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METHODS AND DEVICES FOR OXIDIZING
A HYDROCARBON TO FORM AN ACID '

o TECHNICAL FIELD

Thrs mventron relates to methods and devxces for makmg reactlon_..

products and especrally dlbasrc aclds by oxrdmng a. hydrocarbon under controlled_

R condltlons

: dealrng wrth the formatlon of acrds one of the most 1mportant bemg ad1p1c acid, by o
10

S ::BACKGROUND ART

There is - a plethora of references (both patents and hterature artlcles) _'

:oxrdatlon of hydrocarbons Adxprc acrd is used to produce Nylon 66 ﬁbers and resins, '

: polyesters polyurethanes and mrscellaneous other compounds .

There are dxfferent processes of manufactunng ad1p1c acld Th_e

o - .'mlxture of cyclohexanone and cyclohexanol (KA nuxture) and then oxrdatron of the KA "
C 15 : _rmxture wrth mtnc acrd to adrplc ac1d Other processes mclude among others the. o T

"Hydroperoxrde Process" the "Bonc Ac1d Process" and the "Drrect Synthesrs Process" o

: _ 'whlch mvolves drrect oxrdatron of cyclohexane to adrplc ac1d wrth oxygen n the'

20

g8 although it. looks very simple at ﬁrst glance it is extremely complex in reality. ‘Due to . .

' presence of solvents catalysts and 1mt1ators or promoters

The Drrect Synthesrs Process has been glven attentron for a long time.

- However to thrs date it has found httle commercral success One of the reasons 1s that- :

?'thls complexrty one can ﬁnd stnkmgly conﬂrctmg results comments and vrews m .

25 Dlrect Synthesrs a mrxture of two hqurd phases is present at amblent temperature along' -

' dxﬂ‘erent references

s well known that after a reactlon has taken place accordmg to the .

" Wlth a sohd phase mamly consrstmg of adlptc acrd The two hquld phases have been- '-

'_ ,called the "Polar Phase" _and the "Non Polar Phase" However 1no. attentlon has been |

" pald SO far to the 1mportance of the two phases except for separatmg the adrprc aCId o
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. 1(_):'5. consrdered as representatlve of ox1dat10n processes relatrve to the preparatron of d1ac1ds .

o -from the "Polar Phase" and recychng these phases to the reactor partlally or totally wrth N Lo
. or w1thout ﬁ.lrther treatment ' - -

: It is also 1mportant to note that most studres on the D1rect Oxrdatron have L

. __been conducted in a batch mode literally or for all practlcal purposes

There is a plethora of references deahng thh oxldatron of orgamc"' |

compounds to. produce aclds such as, for example adlplc acrd and/or 1ntermed1ate o

" f’.products such as for exarnple cyclohexanone cyclohexanol cyclohexylhydroperoxrde

: '.'and 1ntermed1ate products '

US. Patent 5 463 119 (Kollar) u. S Patent 5 374 767 (Dnnkard et al)

- US: Patent 5,321,157 (Kollar), U.S. Patent 3,987, 100 (Bamette et al), US. Patent

| _3 957 876 (Rapoport ét al), u. S Patent 3 932 513 (Russell) U S. Patent 3,530, 185 _
(Pugl) U. S Patent 3 515 751 (Oberster et al) U S. Patent 3,361 ,806 (erov et al), Us. o

. Patent 3, 234 271 (Barker et al), U S. Patent 3, 231 608 (Kollar) U. S Patent 3 161 ,603

(Leyshon et al), U. S Patent 2, 565 ,087 (Porter et al) U S, Patent 2, 557 282 (Hamblet et

&), Us. Patent 2,439,513 (Hamblet et al), US. Patent 2,223,494 (Loder et al), US.

20

. Patent 2,223 493 (Loder et al), German Patent DE 44 26 132 A1 (Kysela et al) and
; PCT Intematlonal Publication wo 96/03365 (Constantlm etal). | '

None of the above references or any other: references known to the

mventors dlsclose suggest or. 1mply, srngly or in: combmatlon 0x1dat10n reactlons to

mtermedlate oxrdatlon products under condlnons subject to the intricate and cntlcal

; controls and requrrements of the i lnstant mventron as described and clarmed
2 5 o

Our U S. Patents 5 580 531 3,558, 842, 5 ,502, 245, as well as’ our PCT :._ -

.-Intematronal Pubhcanon WO 96/40610 descnbe methods and apparatuses relatrve to

o controllmg reactlons in atomlzed quurds

The followmg references among the plethora of others may be - ..
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X DISCLOSURE OF THE INVENTION | E
" As aforementloned the present 1nvent10n relates to methods and devices. R |

i of oxrdrzrng a hydrocarbon, such as cyclohexane for example, to an acxd such as adlprc'

ac1d for example More partrcularly this: mventton pertams a method of controlhng ina

- ﬁrst reactlon zone the ox1dat10n of a hydrocarbon to form an acid i m the presence of a -

_catalyst a solvent an optlonal rmtlator, water, and oxrdatron products, the hydrocarbon

the catalyst the solvent and at least part of the ox1dat10n products forrmng at least..

- __'.'partrally a hqurd mrxture the method charactenzed by the steps of

,reactron zone at a ﬁrst temperature the ﬁrst temperature berng adequately hrgh for the .' -

} 'ox1dat10n to proceed

S ..(b)__- _ dnvmg the oxrdatron toa steady state at’ a ﬁrst hydrocarbon level .

| a ﬁrst solvent level a ﬁrst catalyst level, and a ﬁrst water level

('c'_). controllmg at- least one of the ﬁrst hydrocarbon level the ﬁrst R
_-'_.solvent level ‘the: ﬁrst catalyst level and the ﬁrst water level m a ‘manner 1o cause '

L -..formatlon of and/or marntaln a smgle hqu1d phase in the ﬁrst reactron zone regardless -

: :' - "of the presence or absence ofa solrd phase and if necessary,

_ _(d)_- makmg phase-related ad_)ustments to the hqu1d mlxture the .
: ':_ :. .phase-related adjustments berng at least partlally based on phase formatton ._ |

.' 20 : relatronshrps, when said. hquld mlxture is at a second temperature, and wherem the L L
R ,phase related adjustments are dlrected toward formatlon and/or malntenance ofa smgle |

o hqurd phase '

The second temperature is- preferably substantlally the same as the. ﬁrst : o

o : temperature However it may be dlfferent than the first temperature.
25

" The phase related adjustments to the hqurd rmxture in the ﬁrst reactron' |

N N zone may be conducted by a vanable selected from a group consrstrng of temperature in.

_-the first. reactron zone, pressure in. the ﬁrst reactron zone, gaseous oxrdant flow rate 1nto o

o "the ﬁrst reactron zone, water ﬂow rate 1nto the ﬁrst reactron zone water removal rate - o

- from the ﬁrst reactron zone, catalyst ﬂow rate rnto the ﬁrst reactlon zone, hydrocarbon

- 30 ﬂow rate mto the ﬁrst reactlon zone, hydrocarbon removal rate ﬁ'om the ﬁrst reactlon

-'(a) contactrng the hqurd mlxture w1th a gaseous ox1dant in the ﬁrst ._ R



 WOO9M948s - .- - . - " . PCT/USITI0830

' .' ,' : .zone solvent ﬂow rate 1nto the ﬁrst reactton zone, solvent removal rate from the ﬁrst o

L _.,__reactlon zone, recycled off-gas ﬂow rate 1nto the first reactlon Zone, and a combmatron' }

o phases, and

o '-"constan_' ant.

'--_2_5 : dlagrams, and phase related adjustments may be made in. the ﬁrst reactlon zone, if - -

" formation ofa second llquld phase is bemg approached The composmonal data of the S

- thereof

" more of:

2 maxunum hydrocarbon level a maxnnurn water level and a maxrmum

o __".'_'.catalyst 1evel at or over wluch, the smgle hquld phase is transfonned to two quuld .

transformed to two hquld phases,

under a set of condltlons, whereln levels not belng determmed remam'

' The step of deterrmmng one or more of the levels, at or over whlch the

o | smgle llquld phase is transformed to two hquld phases, may further compnse steps of:
I E

obtarmng a sample of a quuld mtxture ﬁ'om the ﬁrst reaction zone, and

: addmg to the sarnple, hydrocarbon, or water, or. catalyst or a o

: combmatron thereof unt11 a second hqurd is formed _ _ - N
The first hydrocarbon level the ﬁrst water level and the ﬁrst catalyst' o

: level are preferably controlled to be under the max1mum hydrocarbon level “the* '-'- '

: maxunum water level and the maxrmum catalyst level, respectlvely, and- the ﬁrst."
o solvent level is controlled to be mamtalned over the nummum solvent level

= The sample may be analyzed to obtam composmonal data of the sample _. R

- and therefore of the contents of the reactlon zone.

. The composmonal data of the sample may be compared wrth phase o

' 'sample mav also be compared w1th one or more of the maxtmum hydrocarbon level the
= max1mum water level the maxnnum catalyst level and the mlmmum solvent level, and

. : then phase related adJustments may be made in the ﬁrst reactron zone, 1f one or more of o o
30

the maxrmum hydrocarbon level the maxrmum water level the maxrmum catalyst . |

o It"is-_ preféréﬁle- that the_rnethoc_l'comprises'a step of idetenniriing, one or - o

- a mrmmum solvent level at or under whlch the s1ng1e hqutd phase is



' "'-?'level and the mlmmum solvent level respectlvely, is bemg approached If the"' |
' addltlonal hydrocarbon, or water or catalyst necessary for formatlon ofa second llquld ,. )

, phase is less than 10% by welght of the total hydrocarbon or. water or catalyst o
' _'contamed in reactton zone ora sample from the reactlon zone, then the maxrmum level
_ 'of hydrocarbon or water or catalyst is belng approached and correctrve measures havel :

tobe taken Exarnples of such correctlve measures are to reduce the ﬁrst hydrocarbon_ N

level or the first water level or the first catalyst level or mcrease the ﬁrst solvent level

10

o _:ﬁ_ or 2 combmatxon thereof It is preferable that the addltlonal hydrocarbon, or water, or
-'--jcatalyst necessary for formatlon of a second hquld phase should be controlled to be . i
) '.more than 10% (and in some cases -more than 20%) by werght of the total hydrocarbon

3 'or water or catalyst respectlvely, contamed in the reactton zone ora sample taken”

s therefrom Lo o |

One or more of the first hydrocarbon level the ﬁrst catalyst level and o

. the ﬁrst water level may be controlled to be ma1nta1ned w1tlun a ma_]onty range, or a _-_' |

R .'majonty leve] and a predetermmed low ma_]onty level the hrgh maJonty level betng_'

lower than a maxrmum level at or over whlch maxrmum level a second phase is formed .
" the low majonty level betng between the hlgh majonty level and an average of the o
'maxlmum level and. a mrmmum level at and under whlch rmmmum level catalyst'

_preclprtates lt is also preferable that the hlgh majonty level is close to the level atj- B

e .wh1ch a second phase formatlon is belng approached

‘In other occasmns, it may be: preferable that the ﬁrst water and/or the'

ﬁrst solvent level is controlled to be- mamtamed w1tlun a minority range, the rmnonty o

o -ra.nge belng a range between a predetenmned low mmonty level and a predetermmed
25

_hrgh mmonty level the low rmnonty level belng hlgher than a minimum- level at or _.

i under whrch catalyst precxpltates and the thh mmonty level bemg between the low

o m1nor1ty level and an average of the mlmmum level and a maxxmum level at and over

B _"whlch maxunurn level a second phase is formed

30

The hxgh 1mportance of conh‘ollmg the rmscellaneous levels w1th1n the

ma_]onty and/or mmonty ranges, is that w1thm these ranges umntenttonal and/or o

rmnonty range The ma_]onty range is deﬁned as a range between a predeterrmned hlgh_. o



- :accrdental forrnatlon of a second quuld phase or catalyst precrpltatton 1s mlmmrzed 1f o

N - not ehmmated Dependlng on each 1nd1vrdual case, and ‘the degree of achrevable DA

| _ -cyclohexane the solvent comprrses acetlc ac1d the catalyst compnses a cobalt salt and._ C
10

'_ "control the majonty and mmortty hlgh and low levels may be predetermmed
3 The ﬁrst temperature may be controlled by evaporatmg condensrble' o _
_ .-volatrle matter ﬁom the reactlon zone, and recrrculatlng at least part of the condensrble . IR

' "'volatrle matter to the reactlon zone as condensate

. The methods and dev1ces of the present 1nventron are’ partlcularly

" surtable in the case that the acrd compnses adrplc acrd the hydrocarbon compnses =

the optronal lmtlator compnses a compound selected from a group compnsmg'_- |

s acetaldehyde cyclohexanone and a comblnatron thereof

The methods of th1s 1nvent10n may also compnse a step of controllmg at

o least one level of the ﬁrst water level and the first solvent level ina marmer to. be hrgher a

o =than a respectrve level at or under whrch catalyst precrpltates, and

i respectlve level at or over whlch catalyst precrpltates

20

- The above methods may further compnse steps of
takmg a sample from the ﬁrst reactlon zone, o _ _
lowenng the temperature of the sample to a predeterrmned second o

-' -temperature and if a second quuld phase is formed at a cntlcal temperature in the range :

- between the first and second temperatures, :

25

o elther decrease in the ﬁrst reactron zone the ﬁrst level of one: component .

