 5
anounts to 90 - 100C, the concentration,@f water is 1.38 - 1.7 wt. %
In the given Exanple, it is 1.5 m.% The additional acetone

I ntroduced into the reaction mediumin the step of the cleavage of CHP
is renoved in The evaporajor wnichr Tsyplaced aftel the tlreavage™
reactor 10 off vBGikd pF¥éducaset ogneptdaanen of fadetohdie evaporstmthabstyrene

CHP in the prog¢éss. M order tO0 reduce theLTosses.of the—=en
product s bepiduetsl abMhe st Sraokhéi on i s added i n'gHeaclikb tar”
evapor at or for |deeiqafor ehhencldavage ot cuaenef t he sul phuri g4aci d.
The cont r ol5 and hydiatiengziske , t kg tcplsenodge of CHP i s, because of the
safety of the $tep—ecar+i-ed—oui—by Fe-Rt-eraRce—ofthe—parttettar
tenperature difliseaanesns@Pprifie] weenthbWeageall o was &laseW)i gh e chas ol figd i n
the ci rcjl attanphéned of {hef alhgavage|pr @dughes anfl isBpifition of 1 nllet
pi pe of the pr@ducts in the cl ¢agdgdllgeiohdr dleavage  DPClBeetidi® and AMS/
concentration ¢f the nost inpoftant 1afizi xt §ir es 0.07 apd by- puaemets in {the
product streamjafter the evapofjator 25 i|s shown belbmﬁ 2.9

10 |total consumption coefficient
cumene/phenol, including

cracking of the "phenolic tér", 1313
kg/t phenol '
Example 2
15 The products of the oxidation step of cumene, where

the selectivity reaches 93.17 mol, the composition of
which is the same as in Example 1, are introduced into
the concentration step of the CHP. After the concent-

ration, the technical CHP has the following composition:

20 composition naming of the materials ' in 211
|of the g | cmere| e | Dwc | A | DoF |
we.d 30.00 | 65.68 |3.52 | 0.59 | 0.21 100
t/h 18.900 | 41.3784| 2.2176| 0.3717| 0.1323 63
25 |total selectivity, mol % 93.17

which corresponds to a total selectivity over two steps
of 93.17 mol % and demonstrates the absence of
unselective cleavage of CHP in the step of its

concentration.



-27- concentration of by-products concentration

wt. % of adm xtures, ppm AMS AMS DWMPC ACP
cunyl - DCP HA MO di mer phenol 5 3.17
0.33 0.34 0.8 0.50 0.24 1500 300 The yield of AMS
anounts to 76% of theory after the ‘Z%Tep of the cl eavage, the formation
of phenolic tar is 44 kg/t phenol. The cl eavage products
obt ai ned are neutr al i SEle W tdam 10oh fEmpeien oin Nekd, spepedf Wehé weheentp to
a water content of 10 - 12 w.% and passed into the step of the separ-
ation of the saltstidwitamothes sepad abvontofrefiergedaterl to 1Pa%tCHP t he
salts, the content of the latter in the reacti on nass of the cleavage
(RVB) anounts toad0d- Hpdin t, 1Beferred Thel RVOEophenal ngbti2inedd of wat er
I's passed in the usual way to the separation where the separation of
acetone from a ni xt ureTlg teehhbcaVeCHP r obt pheed| innthe amoynt 9f oBdctéhof
the tar condensation is carried ouf. - The steam consupption in
the step of ?he 120P2%%3dreR i the ofleREaBMeSERR YRECH k8 PR SRTELRENEUAMS
anounts to 2.9 t/t phenol. . . The, cons tipon coeffpcient

cunmene/ phenol an®dfn4s é%s°¥bbﬂ%1%nk5?T ?hoYﬁeggg%BlB?l?ﬂeOEIEﬁ%aﬁ%heme

As result, one qp%a%ﬁg ﬁ{béhe process: -

ess.
The cleavage proceeds in a reaction medium in
which a mole ratio of phenol:acetone:cumene = 1:1:0.61
10 is maintained.
The supply of the circulating products is adjusted
-according to formula (1) |

G = (480 x 63)/30 = 1008 t/h

cire
whereby the conversion per passage is kept constant.

15 The conversion is calculated as difference between the
concentration of CHP at the entry into the reactor A
after the mixing with the circulating products and on
the outlet from the reactor C, referred to the concent-.
ration of the CHP at the entry into reactor A,.and

20 amounts to (4.3 - 0.73)/4.3 x 100 = 83%.

The wvalue of the ratio ATz/ AT, = 2.3. The

1
témperature of the process of the cleavage of CHP

[o) Y . _ .
amounts to 50°C in a ratio ATZ/AT1 = 2.3 and C.ire

1008 t/h. It is achieved by changing of the cooling
25 water supply in the heat exchangers of the reactors

2 A, B, C.



- 28- . val ued products, phenol acetone
[err]-nethyl styrene kg/ h 25470. 4 15869. 4

1616 by-products at the outfet fromthe ' "phenolic tar"
device for the cleavage of cunene 445 hydr oper oxi de,
kg/t phenol st eam consunption in3@he case in the case in the case
of the t/t phenol of the of the separ ati on of

distillation cleavagdhe RiSercomesaddmtavighe evaporator in that the 1 12
0.07 cunene

2.9 10 total W@pﬂfor?%’mcémene’ wakete fdrhitnol ikl udi ng
Baanpl o2 15 di5tiTed o g, an s a5 4409 §o/h pdsT AR Toher ¢
same g in Exanie 0) W8 (HbAsEE Tt L ﬂeoioncem ation Step o
H;?I (C)::/_Jn!:'rlg ﬁ\](c)s}rg(r)s'}['??o(r:ﬁrbc% kgc/h c&r%tdeor}mé ﬁ%d@ﬁ{g/"hc%}at%ipta{?é% rdl al s

in all of ft*&eth ttr%%mo%argd% s £ nP'\é% 10w partdCF
Wt . % 0 85.68 352 thsu gfd froifils 1o par
18.900 41. 3784 o% %%Gev%p%}ﬂaloro 31.32513 2 res@ﬁt >t tHeOtcﬁian%@é?(‘éa{Miéﬁ
mol % whi ch corresponds.to a
total selectiviioytqVvethe We azitdn medlumflﬁ%hh}awex%s@aﬁ wenprrdTates ide
absence of unsel ective cleavage of CHP in the step of its

concentration. of phenol:acetone:cumene = 1:0.78:0.87. The water
10 concentration in the prdductS'which come into the cleavage .
reactor of DMPC and DCP amounts to 2.50 wt.%. The
process of the cleavage of DMPC and DCP takes place at a
temperature of 168°C. The concentration of the most
important admixtures and by-products in the stream after

15 the cleavage reactor of DMPC and DCP is shown below:

concentration of by-products | concentration of
wt.% admixtures, ppm
AMS AMS DMPC ACP cumyl- DCP HA MO
. dimer phenol
20 |} 2.55! 0.13}0.04}0.53 0.19 | 0.01 950 70 .

The yield of AMS amounts to 90.6% of theory after
the step of the cleavage of DCP and DMPC, the formation
of phenolic tar to 24;4 kg/t of phenol.

" The cleavage products obtained are neutralised
25 with the help of NaOH, dehydrated to a water content of
3.5 wt.% and passed-into the step of the sebaration of

the salts.



- 29- The steam consunption in the step of the concent-

ration amounts to 0.576 t, referred to 1 to 100% CHP and 0.933 t,
referred to 1 t of phenol obtai ned. The techni cal CHP obtai ned
in the,amount of 63 t/h 5 i's passed to the cl eavage step which is so
carried out as was descri bed i r3tlke above description of the schene
of the process. The cl eavage proceeds in a reaction nmediumin
which a nole ratio oBypliecceasdagond: chepcament: todtenht Id thes mai nt ai ned.
The supply of the circulating products is adjusted according to

fornula (1) cleavage productg &or 40 wt.@48¢he Eepaz@tingedh the

- whereby the conversion per passage is kept constant. 15 The conversion
is cal cul ated &&ldist Peceredspeiffeetivedy and ogpidenopstliesn faomctbeat t he
entry into the reactqr, A . after the mxing with the circulatin
products and oReutralisglion: s&epr So EONERTEATEOT, &rle stagttsngn
concent - 5 %gtion of, the CHP at the %pt%y into reactor A, and 20
anount s to2(4. 37 GTESAE P sf05m9W§§% o > ppa. The value of the ratio

[err] T[err]/ [err] T[ﬁlrer ]prgad%'c%'s P;%?‘{d"[eéir ﬁrteﬁ‘r%%;lacﬁs;{(?ﬁfea%p%ﬂ QGRS of

t he cl eavage of CHP nmount s

7L Lot T LD B85 cptm B e pone A s oAl
reactors as head product (stream VII). The sump product of this
column comes into the column 7 where the separation of
10 the cumene fraction and of the water is undertaken which
are separated in the separator. The cumene fraction in
an amount of 10,000 kg/h comes into the-reactor 4 and
the water phase in an amouﬁt of 1000 kg/h (stream IIT)
is passed from the separator of the column 7 into the
15 column 8 where the cumene fraction and the wéter are
taken off-as head product. After the separation in the
separator, the fraction cumene-AMS is'passed to the
hydrogenation and the water passed into the device for
the cleavage of DCP and DMPC.
20 The steam consumption in the step of the separating
off of acetone and the mixture of cumgne-AMS amounts to
2.46 t/h of phenol. |
The conéumption coefficient cumene/phenol amounts
“to 1300 kg/t in the step of the cleavage.

25 As result, one obtains in the process:



2 A B,

cones into the evaporator

C

wat er and phenol

vacuum

kg/ h wat er are added

s

i's

in that the
distilled off
of 453 hPa (340 Torr).
to the streagn.of products enmerging fromthe

5

- 30-
m xture of acetone,
i n an ‘anount of 4400 kg/ h under a

The RMS
cunmene,

10, 000 kg/ h cunene and 1000

s
ce

ge

| ower part - of the evaporator 3. As a result of the changes carried
out , the'reaction nediunris characterised by a nDIe rati o _
phenol : acet one: g Tfe waf er conce tr 1N the
products whi ch o ﬁéﬁ Het cleig%?%’& m§§§
to 2.50 . % T process Re ¢l eay of DNP and akes_Iﬂ
at a t enmpey, ib8her Ly Tﬂ%m tionfof tu ‘Esﬁ?ﬁﬁc
| nportant adm xtfufleﬂ% @:fby pr od%"lct St Q%g?rg\té%% af t gr % e c?eave
reactor of DWVPC|5ewl thercliegvage of fb@ﬁmvh}’dl‘opemﬁde comcentratlon of
by- product s qg@b tion of . %
aémpxtures, 5pp in k&7t oF AMS—DMNPC A"D S W‘D 2.4 HA
MO dil BBIam cons tion iP RO Uase 2! in tife Egse 0. 13 e Oke Qf S&Le
0.19 0.01 950 > hG of the [heoyi@kd of RPN E
90. 6% of theory|af tidff Phenol  he | sysepipiatibe clkeamage of oAl
formation of phenolic tar|to 261.9A3_kg/1 -of (s)rb%nol cumene mixture
2.46
10 total consumption coefficient cumene/phenol
including the cracklng of the "phenolic tar" 1302
in kg/t phenol
‘Example 3
Process according to Example 2, whereby the
‘15 technical CHP has the following composition:
composition naming of the materials in all
giPtechnical cumene CHP DMPC ACP DCP
wt.% 28.0 67.47 | 3.69 | 0.62 | 0.22 100
20 t/h 117.1679 | 41.3686 | 2.2625| 0.3801{0.1349 | 61.314
total selectivity, mol 7 93.10
which corresponds to the achieved total selectivity over
two steps of 93.1 wt.% and indicates the minimum cleavage
of CHP in the step of its concentration (0.07% abs.).
25 The steam consumption in the-step of the concentration

amounts to 0.58 t, referred to 1 t 100% CHP, and 0.94 t,

referred to 1 t of phenol obtained.



The cl eavage products obtained are neutralised 25 wth the help of NaOH,
dehydrated to a water content of 3.5 w.%and passed into the step of
the separation of the salts. : - 31-
By increasing of the cunene content in the cl eavage products to 40
Ww.% the separating off of the salts proceeds effectively and on the
outlet fromthe neutral i sation sﬂﬁb'S the concentration of the salts
in 5 ‘the organic phase anmounts to 3 ppm '~ The products

purified fromsalts (MHd adBRADcLOMHP obtdiH« tiie Rl Wikbdhtvher e the
acetone fraction is renoved as head product (streamVIil). The sunp

product of thi$1l.314 aoltunins qonesed o thee stdpidf dhéharledvepesoftaich | on of
10 the cunene fraction and of the water is undertaken which are
separated in the sspavaatmired Tthe: @srdme theacdhore idescrip@imommintheof 10, 000
kg/ h cones into the reactor 4 and t he water phase in an amount of 1000
kg/ h (stream | |Scheme off £henpxrardssom t he separator of the colum 7 into
the 15 colum 8 where the cumene fraction and the water are . taken
of f as head product. TATQ( &laavage of fHbHs ragyded out gighas HAeAction

fraction cunene se t he dr natlon and the wat er
passed into thé“eye‘/a 6‘3’1‘3‘ t% Mol é%ﬂ}%i'tj% C{ff e :gignene

The steam consunptiqn i.n th he se rati oj acet one
and the mixt ur @R éﬁ} uPPLy éu%he cirdilatng

products is carried out according to the formula ()

Gcirc = (480 x 61.31)/28 = 1061 t/h

10 so that the conversion of CHP in the case of a value of
the ratio ATZ/ ATl = 1.5 per passage amounts to 76%.
The RMS comes' in the evaporator in that the mixture
of acetone, cumene, water and phenol is distilled off
'in an amount of 4400 kg/h under a vacuum of 460 hPa
15 (345 Torr). o
6200 kg/h cumene and 900 kg/h water are supplied
to the stream emerging from the lower part of the
-evaporator 3. As result of the changes carried out, the
reaction medium is characterised by a mole ratio of
20 phenol:acetone:cumene = 1:0.67:0.70. The water concent-
ration in the products which come into the cleavage
reactor of DMPC and DCP emounts to 2175 wt.%.
The process of the cleavage of DMPC aﬂd DCP takes
place at a temperature of 160°C. The concentration of ‘
25  the most important admixtures and by-products in the |
product stream after the cleavage reactor of DMPC and

DCP is given below:



2.46 t/h of phenol.

anount s to 1300 kg/t in the step of the cleavage. 25 As
result, one obtains in the process:

-32- val ued products phenol acet one

[err]-methyl styrene kg/h =-34- 25573. 6 15817.5

1794

.by-products on the-outlet fromthe device

The consunption coefficient cUnene/phenoI

"phenolic tar"

for the cl eavage_of runpne,hvdronetoxide 5 in kg/t phenol

24. 4 Stea”‘COQEﬁm%dé¥ht%Jh BPSSo dE%&e case 'ébﬁggh£¥§§&§ﬁ t he
t/t phenol - Separ at1 on of of admixtures
distillation |cleavage acetoneW%thhe AMS ppm

0.93 0.[e8 St e~ e

2.46 10 t t M Onsamwpt ijorpremef]f i gdent N\phsrw! HA incl ughng|the
cracking of the "phérpinesr tlar™ 1302 phenolr kg/t phenol

Exanple 3 Progess—acqordrngtoExamte2; rereby e 15—
techni cal 3°HP |1 heof okl qwigmqnposbt | oy, 20 0.6PNPOsgfp on 60

nam ng of the|materjals in all of techpical CHP
cunmene. CHP DVPC— ACP CP W96 2870 67 4T
3.69 0.62 0.22 100 20 t/h 17.1679 41.3686 2.2625

0. 3801 0.1349
93. 10

10

15

20

whi ch corres
two steps of 93 he atep

61. 3he yield of AMS amdwitd tselH¥EiI¥idfy,thedrYoafter
onds to the achieved total selectivity over
uhajlqﬂaae@gmenmeﬂBnand:Iw&gd:he formation
of phenolic tar to 25.4 kg/t phenol.