. '_ selected ﬁom a gl’Oup consrstmg of hydrocarbon water, catalyst and a m1xture thereof T

_to a degree that in a new’ sample a second hquld phase does not form in the range -
' _between the ﬁrst and second temperatures, or :

1ncrease in the first reaction zone the ﬁrst solvent level toa degree that in

2 pew sarnple a second hquld phase does not form in the range between the ﬁrst and |

; second temperatures, or

the first hydrocarbon level, and the ﬁrst catalyst level to be lower than a-



temperature or-

mcrease in. the ﬁrst reactton zone the ﬁrst temperature to a thrrd '

temperature by at least the drfference between the cntlcal temperature and the second

a combmatron thereof

It 1s preferable that- controllmg the ﬁrst ‘water. level wrthm the upper and_ B

- ,'lower lrmrts (maxrmum water level over whrch a second quurd phase forms, and_'_

mrmmum water levels under whrch catalyst preclprtates, respecttvely) 1s based on

o ._determ1mng the composrtron of the smgle-phase quurd mtxture of the first reactron'

T _zone comparmg sa1d composmon with phase dlagrams and catalyst precrpltatlon data =

10 -

_ _lower hmtt is bemg approached or removmg water from the ﬁrst reactlon zone 1f the S

e followmg steps .
. ,.1_5 .

) 'upper lnmt is bemg approached

The methods of thrs mventlon may also compnse a comblnatron of the o

takmg a sample from the ﬁrst reactron zone,

conﬁmng the sample wrthm a closed cell under adequate pressure to '

' 'retam the sample ina substantrally hqurd form, '

raising the" cell temperature from the ﬁrst temperature to a hrgher.

_ __ ?' temperature and 1f catalyst precrprtates wrthtn a predetermrned rise in temperature
20

L ralsrng the level of water or the level of solvent in the first reaction zone, -

or lowermg the level of hydrocarbon or the level of catalyst in the first reactlon zone.

In a dtfferent versron of the mstant 1nventton the methods may compnse R

a combmatron of the followlng steps

- taking a sample from the ﬁrst reactlon zone;

B _.retam the sample ina substantlally hquld form

E addmg hydrocarbon to the sample to detenmne 1f catalyst precrpttates B |

E before formatron of a second phase, and

and addmg water to the smgle-phase quurd mlxture in ‘the ﬁrst reactron zone 1f the. .

conﬁmng the sample wrthrn a closed cell under adequate pressure to L
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| controlhng in the ﬁrst reactlon zone the ﬁrst hydrocarbon level to be" o

: mamtamed at a level lower than the level requlred to cause catalyst preclprtatlon at )

levels of solvent catalyst and water present m the cell

The methods of this mventlon may also compnse steps of

temperature whlle mamtalmng a s1ng1e llqu1d phase at the second temperature and

removmg at least part of the formed acrd

0 _ The lowenng of the ﬁrst temperature of the reacuon mrxture to the - o
o B second temperature may be performed at: least parttally by an operauon selected from a' a
10

group con51st1ng of (2) evaporatmg of at least part of the hydrocarbon, ®) lowenng the'-

e '_ ﬁrst pressure to a second pressure (c) addmg matter havmg a temperature lower than_ j .

L ._ the ﬁrst temperature (d) addmg volatlle matter, such as cyclohexane for example, (e)

- removmg heat by extemal means (t) removmg a first- amount of heat’ by any sultable o

' - means, and addmg a second amount of heat by extemal means, the ﬁrst amount of heat _

15

'fbemg greater than the second amount of heat, and (g) a combmatlon thereof

Mamtalmng a smgle hqurd phase at the. second temperature may be '7- o

_'__controlled by adjustmg the level of hydrocarbon, or water, or solvent ora combmatlon |

20

25

thereof at the second temperature The lowenng of the ﬁrst temperature toa second'_ |

temperature mav be preferably conducted in a second zone. The lowenng of the’ ﬁrst -

_-temperature to the second temperature may 1nvolve an 1ntermed1ate step of lowenng the'

'- 'ﬁrst temperature toa first 1ntermed1ate temperature by lowenng the ﬁrst pressure to an -

mtermedlate pressure to form a ﬁrst mtermedlate hqutd phase contalmng no substantlal_ s

arnount of sohd phase _ . _ _ o
The methods and devrces of the present mventton are pamcularly-

suttable in the case that the ac1d compnses ad1p1c acid, the hydrocarbon compnses -

: _ -cyclohexane the solvent compnses acetlc acid, the catalyst compnses a cobalt salt and o

‘the optlonal mmator comprises a compound selected from a group compnsmg :

o acetaldehyde cvclohexanone, and a combmatlon thereof

At least part of one or more ‘of products 1ntermed1ates, by-products,

-reactants, solvents off-gases and other ex1st1ng mgredlents may be recycled erther'_

lowenng the ﬁrst temperature of the reactlon mrxture to a second--"'_' :
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dtrectly to the ﬁrst reactton zone or 1nd1rectly aﬁer post-treatment orina combmatlon_' ’

: thereof

: hydrocarbon, the. hydrocarbon bemg at least parttally m a hqmd state, wrth a gaseous B

- -oxldant to form an acxd the devxce compnsmg

a ﬁrst reactton chamber, _

a temperature momtor connected to the reactton chamber for measunng_ o

' -temperature 1ns1de sa1d reactton chamber,

10

phase detectlon means for detectmg phase-related charactenstlcs of -
mgredlents w1thm the ﬁrst reactton chamber, and T ' _
' phase control means for maktng phase-related ad_]ustments and

?controllmg the phase charactensttcs of sa1d mgredlents wrthm the ﬁrst reactton.

o :-:__ ..chamber 1f S0 desrred

The phase control means may ﬁmher compnse temperature control '_-_ o

means for controllmg the first temperature The phase control means may further ;

'compnse correlatton means for correlatmg phase dragram data w1th 1ngred1ents m the et

| reactton chamber, and adjustmg feedlng rates - of sa1d mgredrents to the reactron '

_chamber toward formatton of a s1ngle hqutd phase _
' The phase detectlon means may provrde 1nformatron to the phase control -

-' means for adJustrng feedtng rates of mgredtents fed to the reactton chamber toward- |

- _ formatton or mamtenance ofa smgle hqutd phase a

The reactor dev1ce of the present 1nventlon may also comprlse vanable

- control means for controlhng in the reactton chamber a vanable selected from a group ._: E

25

consrstlng of temperature in the- ﬁrst reactton chamber, pressure in the :ﬁrst reactlon

-chamber, gaseous oxrdant ﬂow rate 1nto the ﬁrst reactlon chamber, water ﬂow rate mto

L .the ﬁrst reactton chamber water. removal rate: from the first reactton chamber catalyst :

N flow rate mto the first: reactton chamber, hydrocarbon ﬂow rate. into the first reactton - _.

E chamber, hydrocarbon removal rate from the- ﬁrst reactlon chamber solvent ﬂow rate

o 1nto ‘the ﬁrst reactton chamber solvent removal rate from the ﬁrst reactlon chamber,
30

_ 'recycled off-gas ﬂow rate mto the ﬁrst reactlon chamber and a combmatton thereof

The 1nstant 1nventlon also relates 10 a reactor devrce for oxtdtzmg a. -
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o .:chamber, and | o |
| _ : water level control means for controlhng the water level in the reactlonﬂ o '
o chamber ina range between a maxrmum level of water over whrch maxrmum level the -
10

_ chamber, : _

" The; reactor dev1ce may also compnse o o
_ hqurd feedlng means for: feedmg at least partlally hydrocarbon solvent -
'catalyst optronally 1mt1ator, and optronally water mto the first reactron chamber

water removrng means for removmg water ﬁ'om the first reactlon

gaseous feedlng means for feedmg ox1dant 1nto the ﬁrst reactron |

_'._substantrally smgle hquld phase is transformed to two hquld phases and a mrmmum"_ |

level under whrch catalyst precrprtates

The water level control means may compnse water level detectlon means )

S for detectlng posmonmg of the water level with respect to the maxrmum level and the

| - _-mlmmum level

The reactor devrce may also compnse ‘a controller connected to the water -

- _level detectlon means for recervrng 1nformatlon regardmg the posrtlomng of the water

'.level and usmg sa1d 1nformatlon for adJustmg said water level ina manner to control "

zone -

20

sald water level between the max1mum level and the mrmmum level in the reactron ;

The water level detectlon means may compnse a temperature operated '

o detector ora Water-addrtlon operated detector or both for detectrng the posrtromng of |

- _'the water level with respect to the mrmmum level and the maxrmum level respecttvely

- Further the water level control means may compnse analytlcal water level detectlon '

25

30

- means for detectmg and/or determrmng the water level in the ﬁrst reactlon chamber, and

) wherern the reactor dev1ce further compnses a controller connected to the analytlcal oo

water level detectlon means for rece1v1ng 1nformatlon regardmg the’ water level in the ol

reactlon chamber companng sa1d 1nformat10n w1th phase dragrarn data and catalyst
" -prec1p1tatron data stored i in the controller, and usmg said. companson for adjustlng said

B 'water level in the first reactron chamber in a manner to control sard water level between '

) the maxnnum level and the rmmmum level.
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1

The reactor devrce may. further compnse a drstrllatron column or a

o condenser, connected to an off-gas lrne exrtrng the first reactron chamber A decanter or o

| _ ‘retamrng chamber may be connected to the condenser

The water level- detectron means may compnse a temperature operated_
.detector for detectmg the posrtlomng of the water level wrth respect to the mrmmum o

_'-level and/or a water-addrtron operated detector for detectmg the posrtromng of the '_

o _-.water level wrth respect to the maxrmum level

10

| The reactor devrce may also compnse _ o .
_ first temperature control means connected to the ﬁrst reactron chamber
--'for controllrng temperature in said ﬁrst reactlon chamber _,.' - '

ﬁrst pressure control means connected to ‘the ﬁrst reacnon chamber for'

K _'controllrng pressure in sa1d ﬁrst reaction chamber :

- first hydrocarbon feedmg means connected to the ﬁrst reactron chamber' _

3 - for feedmg hydrocarbon into sa1d ﬁrst reaction chamber

 first: gaseous oxidant- feedlng means connected to the ﬁrst reactron :

o chamber for feedmg gaseous ox1dant 1nto said first reactron chamber,

- a second chamber connected to the ﬁrst reactron chamber, o ..
second temperature control means connected to. the second chamber for_ .
: controllrng the temperature 1n sard second chamber, o '

second pressure control means connected to the second chamber for o

o .controllmg the pressure in sa1d second chamber

a controller for controllrng rmscellaneous parameters in the chambers in

a manner that in the second chamber there isa srngle qumd phase

25

30 _ mtermedrate chamber for controlhng the temperature in sa1d ﬁrst mtermedrate chamber

A condenser(s) or. drstrllatron column(s) may be connected to the ﬁrst

"reactlon chamber and to the second chamber A retarmng chamber(s) or decanter(s)' SRR

: may be connected to the condenser(s)

The reactor devrce may further compnse a ﬁrst 1ntermed1ate chamber

o commumcatmg wrth the ﬁrst reactlon charnber, L

ﬁrst mtermedlate temperature control means connected to. the ﬁrst
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first mtermedlate pressure control means connected to the mtermedxate "

3 chamber for controllmg the pressure in saxd ﬁrst mtennedlate chamber

 first mtermedrate external heattng means for provrdrng thermal energy to j o

matter mstde the ﬁrst mtermedrate chamber'

a condenser connected to the first 1ntermed1ate chamber,

separatmg means connected to or. bemg part of the second chamber for N a

'separatmg at least partrally the drbasrc acrd from the mrxture
It may further compnse | o
a: second 1ntermed1ate chamber connected to the ﬁrst mterrnedlate S

_chamber and the second chamber,

" second 1ntermed1ate external coohng means for removmg thennal energy_. o

- '_ . from matter 1ns1de the second 1ntermed1ate chamber "

A second phase control means may be connected to the second chamber

| for ensurmg the exrstence of one smgle hquld phase in the second charnber Also,

15

_ -,'catalyst precrpltatlon control means may be connected to the second chamber for_

o ensurmg the absence of precrprtated catalyst in the second chamber

20

. and the same umt

Under certaln c1rcumstances, at least two. of the chambers may be one -

_ One or more. of the reactlon chambers or other chambers may be of the -
atomlzatron or the snrred-reactor type.

-In any of the above descnbed chambers means for addmg heat by :

. mtemal or external means, removmg heat by 1nternal or extemal means, addmg volatrle L
__matter, removmg volatile matter, controllmg temperature, controlhng pressure, etc.,
. may be 1ncorporated ' ' '

25

_ .1nc1udes amounts of water 1ntroduced by other means, such as the crystalhne water of o

In the embodlments descnbed herem, _the amount of water present -

| jcobalt(II) acetate tetrahydrate, for example, unless otherwrse speclﬁed In the case that . _ o
- the water such as crystalhne water for example, is not accounted for as bemg part of the
' water level ‘then it is accounted for as bemg part of the entlty that it mtroduces 1t such- '

‘ 30 as catalyst for example Thls mventron encompasses both cases Control ‘may be, . |
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'_'crystallme water of the catalyst or by not accountmg for such addrtronal water, o .'

dependrng on the partrcular srtuatron

L equrhbnum, whlch equrhbnum however, may be ad_]usted penodlcally or contmuously

a _m order to achreve a desrred result i for example more water is needed in the reaction '_

SRS ;:_-zone to avord catalyst precrprtatron, the: water feed rate to the reactron zone may be

. mcreased appropnately, and strll the reactron may be consrdered to be: at-a "steady'-

o state“ Srmrlarly, if less water is needed to avoid formatlon of two phases the water |
10

,_feed rate to the reactron zone may be decreased appropnately, and stlll the reactron may' -

E be cons1dered to beata "steady state"

The terms substantrally smgle-phase quuld", “substantrally smgle ltquld

| _. .p'has " "smgle quurd phase" and "smgle phase" are for all practrcal purposes

. o :_..'synonymous for the purposes of this mventron They all mtend to mdrcate that there is | : o
15

| ':terms “second phase’ formatlon" or. “formatron of a second phase" refer to. a second e

no second qumd phase present whrle a sohd phase may or may not be present The '. -

o 'quuld phase, and not to a sohd phase, unless otherwrse speclﬁed

' The term "level“ of an mgredrent (reactant reactron product 1nert matter, o

i L .or any other type of matter present) 1ncludes both "relatrve level" and "percentage
20

,usmg erther one or the other type of “levels" In some occasrons it ‘may be easrer to use

one type rather than the other. "Relatrve level" of an 1ngred1ent denotes the amount of -

- the mgredlent present in welght umts or in volume umts ln a reactron zone or 1n a cell |

s

for example as compared to.100 umts m werght umts or in volume umts respectlvely, -

: of the rest of the’ mgredrents present or the rest of the mgredrents under consrderatron

L The rest of the 1ngred1ents present or the rest of the 1ngred1ents under consrderatron,

30 erther by welght or by volnme B :

._thrs case,, have a constant ratro wrth respect to each other On the other hand '_

percentage level" is the level expressed asa percentage based on tota.l amount of all or

of a desxred number of specrﬁc rngrechents The percentages may be expressed also

'-achreved by elther takmg mto account addrttonal water such as for example the '_ K

By the term' "steady state“ 1t is meant that the reactron has reached an-. TR

level" Accordmg to the. mstant 1nventron both methods and dev1ces may perform by - |



. woomasass oo © . PCT/US97/10830

o A controller preferably a computenzed controller may handle wrth ease, ) _.
| _and accuracy elther type of "level" ' Programmmg a computenzed controller to perform _' - "
-_:such functxons isa routme process well known to the art Accordmg to this 1nvenuon L
' '_a controller, based on mformatron recerved from a reactron zone for example, controls y

feed rates, temperatures pressures, and other parameters 1n order to aclueve the S

- desrrable results. Since the raw results regardrng the point of a second hqurd phase_ -

_ levels marntenance or ad_]ustments in the reaction zone are more accurate when- L
_thea art techmques, to include flow sheet srmulatlon, wh1ch may account for vapor/hqurd

- formatron (whrch results are recerved ﬁ'om a cell such as the cells shown in Frgures 2, _
24, and 2B whlch wrll be dlscussed in detarl at a later sectron) are. obtarned in relatrve. o

relatlve levels" are used. The controller may also be programmed by well known to -

- .equrlrbnum and energy balance effects

s

: BRIEF DESCRIPTION OF THE DRAWINGS

The reader's understandmg of thrs mventron wrll be enhanced by .

reference to the followmg detarled descnptron taken in comblnatron wrth thc drawmg o o

S ,. . ;ﬁgures, wherem o

20

i present mventron

: utlllzed accordmg to the present mventron
FIGURE 3 1llustrates the response of the phase analyzer of Flgure 2_

. when the detector scans the analyzer S cell wh1ch contams two hqmd phases

FIGURE 4 shows the elements related to the: pressure and the gaseous__' '

_ . ox1dant ﬂow rate controls.
25 |
S (Cyclohexane) / (Water) at 100° Cat0% level of cobalt(Il) acetate tetrahydrate

FIGURE 5 shows a: temary phase dragram of (Acetrc Acrd) /

FIGURE 6 shows a temary phase dlagram of (Acetrc Acrd) /

- (Cyclohexane) / (Water) at 100° C at 4% level of cobalt(II) acetate tetrahydrate '

FIGURE 1 1llustrates schematlcally a preferred embodlment of the_-_ - |

FIGURE 2 1llustrates schematrcally a phase analyzer, whrch may be: -
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FIGURE 7 1llustrates a block dlagram of another preferred embodnnent'_ S

- 'of the present mventlon

FIGURE 8 1llustrates schematrcally an upper water level momtor, whlch

; may be u’nhzed in- the embodlment of Flgure 7, and which may also be utlhzed for _.
detennrmng condrtlons for. mamtalmng a substantlally smgle hquld phase durmg
' ox1datlon ofa hydrocarbon N

FIGURE 8A 1llustrates schematlcally an upper water level momtor

o _.'based on conductmty measurements which may be utlhzed 1n the embodlment of -

10
: 'shown under condluons ofa substantrally smgle llquld phase

Figure 1 and whrch may also be utlhzed for deterrmmng condrtrons for. mamtarmng a

fsubstantlally smgle hquld phase durmg ox1dat10n ‘of a. hydrocarbon The monltor 1s -

FIGURE 8B 1llustrates schematlcally the same upper water level'

momtor, based on conductmty measurements as shown 1n Frgure 8A under condltlons

' '__of a second hqurd phase formatlon

15

FIGURE 9 1llustrates the response of the phase analyzer of Flgure 8 _ .

L _when the detector scans the analyzer s cell ‘which contams two hquld phases

FIGURE 10 1llustrates schematlcally a lower water level momtor whlch'_ |

| -'mcludes a second cell before' catalyst precrprtatlon after a predetermmed rise in"
'_ e '_ temperature : : N . S _
| .',"OfFlgm'e 10 after catalyst precrpltatlon

FIGURE 12 shows a chart which 1llustrates an example on how the'
_ predeterrmned nse in temperature ln the second cell of the momtor of Flgure 10 may be

. determmed

FIGURE 13 1llustrates a block dlagram of another preferred embodlment o

o Zof the present mventlon, compnsmg a ﬁrst reactlon chamber and a second chamber ,
FIGURE 14 1llustrates -a block dlagrarn of st111 another preferred o

-"embodlment of the present mventlon, whereln extemal heatlng means have been_

o .-provrded between the ﬁrst reactlon chamber and the second chamber o

FIGURE 11 1llustrates schematlcally the same lower water level momtor_ L
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FIGURE 15 1llustrates a block dragram of strll another preferred . 3

- 'embodlment of the present mventron, wherem both extemal heatrng means and external -
_:coolmg means have been provrded between the ﬁrst reactron chamber and the second '

_'chamber _' S

-BEST MODE OF CARRYING OUT THE INVENTION .
As mentloned earher th1s mventron relates to methods of makmg_' .

E 1ntermed1ate oxrdatron products, such as aclds, for example, by oxrdlzmg a hydrocarbon- L

: ‘witha gas containing an oxrdant, preferably oxygen.

| A tubular rocklng mlm-reactor contalmng steel balls was used for- a'_"'_
.series of expenments The steel balls were added to provrde hrghly enhanced surface - |
factor by mearis of dlsmbutmg a thln ﬁlm on the surface of the steel balls Surface

- factor is defined in this case as the ratro of the surface of the hqurd/gas mterface per unit .

- volume of the hqurd The muu-rcactor compnsed a tubular stamless steel body having |

an msrde drameter of 23/32" an outsrde drameter of 2 %", an outs1de length of about 1 l- L E

_ -'/z“, and an msrde length of about 9 1", The total capacrty of the mrm-reactor was

L ._75 cc. Approxrmately 890 stamless steel balls havmg a dlameter of 1/8" were used i in

20

' _'--the mml-reactor as agrtatron and nnxmg means, along w1th a rockmg actron of + 33'- |
: degrees from honzontal ata frequency of 10 cycles per mmute unless otherwrse stated. - .

The mrm-reactor had a screw cap top, a number of thermocouples msrde and outsrde for' o

_measurmg and controlhng the temperature It was surrounded by heatmg tape and "

E ': msulated by glass fiber. It had ports for feedmg gases and hqurds It was also provrded '

- 25

~ with a pressure transducer Both temperature and pressure were recorded and controlled S

through a computer usmg supervrsory control soﬁware _ :
- I operatlon of the mrm-reactor, the followmg procedure was followed -

_unless otherwrse stated The system was. 1mt1ally purged w1th mtrogen, the feed was

o added, while purgmg w1th mtrogen, through the top of the mrm-reactor whrch was in an; .

o uncapped posrtron, the- rmm-reactor ‘was capped and purged again Wlth mtrogen toa

o pressure of about 50 psig, the temperature was raised to a desrred degree (usually 100- -

_ .105 C), the pressure was brought to about 100 ps1g with mtrogen, and the oxygen was_ S
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.'mtroduced to a pressure of an addltlonal 100 psig, thus bnngmg the total pressure to' -

B vanables were then recorded Unless no substantlal reactron takes place, the dP/dt goes

from substantlally zero rate toa max1mum and then it drops off agam to substantlally

a zero rate. In the dlfferent plots or Tables when the terms "reactron rate” ‘and

o "'reactlvrty" are used they correspond to the maxrmum dP/dt 1n each partlcular case,

- unless otherwrse stated An nntlal sharp peak precedmg the maxrmum 1s d1sregarded . |

o 'as it 1s believed to correspond to a fast ox1datron of the 1mt1ator such as acetaldehyde'

- -_.1.5..,

o :composrtron
200
: "both bemg well known to the art. techmques

_ o for example In the case’ that cyclohexanone lS used as 1m1:lator such a precedmg peak' -
10

'1s not as s or pronounced Althiough the terms " romoter" and "lmtlator are many
g p!

tlmes used in the l1terature and in: thls work mterchangeably to mean "1mt1ator" the

more stnct meanmg of the term "nntrator“ should be used for a substance whlch' e
| decreases the - reactlon initiation penod such as acetaldehyde or cyclohexanone, or_

_“;methylethylketone for example and the term "promoter" should be used for a substance

_ that promotes the reactlon such as bromlde 1ons in the’ case of producmg terephthallc' .