Such an amount of cumene fraction is added to the
cleavage products obtained that the total content of
cumene and AMS amounts to 40 wt.%. The amount of cumene
fraction, which is separated off as head product of the
column 7, amounts to 8790 kg/h, of which 6200 kg/h are
supplied into the step of the cleavage of DCP and DMPC
and 2590 kg/h into the step of neutralisation.

The neutralisation of the acid and the separéting
off of the salts from the prqducts,of the reaction is
carried out analogously to Example 2. The content of

salts in the RMS amounts to 17 ppm.

The steam consumption in the step of the separating

off of acetone and the cumene-AMS mixture amounts to

- 25

2.46 t/t phenol.
The consumption coefficient cumene/phenol amounts
to 1301 kg/t in the step of the cleavage.

As result, one obtains in the process:



of CHP in the step of its concentration (0.07%abs.). 25 The steam
consunption in the step of the concentration anpunts to 0.58 t,
referred to 1 t 100% CHP, and 0.94 t, referred to 1 t of pheno
obt ai ned. - 33- The
techni‘cal CHP obtained in the anpunt_gf. 61.314 t/h is passed to the
step of the cleavage which Is so carried out as in the above
description of the schenme of the process. 5 ___The cl eavage of
CHP is carriedq out 1n a reactijon med{ umin whichl the nole ratio of
phenol : acet onqvaleheroductsangunplenod 1: 1| OacgSondhe sjuppiymeshiyl sieyrene
circul ating progyets is dar25554.5ut ac]:iﬁ‘ldi.mg tol the forl8@ba (1)
Jerr] = (480 p—64+—3H-+28—=1064+tH—16 so—ttat—the—Tconversiom of CAR in
the case of a \glpfodakbts on thd batleat fﬁonﬁ ehe|Jeveee ]/ [ r r I'bheolfc tat!"5 pe
passage anount|eft the/@Yeavage of cumene hdrdpbBoxidees in fhe eva%rgtor i n tjhat
the m xturg u1kgh:pnaiﬂne cumene, water and phenol is dis iTled off

i n an anount oF—4480—kgrHhr—order—a—veactumagf-—460—hPa 1t (345 Torr ).

6200 kg/ h cunsg 208t akgsessUuppl i to he str
emer gi ng from %S§f§° d;akgé‘hcm@%ﬁhﬁhggs g‘%@ﬁﬁf@? éﬁ‘ﬁ?toe%&? he

changes carri€d out, the Hgg(gﬂ]_ilgﬂidifd#’%h%cha aﬁ?? 1r"'i"§'8
ratio of 20 - phenol.acetone:cunene = 1:( ﬁ ix cen

-

_h
CD

ration in the jproducts which dome 6%0 t hg cl egvgge 2.46
10 total consumption coefficient cumene/phenol
including the cracking of the 'phenolic tar" 1303
in kg/t phenol
Example 4

The process is carried out analogously to Example 2,

15 whereby the technical CHP has the following coﬁposition:

composition of ,ﬁwning of the materials in all
the technical " mene | cp DMPC | ACP | DCP
wt.% 21.01 73.94 4.09 0.70 | 0.26
20 t/h 11.7522| 41.3591) 2.2878 | 0.3916 | 0.1453 | 55.936
total selectivity, mol % | 93.0

which corfesponds to an achieved total selectivity over
two steps of 93 mol % and indicates a loss of CHP in the
case of its concentration of 0.17%.
25 The steam COnsumption in the step of the concent-
" ration amounts to 0.63 t, referred to 1 t 100% CHP, aﬁd

1.027 t, referred to 1 t of phenol obtained.



react or

by-products in the

of DMPC and DCP amounts to 2175 wt. % The process of
the cl eavage of DMPC and DCP t akes place at a tenperature of
160[err] C. The concentration of 25 t he nost .i nportant adm xtures and

and DCP is given bel ow _ -36- - 34-
concentration of by-products concentration

0, 1 .
\(/;VL 'mfl) i DCP The Ye c%d WD ch)Eﬁ ined NG anA'\é%ountD'\éEEEe n Of\CPS

2.81 0.14 0.:Q5 ¢,0. . 0. i - 9 - Q. R

yield of AMS ar?g)dr?tés t'?gl e10j :?%%osfedt %‘élgcr%y ta gs.?:ep Oj’:.'ttl%"léa scteleepavoafget %hlc(iheav

of DCP and DVPG,.. : ' s [ . | .
Gs: (R HYIRION de_sc‘iﬁéa?eﬂgrlq{ t?heé%{bféfé éfbs‘l’:xkl Eloqu#gts

Such an anmpbunt of cunene fraction is a

to eavage pro

product stream after the cl eavage reactor of DWPC

The
age

obtained that e tQhRNCYH @Me Procegs.Cunene and AMS anpunts to 40 wt. %
The anpbunt of cunene fraction, which is separated off as head produ

5 col um 7 Thameiriayals@ SFOCTHRY/Ib frMRICHURZGG ki/de ATt on
supplied into the step of the cleavage of DCP and DMPC 15 and 2590 kg/h
into the step aledieu rial wddlchois maintained Bhénoleutvadiisaifi pheafolthe acid
and the separating off of the salts fromthe products of the reacti
carri ecdceronenziungmes =y 1t:d :Bxd8l e 2. The content of

of the

is

10

15

20

25

The supply of the circulating products is carried

out according to the formula (1) G, o= (480 x 55.94)/2 =

r
1278 t/h so that the conversion of CHP in the case of a

" value of the ratio AT2/ ATl = 3.76 per passage amounts

to 88.0%.

The RMS comes into the evaporator in which the
mixture of acetone, cumene, water and phenol is driven
off in an amount of 440 kg/h under a vaéuum of 453 hPa
(430 Torr). 8500 kg/h cumene and 1000 kg/h water are

supplied to the stream of the products coming from the

- lower part of the evaporator 3. As result of the

changes'carried out, the reaction medium is characterised
by a mole ratio of phenol:acetone:cumene = 1:0,77:0.61.
The water concentration in the products which come into
the cleavage reactor of DMPC and DCP amounts fo 2.8 wt.%.
The process of the cleavage of DMPC and DCP takes
place at a temperature of 151°C. The concentration of
the most important admixtures and by-prodﬁcts in.the
product stream after the cleavage reactor of DMPC'and

DPC is shown below:

ct

on



salts in the RVS anobunts to 17 ppm 20 The steam consunption in the

step of the separating - of f of acetone and the cunene- AMS m xture
anounts to 2.46 t/t phenol. The consunption coefficient
cunmene/ phenol anounts to 1301 kg/t in the step of the cleavage. 25
As result, one obtains in the processsy. '

- 35- Val ued products phenol acet one

[err]-methyl styrene - kg/h 25564. 5 15812. 2

1825 by-products on the outfet fromthe device — - phenoltc tarf'

of the cleavage of cammentigtiaperbxixteproducts dxcapncentrationgef
phenol _ steam consunpti g, 4 n the case in the [c3RiXtrese PRBe |of

t he i n 7T phenot of [ne TE Separat T QI of -
distillation|cl eMsage AMS JOIMENE hﬁmﬁ}\ﬁ- DCP HA MO

cunmene m xtufe dimer phéh&¥ _ 0.08 | - 2. 46
10 t ot al ¢onsunptfiron cogffTTrgnt CUReENne/ pheot Imciugli Ng €
cracking & {he& . Phdnd kb t|dr:07 | 0.63300.24 | 0 0Kg/t PHenolf 50

Exanpl e 4 The Iprocegs is ¢arried put aral ogouslylto.Examil e 2,
15 whereby the technical CHP has the follow ng conposition:

conposi tion of nam ng of-the materials the technical cunene
CHP DVPC ACP ThepgrHeld of AMS1qmqunts to 8§}.6% of theoryafipar

73. 94 4.09 0.70 0.26 20 t/ 11.7522 41.3591 2.2878

0.3916 0. 145%he sfemet the cleavage. Q%t%ﬁP b AMRG ¢ ythepforgation

93.0 of phenolic tar to 28.1 kg/t phenol.

To the cleavage products obtained is added such an
10 amount of cumene fraction that the total content of cumene
- and AMS amounts to 40 wt.%. The amount of cumene
fraction, which is separated off as head product of the
column 7, amounts to 14200 kg/h, of which 8500 kg/h is
supplied into the step of the cleavage of DCP and DMPC
15 and 570b kg/h into the step of neutralisation.

‘The neutralisation of the acid and the separating
off of the sglts from the products of the reaction is
carried out analogously to Example 2. The content of
salt in the RMS amounts to 15 ppm.

20 . The steam consumption in the step of the separating
off of acetone and the mixture of cumene-AMS amounts to
2.55 t/t phenol.

The consumptiqn coefficient cuﬁene/phenol amounts

to 1303 kg/t in the step of the cleavage.

25 As result, one obtains in the process:



whi ch corresponds to an achieved total selectivity over two steps of
93 mol % and indicates a | oss -of CHP in the case of its concentration
of 0.17% 25 The steam consunption in the step of the concent-
rati on armounts to 0.63 t, referred to 1t 100% CHP, and 1.027 t,
referred to 1 t of phenol obt ai ned. - 36-
The technical CHP obtained in an anowﬁ3§ﬁ 55.94 t/h is passed into
the step of: the cleavage which is carried out as described in the
above description of t he schene of the process. 5 The

cl eavage of CHP is carried out]in-a reactidn. nediun1in which 1s

mai nt ai ned a m)NeluedtPde@tf‘-t@hehol :phenol acgt ereteieTend = k-hieBhPBityrene

e supnly o [ne Cugpul &t ing projughed s (anskagy | ot aqg i o

conversion of €HP in the case of a val ue of the rfatio err]T[err]/
[err] T[err] = 3bytryeductsetade autlest Erom the devB® 0% | "'phenolicThaxr' RV
cones into the @&@ R &QF re of| acetonegyg gunene,
wat er and phengl ?’%vé‘h’hgég? Pg%r? 5?1 a#%{u%étj of 440-kg/ h %8n er a
vacuum of 453 1P§ t phepaBo Torr). 8500 kg/h cunene gnd 1000 kg/h wat er
are supplied To the streqam of _the prgaucts comng fromthe

| oner part of | ﬁ*@e%\/ﬁ‘mﬁ*WB s thegdse ofing e case | in the case of the
: in t/t phenol of the of the separating off of

distillation cleavage acetone and the AMS-
0.93 0.08 cumene mixture

2.55

10 tétal consumption coefficient cumene/phenol
including the cracking of the "phenolic tar" ' 1304
in kg/t phenol _

“Examgle 5

The process is carried out analogously to Example 4,

15 whereby the technical CHP has the following composition:

composition of naming of the materials

the Eg;hnical CUmene €GHP | DMPC | ACP | DCP in all

wt.% . 28.00 | 67.47 3.69 0.62 0.22 - 100
“ + 20 t/h ;17.1679 41.3686} 2.2625| 0.3801 0:1342\ 61.314
" | total selectivity, mol % - 93.1

The technical CHP obtained in an amount éf 61.31 t/h.
is passed to the step of theléleavage, in which, in the
reaction medium, a mole ratio of phenol:acetone:cumene =

25 1:1:0.38 is maintained.

The supply of the circulating products is so

adjusted according to formula (1) GClrc = (480 x 61.314/28



changes carried out, the reaction medi umis characterised 20 by a nole
rati o of phenol :acetone: cunene = 1:0,77:0.61. The water concentration
in the products which cone into t he cl eavage reactor of DMPC and DCP
amounts .to 2.8 w. % - The -process of the cleavage of DWPC and
DCP t akes pl ace at a tenperature - 151[err] C. The concentration of
25 the nost inportant adm xtures and by-products in the pr oduct
stream after the ¢l eavage reactor of DVPC and DPC i s shown bel ow
Ja7- = dGRde T Pa it GhenPPERIED of CHEAZe i ARt Gt @

w . % m xt ur.es, _ AMS DMPC ACP
cunyl - DCP Vﬁ'&ue of %%e ralf:lo_ A&pzr?%ilrrinr_ 2.@\/%?1: pas%cﬂmourgts
2.94 0.16 0.Qf 4.3, 0.24 0.05 890 50 The

yi el d of AVS anount's to 88. 6% of theory after the step of the

cl eavage of DCP and DMBe cofifpdlsQitidi ¥F the réﬁhdﬁgﬂ“médQUggg&IQjﬁﬁ-1-kg/t

phenol . ' To the cl'eavage products obtained Iis a such an 10

anount of cunene 1bbaGlde0Feldidbr! bE DURlafP MBI if HEFREerised FW LAV
anounts to 40 wt.% The anpunt of cunene fraction, which is Separated

off as head proddle efatiilte of phen®dl:WEFe toned@itidine =0 1%42@0 3&/ h,THef whi ch
8500 kg/h is supplied into the step of the cleavage of DCP and DMPC

15 and 5700 kghahleirniconiceatztaeionf iewhedlpradiucys which come inle the
neutralisation of the acid and the separating
cleavage reactor of DMPC and DCP amounts to 2.8 wt.%.
The process of the cleavage of DMPC and DCP takes
10 place at a temperature of 156°C.
The concentration of the most important mixtures

and by-products in the stream after the .cleavage reactor

- of DMPC and DCP is shown below:

concentration of by-products concentration of
15 wt.% admixtures, ppm
AMS AMS | DMPC | ACP | cumyl- | DCP HA MO
dimexr : phenol
2.85| 0.18 | 0.06 | 0.61 [ 0.27 | 0.00 910 ‘55

The yield of AMS amounts to 88.317% of theory after
20  the step of the cleavage of DCP and DMPC, the formation
of pehnolic tar to 27.7 kg/t phenol.