- acid from p-xylene for example

The 1nventors also used a hrgh pressure, agrtated, glass tube to determme | o

. _ phase relatlonshlps under condltrons of ‘actual reactron temperature pressure and . B

Analysrs of the products of reaction was conducted by HPLC and GC -

Aﬁer a reaction has taken place in the Dlrect Synthesrs of cyclohexane to R
' '_adlplc ac1d a rmxture of two llquld phases is. present at ambrent temperature along with

- a sohd phase mamly con51st1ng of adlplc ac1d The two hqurd phases have been called :

2

the "Polar Phase" and the “Non Polar" phase However no attentlon has been pald S0 |

_ far to the nnportance of the two phases except for separatrng the adlplc acid from the .
. "Polar Phase" and recychng these phases to the reactor partlally or totally w1th or

L '_w1thout further treatment

The mventors of the mstant mventron, us1ng the above apparatus

unexpeetedly dxscovered that' both the composrtron and a number of relatronshrpst'

about 200 ps1g The pressure (P) and the rate of pressure drop (dP/dt), among other_ ,
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| '_“between the "Polar" and the "Non Polar" phases are of utmost 1mportance for ‘the ._

- reactrons takmg place durmg the D1rect Synthesrs They also found out that not only the -

. "-relatronshlp of the phases at reactlon temperature are 1mportant, but also even data on ' -

_the relatlonshrp of the phases at room temperature may be utlhzed to control the

| reactron ‘at reactron temperatures whrch 1s totally unexpected smce the phase T

: _relauonshlp may change drastlcally with- temperature

: "_ Accordmg to the present mventron, "Polar Phase“ isa hquxd phase wh1ch _' .

T contams predomlnantly polar components whrle "Non Polar Phase" is a hqurd phase :

'.'3wh1ch contains predommantly non-polar components In addltron when two' hquld. '

10~

. the- one wh1ch 1s less polar 'is: the “Non Polar Phase" Under certain controlled L

phases are present the one whrch 1s more polar than the other i is the "Polar. Phase" whlle _ a

:" c1rcumstances, as explamed in more deta11 below the two phases may merge into one :
' _-phase wh1ch 1s called "Smgle Phase" accordmg to thrs 1nvent10n - The "Smgle Phase"

o may be a "Smgle Polar Phase" if 1t contams predommantly polar components, or a

15

.20

g '_ isa phase as it exists at 75° C; "100° C“ phase 1s a phase as it ex1sts at 100° C, and 50 on g R

25

"Smgle Non-Polar Phase" 1f it contams predommantly non-polar components Further '

as the temperature mcreases one of the two phases may mcrease and the other decrease
B If the "Polar Phase" 'decreases in'a manner to ﬁnally be absorbed by the "Non-Polar _' |
g Phase" then the "Smgle Phase" formed isa "Smgle Non-Polar Phase" Sumlarly, 1f the - -
: _"Non-Polar Phase" decreases i in a manner to ﬁnally be absorbed by the "Polar Phase" | _
then the "Slngle Phase" fonned isa "Smgle Polar Phase" : Regardless of the type of the E
: phase "RT" phase isa phase as it exrsts at ambrent or room temperature; "75° c phase )

_ and so forth. Ambrent or Room Temperature is about 20° C. When mentlomng phases o

in this d1scuss1on, 1mp11ed reference is made to hqurd phases unless sohd phases are '

spec1ﬁcally cited and stated as such

For purposes of clanty and brevrty, the most preferred constltuents may

o .be used to exemphfy the methods of the. present 1nventron, instead of more generic L

o terms For example' "acetlc acrd" may be used 1nstead of "solvent" but it should be -

- understood that any other sultable solvent(s) may be used i m saxd methods Examples of N

30 _-.'less preferred solvents are butync ac1d proplomc acid, etc In a smnlar manner,' I
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o ! acetaldehyde" may be used mstead of the more genenc name "promoter" and "cobalt" o

' unless otherwxse speclﬁed) may often be used 1nstead of the more genenc term. o

In addltron to the formatlon of ad1p1c acld the methods of the present _ "

, _'-mventlon may ‘also be apphed to other monobasrc or dlbasm acids from the

o 'correspondlng cychc ahphatlc hydrocarbons or aromatlc hydrocarbons Examples are..

- _cycloheptane and the like. Further the teachmgs of thls 1nvent10n may be used for the - N =

10

formatxon of glutanc acid from cyclopentane formatlon of punehc acld from -'

| formatlon of . benzoic ac1d from toluene formatlon of phthahc ac1d from o-xylene, |
formatlon of 1sophthahc acrd from m-xylene, formatlon of terephthahc ac1d ﬁ'om P o
"xylene, and the like. o ' B T

Smce quantlty-wrse, the ma]or polar component m the reactlon mlxture |

- s acetlc acid havmg a speclﬁc gravrty shghtly hlgher than 1 g/cc, and the major non- :

s

_'polar component is cyclohexane havmg a speclﬁc gravrty shghtly lower than 0.8 g/cc, c

" - the polar phase is heav1er than the non-polar phase, and 1f both are present the non--

- polar phase tends to move toward the top, whlle the polar phase tends to move toward -

the bottom Thus, in a test tube ifa sample has a polar phase and a non-polar phase the )

o polar phase will res1de at the bottom of the tube, and the non-polar phase w111 res1de at )
20 | |

_the top of the tube ; .
It ‘was observed by the mventors that addrtton of very small amounts of _

s water as well as small changes in the’ amount of cobalt(II) acetate tetrahydrate, have a
- substantlal effect on the relatlonshrp of the two phases Itis speculated that thlS occurs o
' because water and cobalt(II) acetate tetrahydrate are very polar compounds

For example, the composmon of Table 1 was found to be i in the form of L

s ,two phases at room temperature The bottom phase ‘which is the. RT polar phase

constrtuted only about 3% (by volume) of the total whrle the RT non-polar phase o

L '_ constxtuted about 97% (by volume) of the total At this pomt it 1s very 1mportant to note _

-that substantrally the total arnount of the catalyst as determmed eolonmetncally, B
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U resrded in. the bottom polar phase For example in thrs mstance the top phase was‘ - "

colorless and clear, whxle the bottom phase had a dense magenta coloratlon

As shown in Tables 2 and 3 after addmg about only 0 4% (by werght) g

" _ water to the compos1tlon represented in Table l the volume of the RT polar phase grew -

= __ _' During the reactlon of cyclohexane with oxygen, a consrderable amount of water 1s o

""-_‘-15

20

to about 17% (by volume) -As more and more water was: added the RT polar phase | ._ | _

- | mcreased further, and at about 6% (by werght) water the RT polar phase constltuted __ _ S

-~ about: 30% (by volume) of the total The lmtlal addltlon of water had consnderably - .
higher eﬁ'ect in the increase of RT polar phase than the addmon of ﬁ.lrther amounts of ':' -

_ water However at low concentratlons of cyclohexane and hrgher concentratlons of o
lO' acetlc acrd, the water has a consrderably lower eﬁ"eet on the ratro of the two phases o

' produced and therefore ‘the presence of water isa fact, and not a matter of chorce _

o By addlng a small amount (about 0.4 to about 1% by wexght) of water an" " '

. 'appreclable amount of RT polar phase was fonned (about 20% by volume) Then, by .' :
separatmg the two phases and re—nnxmg them in drﬂ‘erent proportlons fo. form the .' o

totahty of a reactron feed nuxture it ‘was found unexpectedly that in the case of the o

mini-reactor;’ the reactmty of the mlxture was proportlonal to the amount of the RT'

| polar phase present toa certam pomt and then it dropped Thrs drop in the batch. type- |

-reactor may be due to cyclohexane starvatron

| TABLE 1
CONIPOSITION OF SmCK SOLUTION '

-'II\IGREDIENTS-"?".". GRAMS wr%! o MOLE% .

| ' Cobalt(I) Acetate. . e 034 o 0.71. o 021

| Tetrahydrate S o g R U
 AceticAcid - I "14;63_ . 3058 . 3800
 Acetaldehyde - 034 071 . 120

- Cyclohexane ~ ~ "+ . 3264 6800 . 6049
U Toml g R
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R -Graduated Cylmder #
b Wt of Empty Cyhnder

W onylmder+Stock
Solutlon :

. .Wt of the feed solutlon

Wt onyhnderl-Feed -
--Soln +Water sl

Wt ofWateradded._,  gm

. 'Wt% of Water added

VOLUME OF RT POLAR (BO'I'I‘OM) PHASE AS COMPARED TO RT NON-POLAR (TOP) PHASE

R 'Graduated

Cylinder # .-

- Volume (ml) before - Top P'h_a'se_.- _'

addlng Water _ R
' B Bottom
Phase

Volume (i) after - Top Phase -

- adding water
S ' Bottom

. ..2.1 o

TABLE 2 ) |
FEED SOLUTIONS CONTAIN]NG DIFFERENT AMOUNTS OF WATER

5234
- 5739

506:
| -.-_-5739

0,00

34.59

39.74

5.15.
- 39.76

0,02

- 0'.41 :

3426

39.44 '

005

0.94

'TABLE3

02
_ 6.’3{-'_ 3

Bottom 02
Phase. 2

| "Volﬁm'e-% of the  Before . .

bottomPhase . Water = -
.. addition

| After -
Water -

_.._'-.3-_1 :

~addition .

'
62

O.jé .

| '1'-7___.'1. :

53

3.1

6.2 _-

' 3]

2031 -

5.18 -
13949

51

. PETIUS910830

. iv_.

35.60
4097

5.36

4107~
L0.11

iv'

64

s

14,

a5

39.03
4449

1546

019

v

_4_'.6'

4468

336

63
03’
50

18

34.94
4013

519
4048

035

633

647

03

48

45

204
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It ‘was also observed that at-a level of about 20% RT polar phase

'speclﬁcally m case iii of Table 3, as the temperature mcreased the polar phase_ -

progresswely shrank to a very. small volume and ﬁnally it drsappeared mto the non-polar: |

" phase ata temperature of about 100° C. The consequence of th1s was that as the polar S
-_ phase (whlch as mentloned before contams most if not substantlally all the catalyst) i

. 'shrank between 80° and 100° C, at some pomt 1t became over-saturated with catalyst -

i B whrch resulted in catalyst preclpltatlon Thrs is. hlghly undesrrable not only. because of o

s

20

- the h1ghly decreased avallablhty of catalyst but also because preclpltated matter in a-_' =
o reactor causes loss of . reactor and plant uhhty, and hlgh malntenance ‘cost due to -
| 10 pluggmg of lines, etc. Upon ﬁlrther heatmg of the solutlon under vrgorous agltatlon, at '_ -

T .','about 100°C, a smgle non-polar phase was formed and most of the precrpltated catalyst_'-'- o =
| .'re-dlssolved in the smgle non-polar phase while s some: remamed still in the preclprtated

S :-form Thus in this partlcular case, although a reactron of cyclohexane w1th oxygen may o 'l

'-proceed at temperatures lower than 100 -C, the: reaction rate and react1v1ty would be o

| 'cons1derably reduced sxnce the dlssolved catalyst level has been Teduced, because the R

catalyst was either dlssolved ina very small polar phase or preclpltated Another

consequence of thrs is that unless one ‘uses: a temperature of 100° C ‘or: higher, m th1s

' 'partlcular case it is very dlﬁicult to bring in contact the bulk of the matenal which is the O

non-polar phase contarmng substantrally all the cyclohexane avadable w1th the catalyst
all of whrch substantlally resrdes ln the very small amount of the polar phase -and thh "

~  the. gaseous phase of oxygen Water concentratlon in . the reactor due to water

- :'-_ formatlon, -greater than the one’ represented by cases i and i m Table 3 will

_s1gmﬁcantly worsen the aforementloned deletenous eﬁ'ects ngher temperatures may. . o

S ~ not always be a practlcal remedy for these problems ‘because in order to 1mprove.
.25

chemrcal y1eld 1t may be advantageous to ; run the reaction at lower temperatures -
At drfferent relatrvely low proportrons of RT polar phase to RT non-polar

o phase (about less than 30% or. 40% polar phase in'this partlcular case) there isa phase- .
“* critical or ‘phase transition temperature below whrch two hqurd phases are formed -and

. the polar phase contalmng most if not substantlally all the catalyst present, causmg the -

3 0

_"reactlon rate. and reactlvrty to suffer consrderably It is therefore 1mportant to run the o
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- reactton at or above that temperature It 1s more preferable to run the reactlon at .l

- temperatures at least 5° C above the phase-cntrcal temperature or phase transmon

K temperature For different composmons the phase-cntlcal temperature will vary, but 1t .

i very easy to be determmed by usmg a hlgh-pressure ag1tated transparent glass v1al in

whrch the sample is mtroduced and the temperature is - ralsed wrth sunultaneous o

o 'observatlon of the phase changes

10

20

' It should be stressed that as the amount of water present in the _

'composrtron mcreases ‘the shnnkage upon heatmg of the polar phase decreases and _

_ ﬁnally the two phases do not become a. smgle phase even' at elevated temperatures even

at temperatures hrgher than the desrrable reactlon temperatures Thus m order to attam '

‘a smgle phase itis preferable that water and/or hydrocarbon are controlled by removal

(water and. hydrocarbon mcrease the phase-cntlcal temperature) or the amount of - -

solvent mcreased (solvent decreases the phase-cntrcal temperature) As the amount of

"acetlc acid i mcreases ina composrtlon (mcludmg both polar and non-polar phases) the_ o
i composrtlon can w1thstand the presence of more water wrthout formatlon of two hqurd‘_'_ i

o phases w1th1n the range of deslrable reactlon temperatures

It was also observed that at. about 65% RT polar phase as. the -

'temperature mcreased the non-polar phase shrank; and ata temperature of 97° C, 1t was. . _.
completely absorbed by the polar phase to form a smgle polar phase as deﬁned earller L -
_Further it was observed that at hrgher amounts of water present (about 7% by werght of:

.the total composrtron) the presence of two lquId phases persrsted even at 120 ° C

, Thus 1t is preferable that the reactlon is run ina manner that the :amount of Water

remams adequately Tow (or removed) so that the formatlon of two phases at the '

o .operatmg temperature is avoided.