To the cleavage products obtained, such an.amount
of cumene fraction is supplied that the total content of
cumene énd AMS amounts to 40 wt.%. The cumene fraction,

25 which is separated off as head product of the column 7,

in an amount of 10915 kg/h, is only introduced into the



off of the salts fromthe products of the reaction is carried out

anal ogously to Exanple 2. The content of salt in the RVS anpbunts to
15 ppm 20 The steam consunption in the step of the separating

of f of “acetone and the nmixture of cunene-AMS anpunts to 2.55 t/t

phenol . The consunption c@@hf|0|ent cunene/ phenol amunts

to 1303 kg/t in the step of the cleavage. As result, one

obtains in the Q@ CSFSth prodycts . . . phenol

acet one 8 ? netﬁy §P§Fa11satlon. %h% RS 1sat10§5§%e¢§§

15805. 8 setd a%a%he sep¥aRioguEEs tth% Qe8! shlgmeige device
phenolic tar" for the cleavage of cunene roper oxi

28.1 5 in k &bdgbegobf th ggggqbgoagugggkg t | e case
in the case ofgthe in t?trphenol @d ofle Qﬁg%?%?H319 'eB

separating of fEsbmple 2. The content of sd&%b'hhaEhQ”RM9|%ﬁﬁﬁQ%é todcetone

and the AMS- ' cunene
mxture 5 18 ppm. 0.93 0. 08 2.55 10
total consunption coefficient cunene/ phenol i ncl udi ng the cracking of

the "phenolic tar" The $804m consimpkgdbn phetbe step of Ekanple. 5
The process is carried out analogously to Exanple 4, 15 wher eby t he
techni cal CHP #@BarAEing| pEHi a§ aocaposet fFoam the mlxtuuapofltumaneFAMS

nam ng of the materials t he techni cal
in all amounts to 2.46 t/t phenol.

The consumption coefficient cumene/phenol amounts
100 to 1302 kg/t in the step of the cleavage.

As result, one obtains in the process:

valued products phenol acetone o-methylstyrene
in kg/h 25553.8 15799.0 1784.6
by-products at the outlet from the. device - -""phenolic tar"
15 for the cleavage of cumene in kg/t phenol 27.7
steam consumption | in the case | in the case | in the case of the
in t/t phenol of the of the separating off of
: distillation| cleavage acetone and an AMS-
0.94 0.08 cumene mixture
2.46
20 total consumption coefficient cumene/phenol '
1nc1ud1ng the cracking of the "phenollc tar" 1304
in kg/t phenol
Example 6

Products of the oxidation step of cumene which have

25 the following composition:



cunene CHP DVPC ACP DCP wt . % : 28.00 67.47

3.69 0.62 0.22 100 - 20 t/h : 17.1679 41.3686 2.2625
0. 3801 0. 1349 61. 314 total selectivity, nol %
93.1 ' The technical CHP obtained in an anmount of 61.31 t/h

Is passed to the step of the cleavaggi-in which, in the - reaction
medium a mole ratio of phenol:acetone: cunene = 25 1:1:0.38 is

mai nt ai ned. : The supply of the circulating products is so

adj usted accorffing to fornulla (I) Jerr] (480 x 61.314/28
- 39- = 1Padhpbsitibhadt § he cnamﬁgbﬁrtkafmﬂd&iﬂs the case ¢f .a 11l -
val ue of the rptheookBlatiidpenT[7[Err] bﬁﬁ z.égg T p ap urjt &7 @ to
76. 0% produdtee conpgsi He of “'he ¥ (fioﬁgﬁid in the 5 '
cl eavage reactpr or DCP and [DMPC is|charackerisgd by a| - nole ratfo of
phenol : acet onefwii@ene = 1: 10. BB374h4.2 | 2v@dler 0c382cpr@4138Bi gn i HOQ he

products which ' g¢Heavage—reactor—ofTDVPCarnjd DCP ajpount s
to 2.8 wt. % |t/h Th% PS2.6269 531 3441F 3¢T5RVaBI90] MVBZ dnd1MTRS akes
10 pl ace at p tenperature}of 156[4rr]C. [he condentrati¢n of
t he nost inporfant m xtures r cts in the stregm ggt
the-cleavagg ract or 95ﬁlﬁwBEF§HH-éc%mﬁs "shown bel ow. 8647
concentrati on ef—by—preducts eoncentrattorrof—15
wt . % adm xtures, ppm

which corresponds to an achieved select1v1ty of

86.47 mol %, are supplied to the step of concentration
in order to obtain-the technical CHP.
10 After the concentrating, the technical CHP has the

following composition:

‘composition of naminé of the materials in all
the technical 1™ ene| ap | mwc| ace | o -

15 wt.% 21.0 69.2 8.35 1.12| 0.33 100
t/h 12.1989(40.1983 | 4.8505| 0.6506 | 0.1917 58.09
| total seléctivity, mol % . 86.3

which corresponds to an'achiéved total selectivity of
86.3 mol % over the two steps_of the oxidation and

20 concentrating. The loss of the selectivity amounts to
0.17% abs. by partial cleavage of CHP to DMPC and ACP
in fhe step of its concentration. The technical CHP
obtained in an amount of 58.09 t/h is passed into the
step of cleav1ng. |

25 When the cleavage of the given techn1ca1 CHP, which

contains 8.36 wt.% DMPC, is so carrled out as descrlbed



ANVB AV DWC ACP cunyl - DCP HA MO - di mer
phenol 2.85 0.18 0.06 0.61 0.27 0. 00 910 55

The yield of AMS anounts to 88.31% of theory after 20 the step of the

cl eavage of DCP and DMPC, the formation of pehnolic tar to 27.7 kg/t
phenol . To the cl eavage 42ducts obtai ned, such an anount

of cunene fraction is supplied that the total content of cunene and
AMS anpunt s t o i40 Estamplelte (mumifsrc&ctémple?ﬁ, tiech dss mm‘rtatcﬁﬂ of f as
head product of the colum 7, in an anount of 10915 kg/h, is only

i ntroduced i nt &hehearrying out of the process, there is obrined thestep of
the neutralisation. The neutralisation of the acid and the separating
of f of the sal tL9UGedhRAdons shqypdedioy ot timportant @dnixtres andut
anal ogously to nple 2. The content qof salts in the RVS anmounts to

5 18 ppm by- Pro‘FX"ts’Tﬁhé1 thea A LS AR i1 intled Qfedhd the

separating off of acetone ron1 the m xture of cunene-AMS anounts to
2.46 t/t pienol€vapPorator for fhe AGeLARAR on coefficient cunene/ phenol
anounts 10 to 1302 kg/t in the step of the cleavage. As
result, one obtatAs—t+HA—the—process: -al-tet—preguets phenet
- acetone err] r@rﬁ&ﬁ@ﬁaﬁtﬁ.@t@%f by-produdtd kg/h conceRestiBn
15799. 0 byeggr oducts at the outl gt of rRi%RRedEVi C6
"phenolic tar" ° ppm
AMS | AMS | DMPC | ACP | cumyl- | DCP HA HO
dimer ' phenol
10 5.72 |. 0.56 0.32 0.89 0.84 0.01 1500 300

The yield of AMS amounts to 77.8% of theory éfter'
the step of the cleaving of DCP and DMPC, the formation
of phenolic tar to 77;66 kg/t phénol.

The steam consumption in the step of the separating

15 off of acetone and -the mixture of cuméne-AMS amounts to
3.2 t/t phenol. The consumption coefficient cumene/phenol

amounts. to 1350 kg/t in the step of the cleaving.

valued products | . phenol acetone 'drmethylstyrene
in kg/h 24651.8 15351.8 3336
| by-products at the outlet from the device for | 'phenolic tar"
the cleavage of cumene in kg/t phenol 44
- steam consump-~ in the case in the case | in the case of the
tion in t/t of the - of the separating off of
phenol distillation cleavage acetone and the AMS~
cumene mixture
1.12 0.07 3.2
total consumption coefficient dumene/phenol ' .
including the cracking of the ''phenolic tar" 1332
in kg/t phenol




15 for the cleavage of cunene in kg/t phenol 27.7 st eam

consunption in the case in the case in the case of the int/t
phenol of the of - t he separating of f of

distillation cleavage acetone and an. AV5-

0.94 0.08 cunene mxture -43- _ 2.46 20 t ot al
consunption coefficient cunene/ phenol i ncluding the cracking of the

"phenolic tar" 1304 . in k /t heno

Products of the oxingFoﬁagfgﬁnéfogﬁngg 0% Fovéne, %nveP%gopoﬂ oty
fﬁgpgizgg?Pgn cleaving of the %ggﬂﬁi EHO%H@fobtaqﬁgthS a&Q§e§a rL?LS
cumene CHP  DWPE,114GB: DCP oW . % 72.374 24. 2 2.931
0.382 0.113 100 5 t/h 152. 646 53.346 3.759 0.519 O0.152

219. 905 The cbbdki®ebBCHIEViche, r@@bt%bn medlum of the86.47
whi ch corresponds to an achieved selectivity of - 6.47 nmol % are

supplied tg thelshefingf ofoRBENTHt H@Ncharaciterakddr b§70a0&bqenrwtqd@<fhm cal
CHP. 10 After the concentrating, the technical CHP has the

foll ow ng conppaehbdnacetone:cumenposi 1i:An0Q#2., nam ng of the materials
t he techni cal in all CHP
cunene CHP DVPC TheA€RpplRPCRf the citrcUlating produ2tsOis 69.2 8. 35

1.12 0.33 100
adjusted according to formula (1) G . =

circ
(480 x 58.09)/21 = 1328 t/h that the conversion of CHP
10 in the case of the value of the ratio ATZ/ AT, = 5.9
per passage amounts to 77.09%. The temperature of the
process of the.oleavage of CﬁP in the case of the value
of the ratio AT,/ AT; = 5.9 and C_; . = 1328 t/h of 52°C
is adjusted by change of the cooling water supply in the
15 heat exchangers of the reactors 2 A, B, C.
To the stream of products emerging from the lower
part of the evaporator are supplied 1156 kg/h water.
In the cleavage reactor of DCP:and DMPC,. the composition
of the reaction medium is characterised by a mole ratio
20 of phenol&acetone:cuméne = 1:1:0.39. The water
concentration in the products, which come into the
cleavage reactor of DMPC and DCP, amounts to 3.0 wt.Z%.
The process of the cleavage of DMPC and DCP takes place
at a temperafure of 168°C.
25 The concentration of the most important admixtures

and by-products in the stream after the cleavage

. reactor of DMPC and DCP is shown below:
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total selectiv
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out of the pro
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The yield of AVS ampunts to 77.8% of theory after
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whi ch corresponds to an
% over the two steps of the

20 concentrating. The loss of the selectivity amunts to
partial cleavage of CHA4-0o DMPC and ACP in the step of
ion. The techni cal CHP obtained in an anount of 58.09
into the steo of cleaving. 25 When t he

gi ven techni cal whi ch contain$ 8.36 wt.%

but  as (jgge$qq5§atlon of by-products concentrathgz
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the step of the cleavage of DCP and DMPC, the formation .
of phenolic tar to 60.4 kg/t phenol.

To the cleavage products obtained is added such an
amount of cumene fraction that the total content of
cumene amounts to 40 wt.%. The cumene fraction which is
separated off in an amount of 13710 kg/h as head product
of column 7 is passed to the step of neutralisation.

The neutralisation of the acid and the separating'
off of the salts of the products of -the reaction is
carried out analogously to Example 2. The content of
salts in the RMS amounts to 8 ppm. .

The steam consumpﬁion in the step of the separating
off of acetone and the mixture of cumene-AMS amounts to
2.8 t/t phenol.

The conéumption coefficient cumene/phenol amounts

to 1334 kg/t in the step of the cleavage.

As result, one obtains in the process:



The steam consunption in the step of the separating

15 - off of acetone

| and -the mixture of cumene-AMS anpbunts to 3.2 t/t phenol. The

. consunption coefficient cumene/ phenol ~amounts to 1350 kg/t in the

i step of/the cleaving. val ued praoducts phenol acet one

? [err]-methyl styrene in kg/h ~%2° 24651. 8 15351. 8

f 3336 by-products at the outlet fromthe deV|ce for "phenolic tar"

| the cl eavage etfeRe—A—kgH—phenel steam consunp-
in the case [ C oft tion in tft Df

.~ the of hé’g 16&%5 UU‘%F |Sng O%’ferg? ‘ggﬂg d'metgzgt%'m‘ﬁion

| cleavage acedtane an e ANS- : :
cunene m xtur € — . 0., . n 3.B
total consunpt |f§q}_: Ié%}fi ﬁ;ﬁt@tﬂ‘% SRElet ﬁ rj%g;c? clludi r%ée?%]elccf;%%ki ng| of
t he "phenol 5c Jtir }%/t pheno11332 In Eﬁ 60.4
- 43- e—eaf gt acccrdiny ts thc
cl eavi ng of thesteas -CHP @btRé R@dei 9 q_ﬁrﬁﬁeegaggj in the &Sef OF lBYS:
The conposi tiqreioh irhe/teact | onoffeghicum off t hef thé |§ajélr3&_r%f offl%fCHP S
characteri sed |lpheaohvol e rati difstlllatlo@feal)éav&g@ton | S0HPBAE andlarl APs42|
The supply of {the circulatin proggggs I 9 0 0 adj ssdead nA&EGrsli Ng tP
formula (1) dlerr] = (480 x 09)/21 = f328 th that 2.8 conversjon
of CHP 10 [ NEe case Qf. 1 ge or tn err]
=509 10 pd %$%§§ 1 nrhni%glg‘g ée @% ature Oif32g _
process of theg 3Gl WE] 1 CHP I h%aé’ {6 n allue f the ratio
[err]T[err]/[er%]%?er fe 5.9 and Clerr] = 1328 t/h ¢f 52[err]C

Example 7

The process is carried out analogously to Example 3

15 where the CHP has the following composition:
composit%on of naming of the materials
the technical  I"cumene] c#p | mvpc | acP | ncp in all
wt.% 21.01 | 73.94 | 4.09 0.70 | 0.26 100
t/h 17.7522141.3591| 2.2878{0.3916 | 0.1453 55.936

20 total selectivity 93.0

The technical CHP obtained in an amount of 55.94 g/h

is passed into the step of the cleavage in which in the
reaction medium the mole raﬁio-of phenol :acetone:cumene =
1:1:0.55.