‘As mentloned above it was also observed that the larger the amount of - |

‘the RT polar phase the faster the reactlon up to a certam pomt A similar. relatlonshrp

- between the maxrmum pressure drop rate (representmg the reactlon rate) and the_

a fabsolute amount of catalyst in the nnm-reactor ‘Was. also observed

: 30° _"__adlplc acld drd not change wrth wt% RT polar phase present or wrth the amount of '

It was also entlrely unexpected to ﬁnd out that the mole Y% selectmty to .
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" catalyst present It remamed substantlally constant The mole % selectrvrty to ad1p1c S
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k acid i is defined as the moles of adlplc acid formed in the reactron multtplred by 100, and o -

-.dlvrded by the sum of moles formed of adrprc glutanc and succmrc aclds

It was also found that wrthm the limits exammed the selectrvrty to ad1p1c S

'.'acrd was mdependent of the amount of acetaldehyde present or the molar ratlo of B

- acetaldehyde to. cobalt(II) acetate

_ amount and nature of catalyst Water solvent hydrocarbon, mrtrator etc. Thus dlfferent -
10

. Regardmg the RT and other temperature polar and non-polar phases, it e p
- should be pointed’ out that thelr composrtrons may vaxy consrderably dependmg on the' N

: conclusrons stated herembelow are relatxve to ‘polar and non-polar phases made as

- descnbed in each partrcular case. However a person of ordmary skrll in the art based :

o on the teachmg of this i mventlon, may ﬁnd desrred relatlons of"- other polar and non polar :

- _-phases in other occasions with only a mlmmal eﬂ‘ort

The rmpllcatlons of these ﬁndmg have an enormous nnpact in a large K

-number of aspects regardmg the direct synthesrs of ad1p1c acld by. oxrdatron of :

cyclohexane w1th oxygen These fmdmgs mdrcate the followmg 1mportant process steps ', -

a among others whrch may be performed to drastlcally nnprove and control the oxrdatlon

20

_process. - These steps may be performed mdrvrdually or in any combmatron dependmg- e
.. on the- crrcumstances mcludmg but not lxmrted to reactor desrgn, reactor-penpherals

desrgn, pre-ex1st1ng or new-reactor parameter lrmltatlons etc

(1) Smce the react1v1ty shows a maxrmum at a range of about 65%

: RT polar phase (as 'made in composrtron m of Table 2) and hrgher especrally wrthout S
. sacrificing selectwrty, the reaction should be driven toward that range of RT polar phase L

-  (nevertheless, mcrease of total catalyst level with i mcrease in RT polar phase should be

kept in mmd) . 5 . : : S
- (2)" Smce the- reactlvrty (the amount of reactron takmg place m a glven- _'

| -__reactlon volume) shows a srmrlar behavror regarding catalyst level, especlally wrthout o
- sacnﬁcmg selectrvrty, the reactron should be driven toward hlgher catalyst level,'_ "
' . preferably under the precrpltatlon pomt at whrch the catalyst starts precxpltatmg,
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- causes a second phase to form at reactron condltlons rmmmlzatron of cyclohexane in the .
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_ (3).;_ .' Smce CYclohexane is the main contnbutor to the formatlon of the' _' ) |
' non-polar phase the 1 reactron should preferably be dnven toward the mrmmum amount L
" of cyclohexane insucha marmer that there 1s always an adequate amount of cyclohexane _
3 m the hqmd and vapor forms in order to avord starvatron of the reactron because of lack' '

- of cyclohexane inall mstances it is preferable- to be controlled below that amount whlch o |

- ,reactor has a very lmportant addltlonal beneﬁclal effect, whnch is related to safety,

I case of accrdental 1gmtron in the reactor there wrll be. consrderably less fuel "

10

o 15 3 cyclohexane preferably, the amount of acetlc acid used should be such as to- produce a

(cyclohexane) to promote an explosron

- (4) Smce acetrc acrd isa mam contnbutor to the formatron of the

- polar phase the reactlon should be drrven toward the maxrmum amount of acetrc acrd in - '-

such a manner that excesslve dilution i is avorded or prevented thns step should preferably

| “be coordmated with step (3) so that the amount of acetic acid does not cause lowenng of o '

the amount of cyclohexane to cause m turn starvauon of the reactron because of lack: of '

_'-jratlo of RT polar phase to RT non-polar phase in the: range of over about 65% RT polar

o phase combmed wrth an adequate amount .of" cyclohexane to avold cyclohexane_ g

.20

starvatton of the reactron,

, i_(S)-"_ In order to operate w1th a smgle-phase system whrch is’ hrghly

) preferable for multlple reasons, the reactlon should be mamtamed ata temperature equal - - :
 to 01' higher than the phase-cntlcal temperature (as’ deﬁned earlier) within hrmts to - o
- ensure that selecttvrty and y1eld do not suﬂ‘er unacceptably, o

(6)' E Smce water 1s a strong contnbutor to the formatlon of two phases _

: '.ﬁ'om a smgle phase which i is undesrrable but since 1t 1s beheved to help the hydrolysls of

| 25 undesrrable ester by-products formed dunng the- reactron, and because it is also beheved - |

to mcrease yreld and selecttvrty of adrplc acid, 1ts content in the reactlon meture should

E be dnven toward the maximum amount of water which does not cause the formatlon ofa

o two-phase system ﬁom the smgle phase at least ‘at the reactlon temperature unless

o 'downstream separatrons become adversely aﬁ'ected in so. domg
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. reactron chamber 12. Other elements ~commonly used ‘with reactron chambers such as o B
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2%

'-(7_)" In order to avord or prevent preclprtatron of catalyst at room or - :

"lower temperatures at whrch the adlplc acld is crystalllzed the amount of catalyst in the
' _mrxture should be dnven toward a regron below the precrprtatron point of the catalyst in
 the reacted and cooled mlxture o ' '

o .-.'Frgure l there is deprcted a devrce or contlnuous reactor system 10 comprrsmg a _' .
- reaction chamber 12, A recycle feedmg or mlet lme 14 a new raw matenal feedmg or _ | :' ' E
o -mlet lme 16, a gaseous oxrdant feedmg or mlet lme 18; a. gas outlet hne 19 a samphng o

_ _' Iine -20; a- predommantly non-gaseous outlet hne 21, and means for measurmg o
10

temperature such as thermocouples 22 and 24 for example are connected to the

pressure momtors and controllers for example and the lrke although preferably utrhzed

' accordmg to the mstant mventlon are not shown i in Frgure 1 for purposes of clanty |

C '."Also optlonal means for conductmg chemrcal analysrs of the contents of the reactron _

o | 15 'chamber 12 are not shown also for purposes of clanty

The sampllng line 20 leads toa phase analyzer 26 whlch provrdes quurd |

a phase mformatron toa computenzed controller 28 through mput lrne 26' ‘An example of a

| phase analyzer wrll be descnbed at'a later point. . The optronal means (mot shown) for

| conducting chemrcal analysrs of the contents of the reaction chamber 12, preferably, also -

20  provide mgredrent content mformatron to the | computenzed controller 28. -The mlet, :

o matenals -etc., are separated by well known to the art techmques Such techmques may o

' outlet rnput or output hnes may be posrtroned in any surtable locatron of the reactron'

}chamber 12. The words "mlet" and "outlet " are used for lines whrch feed or. wrthdraw

_.matenals respectrvely, whrle the words "mput" and "output" are used. for lines. whrch o

g _ 'provrde information to the computenzed controller 28, or are utrlrzed by the controller-
25 | ‘

to control other elements of the devrce respectrvely

The predommantly non-gas outlet lrne 21 leads toa matenal management :

. statxon 30, at whrch the products of reactron, any by—products non-converted raw

' mvolve ﬁltratron, drstrllatron, crystalllzatron other types of separatron, evaporatron,

: _coohng heatmg storage decontammatron mcmeratron, drsposal, etc

A preferred embodrment of thrs mventron is 1llustrated ‘in Frgure 1. In_ o
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The des1red product of reactlon follows product path 32 the ‘non- ..

' recyclable by-products follow non-recyclables path 34, whrle recyclable materials follow - ) ..
recyclables line 36, whlch hne 36 leads to an. analytlcal apparatus 38 for analysrs of the i. |

' contents of the recyclables The analytlcal apparatus 38 samples the recyclables for'_ B

: analysrs and allows the major portion of said. recyclables to enter line 3611 Line 36 may
' compnse one or a pluralrty of hnes dependmg of the nature of the recyclables Some of '_

- - these hnes may even circumvent the analytlcal apparatus 38 1f so desired. @Gf for example-

3 the content of the recyclable matenal under consrderatlon 1s known or. prevrously

- determmed by any of well known to the art techmques)

10

- The recyclables follow hne 3611 whrch leads toa three way valve 39, in a
manner that the recyclables may follow lme 40 or 42 or both m any desrred ratlo Lme

42 leads back to the matenal management statlon 30 for storage or retentron or re-work, '

- " or the llke while line 40 leads to a ﬁrst heat exchanger (mcludmg cooler or heater or the

o 'hke)44
s

The 3 way valve 39 is controlled by the computenzed controller 28

: ._ thrOugh output hne 38" : Smularly, the. heat exchanger 44 is controlled by the
L 'ComPUterlzed controller 28 through output hne 44" Preferably one or more input hnes L

(not shown for purposes of clanty) provrde temperature 1nformatron to the computenzed |

B .' ~ controller 28 regardrng the recyclables as they enter end exit the heat exchanger 44.
120 |

' _'-'ﬂowmeter 46, wh1ch gives' recyclables ﬂow data to the computenzed controller 28 :

throughmputhne46' o o .
Input hnes 22' and 24' feed the computenzed controller 28 wrth |

. temperature mformatron wrthm the reactlon chamber 28 ‘Both lmes may be necessary o
- or only one, or. more than two dependmg on the rnformatron requrred in each partrcular o

case.

other adjuncts respectlvely, toa pre-m1x1ng vessel 48 The premrxmg vessel 48 is

_ preferably of. small srze and pos1tloned ina way that all its contents are movmg out of it "

The recyclables énter the reactron chamber 12 after they pass through.-_-

o Flow regulatlon valves 50 52, 54 56 and 58 are connected to mlet lines -
o 501 521, 541, 561 and 581 whlch provrde hydrocarbon, solvent, catalyst, promoter and o
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S _and through line 16, so that 1f more than one phase is present there is no accumulatlon' _ i
N 'of a partlcular phase in the pre-mnnng vessel. Pre-mlxmg vessel 48 is connected with a e

o _. -second heat exchanger (mcludmg cooler or heater or the like) 60, which 1n turn'is -~ '_ _

| connected to the reactlon chamber 12 The mlet lines 50i 52i, 54i, 56, and 58i, may L

however be drrectly connected to the second heat exchanger 60 or to the . reactron o

o 'chamber 12.

Flow regulatlon valves ‘50, 52 54 56 and 58 are controlled by the: '

: .. comPIJterlzed controller 28 thl'ough output hnes 50" 52" 5 4" : 6" an d 58" . .- |
N respectrvely A number of ﬂowmeters (not shown for purposes of clanty) connected to -

10", hnes 50i, 521, 541 561, and 58, prov1de flow mformatlon regardmg hydrocarbon,

_solvent, catalyst, promoter and other a"illuncts to the computenzed controller 28 -
- thmugh multiple i mput line 62.. : SRR :

The reaction chamber 12 may be heated or- cooled by heatmg or coolmg

L means (not shown) well known to’ the art.

The lmes 14 and 16 may merge together mto a smgle line (not shown) s

| - :and feed the reactlon chamber through sald smgle hne The phase analyzer 26 or an

20

addltlonal phase analyzer (not shown) may also be connected o thls smgle line, so that it

detects the presence of a second phase qualltatlvely or quantltatrvely, ‘even before the
"-hqmd enters the reactron chamber and before the oxldatlon starts takmg place: |

_'Preferably, the determmatron of the second phase takes place under the same -

L temperature and pressure of the reactron Gf the pressure is not excessrve)

- One example of the phase analyzer 26i is better 1llustrated in Flgure 2 It

- may comprise an at least partxally transparent cell 62 for acceptmg liquid from the _

L 'reactron chamber 12 and a detector 66 adapted to move up and down the helght of the
25

cell 62 1n order to detect the presence of 1 more than one hqurd phases 64. The nature of
_the cell 62 is preferably such as to- accept hrgh pressures, preferably srmrlar to the

' reactlon pressures The detector 66 can be a color detector a reﬁ'actlve mdex detector o
[ an ultrasomc detector, or in general any type’ of detector that can dlstmgmsh and R

. 'dxﬂ‘erentlate between hqmds by usmg a property of the two hqurds whrch property may
30 " .

.dlﬂ‘erentlate one ﬁ'om the other
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_ Ifthe phases separate to a lower phase havmg a helght "a" and to. an . :
upper phase havmg a herght “b" the drﬁ'erentral of the detected property per scanned o

R _dlstance dp/ds (“p " bemg the property, such as color for example and "s" being the

3 -scanmng drstance as shown by the arrows A) wrll grve a graph as shown in Frgure 3 , o
wherem a'/ '_ a/b from whrch the degree of second phase formatron may be o
. : de_termmed

If the phases are dxﬂicult to separate into drstlnct portrons addrtronal .

techmques to aid such separatron may be utrhzed Centnﬂ.lgmg ultra-centnﬁ.lgmg,

10

o addrtron of ﬂocculatron agents, and the hke are example of such techmques _

' Although in Flgure 2 the detector 66 1s shown to resrde outsrde the cell 1t _

may very well resrde msrde the cell 62, A conductrvrty detector 1s an example of a |

'_ detector that should come m contact wrth the quurd phases and preferably be ms1de the -

- steady at dlﬂ'erent pos1tlons of the cell “In the case of usmg two detectors 1t is ) ; o
preferable to arrange one detector in the vrcrmty of the bottom of the cell and one L i
- detector in the vrclmty of the top of the cell It is obvrous that in the case of relatlve - = o
| _movement of the detector wrth respect to the cell, the cell may be the movmg element o ,
,_and the detector the steady element Instead of utrhzmg a detector an observer may - - :
.v1sually detect the levels of the two hqmds and provrde this mformatron to the o

_computenzed controller 28. _ . . ,
~ The phase detector may also be based on measunng or detectmg the |

- _ turbldrty (cloudrness) of the mrxture of one phase dlspersed in the other phase since the |

- 25

' phase will produce a turbid mrxture Care wrll have to be taken in tlns case to ﬁlter out o
‘any solid ‘matter before determmatlon of the turbrdlty Lrght scattenng may also be used. -
~ for detectron of a ﬁnely emulsrﬁed second hqurd phase mto a ﬁrst hqurd phase o

| _' two phases, for all practlcal purposes and substantlally always wrll have drﬁ'erent mdlces o

of reﬁ'actron A srngle hqurd phase wrll be clear but a second phase drspersed in another

_ The detector may be a smgle detector travehng up and down the helght of T
_'_the cell or otherwrse scanmng the cell, or 1t may be two or more detectors located, - -
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The temperature at wh1ch the cell 62 and 1ts contents are subjected to B

'.'may be ambient temperature 1n the range of 20 to 25 °C any other temperature or

-preferably the same temperature as the ﬁrst temperature whlch is the reaction’

.temperature m the- reactron chamber 12 1n a zone. that the reactron occurs (reactlon

zone) Dependmg on the temperature at which the cell 62 operates it may-have to also -

- be under pressurrzed CO!ldlthllS and closed to mamtam its contents m the- quuld state.

10

In operatron of thrs embodnnent (see Flgure 1) hydrocarbon, solvent, B
k catalyst promoter and any other desrred ad_]uncts are added to the | pre-mrxmg vessel 48,

where they are mixed together The pre-mrxmg vessel is small enough and posrtroned in.

a manner that rf there is phase separatton, no partlcular phase remams behmd but all_- -
: phases are commmgled and they proceed through the second heat exchanger 60 and to -_

the reactron chamber 12 through lme l6 The feed rates of the new raw matenals fed

' through lmes 501 521 541 56i, and 581 depend on the feed rates of the recyclables fed to .,- .

. the reactron chamber 12 through recycle feedmg lme 14. Informatron regardrng the _

- _- 15

_ 'analytlcal results ﬁ'om the analytlcal apparatus 38 is provrded to the computenzed_ '

. controller 28 whrch combmes tlns mformatlon wrth the mformatron from the ﬂowmeter

o -_46 and the mformatlon from the ﬂowmeters (not shown) of lmes 501, 521 541 561 and.

| 581, and- calculates the total feed rate of each 1nd1v1dual mgredrent entermg the reactton -

o chamber 12

20

The computenzed controller preferably grves precedence to the." .

: recyclables and then it adjusts each of the valves 50, 52 54; 56 ‘and 58 through output '

lines 50",°52", 54", 5 56", and 58", respectrvely, in a manner ‘that the total feed rate of each |

L 1nd1v1dual mgredrent entenng the reactlon chamber. 12 has a desxred value The desrred

: value of- each mgredlent feed rate 1s preferably adjusted toward formatron and

25

3 mamtenance of a smgle phase at the reactron temperature otherwrse called the first

_ temperature

- Of course when the operatlon starts there are no recyclable matenals s0 .

.that only new raw matenals start entenng the system through one or more of hnes 50,

| : -521, 541, 561 and 581 and finally enter the reactron chamber 12 through lme 16 Durmg_i ”

30

ﬁ_startmg the operatron, the dlﬁ?erent feed rates of new raw materials are arranged $o that -
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B a smgle phase exrsts at the ﬁrst temperature As already mentroned earher when talklng L
'about a smgle or multrple phase in thlS descnptron the mventors mean single or multlple, o

" -hquld phases When the mventors want to refer to a sohd phase they specrﬁcally refer_ o

. to a sohd phase

The balance of matenals is also preferably arranged to be such that when

_. water starts belng formed durmg the oxrdatron, no second phase is formed The amount L

. of water formed depends on the converslon takmg place when the system attains a

; _steady state The more solvent, acetlc acld for example 1s present at th1s steady state |

.the more water may be thhstood by the system. wrthout fonnatron of a second _phase:

: Smce the formatron of water is substantrally unavordable when a hydrocarbon rs :

' oxrdlzed and in:some respects its presence may even be desrrable (for at least partral

'hydrolysrs of undesrrable ester by—products for example) 1t is preferable fo work at a.
steady state which can contain at least a predetermmed content of water wrthout the

formatron ofa- second phase Removal of water in any step of the process if necessary .

: or desrred, may be- achleved by a number of ways mcludmg for example dlstrllatlon,_ ._ _. .
S addmon of acid anhydndes and other well known to the art methods : -
o .. The more hydrocarbon, cyclohexane for. example is present in the'_._p- _' T
| reactron chamber the hrgher the potentlal of formatron ofa second phase At the sarne _ o

) _- .. time, 1f too httle hydrocarbon is present, the reactron starts starvmg from lack of R

.,hydrocarbon, Accordmg to the mstant mventton, ‘the amount of hydrocarbon present in- -

- -the steady state is preferably Just above the pomt at which starvatxon is observed. "Just o

above" starvation means preferably between O to 20% above starvatron, and more' .

g preferably 5 to 20% above starvatron

T 25

At the same tlme that. the above menttoned 1ngred1ents enter the reactron h

'cha'm5'er 12, a gas contaxmng an oxrdant preferably oxygen, enters the reactlon chamber, -
' lthrough the gaseous oxldant feedmg hne 18, and 1t comes m contact thh the mlxture o

' contarmng the hydrocarbon :

- 30

The reactlon temperature or- ﬁrst temperature is momtored by one or _'

more thermocouples such as thermocouples 22 and 24 for example whrch prov1de '

__temperature mformatlon to the controller 28



| WO0.97/49485

. PCT/US97/10830

L 320 -

The computenzed controller 28, based on thls temperature mformatlon -

R adjusts the ﬁrst and second heat exchangers through output lmes 44" and 60",

- . respectxvely, ina manner that in combmatxon w1th the heat released by the reactron and

‘10

15

the thermal charactenstrcs of the reactlon chamber 12, the ﬁrst temperature attalns and'

mamtams a desxred value In order to lower the temperature in the reactlon chamber, the _
o 'heat exchangers are adjusted to lower the temperatures in lmes 14 and 16. In addltlon to’. o
- - or instead of th1s the reactlon chamber ltself may be provrded w1th heating and/or |
’ coolmg means (not shown for purposes of clanty, but well known to the art) controlled SRt
by the computenzed controller 28 80 that the temperature attains and mamtams the_ L

-. desrred value The desired value - may, of course, bea desrred range of values..

As the reactlon or ﬁrst temperature is- ralsed the potentlal for formatlon :

of a smgle phase is mcreased and the rate of reactlon is mcreased However ‘the

- selectrvrty to the desrred ﬁnal product may suffer. Therefore a balance among rate of )

'reactlon, selectmty, and reactron temperature (ﬁrst temperature) has to be decrded Th1s :

 decision : may depend on the partrcular crrcumstances and may be based on economlcal

o safety, envrronmental, and other consrderatlons o

Thus the temperature may be adjusted through the computenzed :

| controller 28 wrtlnn the desrred range in a manner to promote the formatlon ‘and/or -
o _mamtenance of a smgle phase Ifa smgle phase already exrsts the temperature may :
20 preferably be reduced to the mrmmum hnnt of the desrred range and mamtamed there, if

; thls decrease m temperature does not cause the formatlon of a second phase

Lowermg the pressure Wlthln the reaction chamber 12 moves- the system'_

' _toward a s1ngle phase formatlon since more hydrocarbon, cyclohexane for example

o evaporates ‘and the content of hydrocarbon in the liquid decreases If i mert gases are -

25

present in the gaseous oxrdant (lf thie gaseous oxrdant is predormnantly a mlxture of R

~OXygen and mtrogen, for example) 1t is preferable that the. partial pressure of oxrdant -

-_oxygen for example is mamtamed constant dunng lowenng the total pressure

Increasmg gas spargmg in the case of a stlrred-tank reactlon chamber or

- in general the ﬂow of the gaseous oxrdant in the case of an atomlzatlon reactor
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' '(descnbed for example in our aforementloned patent and patent apphcatlons) has a
o smdareﬂ'ect as lowenng the pressure | C | L

Lowenng the conversron, or hold-up tlme m the reactron chamber 12 '

B decreases the amount of Water formed, whlch has as an eﬁ‘ect to promote the formatlon

-of a smgle phase ; Lower conversmn decreases the amount of acid fonned

- predommantly ad1p1c acid for example in the ox1dat10n of cyclohexane whlch has httle

- 10

.20

or no. effect on second phase formatlon Lower conversxon also mcreases the amount of -

. unreacted hydrocarbon, cyclohexane for example present in the reactron zone, whlch | o
..promotes the formatron of two hquld phases but thls eﬁ'ect is rather small as’ compared o

- to the stronger effect of water. - The net result is beheved to be that lower conversron )

promotes formatron ofa srngle hquld phase . _ -
Lowenng the amount of cata]yst, cobalt(II) acetate tetrahydrate for ) |
':example also promotes the formatlon of a smgle phase. It should be noted here that y

| when cobalt(II). tetrahydrate is used ‘water is necessanly mtroduced correspondmg to o

: 15 '_."the water of hydratron of the cobaltous acetate salt

If the formatlon ofa second phase is detected by the phase detector 26, -

'-the detector 26 transfers such mformatron to the computenzed controller 28 through' L
-mput line 26' The computenzed controller 28 in tum takes’ Ssteps toward reformauon_ -_
again of a smgle phase in the reactlon chamber 12 by ordenng one or moreof the' o

elements that it controls to functron ina manner drrected toward the reformation of the -

-smgle phase as descnbed above Although, dependmg on the partlcular clrcumstances

. _follows

the ﬁmctlonmg or actrvatlon of the rmscellaneous elements controlled by the_'
-computenzed controller 28 may be arranged in any desrred precedence order it-is

_ | .-preferable in most occasions, accordmg to the present mVentron, to be arranged as :

For stlrred-tank reactors when fonnatlon of a second Pphase is detected at

the same . temperature as the temperature prevallmg in- the reactlon zone ‘the =
computenzed controller glves precedence to decreasmg the. feed rate of the hydrocarbon

| ____by stepwrse closmg valve 50 through output line 50". The steps are preferably between )

30

1to 60% of the feed rate at the time. that the formatron of the second phase was _.
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after each step, a sample is taken agam through line 20 to the phase analyzer where 1t is

10
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- detected _more’ preferably 1 to 30% and even ‘more preferably 2 to 10%. At a
fpredetermrned time (preferably 1/2 to 10 mmutes and more preferably 1 to 2 mmutes)' -

) exammed and the results are prov1ded to the computenzed controller 28. Ifa smgle :

'phase has been reformed, no further acnon is taken If a smgle phase has not been .