25 The supply of the circulating products is so

adjusted according to formula (1) Gcirc

(480 x 55.94)/21

1279 t/h that the conversion of CHP
in the case 'of the value of the ratio. ATZ/A.T1 = 5. - 7

per passage amounts to 88%.



I s adjusted by change of the cooling water supply in the 15 heat -
exchangers of the reactors 2 A B, C To the stream of products
emerging fromthe | ower part of the evaporator are supplied 1156 kg/h
wat er. In the cleavage reactor of DCP and DWMPC, the conposition

of the reaction mediumis characteriggl by a nole ratio 20 of
phenol : acet one: cunene = 1:1:0.39. The water concentration in the

product's, which cone THY ®RMEs passedd afyage: reagicratfr AvPeiaieh DR
amounts to 3.0 wt. % The process of the cleavage of DVMPC and DCP

t akes pl ace mixtatren dfemueartaine o cimelfiB] eratje® amb phenol isThe
concentration of the nost |nportant adm xt ures and by-products in the
stream after tmsepdmheaheoff in areamombioDVO Girke CrRinide s e b w,

-44- concentration of by-products concentration

Vit . % of 440 hPa (30 Fhnndtures, '

ppm AMS  ANVS DVPC ACP _cunyl - HA

di mer 5 ﬂ%ﬁ&e sfreang ofy tfaa Eafodl{Ftlsl emerging fdf% the g o2

950 70 The yield of AMS anounts to 85.4%o0 t
the step of thdHeFaRafE (ﬂé BB SYFRMAEOT he F56% nsé’cl? t CI ég]&g;g%ﬂénglrl c

tar to 60.4 kg/ henol . To the cleav uct ned is
added such an "ﬂﬁlp t580q lﬁ(r]?eﬁ"’e"’lq‘e‘rract |‘Atﬁ1 T%at he to réegént of

carried out, the reaction medium is characterlsed by a
mole ratio of phenol:acetone:cumene of 1:0.77:0.61.
10 - The water concentration in the products which come into
the cleavage reactor of DMPC and DCP amounts to 2.l wt.%.
The process of the cleavage of DMPC and DCP takes
place at.a'temperature of 151°cC.
The concentration of the most important admixtures
15 and by-products in the stream after the cleavage reactor

of DMPC and DCP is shown below:

concentratlon of the by-products concentration of
WL admixtures, ppm
"~ AMS AMS DMPC ACP cumyl- DCP HA . MO
20 dimer phenol
2.93 | 0.20 0.06 | 0.64 0.29 0.01 | 890 50

The yield of AMS amounts to 87.6% of theory after
. the step of the cleavage of DCP.and DMPC, the formation
of phenolic tar to 28.8 kg/t fhenol.
25 To the cleavage products obtained is supplied such
an amount of cumene fraction that the total content of -

cumene amounts to 40 wt.%Z. The amount of cumene fraction-



cumene amounts to 40 wt.% The cunene fraction which is separated of f

I n an amount of 13710 kg/ h as head product of colum 7 is passed to
the step of neutralisation. The neutralisation of the acid and
the separating 15 off of the salts of the products of the reaction is
carried out anal ogously to Exanple 2.47he content of salts in the RVS
anpunts to 8 ppm The steam consunption in the step of the
separati ng pf f of acetone and_fhe ni xture of cunepe- AMS apounts to

20 2.8 t/t phembER 18 separategw#c%'s%%%’ieﬁo WSRO0 BRE CaNeHB) Bheno

ST e o R PR e PoB LB SO/ exe passea
- 45- fﬁ%&eghgr99g§t§$rFﬁ%f%fgavaggcgéggﬁg_%nd R%%%4§%d

[err] - et hyl styrene

3665. 6 b Si t 0, tEr ' "phenolic tar"
for the cIeavag%GQQO%%ﬁ%n%ﬁ%§d€%%e€%§ d%f gg&E?%1?§%$fp.énol '
60.4 $team conSp®-neut ol s EASE of | fhd NEc £858nd | Fhd hgepasscPhgt e
tion in t/t of the of the Separating off of phéenol
distillation céepvV@Hethe s#T€4 OffoRNEh@NpPdfucts of the reaction is

1.03 : 0. 08 cunene m xture -

2.8 10 ' total corsiwptown sneldégcushy tonExemphendl The comtemingft he
cracking of the "phenolic tar" 1322 in kg/t phenol

Exampl e 7 the saltdhin prive cRMS | smoamts edo olf ppral oglns| ytéamExanpl e 3

consumption in the step of the separating off of acetone
10 and the mixture of cumene-AMS amounts to 1.55 t/t phenol.
‘The consumption coefficient cumene/phenol amounts
to 1305 kg/t in the step of the cleavage. |

As result, one obtains in the process:

valued products |  phenol acetone «-methylstyrene
15 in kg/h - 25545.5 15812.7 1794
by-products at the outlet from the device "phenolic tar"
for the cleavage of cumene hydroperoxide 28.8
in kg/t phenol ‘
steam consump~ [ in the case " in the case| in the case of the
20 tion in t/t of the of the separating off of
| phenol distillation cleavage acetone and an AMS-
- cumene mixture
1.03 0.08 2.55
total consumption coefficient cumene/phenol _
including the cracking of the 'phenolic tar" 1305
25 in kg/t phenol

Examgle 8

The process is carried out analogously to Example 3,

whereby the technical CHP has the following composition:



15 where the CHP has the follow ng conposition: conposition of

nam ng of the materials the technical cunene CHP DVPC  ACP
DCP in all w . % 21.01 73.94 4.09 0.70 0.26
100 7 t/h _ 17. 7522 41.3591 2.2878 0.3916 0. 1453 55. 936
20 total selectivity -48- 93.0

The technical CHP obtained in an anmount of 55.94 g/h IS passed into
the step of the_cleavage in which in the reaction nediumthe nole
rati o of phenolj acetone cu ne = 1:1:0.55. 25 The supply of
the circul ating 0 naRjRe; o€ dthec Ba¥eTiAES t o fornul & (1)
derr] = b€ 5°@4)/2&m§hé27%}¢/ P@é t{hg-conftensi on |of ~ CHP

in the case of phe—valde—efithe—rat er fer-i-H-er—+Her+1=—5 7

per passage anguwlg to 88% | 21.01 | 73. o | 4.00 | 0.70 0.26  -|46-100

The RMB i s pasget—to—the—evgpotrat-or+hi—whHeh—the Ad-ur-e—g—aceteng,
cunene, wat§r grethphenol is |- 17.7582paras®d of 4878 -@.rs%ermmhspf 446%) okg/ 1
under a vacuum of—4H40—HPa—{-330—Fer+—1—5 t+-he—st-rHeam-of—the
products energijng from ttetal selecoindtypaidl #f t he evapor ator 3 |ares.gupp] i ed
8500 kg/h cunene and 580 kg/h water. As result of the chgnges

carried out, the reaction nediumis characterised by a nol e rati o of

oot o oh s Cone” e doBnt{fy®due BBcallSa"Thoin"2RSERL L O 11 the

55.94 t/h is passed into the step of the cleavage which
is carried out in a section medium in which one maintains
10 a mol ratio of phenol:acetone:cumene = 1:1:0.38.

The supply of the circulating products in an
amounﬁ'of 335'm3/h is so adjusted that the wvalue of the
ratio ATZ/ATl amounts to 21.4.

The RMS is passed into the evaporator in which the

15 mixture of acetone, cumene, water and phenol is separated
off in an amount of 4400 kg/h under a vacuum of 440 hPa
(330 Torr). '

To the stream of the products emerging from the

lower part of the eVaporator 3 are passed 1700 kg/h

20 water. As result of the changes carried out, the
reaction medium is characterised by a mol ratio of
phenol:acetone:cumene = 1:0.78:0.35. The water concent-
ration in the products, which come into the cleavage
reactor of DMPC and'DCP; amounts to 4.5 wt.%.

25 The process of the cleavage of DMPC and DCP takes

place at a temperature of 168°C.



t he cl eavage reactor of DMPC and DCP anmounts to 2.1 wt.% The

process of the cl eavage of DVMPC and DCP t akes pl ace at a tenperature
of 151f[err]C. ' The concentration of the nost inportant

adm xtures 15 and by-products in the streamafter the cl eavage reactor
of DMPC and DCP is shown bel ow concentration of the by-products
concentration of 9% adm xt ures,
ppm AMG  AMS DVPC ACP  cunyl- _DCP . HA MO 20

di ner p&foiconcentratdon 9bHtheymest igportaptrgdmizgyses

890 50 - The vield of AVS anounds tQ.87.6% of theory after
the step of th&0¢ é’g\fé’égd&f:%cﬁnaﬁg‘%ﬁgge%@ t&rngft}ﬁeo -(ieavageof p%enol iC
tar to 28.8 kglt ol . the.clea )roducts obtained is
suppl i ed such rea%Q%gnogﬁgéﬁp gpdc&ﬁéﬁésfﬁg%?&béﬁﬁﬁgﬁ the total content of
cunene anounts to 40 wt.% The anount of cunene fraction '
-47- whi gh—s—separated—off—as—thead—product—of—tfre—cotumm—7
amounts. to 14100 KkegbhcendtatidhChE 850Prddatts ar e passed cont&hteratien oFdp of
t he cl eavage of DCP and DVPCwarfl 5600 kg/ h into [ headnfirfurek, ppm
neutral i sation 5 The neutralji satron pr the pcrd and the

separati ng AMST | dWBtAeDMBCts ACP M|t GrgmydrodcDEP of | t heHAeacti MO i s
carried out anpl ogousdimetd Exanplie 2. Theheroht ept of

3.19}| 0.21 0.116 | 0.71 0.31 0.33 950 70

The yield of AMS amounts to 83.0% of theory after
10 the step of the cleavage of DCP. and DMPC, the formation
of phenolic tar to 35.6 kg/t phenol.

To the cleavage produéts:obtained is supplied such
én amount of cumene-fractién that the total content of
cumene amounts to 40 wt.%. The cumene fraction, which

15 is separated off in an amount of 14200 kg/h as head
product of the column 7, is passed into the step of
neutralisation.

The neutralisation of the acid and the separating
off of the salts from the products of the reaction is

20 carried out analogously to Example 2. The content of
salts in the RMS amounts to 18 ppm. The steam consumption
in thé step of the separating off of acetone and the
mixture of cumene-AMS amounts to 2.55 t/t phenol.

The cOnsﬁmption coefficient cumene/phenol amounts

25 to 1309 kg/t in the step of the cleavage.

As result, one obtains in the process:



the salts in the RVMS anpbunts to 17 ppm The
step of the separating off of acetone

anounts to 1.55 t/t phenol.

cumene/-phenol

anount s

to 1305 kg/t

10

The

st eam

consunption in the
and the m xture of cunene- AMS

consunption coefficient
in the step of the cl eavage.

7

5

As result, one obtains in the process: val ued products pheno
acet one [err] - nethylstyrene 15 in kg/h 25545. 5 15812.
1794 by- preduets—at—the—puttet—Fromthe—device "phﬂnn'ir tar

for the cleavag openoxi 28 8 heno

st eam consunp- %a%&ﬁgggﬁﬁﬁtg n EI% ?%mg?se o?'?% P on |i
t/t of the of cnnarnh .
distillation |gbesvfers atafﬁazgﬂﬁié%nﬁr evice "phenolic tar .
cunmene m xture -oxide 0]08

total consugpti

cunene

for the cleavage of cumeq?&ﬁéno

QR KkHef &h&mnt

n.—" 206 28

r\|

mdlng t Ba- @racklng

vowv\l e- Q

of

the "phenolic tf& 1306525 HA—legit
The process is |s&ean ednswutp-an Imgthnsbyseto Exammt]ﬁe @ase | in- Wﬁaet:amyoﬂ:'hﬂme
techni cal CHP h&sonHa €4 | owi hg obrghesitionf: of the separating off of
- 48- cqpperslt i on of distiiéatiqp of| tdleavageer i 4l scetone amchaen
t echni cal 1.03i n al|l 0.08 CHP| AMS-cumene euimtune
CHP  DWPC  ACP wt . % 21.01 73}94 4.08.50.70 d.26
100 5 t/h total TP 2oBRe iR PRI pRerb 10 - 1453 55.936
total selegdivijty, : n :
: cracking of the "pheholic tar" 1308
nlkgﬂzpmaml
Example 9
The process is carried out analogously to Example 5,
'Whereby the technical CHP has the following composition:.
15 composition of naming of the materials .
the technical in all
CHP cumene| CHP | DMPC | ACP | DCP
wt.% 28.00 67.47 | 3.69 | 0.62 | 0.22 100
t/h 17.1679] 41.3686]2.2625{0.3801 | 0.1349 61.314
20 total selectivity, mol % 93.1
The techniqal CHP obtained in an amount of
61.314 t/h is passed into the step of the cleavage which
is carried out in a reaction medium in which is
maintained a mole ratid of phenol-acetone-cumene =
25 1:1:0.55.

adjusted according to formula (1) G

The supply of the circulating products is so

circe

= (480x61.314)/28

1051 t/h that the reaction of CHP at the value of the



The technical CHP obtained in an anmount of 55.94 t/h is passed into

the step of the cleavage which . is carried out in a section nediumin
whi ch one maintains 10 a nol ratio of phenol:acetone: cunene = 1:1:0. 38.
The supply of the circulating products in an ~ anmount of 335 nferr]/h
is so adjusted that the value of the =31- ratio [err]T[err]/[err]T[err]
anounts to 21. 4. The RMS is passed into the evaporator in which

the 15 mxturgeod ACEL PPCT. CUNENEg e h LS sgpagated
off in an amount of 44002 kg/ hlunder” a i\‘/\gjt(::u %?%?g%ﬁﬂﬁ atg e5 ?égBO Torr).

To the stream of the PhodechpoSIBighNGE | £ +8ction mé®¥Eh PATEnof the
evaporator 3 are passed 1700 kg/h 20 water. As result of the changes
carried out, theleavageress¢ton sRADCP a45d COIP@CLET ¢ 8L YR EBH pptho of
phenol : acet one: cunene = 1:0.78:0.35. The water concent- ration in
the products, wiebé catko iof ophdmoli seeiagse : cumend eact 91 . 950 DVPC apige DCP, -
anounts to 4.5 w.% 25 The process of the cl eavage of DWPC and
DCP takes -2  VW3fegecencenteatpomtin echd m68lwctd C.which come into

- 49- : The concentration of the nost inportant adm xtures

and by- product b6 ¢lpavage nagtar o DMPGand)dDCP, amowms oro of . DVPE. Bnd
DCP is. shown bel ow concentratjon of by-products

concentration of 5 Ihe process of the ogleavage of DMPC and DCP takes

adm xtures, PPDlace at a temperature of 150°C.

The concentration of the most important admixtures
10 and by-products in the stream after the cleavage reactor

of DMPC and DCP is shown below:

concentration of by-products concentration of
: wt.% ' ' admixtures, ppm
aMs | aMs | pvpc | ACP | cumyl-| D | mA MO
_ dimer phenol
15 - |2.55 | 0.24 | 0.02 | 0.55 | 0.30 | 0.01 870 | - 55

The yield of AMS amounts to 85.7% of theory after
the step of the cleavage of DCP and DMPC.
To the cleavage products obtained is added such an
amount of cumene fraction that the total content of cumene
20 and AMS  amounts to 40 wt.%. The cumene fraction, which
is separated off in an amount of 9434 kg/h as head
product of the column 7, is only passed to the step of |
neutralisation.
The neutralisation of the acid and the separating
25 off of the salts from the products of the reaction is

carried out analogously to Example 2. The content of.



AV AMS DWPC ACP  cunyl - DCP HA MO di mer
phenol 3.19 0.21 0.116 0.71 0.31 0. 33 950 70
The yield of AMS ampbunts to 83.0% of theory after 10 the step of the

cl eavage of DCP and DMPC, the for matiqg _ of phenolic tar to 35.6 kg/t

phenol . To the cl eavage pr aucts-obtained I s- supplied such

an amount of cungpy r-actd,on t ES ot t of cunmene anounts
to 40 wt.% The c%n%n]‘g{:fﬂrkgegt%%%,an{ |ct£1S "jﬂs 1Q‘pirgsp%g'epar'at ed of f in an anount

of 14200 kg/h as head gy _stﬂwwsﬂpéﬁ&% Y 7sa54p§'aq0¢§én£egféﬁagré@-¢

step of neutralisation. he neutr acid
and the separatiing off ofofdcatoddarfihldtfe ffidradhe dff Qdistdrfe M3 hendged | on

‘is 20 carried out anal ogously to Exanple 2. The content of salts
in the RVB anourfios 2.4+618 /dpraherfis st eam consunpti on in the step of
the separating off of acetone and the . mxture of cunene- AMS anounts
to 2.55 t/t henol. The consumption Geafifiiainntc samens /mhenainanoytehol
amounts 25 tq 1l /t,in.t st of 4 he cl eavage. As
result, one obt %oné%ékgﬁge(tpr]&gz‘se ot the cTeavage.
- 50- val ued pro ' h e s et qQne .
[err]-met hyl styrene s %Cstlﬁt’ké)/r% %ri)anlnS 15%%%ocess. 15773. 5
1719. 1 by-products.at the outlet fromthe device "phenalic tar"
for the cl eavaggvaliue@Uusidacty dr oppieasl de | acetone 35.[6 otmethylstyrene
_ kg/h 25634.4 12518.5 1752.6
10 by-products at the outlet from the device ""phenolic tar"
for the cleavage of cumene hydroperoxide 30.3
in kg/t phenol ‘ '
steam consump- in the case | in the case | in the case of the
tion in t/t of the of the separating off of
15 phenol distillation| cleavage acetone and the AMS-
0.9 0. cumene mixture
: 4 08 9.06
total consumption coefficient cumene/phenol '
including the cracking of the "phenolic tar" 1305
in kg/t phenol '

Table 3: Summarisation of the Examples

20 No. consumption loss of the composition of the reaction
t/h selectivity | medium of the cleavage as
in the con- mole ratio phenol:acetone:
ot ar of | clomvage of
techn.CHP| G ; . S cl&ﬁ}{age of | coeavage of
25 1 2 3 4 5 : 6
1 50.5 0.47 1:1.36:0.2 1:1.36:0.2
2 63 1008 0 1:1:0.61 | 1:0.78:0.87
3 61.314 1051 0.07 1:1:0.55 | 1:0.78:0.70
4 55.9 1278 - 0.17 1:1:0.38 1:0.77:0.61
30 5 61.34 1051 0.07 1:1:0.55 1:1:0.53
6 58.09 1328 0.17 1:1:0.42 1:1:0.39
7 55.9 1278 0.17 1:1:0.38 1:0.77:0.61
8 55.9 335 . 0.17 1:1:0.38 1:0.77:0.35
9 55.94 1051 0.07 1:1:0.55 ~ 1:0.80:0.51




5 in kg/t phenol steam consunp- in the case in the case in

the case of the tionint/t of the of the
separating off of phenol distillation cl eavage
acetone and an 1.03 0. 08
AMS- cunmene mi xture -53-
2.5 t ot al consunptlon coefficient cunene/phenol 10 i ncl udi ng the
cracking of the "phenolic tar™ 1308 in kg/t phenol
Exanpl e 9 The process is carried out anal ogously to Exanpl e 5,
wher eby the technical CHP has the follow ng conposition:. 15
conposi tion of nam ng-af the rmt(—"rials the technical
inall CHP SYEE o Dvwpe, | AcP Dop w . %
28.00 67.47 3.69 0.62 0. S0 T/h -5 17. 1679
41.3686 2.2625 0.3801 0f1349 61 314 20 a
selectivity, mol % 93.1 _ The tec ni cal CHP
obtained in an amount of | ~ . 61,334 {/h.ig passed into ghe ﬁi of the
cl eavage whi ch is ¢arre@oll Fnga LetHoR nEedi [ FnQ is
mai ntai ned a nole ratio ¢f phenol -acet one-cunene = | 25 éﬂ%é%“SG
The supply of the circul ating products is so adj just dlng to
formula (1) Jerr]= (480x 61.314)/28 = 1051 t{ h ft hat themrﬁactEbn of
CHP at the value of the 5% o
ratio [err]T[err]/ [err]T[ery] & 3,16 per ., passage, aount's toE?;GO/c w
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The conposition of the reaction nmediumin the

and DMPC i s characterised by a
wat er concentration in the products,
t he cl eavage reactor of DMPC and DCP, anounts to 1.3 w.%

1:1.8:0.51. Th

e

5

nol e rati o of phenol: acet one: cunene

process of the cleavage of DMPC and DEP4takes

of 150[err]C

The concentrati on of the nost

cl eavage reactor of DCP

whi ch cone

into
The

pl ace at a tenperature

i nport ant

adm xtures 10 T ETd gy-groducts i, n She stream after the cl eavage reactor
of DMPC and DCPTRBl€nhdwicBBFIRration concentration of by-products
concentration of w . % adm xt ur es,
ppm ANVE —AMS PMRC—ACR SHHAH DR HA. MO
di mer : No. | gimyeosionl5 yie2d 56F | §icdddl of .coRsumpdidd | cOncddtrafionl
870 55 of DQRe Vi el dMBf AMphawduni soeffi®GedOojof thfory aftpr
the step of thg cl pavdge of |DGPthecrygVe@; kg/t| in the To |t hémixtesesmge
products obtaired |s added duch an phenpdount céeéavageend fraupm on thaj the
total content d¢f climene 20| and AMH anounts|t 8240 pheno e cungpe
fraction, which— -s—segaratetd—eH—r—afr—preunt—ef—9434—kgl-h—as—hepd
product of the |cdl imd57, is [onl y6passied 1o the st o 19 20
neutralisation. The neutrfal1satioh of the aci|d and the
separating 25| loff9%#P the sal7t539fr01m't_44'e pr pduddkB-4f tHe BQucti bl s
carried out angl ggpuml, g7t o Bxampl.e 2.] Thw4cont eny3sy 70 950

3 | 98.41 90.28 25.4 1301 60 920

4 | 99.46 88.59 28.1 1303 50 890

51 99.98 88.31 27.7 1302 55 910

6 | 99.99 85.47 60.4 1334 70 950

7 | 99.82 87.6 28.8 1305 50 890

8 | 91.48 84 36 1309 70 950

9 | 99.71 85.74 30.3 1306 50 870




The steam

-52- salts in the RVMS anounts to 19 ppm
consunption in the step of the separat- ing off of acetone and the
m xture of cunene- AMS anounts to 2.46 t/t phenol. 5 The
consunption coefficient cunmene/ phenol anounts to 1306 kg/t in the
step of the cleavage. As result, one obtains in the process:
val ued products phenol acet one-55- [err]-methyl styrene
kg/ h 25634. 4 12518. 5 1752.6 10 by- product s at
the outlet fromthe device "phenolic tar” for the cl eavage of
cunmene hydr oper oxi de 30.3 in kg/t phenol - steam
consunp- inthe case in the case in the case of the tionint/t
of the of the sepgrating off of 15 Heno '
distillation cleavage a%e?o(%ne and "t He AMS® sl &
cumene mi xture 994 008~
2.46 total consunptiog qgeij LCi gnt,_cupege/ pheno] 2 % 8 n¢l udi ng t he
cracking of the "phenoli¢ tals' 5 & & BW © o o MR tEhEN
Tabl e 3: Summarisation of th& E&ah’pl“és“ 20 £ YKol ':Q%@J t on | oss
of the conposition of the reaction: [ /h e
selectivity nmedi um of {he—eleavage—as S S in
t he con- mol e ratio phenol :acetone. o H E z
centrating cufreney o o 2 l\tzgciin.g‘g—ia GRért] ﬁ‘r_ar of CHP
cl eavage of cleavage of SEG 0 ®E G E&E &P g FqrP w DCP
and DMPC 25 1 2 3. 4 5 " k|3 ~ 6
1 50 5 0.47 11 36-0 2 1:1 360 2t 82
63 1008 0 1:1:0.61 1:0.98:0} 874 | B 261.314
1051 0. 07 1:L:0.85w w w1lid..d8.0..40 4 505 9 R 1278
0.17 1:1:0.38 1:B. W0 @ BOGL $5 H1834 ﬁgﬁ g 0.07
1:1: 0. 55 1:1: 0. 53 Y6 ® ®58°09 1398™ 0. 570 |2 | 1:21:0.42
1:1: 0. 39 7  55.9 1278 0.17 1:01: 0738 B~
1:0.77:0.61 8 55. 9 335 0.17 1:1:0.138 5
1:0.77:0.35 9 5p. 94 1051 0. 07 1:1:0,3p =
1:0.80:0.51 -53fF [err] _ H 8
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- 54- Tabl e 3 (conti nuati on) No. conversion yield of yield of

consunption concentration of DCP - AVB phenol .
coefficient of % theory tar kg/t in the
adm xt ut es phenol cl eavage ppm
kg/t phenol MO HA 1 15 -56- 16 17 18
19 20 1 92.5 75.9 44 1318. 4 300
1500 2 99. 87 90. 6 s L : 70 950 3
98.41  90.28 25 4  LiSEdE referedeldd 920 4  99.46
88. 59 28.1 : : 5 890 5 99. 98 88. 31
27.7 TsoR+ distPlagion sten ot A, BEO, S 85. 47 60. 4
1334 702, CHF ®lkavage ¥bdtor (2 ASBS ¢) 28.8 1305
50 890 8 91. 48 84 36 1309 70
950 9 99.71 3. evapbxatbr  30.3 1306 50 870
-55- Jerr] - 56-
Li st of ref%rendes DCP/DMCH.cklistdidd atdayrstiep (1 A B) 2. CHF
cl eavage reactor (2 A B, O 3. evaporator

5. neutraliser :

6. acetone separation column
7. cumene separation column
8. phenol/cumene/AMS separation column
10 9. return pipe for cumene to the oxidation (stream IT)
10. inlet for cumene oxidation products (stream I)
11. pipe for the concentrated cumene oxidation products
12. cooling water pipe
13. mixef for oxidation products, reflux and catalyst
15 14. pump
15. catalyst'(H2504) inlet
16. calorimeterlST1 (minitubular.reactor)
17. acetone lead-off
18. cumene/AMS return pipe to the hydrogenation
20 - 19. neutralisation agent (NaOH) inlet
20. neutralisation inlet
21. neutralisation lead-off (stream VI)
22. waste water lead-off
23. neutralisation circulation pump
25 24. crude acetone lead-off (stream VII)
25. crude phenol pipe (stream VII)

26. cumene return pipes (stream IV, IVa, IVb)



|

5 4. DCP/ DMCP cl eavage reactor 5. neutraliser 6. acetone

separation colum 7. cunene separation col um 8. :
phenol / cunene/ AMS separatlon colunn 10 . return pipe for cunmene to the
oxi dation (streamll) i nl et 59r cunene oxi dation products (stream
). 11. pipe for the concentrate cunmene oxi dation products 12.
cool i ng water pipe 13. m xer for oxidation products, reflux and
catalyst 15 24, Puhp separatidr faratymenéfﬂgﬁr]SC{err]) i nl et 16.
cal ori neter [err%T[err] (m ni tubul ar reactor) 17. acetone |ead-off