. formed the same process may be repeated - , S

o If for some reason water is fed to the system through hne 581 the o
computenzed controller 28 grves second precedence to valve 58 through output hne 58" S
" and a similar procedure as above is followed Tlns step, however may ‘assume ﬁrst B

precedence in case that the amount of cyclohexane fed to the reactron chamber 12 moves o

| .. .' below a ‘point at whrch the reactron _starts starvmg because of lack of adequate

15

= -hydrocarbon, such as cyclohexane for example '

The next or tthd precedence is grven to the rate of gaseous oxrdant ﬂow -

through lme 18, whrch is also regulated (not shown in Frgure 1 for purposes of clanty) _

| by the computenzed controller 28 -as better shown in Figure 4 wherem the majonty of -
| the elements is not shown Frgure 4 shows the elements related to. the pressure and the

-gaseous oxrdant ﬂow rate controls.. The reactlon chamber 12 is provrded wrth a pressure-

'.momtor 68, whrch transmrts pressure mformatlon to the computenzed controller 28

h through 1nput line 68'. The gaseous oxrdant feedmg line is provrded wrth a ﬂowmeter

"

© 70, ‘which provides flow rate lnformatlon to the computenzed controller 12 through__' _' )
. _mput hne 70'. The computenzed controller 28 controls valve 72 on the gaseous oxrdant

| _:feedmg hne and valve 74 on the gas outlet line 19 through output hnes 72 " and 74"

- If the above descnbed steps are not adequate to elumnate the second

. phase and provrde a smgle phase, the computenzed controller 28 opens the valve T2ina |

25

o second phase was detected more preferably 1 to 30%, and even more preferably 2 to o

manner that the ﬂow mcreases stepwrse from the value that it hadto a hlgher value,

whlch causes removal of hydrocarbon and water ‘The steps or mcrements of i increase -

- are preferably between l to 60% of the feed rate at the trme that the formatron of the -

L 10% Asin the prevrous cases a predetermmed tlme (preferably 1/2 to 10 mmutes and )

30

‘more preferably 1 to 2 mrnutes) aﬁer each step, a sample is. taken agam through hne 20 |
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e . -'.to the phase analyzer where 1t is- examrned ‘and the results are provrded to the-___.'_
| .- computenzed controller 28. If a smgle phase has been reformed no. ﬁthher actron is
o taken, Ka smgle phase has not been formed the same process may be repeated In

_ order to keep the pressure wrthm the reactlon chamber constant, valve 74 is also opened -

. accordmgly, so that the pressure as detected by the pressure momtor 68 does not |

The next or fourth precedence is glven to pressure wrthm the reactron

| chamber 12 If the above descnbed steps are ‘not adequate 10 elrrmnate the second '

e _taken If a smgle phase has not been formed the s same process is repeated In order to :

:20

~ phase, and provrde a smgle phase the computenzed controller 28 closes further the'.’.'
10"

valve 72 and opens further the valve 74 ina manner that the pressure decreases stepwrse

. from the value that 1t had to a lower value The. steps or mcrements of pressure decrease o
are preferably between S to 30%. of the pressure at the time that the formatron of the' _

. second phase was detected -more preferably 5 to 20%, and evén more preferably 10 to-
" 0% Asi in the prevrous cases, a predetenmned trme (preferably 1/2 to. 10 minutes, and.

'_ more preferably 1 to 2. minutes) after each step, a sample 1s taken agam through hne 20 o
- to the phase analyzer where 1t is examrned ‘and. the results are provrded to the

: computenzed controller 28.- Ifa srngle phase has been reformed no ﬁxrther action is -

- kecp the partral pressure of the oxldant constant whlch isa preferred mode of operatlon,- o
__orndant such as oxygen for’ example may be added through an. addrtronal port (not' T

_shown) S :
The computenzed controller grves ﬁﬂ:h precedence to mcreasmg the feed
rate of the solvent, acetrc acrd for example by stepwrse opemng further valve 52 through .'

| . output hne 52" ' The steps are’ preferably between 1.to 60% of the lmtral feed rate, more

25 preferably 1to 30%, and even more preferably 2 to'10%, A predetermrned time

__(preferably 172 to 10 mmutes and- more preferably 1 to 2 mmutes) after each step, a
'sample is taken agam through line 20 to the phase analyzer where it 1s exarmned and

“the results are provrded to the computenzed controller 28 If a smgle phase has been_ -

S reformed no further actlon is taken Ifa smgle phase has not been formed the same' _-
a0 .

.,process may be repeated



 wodmasass . . .- .. . PCTUSYTES0

The computenzed controller glves srxth precedence to decreasmg'_ o

o conversron or mcreasmg the feed rate of all entenng raw matenals, excludmg catalyst,' .

- ~ and the rate of the outgomg products through the predommantly non-gas outlet llne 21 '

| = all ina proportlonal manner This i mcrease is conducted stepwrse by further opemng all. R

mvolved valves, in a manner to 1ncrease all feeds and outgorng product flows - '
o proportronally to each other The steps are preferably as in other cases between 1 to o |

| 60% of the 1mt1al feed rates and outgomg ﬂows, more preferably 1 to 30%, and even:. :

R ‘more preferably 2 to 10% A predetenmned time (preferably 1/2 to 10 rmnutes, and.

_ _ more preferably 1 to 2 mlnutes) aﬁer each: step, a sample is taken agarn through hne 20: -
10

to the phase analyzer, where 1t is exammed and the results are provrded to the "-_ f
| computenzed controller 28.- Ifa smgle phase has been. reformed no further actron 1s_

- 'taken Ifa srngle phase has not been formed the same process may be repeated

. Seventh precedence is grven to the temperature wrth increases allowed

o -only w1thm a predetemnned regron as descnbed earher

1

1ntroducmg new raw materials. It should be understood, however, that this would be-' |

i preferably conducted in- combrnatron ‘with the control of the recyclables from . -
20

- exchanger 44

Erghth precedenoe is given to decreasmg the feed rate of catalyst
In the above descnptron of precedence for attannng and malntarmng a

single phase w1th1n the reactlon zone, mentron was made only to the valves for

mformatron recerved from the analytlcal apparatus 38 ‘through input line 38', and from -
the ﬂowmeter 46, by adJustmg ﬂow through valve 39 and. the temperature through heat' .

- Inthe case of atormzatron reactors, temperature control for attammg and_- .

I mamtamrng a smgle phase would take at least th1rd precedence
25

It should also be pomted out that a combmatron from different preference : "

levels may be utrllzed before a multl-step process at each level of precedence For? -
. example, the computenzed controller may be programmed to perform only one stepora. '

| '.'predeterrmned number of steps in each precedence level the number of steps berng the =

'same or dlfferent at each partrcular level Also the computenzed controller may be



" woomssss . - Lo pcriusemesso

s

20,
o compnse a step of correlatmg phase dlagram data w1th vanables selected from a group, S

25

programmed to change the precedence levels depending- _o_n_' any particular o
' c1rcumstances | ' ) |

A preferable type of computenzed controller compnses a "learnmg o

' computer" ora “neuro computer" the functxonallty of whlch is known to the art, and |

which- collects mformatlon from different places of the dev1ce (for example pressure, | E

'temperature chermcal or other analysrs, etc )s stores this mformatlon along with the
- result (reactlon rate, for example), and it is programmed to use thls mformatlon in the

future, along w1th other data if apphcable, to make decrslons regardlng the actlon to. be-

R taken (for example regardmg precedence steps wrthln precedence, etc) at each ; '. '

.mstance S .
Although the mlscellaneous functlons are preferably controlled by the s

: computenzed controller 28 it is poss1ble, accordmg to thls mventron 0 utlhze manual

~ controls for controllmg one or more functlons

_ 3 the phase analyzer is at amblent temperature correlatlons can be made o .' '
__ :between the analytrcal results and the ratlo of RT polar phase to RT non-polar phase If -_ B

- the ratlo is small with substantlally all catalyst in the RT polar phase solvent should be -

“added i m adequate amounts to.a ratlo of solvent to hydrocarbon of preferably hlgher than_ | : |
0.5, and more preferably between 0.5 and 1-at water levels preferably lower than 5% L
. All ratlos in thls dlscussron are by werght unless otherwrse stated B

- As aforementloned the methods of the mstant 1nvennon may also L

' 'cons1stmg ‘of temperature in the reactlon zone pressure in the reactron zone, rate of =

“gaseous oxrdant ﬂow water feed rate, catalyst feed rate, hydrocarbon feed rate, solvent

' feed rate and a combmatlon thereof in order to control the oxidation of the

'hydrocarbon by preferably controllmg in the reactlon zone a vanable selected from a

o group consrstmg of temperature in the reactron zone, pressure m ‘the reaction zone; rate’

30

_ of gaseous oxrdant ﬂow, water ‘feed rate, catalyst feed rate, hydrocarbon feed rate . .

i solvent feed rate and a combmatron thereof

- An example of such a temary phase dragram of (Acetrc Acrd) /
_ -(Cyclohexane) / (Water) at 100° G, at a catalyst level of 0%, is shown in Frgure 5
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38

. wherem the one phase R; and two phase Rz reglons are separated by the transrtron lme'_ '

"~ To. The one phase reglon R| is above the transrtlon lme To, wh11e the two phase reglon

R, is under the transrtron lme To Another example of such a ternary phase dlagram of :

_(Acetrc Acrd) / (Cyclohexane) / (Water) at 100° C at a level of 4% catalyst is shown i in .
'Flgure 6, wherein the one phase Ry and two phase R, reglons are separated by the

.- transition lme T4. The one. phase reglon R; is above the transrtlon lme T4, whrle the two

10

k phase regron Rz is under the transmon lme Te -

As it can be seen, the presence of catalyst cobalt(II) acetate. tetrahydrate :

in this case, suppresses the one phase reglon toa certam degree Presence of ad1p1c acid

in the mlxture of components does not substantrally move the transrtron curve. Ternary' '

- dlagrams for drﬁ'erent levels of catalyst temperature and/or other components which -

- ‘may have mﬂuence on the transrtlon curves may be created very easﬂy, preferably

o expenmentally Thermodynarme data bases and computer flow-sheet snnulatlon_

programs for example, may be used as guldelmes to deterrmne ‘the approxrmate -

pos1t10n of the transrtlon curve whrch can then be reﬁned and deﬁned more accurately'

_ _by llmlted expenmentatlon One easy way to. construct an expenmental temary dlagram
for a glven catalyst level temperature, etc., is for example, to select dlfferent posrtrons

in the one phase regron of the theoretrcal dlagram close to- the theoretlcal transrtlon; R

20

“curve, and start -adding water untll a second phase is formed Tlus will ‘define an - '.

expenmental pomt on the expenmental transmon curve for the grven catalyst level,

"temperature etc. The exact composrtrons of the different experimental pomts in the

| s -. .dlagrams shown in Figures 5and 6 are listed i in Tables 4 and 5, respectlvely Pomts to

the left of point l are ormtted because the amount of cyclohexane involved is too small .

for most practlcal purposes _

25



COMPOSITIONS DEF]N]NG TRANSIT ION CURVE To IN FIGURE 5

o - Components .~

. Acetic Acid
. Water -
¢ Cyclohexane
~ Total |

" Acetic Acid
- Water
- ‘Cyclohexane

Acetic Acid

‘Water

-'Cyclohexane -

: _.lTotal

- wWoomasass .