18. cumene/ AVS 2 turﬁt®¥@eplbetﬁ@rhvdt@gehatr©nm P0I) 19. neutralisation
agent (NaCH) inlet . . neutralisation inlet 21. neutralisation
| ead- of f (strea%?wthenol/cqmen%ééM% PAPer | ead- of f 23.
neutrallsatlon at i crude acefone |ead-off (stream
VI ib d@h ﬁé?gﬁnﬁ%a%s?f%aﬁ?wﬁh? re°t1£?%a ti%fene return pipes
(stream 1V, IVa, | Vb) -57- 27, 27'.

separator for cunene/Herr]0 28. return pipe for water (streamlll)



29. phenol7cu I pe 30. phenol/tar |lead-off to the rectification

Pate”hiS'ﬁlthiHEEBeenReplac%d | nproved process for the production of phenol and
aceto i of cunene to technical cunene hydr oper oxi de
(CHP) I HU H,E’cl eavage of the CHP, 5 <characterised in that the
oxi dat'i ir e . concentrit8d up to a cungr oiyjmsis 't "??'

t echni cal cunene hydroperoxide of 21 to 30 w. %jatiévt £ T HAS BEEN

is subjected to the catal ytic clRedesnde Claims 2. Priocess RERGAER ng t d

claiml1, characterised in that 10 one carries aqut the cleavage of the

techni cal cuneng ImP PP YA ifddivhd §AGRIcE i dM&HHd A ey of
t he di cunyl peroxide forned as by-product in a tubul ar react or

in the case of glidtdod Ny GHNRHOORE Gunddie to tedigfiddloreutRaiaim in the
above-nentioned reactors. 15 3. Process according to claim 2,

characterised hyddogleroxide (OHE)hevirttacidtlyteid whdavdde off epheofCHe
cl eavage of techni cal hydroperoxide, in the mx reactor is naintained
a nol e rati% ofchpherndermcstdnia dmnels okiklgtii@8 pdBYts are 4,

Process according to claim?2, characterised in that, 20 for the cleavage
of the techni caionnendmatieddnapdrooyd damene contenthdmithe dahicaalre is

mai nt ai ned, dependi ng upon . the content of the cunene contained, the
fol I'owi ng rati g¢gumene hydroperoxide of 21 to 30 wt.% and this mixture

is subjected to the catalytic cleavage.
2. Process according to claim 1, characterised in that

10 one carries out the cleavage of the technical cumene
hydroperoxide in mix reactors and the cleavage of the
dicumyl peroxide formed as by-product in a tubular
reactor in the case of differing compositions of the
reaction medium in the above-mentioned reactors.

15 3. Process according to claim 2, characterised in that,
in the reaction medium in the step of the cleavage of
technical hydroperoxide, in the mix reactor is maintained

" a mole ratio of phenol:acetone:cumene of 1:1:(0.38 - 0.61).
b Process according to claim 2, charactefised in that,

20 for the cleavage of the technical cumené hydroperoxide,

in the mix reactor there is maintained, depending upon

the content of the cumene contained, the following ratio:

480 X Giopp

Gcirc - - (1
% cumene

- 25  whereby G represents the amount of the circulating

cire
cleavage products (t/h), G.cup the amount of the

technical CHP supplied in the cleavage (t/h) and % cumene

wt.% cumene in the technical CHP.

RO A




g er rThi%hE@HES]Been Replaced (1) 25 whereby Gerr]

rcfpresfm{ umuﬂ"m of the circulating cl eavage products (t/h),

err t he technical CHP s T the—ctears

] S ST
5.

and % cune . % cunene in the technical -
59 Process according to cls9m 2, charfact er REBEAGHD t hat
the cl eavage. of di cunyl peroxide and dimethyl - phenyTcarbr not is
carried out in3jhe tubtdedss eded@rding to claideagtéloaracterhsedtina nole
rati o of phenol : acet one: 5 cunene = 1:(1 - 0.77):(0.35 - 0.87), -
preferably at that thepcledvags of dbdurnyllo@erxide and dimethylProcess
according to claim5, characterised in that, into the cl eavage
reactor of di cuphenpkeansdieolnts carrield neutylphehel tabwl a0 res¢otui®ne
fraction is supplied 10 in an amount of_ up to 160_kg/t of technical
cunmene hydf oprgeikier. medium with prpehesrakieref herotiafakoneand 6,
characterised in that, into the eavage reactor of dicunyl peroxide
and di net hy? phe‘ﬁ}q‘%%ﬁb'T'n]oi(,ltﬁeOV\ZaNe’r%sg%u'bp(Pigg)? PEges®P Y sdbunt of 1 -
30.4 kg/t of technical cunene opeJ oxi de. 8. Process accordi ng
tg clﬁins 2 - gﬁemﬂﬁﬁ%ﬁﬂ¥ﬁ§sﬂff?§% - i&gtﬁat the control of the process of
t he cl eavage of | cunyl _ pe | de d.dj et byl L hol . 1 akes

pl ace by fF'egul a]#j% - n%/ ?(E%&\El)ﬁ’rg% %? Cf‘ﬁéei?a To&?g{%!rn? g;eér1(§)] 7"5
ferr]Tlerr]) inp20 1488 tRD9E104vde® 10alilof o' #LEEAP YpSroxBde! Bnline

~ dimethylphenulcarbinol, -the cumene fraction is supplied

10 in an amount of up to 160 kg/t of technical cumene

hydroperoxide.

7. Process according to claims 5 and 6, characterised
in that, into the cleavage reactor of dicuﬁyl peroxide
and dimethylphenylcarbinol; the water is supplied in an

15 amount of 1 - 30.4 kg/t of technical cumene hydroperoxide.
8. Process according to claims 2 - 9, characterised
in that the control of the process of the cleavage of
dicumyl peroxide and dimethylphenylcarbinol takes place
by regulation of the wvalue of the ratio (ATZ/ATl) in

20 the range of 1.5 to 21.4, preferably 3 - 8, in the

| device, whereby:
AIz-is the temperature difference of the product at the
inlet and outlet of the cleavage reactor of dicumyl
peroxide and dimethylphenylcarbinol, and
. 25 Lle is the temperature difference of the products at the

inlet and outlet of the calorimeter which is installed

in the pipe of the circulation of cleavage p;oducts of

the technical cumene hydroperoxide.

1
* [ L L S *




. tenpe

devi g8 [err]T[err] is the tenperature dlfference of the
produ enReplacad|nIet and outlet of the cleavage reactor of dicunyl
perox "mm | phenyl car bi nol, and 25 [err]T[

ce of the products at the etmﬁlﬁl'ﬁ‘@ﬁtﬂkﬁB —ihe

cal ori neter mhlch is installed i~®0-he pipe of th ci r cBERKAGED of

cl eavage products of - t he technical cunene hydroperoxide. ”

- 60- 9. lroces prace@isdise ol iHeaitd 21 80AMAC ¥t drised id hat the
cl eavage of dicunyl peroxide and di methyl - phenylcarblnol Is carried
out in the tubuliatr edel @leavage ofaditaiyl0HeFRNIGE \Wndh digerigd cont ent
of acetone, 5 whereby the |owered content of acetone is achieved either
by renoval of aphemnylefarbieodcdisoraraied dutt Ha dlep tatbular rddwtor in

i ntroduction of an additional amount of cunene and water fraction into
the cl eavage pradwets tdonbyeddamofwith 1oweiredprocteses of Heetbhe, Process
according to claim9, characterised in that, in the step of the
neutral i sat don Uhetrﬁé’}’smhphdm?@red coatiest ife acetainec dst awvth isfves reditheand
[err]-met hyl styrene in the cl eavage products, by the suppl of t he

hydr o- car Bdn reme¥Eilo®f anpanits Otfgtltw@ BCeRonEh S Tatidh dhe delp BF to
3.6 wt.% and the_ concentratiqn of the salts in the cl eavage products

after the step &P ARtxogduchiog,ofoan addigdongd amoymty iod sumene and o 20
ppm

water fraction into the cleavage products or by use of
both pProcesses.

10 10. Process according to claim 9, characterised in
that, in the step of the neutralisation of the sulphuric
acid, the total content of cumene and X-methylstyrene
in the cleavage products, by the supply of the hydro-
carbon fraction, amoupts to 40 wt.%, the water content

15 to 3.6 wt.% and the concentration of the salts in the
cleavage products after the step of the neutralisation

of the sulphuric acid to 3 to 20 ppm.

-
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Patent clainms. 1 - 4 anended 8.7.98. Pat ent
CI al MII "ll“"”lllﬂmgroved process for the production of phenol and
acet f cunene to technical cunene 5 hydroperoxi de (CHP)
with catalytlc cl tavage of the CHP, characterised in that the :
oxi dation products are concentratell-up to a cunene content in the
t echni cal cumene hydroperoxide of 21 to 30 wt.%and this mxture

is used in the gatahyt gheayage,a t hescgge of 10 the cleavage, a
nole ratio of pﬁbll%%l a%g?ung Zuneﬁegﬂ?nagd B¢ Z ?é- 0.77:0.35 - 0.87 is

mai nt ai ned. 2. Process accordi 9 to cIa|n11, characterised in
tht one cagries out the cIeavag§§5ﬁ—£h§—ﬁé§ﬁnical cunmene 4
_ roper oxi de i X a
formed s by- protuct FHPROTRuPEpetss FoFkRECpPhabReion ar, REURE L BEH  one
Of jLhe react | Oacerone MYl UgH 4B ??OXGmgﬁQt£8“€Qcﬁﬁ%€5?réumeﬁ 3.

I'n € reaction

CeF
Process accordi ng claim aracteri se

mediumin the. Sﬁﬁ.@reﬁewﬁl&ée@mﬁ@ wzeh eLtafﬁh@bcahesvagaeohy@hepeﬁ@xI de,
in the mx reactor iIs nmaintained a nole ratio of

phenol : acet one: gHaRAEtOFised inliRatOtB8 ox@dﬁ%ion ?roduéts arErocess
according to claim2, characterised in or the cleavage of the
t echni cal cumengohiyeheratad upetOthGuméﬁetbenﬁéﬁtrﬁﬁcthé techniokdi ned,
depending upon the content of the cunmene obtained, the follow ng
cumene hydroperoxide of 21 to 30 wt:.% and this mixture

is used in the catalytic cleavage and, in the case of

10 the cleavage, a mole ratio of phenol :acetone:cumene of
1:1 - 0.77:0.35 - 0.87 is maintained.
2. Process according to claim 1, characterised in
that one carries out the cleavage of the technical cumene
hydroperoxide in mix reactors and the cleavage of the

15 dicumyl peroxide formed as by-product in.a tubular
reactor with differing compositions of the reaction
medium in the'above-mentioned reactors.
3. Process according to claim 2, characterised in
that, in the reaction medium in the step of the cleavage

20 of technical cumene hydroperoxide, in the mix reactor
is maintained a mole ratio of phenocl:acetone:cumene of
1:1:(0.38 - 0.61).
4. Process according to claim 2, characterised in
that, for the cleavage of the technical cumene hydro-

25 peroxide, in the,mix_reactor is maintained, depending
upon the content of the cumene obtained, the following

ratio:



ratlo Jerr] = [err] (1)
mhere rep s the anpunt of the C|rculat|ng cl eavage
pr od miﬂ’ r the anount of the technical CHP supplied to the
cl eavagec % cunmene W . % cunene in the technical CHP.

_ , 11, 12 and 13 a62anended 13.10.98
optlnlsatlon of the process not only fromthe poi nt of VIeM/Of t he
yield of AMS but also fromthe %%@ﬁ% %ECH?GM/Of the m ni m sation of
the portions of the . G@bpye- rent+ened—by—preducts and adflxtures, is
extrenely i nportant. Tabl e 4 cumene the charact eri stic val ues
tenperature, [err]C 10 120.
140 10 y|elwheﬁebvﬁﬂblf@oteprgﬁﬂgms the <gmount of the c1rqglat1ng
nmesityl oxide (MJ, ppm 124 319 751 + The yield of
AVB i's taken f rohe#Fvage 1pe@deees PhESR) » G opp the amount of the

technical CHP supplied to the cleavage (t/h) and

5 9 cumene wt.Z% cumene in the technical CHP.



US 4, 358, 618. | In a process with high acetone content in the 15

reacthmVﬂW ' jn the Patents US 2,663, 735 and US 1, 109, 297, one
achi eves m"n fﬂ"oncentration of MO in the cl eavage products
(1200 ppny. cThe 48" anounts of by-products present lead to a

signi ficant energy consunption i_gghe process. 20 Al so
according to US-P 5,530, 166, one works with a high excess of acetone
(rmol e rati o ‘acetone: phenal 1.5;1), whereby the reaction nedi um can

contain up to Pagesod suBr0.ldp d2n@nd 13 as amendedrid3d.dP.f8 15 480 A

descri bes the use of technical 25 cunene hydr operoxi de whi ch contains at
least 70 wt.% +++ oOptimisation of the process, ngt only fgomertde

hydr operoxi de. The renminder of up to 30% consi st of cunmene and 4 to
10% of ot her byPRidgultsView ofsthg ydeddpef AMS Ayt mdmso fmom £herport ant
t hat the reacgtion nixturef %éPaddiLiqn of, aceton%.to the'reagy() 5
m xture, must b&FPEuGHt ViEVaRfalbeoRdndgsatiog: of; the portions of thesg
w-. % in order t i i red _side reactd ans. This .has the result
that, from the $P§§%r%ﬁ%QQ%%edp JaRkLucts, eaggﬁgﬁﬁfﬁﬁ’oﬂspﬁéﬁﬂ?m i st
W th cons&ﬂggg?lﬁtqnergy expenditure, this excess of acetone 10
must be evaporated 0 F and the total reaction volune correspondi ngly
i ncreases and tQﬁﬁlé greater expendi ture of apparatus nust be
oper at ed. —_— _
the characteristic values temperature, °C
100 120 140
10 | yield of AMS*, % of theory <70 73 78
mesityl oxide (MO), ppm 124 319 751

* The yield of AMS is taken from Fig. 1 of the Patent

Us 4,358,618.

In a process with high acetone content in the

15 reaction medium, as in the Patents US 2,663,735 and
US 1,109,297, one achieves a_still higher concentration
of MO in the cleavage produects (1200 ppm). The large
amounts of by-prdducts~present lead to a significant
energy consumption in the process.

20 - Also according to US-P 5,530,166, one.works with
a high excess of acetone (mole ratio acetone:phenol
1.5;1), whereby the reaction medium can contain up to
20 wt.% of cumene.-

The DE 19 15 480 A describes the use of technical

25 + cumene hydroperoxide which contains at least 70 wt.%



In a{__EEBVE_ﬁEﬁTTﬁnEd—S{eps of the process from

the oxidation up to

t he | mm,m,m d products, 15 chem cal |osses of the end products
occur ﬁ‘? 75% of the energy consunption of the whole

process is$

products of CHP. I n addi t]
is 20 needed
t he cunene oxi

ted to the step ﬁf_the rectification of the cleavage

t he CHP cl eava t St tihe th
o £ ot WfnddPland 4 t&AVEGE r U %Bﬂfi‘g&égis% e

oxi dation step 1n

because the
above 35% cunene reaction, the oxidation products obt ai ned are

concentrat ed.

oper at 1 onal processes armunt S

FER I Gl \0 ByS A@TtBsh of acetone tdUihd Nr&RVELeHh

steps in order that the residual content of cunene in the technical
obt ai ned arfbuntsidtmre, must bd bridight]l tomabaddtoro ddetaeedefl 4ow

conversi on
addi ti onal

10

15

20

25

of cunene in the oxidation step, there thereby arises 5

..1least. 37 to 48 wt.% in order to avoid undesired side

reactions. This has the result that, from'the fraction
products, for the obtaining of phenol, first, with
considerable energy expenditurg, this excess of acetone
must be evéporated off and the total reaction volume

correspondingly increases and thus a greater expenditure

- of apparatus must be operated.

In all above-mentioned steps of the process from
the oxidation up to the isolation of the end products,
chemical losses of the end products occur whereas about

75% of the energy consumption of the whole process is

allotted to the step of the rectification of the cleavage

products of CHP.
In addition, a considerable amount of energy is
needed in order to concentrate the diluted CHP produced

in the cumene oxidation step to the desired content for

- the supply to the CHP cleavage stép. Since that

conversion of the cumene in the oxidation step in the

operational processes amounts to 15 - 35%, because the

selectivity of the oxidation reaction decreases strongly"

above 35% cumene reaction, the oxidation products

obtained are concentrated. The concentrating is carried

a consi derabl e anount of energy

(#. l{h} %dgye&proqpeq{l%ggfregf (r%reﬁog] q@ L{Efefdr 3E & Oéj(!t'J Suppl y t o

23ucP L TMRE YA ddie sop dationid %dﬁhrﬁ?%ﬁé’@e&ét rongly

CHP

an



..... i b neous increasfhg of the selectivity and reduction
of th’am wmm "M !joducts. Furt her nor e, it is possible
kCa S

si gni e the salts in the step of the neutralisation.
These advantages follow from 5 our |aboratory investigations which are
denonstrated in the Exanples 2 --@5and in Fig. 4. As our

i nvestigations have shown, the reactions of t he conversion of dicunyl

per oxi de (DCP) autd DVRewewal stepdeirn| crdeyetivit Gl aresidubdbk cantertd out
inreaction 10 nedia of differing conposition. The higher selectivity
and t he hi gher ebnmsreneninftRCechnheabbfHRcObeybged amounts toAccordi ng
to the invention, the cl eavage of dicunyl and di net hyl phenyl car bi nol

. is carried out Imtheteublarl wt.%eackur to the ceeeded hewiconvgrpion

| onered content of 15 acetone, whereby the |owered content of acetone is
achi eved ei t herohyCcyeRs aln ofhey Qldapion pgteR et BRRrYrthereby ya¥hsese hel p
of the introduction_of an ditional anount of cumene and wat er
fraction imo t#e %‘F‘g]a"?/h%a roducts®* or by use of both processes. 20
Thus, in the equinolar m xture of phenol -acetone whi ch contains up to
15 wt. % of cunene, the optinmum selectivity is achieved in the case of
a residual content of DCP of 0.5 w.% which corresponds to a total

| oss of 0.5% abs. of the end products - phenol, acetone and AMS. 25
In the process worked out by us, it is possible to achieve, in the
nol e rati o phenol : acet one: cunene = 1: (1 - 0.77):(0.35 - 0.87) in the
reaction nedium the



-67- b,, results with regard to the yields of AMSandthe cunene

consu dtolt of phenol, as well as the formation of
phenol E“@Hﬁﬁ of a resi dual content of DCP of 0.06 - 0.09
w . % case of al nost 100% reaction of the DCP, which is
not ach| eved in ot her patents. /Aggihe sane tine, we have
ascertained that the m ni num formation of phenolic tar and
correspondingly the best uti]i t|on of gcunene ] _achi eved b

non- maxi mum yi el o of AR sty tanegus :irg:reasmg ‘f‘—#g‘i}?ee eg ‘)/H'Pét a

conpari son of the eff ctlve ness. of v |ous Iog| he basi s
of the yield ‘ﬁi\?st nootE t%ﬂﬁtagn op{ alfc "?ro‘?[e S Yo T et

t th £t fo
consanpt o, 1 P Sras %ﬁfé%@ff 8 il desity qa1flyffengurene
i nvestigati ons,se/g\t; dF ¥ neutrdlidsti&t ed ﬂ{@é}é‘ll&&}éﬂtéébg|golﬁoﬁn§r&n

show that the anounts of the H err]SC{err di ssolved I n the reaction

nmass of 5 tdigr QWﬁﬁh@véﬁt%wwimLﬁr@ms&émcﬂ
to 2 ppmin the case of a ..... 68-

...... sul phurighea@EthnpFledippl+ €3l and 1 meigs 40 the reacti on nmass
punped around by the punp 14. The anount of water supplied thereby
amounts to 1 - 30.4 ki toiHAinvestigations have shown, the reactions of
the conversion of dicumyl peroxide (DCP) and DMPC and
the cleavage of CHP are to be carried out in reaction

10 media of differing composition. The higher selectivity

and the higher conversion of DCP is thereby achieved.
According to the invention, the cleavage of dicumyl

and dimethylphenylcarbinol is carried out in the tubular

reactor in a reaction medium with lowered content of

15 acetone, whereby the lowered content of acetone is
achieved either by removal of a part of the acetone or
with the help of the introduction of an additional amount
of cumene and water fraction into the'cleavage products
or by use of both processes.

20 Thus, in the equimolar mixture of phenol-acetone
which contains up to 15 wt.% of cumene, the optimum
selectivity is achieved in the case of a residual content
of DCP of 0.5 wt.%, which corresponds to a total loss
of 0.5% abs. of the end products - phenol, acetone and AMS.

25 In the process worked out by us, it is possible to
achieve, in the mole ratio phenol:acetone:cumeﬁe =

1:(1 - 0.77):(0.35 - 0.87) in the reaction medium, the



The €leavage—of—CHP+s——carried out in the nmedi um which 5 preferably

cont ai T %.of cumene at a nole rati o of phenol:acetone =
1: 1. ] Eﬂmﬁlll‘v“imlmm/ﬁnt ration can be varied in the device from21 to
30 wt.% ¢ L m s =lhe cleavage of technical CHP, which contains the
vari abl e concentration of cunmene, in ihg above-nentioned 10 device is,
dependi ng upon the cunene content, carried out according to the

foll owi ng forml a: . err] = Jerr] :

(1) wher éﬁf@@%ﬁln%m%m%%ﬁ b Breldie of (ANS andgthes

C/h suppl i od 1 G UTRAE I SORSHAP SN TeE ST el (P ARERO Dy TR Lof |
e e I omape i abentie e TR AR
Cechni cal - regpsuaty contehs ST 8 0T OO IR S R Do o

ition of t h_-.p rqfaapéé' ¥ @ﬂdd’éﬂ %@58 a_(_c%fdg%céfr%éacbéy’ awhjr%ht-grqll& rati o

of phenol : acet one: cunene = 1:1:{( e case of

variabl e cumeng GpriwH i) dtifer pated€@fhnigaltfdFgaddar e W Rdge CHP
conver si on correspond- ing to the above-nentioned fornula (1) remains

const ant ascertained that the minimum formation of phenolic tar
and correspondingly the best utilisation of cumene is
achieved by non-maximum yield of AMS (see Fig. 4).

10 Figure 4 shows that a comparison of the effective-
ness of various technologies on the basis of the yield
of AMS is not quite correct and that it is more correct
to compare the effectiveness of the process on the basis
of the cumene consumption, referred to the phenol.

15 ‘The results of our investigaﬁions, which are
iilustrated graphically in Fig. 5 and 6, show tﬁat the
amounts of thé.HZSO4 dissolved in the reaction mass of
the cleavage (RMS) of 2000 ppm without cumene is reduced

to 2 ppm in the case of a .....



and is corrected via the size of the tenperature di f ference

[errWﬂ'ﬂ l"j"Jﬂm” orineter 16 which represents a mnitube reactor
whi ¢ shown in the schenme (see Fig. 7). The CHP
conversi on passihg 5 through anobunts to 76 - 88% In the case of a
devi ati on fromthe ratio determned with the formula (1), t he signal
[err]T[err] corrects via flaps the fl-@8- hrough anount of the cooling
water in the reactors 2A ZB and 2C. The connecti on between the

ratio of formul a (_1.). 'L%f&”'rse%dﬂlﬂl coo ngpi e § I@(ps%hé/\/m ch

regul ates - theflow roug anouri ter int

reactors of the. rﬁe proc‘g@?g t Jdrf [l?yf rﬂh‘g eﬂdn]p ﬁpsurrﬁ.§e amount he

doubl e protectlon of e CHP°cl eavage m ni m ses
the formation off tscd NRIPHFL AV Bftebhp amdcHEY itated pim.rrplwg/@ ¢HP S

st ep. The cl eavage products of CHP, which contain non-

reacted CHP, cam idlcavdie HRCHRLY caMitdE dist tth dfhe medidnhesieieti one
are driven off by utilisation of the heat evol ution of the cl eavage

reaction irp or gfeflerdbiwercardtmiid) 28 cormenttr & iah ambmoratespamsliegl y the
amounts of the MO and HA forned from acetone in reactor 4 of the
conver si on r atdifo D@Dzﬂmﬂ\ﬁ%@etﬁm evapol at i The ofumerns cencenesaplere
adi abetically prepondera under a vacuum of 400 - 666 hPa (300 -
‘500 Torr) or atcamrhmlvqmmgwﬂe thghalevize fasm ohle % 3Qitfvekl vi a pipe 17.
The product inpoverished in acetone cones fromthe | ower part of the
evaporator 3 into thdhe eshaafagend Jrechnical CHP, which contains the

variable concentration of cumene, in the above-mentioned’
10 device is, depending upon the cumene content, carried

out according to the following formula:

480 x G

tCHP
Coire = ' (1)
% cumene .
whereby Gcirc represents the amount of the circulating

15 oxidation products in t/h, G cup the amount of the
technical CHP in t/h supplied to the cleavage énd
% cumene the amount by weight of cumene in the technical
CHP.
The carrying out of the process of CHP cleavage in
20 the above-described way ensures the stability and safety
in ﬁhe case of variable cumene content in the technical
CHP and correspondingly in the case of varying compos-
ition of the reaction medium which ié characterised by a
mole ratio of phenol:acetone:cumene = 1:15(0.38 -_0.61).
25 In the case of variable cumene content in the
technical CHP, the size of the CHP conversion correspond-

ing to the above-mentioned formula (1) remains constant



- 70- ‘““~ﬂ$4ﬁ—illlj£EL#mPC whi ch works according to the princfple
of the act or he concentration of CHP in this stream

e
anount '! ﬂ‘# ”ﬂ”LI"Ing of f of the acetone in the evaporator 3,
there takes subsequent cl eavage of DCP and the dehydration

of DMPC in the feactor 4 in a regoti on medi um which differs from
the reaction nmediumin which the cleavage of CHP in the m X reactor
is carried out. For, t he ogt|n1sat|%n f the co 03|t|on of the
10  reaction ndBfukffBPTERCFAEr ¥idcl ¢i 8LgCoPtANRE Fﬁ@peﬁgg

Suppl i od | n amoBREEEERRSB0 Ay BF Topocdacegmecet 1BCPb b pR R opRsy
techni cal CHP via,ihe.pRe3c8capdyAbuy 15 ALESREEH E! ¥nobfl iRe chidbul ar

reactor 4. In tﬁe %ES e COITpOSI e reacti on nedi um

corresponds . schBfigokgbagrig ths, Ch%ﬂgeéﬂfa%%h%grgﬁbniBe&hﬁa%%§%§OV_4

to a nole ratio°9 enol :acetonei cunene

0.87). throﬁgﬁeaﬂbaatgpea fge- am,nt ok rthe éueel b&dacunene 20
and of the mater cl.eavage of DCP and DWVPC in t ubul ar reactor
4 is carried oujediat@BREF2biI €ReOkatio de%éimﬁﬁeaﬁﬁhthrhﬁe gordederiied in
Exanples 2 - 9. . The control of the cl eavage of DCP and DMPC i s
carried out by the saghel[ & r] ThetrkbthewihTldapp wheclilow-kbpbugh the 25

device in the range of 1.5 to~21.4. The value [err] T[err]

represents the amopatatfir ehe cooldngf vrérreiof thherehe&vage 28n0dBcandat2G.he

entry and exit _

' The connection between the ratio of formula (1)

10- and the correcting action on the flaps, Whicﬁ'regulates
the flow-through amount of the cooling water in the
reactors of thé CHP cleavage'agcording to £&T1, ensures
the double protection of the process of the CHP cleavage
and minimises the formation of the dimeric AMS and |

15 complicated phenols in this step.

The cleavage products of CHP, which.contain non-
reacted CHP, come into the e&aporator 3 where parts of
‘the acetone are driven off by utilisation of the heat
evolution of the cleavage reaction in order to lower its

20 concentration and correspondingly the amounts of the MO
and HA formed from acetone in reactor 4 of the conversion
of DCP and DMPC. The evaporation of acetone takes place
adiabetically preponderantly under a vacuum of 400 -

666 hPa (300 - 500 Tor;) or at normal pressure. The

25 acetone is removed via pipe 17.

The product impoverished in acetone comes from the

lower part of the evaporator 3 into the cleavage reactor



i TReMinireact or (the cal orimeter 16). The val ue

[err] T‘I”Imm'm the tenperature difference at the entry and
exit o ﬁ %ﬁ t he conversi on of DCP. The val ue of the
ratio nust be képtS| he range of 5 1.5to 21.4. The best ratiois 3

- 8. These conditions make possyfle the certain carrying out of the
cl eavage of CHP and a sel ective conversion of DCP in the case of

[ f th te 7% [ hi d
o 5ol Ebe S bR bR SOLE" PP, B HELREe
t | ed f,.30 - Vi
5 ISR LR L
t [ CHP o h . df h
o i 3 YA ok B ey S L

separator 27' f1om ag% evaps aﬁgf §Olﬂﬂgr§ takes place tHB€ cleavage
products still contaln sul phuric and, for 1ts renoval, passed

via pipe 205to §£ﬁ%e?uentn@ﬂéé@égéeﬁf5Dth§n&eHﬁéaﬂéﬁ?&f@ﬂl@ﬁ bbeDﬁPbphur|C
acid 20 I's brought about by supply of al kaline agents, such as

NaOH, Na[err] CHgr¢he apsadoPhenph as eea¥t foRi REd19n whichhe@iffers from:
neutralisation step, sodium sul phate thereby separates out as

concentrat ed agtie®use pheben ofed hem bDh t which the cleavdgei 6€ SHRhinhths
removed via the punp 23 and the pipe 22 25 by decanting. The change of
the conpositi omix tédector is carried out.
For the optimisation of the composition of the
10 .reaction medium for an increased yield of AMSQ the cumene
fraction (stream IV) and the circulating water (stream
III) is supplied in amounts of 160 and of 1 to 30 kg,
referred to 1 t of technical CHP via the pipes 26 and 28,
respectively,'tO'the'tﬁbular reactor 4. In the result,
15 the composition of the reaction medium corresponds
according to the changes carried out in the reactor 4
to a mole ratio of phenol:acetone:cumene = 1:(1 - 0.77):
(0.35 - 0.87).
Depending upon the-amount of the supplied cuﬁene
20 and of the water, the cleavage of DCP and DMPC in the
tubular reactor 4 is carried out at temperatures of
151 to 168°C, as described in Examples 2 - 9.
The control of the cleévage of DCP and DMPC is

carried out by the ratio ATl/AT which is kept in the

2
25 device in the range of 1.5 to 21.4.
The value AT; represents the temperature

difference of the cleavage products at the ent-y and exit



reaCtId__WEdTUﬁT€K#H4¥Ma1_by supply of the cunene fraction to the

cl eavag kes it possible to separate

. -T72- 6”ﬂ !m’ﬁi[' “gani ¢ phase the salts formed in 2 to 3 fold
shorter t+nme M case of the prior art and Wi th greater
effectlveness (nore than 95%:. The sal§3. - concentration in the organic

phase (stream Vl) passed 5 on via pipe 21 lies below 10 - 20 ppm
In the step of the neut acid, the total

eilsatlon f the fhurlc

content of cunert thHfy {9 ﬂe4&ﬁ$&l meter 118 ¢l ebRagER W @duct s, by
th I f h b f t h

content to 1 X“%"Era%ar"%‘z%as tﬂéeaﬁro%{%ﬁ%#%ﬁ#%rmm% ¥ ot Ty

cl eavage prOdUCaIéq &ieiof e R Aol 1 JPUNE L op of #4023 1O 20

‘ppm {0 be Stresset I A exi echnologles

the separat i on safe Salf, (g Q1 JRIGD 1L YOy 40 A5 radde ey This

necessitates the use o Ky equl pnment | ar ge capac t he

| eaving to stand Dfed hey , B resdevpridel £55. - the efl?é’&é 'é’&ﬁ@f@l&ﬁst he
separation ‘of the salts does not exceed 90% Therefore, for
substanti al anéhf&s tpids fBMCtdN ridien heptry2ih o@X R NGRS cleavage

of CHP and a selective conversion of DCP in the case of

a conversion of the latter of over 97%, which is not

achieved in other processes.

10 After emergence from the reactor 4, the cleavage -
products are cooled to a temperature of 30 - 50°C. Via
“pipe 26, up to 255, preferably up to 160 kg/t, referred
-to 1 t technical CHP of the cumene fraction can thereby.
- be supplied from the upper part of the column 7 and ﬁp

15 to 20 kg/t of water from the separator 27' from the head

of the column 8.

The cleavage products still contain sulphuric acid
and, for its removal, paesed via pipe 20 to the |
neutraliser 5. The neutralisation of the sulphuric acid

20 is brought about by supply of alkaline agents, such as
NaOH, NaZCO3 and Ne phenolates, via-pipe 19. 1In the
neutralisation step, sodium sulphate thereby separates
out as concentrated aqueous phase on the bottom of the
device 5 whlch is removed via the pump 23 and the pipe 22

25 by decanting. The change of the composition of. the

reaction medium achieved by supply.of the cumene fraction

to the cleaVage products makes it possible to separate



-73- ’"ﬂﬂ"ﬂﬂﬁlﬂﬁﬂﬂl d 12 as anended 6.11.98 ..... sul phuric acid is
suppl "0 the reacti on nmass punped around by the punp

14. The tieh vdge of CHP is carried out in the medi um which 5
preferably contains 28 - 26 w.% of cunene at a nole rati o of
phenol : acetone = 1:1. The cunene conceppration can be varied in the
device from21 to 30 wt. % The cl eavage of technical CHP, which
contains the ri able concentratjon of, cune i.n_t he aboye-negti oned
(0 “tevi coi s, OBEERARNLeOREERLE CEheRe bt BRLCS EPFRES DAy 2 £

according to th

2ccording (0 <hgofol LENOGTPLEN! Fran tn the case oFLERE) pEIkEl ke 280
Ot dat i on pr odugh sy 0oL Lber LEFCLc1 UEndUBURhoOL FHn o51) OGO GRLLCP in

t/h supplied t eavage an nene e anddnf by wei ght of

cumene in the t@?ﬂ&éﬁ@%ation 65}%3%6 rganic ghagge(§€£é¥hn919uba95e3he

process of CHP cleavage In ove-descri bed way ensures the

stability agd S@ﬁegya pipe BN 1h@scg§§ogflganlgblg gunene content in the
t echni cal P and correspondingly in the case of varying conmpos-

ition of the reaCtlOnIﬁEﬁhénbEQpCBflﬁhéhﬁéaﬁfQLESlebM af the stlpRukdtio
of phenol : acet one: cunene = 1:1:(0.38- 0.61). 25 In the case of

vari abl e cunmeneacibdt ethei tothe contenteofincombn&Hendt he-mezhydstyinen€HP
conver si on correspond- ing to the above-nentioned fornula (1) remains
const ant in the cleavage products, by the supply of hydrocarbon
fraction, amounts to 40 wt.%, the water content to
10 3.5 wt.% and the concentration of the -salts in the
cleavage products, after the step of the neutralisation, -
to 3 to 20 ppm.
It is to be stressed that in existing technologies,
the separation of salts takes up much time (of 1.5 to
15 24 h). This necessitates the use of bulky equipment
with large capacity for the leaving to stand of the
salts. Nevertheless, the effectiveness of the separation
of the salts does not exceed.QOZ. Therefore, for a

substantial and certain function of the heat

20 exchanger ......



-74- ““‘—Tnﬁ++4;4umLLe__ed via the size of the tenperature

differ err of the calorineter 16 which represents a
n1n|t |s arranged as shown in the schenme (see Fig.
The per passing 5 through anpbunts to 76 - 88% In

the case of a devratlon fromtheygatio determined with the formula
(1), the signal [err]T[err] corrects via flaps the flowthrough
anmount of piBes COD! hn@ Y2t 8§ hmehBEdr 6aT1098 2A, 2B and 2C.

The connection between the ratro of rornula (1) 10 and the correcting
action on the flaps,

fl th f |
ey b, catb o SO BRat £9aR1 8 e avanliSa uE P EPS 28 2o R ooy M
th t | d
o P oes the 1EeaaPkBn nfle) SGAbOA RE.LAR BY CCREDpOhy! IR, THLE Cavage and
this Step cloavage e 6hPOYRus,pt oHchs: ofnChe [}r@agﬂmcaﬂgé\hn non-

| reacted CHP, come in e evaporafor 3 where parfs o € acetone
~are driven gff ef@tébﬁﬁtééﬁtQinéh28heai6 wt.% 6F0buhéne 9t hh@ogkeaving

reaction in order to lower its concentration and correspondi ngly the
anounts of the Mxio of ﬁ%@héﬁ&é@éﬂ@ﬂeféonlﬁCeF@H@ timéRECEOhcénbiathen
conver si on of DCP and DMPC. The evaporation of acetone takes pl ace

adi abetical | y peepipsdevaniéd imdeke adeattentodbmiP0 to 30 wt6%6 hPa (300 -
500 Torr) or at normal pressure. The 25 acetone is renoved via pipe 17.
The cleavage of technical CHP, which contains the
variable concentration of cumene, in the above-mentioned

10 device is, depending upon the cumene content, carried out

according to the following formula:

480 x GtCHP
Ceire = (1)
% cumene
whereby Gcirc represents the amount of the circulating

15 oxidation products in t/h, G the amount of the

tCHP
technical CHP in t/h supplied to the cleavage and
% cumene the amount by weight of eumene in the technical
CHP.
The carrying out of the process of CHP cleavage in
20 the above-described way ensures the stability and safety
in the case of variable cumene content in the tecﬁnical
CHP and correspondingly in the case of varying compos-
ition of the reaction medium which is characterised by a
mole ratio of phenol:acetone:cumene = 1:1:(0.38 - 0.61).
25 ' In the case of variable cumene content in the

technical CHP, the size of the CHP conversion correspond-

ing to the above-mentioned formula (1) remains constant



The p ﬁﬂ ed in acetone cones fromthe | ower part of the
evap Wuﬁ"wwmﬁ | eavage - 75-
react or C whi ch works according to the principl e of

t he tubul ar reactor. The concentration of "CHP in this stream anmounts
to 0% By driving off of the aceygne in the evaporator 3, there takes
pl ace the 5 subsequent cl eavageof DCP and the dehydration of DWPC -

in the reactor 4 _i,n,a reaction nedlu whi¢ch differs from the reaction
medi umin MthhaPﬂelﬁ|88€5§8t8# Fhet Réze of the, tpERerature carrled

out . o] f,the ¢ o] | f _the

reaction nedlun1 Egégéggﬁcr a%e gﬁdg }oa&ge%n% ié W@ﬁ&ﬁ repreFF&Eflon
(stream V) and,t I ste I pphied in
anounts of 160 an@ﬁn?tﬁﬁg gébegoﬁa%EECE EE g éﬁd &S LPG&E ?éc%hfcal CHP

~via the pipes 2§cﬁ@ﬂe268ee Flglr?§PecTh¥ebﬁP Egn%gfsiﬂﬁnkcor gaglige 4 In

the result, 15 the conposiTion of the reaction nediu espon s

according tg thehﬁbagﬂeamsaﬁtbeéoous Lngghe rQﬁCEﬁé éatse of a daviak@omnatio
of phenol : acet one: cunene = 1: (| 77): (0.35 87).

Dependi ng upon fhemaﬂhéntaﬁiotBétéﬂﬁmhe&dwiuﬁEﬂﬁe Zermuaad(Qﬁ ,! lkBewat er,
the cl eavage of DCP and DMPC in the ‘tubul ar reactor 4 is carried out
at tenperaturessbgnal l&TiSGotnedﬁB[eia]fﬂaas dhecfilbwedthnoighnphmesn? - 9.
The control of the cleavage of DCP and DMPC is

of the cooling water in the reactors 2A, 2B and 2C.

The connection between the ratio of formula (1)

10 and the correcting action on the flaps, which regulates
the flow-through of the cooling water in the reactors
- of the CHP cleavage according- to Z&Tl, ensures the
double protection of the process of the CHP cleavage and
minimises the formation of the dimeric AMS and
15 complicated phenols in this step.

The cleavage products of CHP, which contain non-
reacted CHP, come into the evaporator 3 where parts of
the acetone are driven off-by utilisation of the heat
evolution of the cleaving reaction in order to lower its

20 concentration and correspondingly the amounts of the MO
and HA formed from acetone in reactor 4 of the conversion
of DCP and DMPC. The evaporation of acetone takes place
adiabetically preponderantly under a vacuum of 400 -

666 hPa (300 - 500 Torr)_or at normal pressure. The
25 acetone is removed via pipe 17.

The product impoverished in acetone comes from the

lower part of the evaporator:3 into the cleavage



carrieWerr] Tlerr] / [err]Tlerr] which is kept in the .
L

25 ddqf / WMI?’W of 1.5 to 21.4.

Tg i
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reactor 4 of DCP and DMPC which works according to the
principle of the tubular reactor. The concentration 6f
CHP in this stream amounts to 0%. B& driving off of the
acetone in the'evaporator 3, there takes place the
5 subsequent cleavage. of DCP and the dehydration of DMPC
in the reactor 4 in a reaction medium which differs from
‘the reaction medium in which the.cleavage of CHP in the
mix reactor is carried out.
For the optimisatioﬁ of the composition Qf the
100 reaction medium for an increased yield of AMS, the cumene
fraction (stream IV) and the circulating water (stream
III) are supplied in amounts of 160 and of 1 to 30.4 kg,
referred to 1 t of technical CHP via the pipes 26 and 28,
- respectively, to the tubular reactor 4. In the result,
15 the composition of the reaction medium corresponds
according to the changes carried out in“the reactor 4 to
a mole ratio of phenol:acetone:cumene = 1:(1 - 0.77):
(0.35 - 0.87).
Depending upon the amount of the supplied cumene
20 and of the water, the cleavage of DCP and DMPC in the
tubular reactor 4 is carried out at temperatures of
150 to 168°C, as described in Examples 2 - 9.
| The control of the cleavage of DCP and DMPC is
carried out by the ratio ATl/AT2 which is kept in the

25 device in the range of 1.5 to 21.4.