__39_.'_.'

TABLE 4

7570
1879

1.099° -

19954

30 15124 -
¢ 3207
20093

5 98597
0537
10018 .
120411

| 4830 ¢
263
49.08

%--"

551

.75.27
877 -
1596 - .
R ~ 19.308

PCT/US97/10830

Ex enmental Data 0% Catal st _"3'

: Amount:
1 15 105 _
3.750

~ Amount

: _(grams)-'

: 15 586
-2.646

- 1,768

+ 20,000

12.005

0.895
6,408

1 6.550
0140 -
20000

W%

77.93
1323 -
. 884

62.18
4.64
33.19

3275
- 0.70
66.55
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TABLE 5 COMPOSITIONS DEFINING TRANSITION CURVE T4 IN FIGURE 6

P R Wlth 4wt% Catahs " Cata!!st free basl
1 Components Amount. - wt% ' Amount = wt%

o CEEm) o (gamg)
Acetic Acid - ~15.198  ~ 72.88 - 15.198. . 7595

. Cyclohexane - 1000 . 480 1000 .. .500 .

- Catalyst - 0844 . 405 - 0000  .0.00 e
Water*- . 3812~ - 18280 . 3812 - 19.05
Total - .~ .. 208s¢ o O S 20010 -

. 2Components *~ Amount”.  wt % . Amount wt%
AceticAcid . - 17000 7608 17000 - 79.07

Cyclohexane -~ = -~ = 2000 - - = 895 ~ ‘2000 - 930
Catalyst. =~ 0844 - 378 - 0.000 0.00
Water*. .. 2500 119~ 2500 © 1163
Total = - 22344 . 21.500

~ 3Components " . - Amount W% - Amount . wt% -
o AceticAdd . 14762 7256 . 14762 77.08 =
-+ .Cyclohexane - 3129 1538 . 073129 0 1634
(Catalyst 0812, 399 0000 000
. .. Water* - : S 1261 o 6.20 .l __ 1261 o ) 6.59_'_.: o
o Toal . 20344 e 1vas2

"~ 4 Components .~ Amount ©  wt% - Amount - wt%
AceticAcid - 12603 - 6946 - 12.603 - 72.66

Cyclohexane =~ 3843 2018 . 3843 2216

o Catalyst -0 0799 440 0,000 - 000 -

- Water* - 0809 495 0899 518

- Total 18144 17.345°

 5Components. - . Amount wt% . Amount Wt %

- Acetic Acid  13.606 - 6768 .. 13606 = 7048
- Cyclohexane -~ 4807 2391 . 4807 24.90 -
. Catalyt - 0798 397 - .2 0000 . 000 -
- Water " 0803 444 0893 . 463

- Total -~ . 20104 ¢ . . -'19_.306-

~ 6Components . . Amount = wt% . o Amount'  wWt%
. AceticAcid . 9799 4725 - 9799 - 4922
Cyclohexane "~ 10,004 4824 . __10 004" 5025 .
Catalyst ~ - 0831 . 401 0000 = 000
Water* S 0106 ?"0’51- 0106 053 = -
. Total - S 20740 . 19909
¥ ]he crystallme water of cobalt(II) acetate tetrahydrate is not mclu_de_d._ E
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When such dragrams are used by the controller to operate the system and

ensure that the reactron is: conducted m one phase, analysrs of the contents of the.
reactron chamber 1 may be performed preferably by Gas and L1qu1d Chromatography, ' j._ ._ |
' and the flow rates of the dtfferent feeds (mcludmg recycled matter) may be changed S
' accordmgly to produce mrxtures charactenzed by one phase. A snmlar procedure may 3
.'be followed from dragrams produced at dlfferent temperatures S0 that temperature _.

= -mampulatrons may produce the desrred results Thus, for example, mrscellaneous '.

'_ parameters may be changed to achreve the one phase desrred condmon, mcludmg but'
.- not lnmted to temperature 1n the reactron zone, pressure m the reactron zone rate’ of
S 10

-'gaseous oxrdant flow, water feed rate, catalyst feed rate hydrocarbon feed rate, solvent
' :feed rate, and a combmatron thereof ' . h

We have drscovered that the unexpected combmatron of two cntlcal-

. | phenomena is of utmost n:nportance in the successful oxrdatron of a hydrocarbon, such
~-as cyclohexane for example to an ac1d such as adrplc ac1d for example '

| o formatron of a second llqmd phase dunng the tlme that the reactron is takmg place

If a second hqmd phase is formed durmg the time’ that the reactron 1s o

taking place, the reactron rate drops to. unacceptable levels, followed by unacceptably._

20

s

' slow conversron rates, poor yrelds and resultmg ina totally uneconomrcal operatron for _- _

all practrcal purposes

The second of the two cntrcal phenomena 1s catalyst precrprtatron durmg |

' the trme that the reactron is takmg place Catalyst preclprtatlon durmg the- tlme ‘that the
; reactron is takrng place has srrmlar results as the forrnatron ofa second llqurd phase. |
: Even ina case that only partral precrprtatron of catalyst takes place, this precrprtatron. |
'results in catalyst deposrtron on drﬂ'erent parts of the reactor system, pluggmg of | plpes o
. | and valves, etc Reactlon rate and reactrvrty also suffer | upon catalyst precrprtatlon

Thus, there isa severe problem in the state of the present art, when the _.

" '. reactron condrtlons perrmt erther catalyst precrpltatlon or. formatron of a second quurd

The ﬁrst of the two, critical- phenomena, as drscussed above is' the'_ -
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We have found that under a grven set of condrtrons, the amount of water .

s m a quurd reactlon m1xture durrng a steady state oxrdatron of a hydrocarbon to a'

s a whrch the catalyst remams m solutlon By the same token, we have found that there isa R

| respectlve acid, has to.be controlled wrthm cntlcal lmnts deﬁned by the point: of a
second hqurd phase formatlon and the pomt of catalyst precxpltatron ‘We have also
'found that under a given set of condltlons, there is a mlmmum level of Water under- o

which the catalyst cobalt(II) acetate tetrahydrate for example precrprtates, a.nd over_ o

' --maxrmum level of water over wluch a second qumd phase is formed and under whrch
. -'the substantlally smgle-phase quuld 1s matntamed Therefore, for a glven set of : Lo

10 condrtrons, it is 1mperat1ve that the water level, in a hquld mrxture undergorng' L

o oxrdatlon, is controlled between a maxrmum level of water over wh1ch max1mum level ) .

the - substantrally smgle-phase llqurd is transformed to- two quuld phases and a . -

) --:_.munmum level under whrch mmrmum level catalyst is precxpltated ‘The problem'-'

: 15..

i 'becomes more severe as the catalyst cobalt(II) acetate tetrahydrate for example, content |

mcreases, and also as the hydrocarbon, cyclohexane for example content mcreases '

We also ‘unexpectedly found that the catalyst such as cobalt(II) acetate -

:itetrahydrate or cobalt(II) 2—ethyl hexanoate for example has a tendency to. prec1p1tate at

o 'hrgher temperatures

20

* This’ unexpected fmdmg is extremely nnportant because 1t ‘may be used s

to detect a level of water at whrch the pomt of catalyst prec1p1tat10n 1s bemg o

- approached, and that addrtlonal water should be added to avord catalyst precrprtatron, as -

25

'_ | _3'0_ = means 115 endmg to a quulds feedmg lme 116 and gaseous feedmg means 117 endmg'. _

- will be described in detail hereinbelow. - |
_ Referrmg now to Frgure 7 ﬂrere is deplcted a reactor system or devrce' o i
110 compnsmg a reactron chamber 112 contalmng a reactron zone 114. The reactor_ '

system 110'is only partrally shown for. demonstratlng the components necessary to -

- exemplify the present mventlon Mlscellaneous treatment product -or by-product
- separatron, recyclrng, etc dev1ces, well known to the art are not shown for purposes of .
.-'clarrty and brevrty o -

The reactlon chamber 112 encloses a reactron zone 114 L1qu1d feedmg .



C woomsss . . PCTNUSYTIOS™

toan ox1dant feedmg lme 118 are connected to the reactron chamber 112 for provrdrng SR

' quurd feed and gaseous oxidant, respectrvely, to the reactron zone 114.

reactor, re-crrculatron reactor, or any other type of reactor, known to the art .
The llqurds feedlng line 116 may be a srngle lme or a multrple hne The' '

:'hqurd feedmg means 115 may mclude heat exchangers, pre-mrxrng vessels, flowmeters,

: thermocouples, etc and they are connected (not shown for purposes “of clarity and

brevrty) to one or more of 1nputs 120 of a controller 122 In turn the controller 122 is

o connected to the liquid feedmg means 115 through one of its outputs 124 and controls

1ts operatlon by methods well known to the art - _'

_ In a snmlar manner, the gaseous feedmg means 117 are connected (not i L
. ,. shown for purposes of clanty and brevrty) to one or more of i mputs 120 of a controller h
: 122, In turn the controller 122 1s connected to the quurd gaseous ox1dant means 117 o
‘through one of i 1ts_outputs 124, and contro_ls its operatlon by met_hods well known.to the

' Further, temperature momtor 126 and pressure momtor 128 are '

o connected to the reactron chamber 112 for momtonng the temperature and the pressure__ -

' in'the reactlon zone 114 They grve relevant mformatlon to the controller 122 through .

20

- lnput lines (not shown) connected to respective mputs 120 of the controller 122 SO that__' )
the controller 122 adjusts the temperature and pressure of the reaction zone 114 in the' .

: reactron chamber 112, accordmg to a predeterrnmed way programmed in the controller .

' 122 by well known to the art techmques

A condenser 130 i 1s also connected to the reactlon chamber 112 One of
_ the main purposes of the condenser 130 i is 1o remove heat from the reactron zone 114

"'Vapors of condensibles, such as for exarnple hydrocarbon, solvent water, and the llke -

.-_may be reﬂuxed drrectly to the reactron zone 114 of the reaction chamber 112 or they.-

" anda lower phase 136 Off gases follow llne 38 for preferably bemg scrubbed in order -

B - may be. drrected to a decanter 132 ‘where they may be separated to an upper phase 134

- tc remove escapmg condensrbles, and i in turn they are usually freed to the atmosphere

Of course, m certarn occasrons, preferably before scrubbmg, they are ‘at: least partrally- B 3

‘The reactron chamber 112 may be a st:rrred tank reactor atomlzatron o



B 'recycled to the reactlon zone 114 of the reactlon chamber 112 When recycled to the .

. or totally removed through lme 144 usually for furfher treatment ‘The decanter 132 1s' S
also connected to lme 146, whrch in’ turn commumcates totally or partlally wrth lines o
- 148 and 150 through second valve 149, Thus, lower phase 136 hqulds are partlally or :-
10

" reactxon zone, they may be mtroduced partlally or totally, under the hquld surface for - i

B supplemental spargmg and/or reactron

 The decanter 132 is connected to llne 140 whrch m tum commumcates .

| 'totally or partlally w1th lines 142 and 144 through ﬁrst valve 143 Thus, upper phase

134 hqulds are partlally or totally recycled to the reactron chamber 1 12 and/or partrally '

totally. recycled to the reactlon chamber 1 12 and/or partrally or totally removed through. -
- line’ 150, usually for further u'eatment The ﬁrst valve 143 and the second valve 149 are
prefcrably controlled by controller 122 so that desired feedmg rates of each phase are .

- .elther recycled to the reactlon chamber 112 or they are dlrected for treatment and/or- |

: i 'dlsposal

Instead of the condenser 130 and the decanter 132 a dxsttllatlon column'_ -

- (not shown) may be used for consrderably better separatron of the drfferent condensrble _' _

components, such as for example hydrocarbon, solvent water, by-products, etc Thus, - -

 the distillation column may be. used in ‘the same marmer as the- combmatron of the '_

20

condenser and the. decanter for both removmg heat and for separatron of the 1nd1v1dual :
condensible components o | ' '

An analytlcal apparatus 152 is also connected to ‘the reactron chamber -

: _ 112 through 11ne 152'. The analytrcal apparatus 152 is programmed by the controller_ N

_ 122 to take samples ﬁom the reaction chamber 112 and analyze them Thls analytlcal

o  apparatus preferably compnses HPLC and GC equlpment, well known to the art, and it
25

'_may be used to deterrnine water solvent hydrocarbon, catalyst, oxrdatlon products, : ,l
0x1datlon by-products etc. Of course, samplmg of the contents of the reactlon chamber‘-
112 may be manual wrth subsequent feedmg to the analytlcal apparatus and then.

feedmg the analy31s results to the controller 122 for further processmg _

5 30,_.

In addition to or in place of the analytrcal apparatus 152 there i is an upper'

water level momtor 154 (or 155)and a lower water level momtor 156 connected to thc. . _. -
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' 15 _'Flgure 8 'Ihe upper lnmt water level momtor may compnse an at least partlally |

B transparent first cell 162 for acceptlng llquld from the reactlon chamber 112 through L

: its initial level

reactlon chamber' 112. S‘a.mples from the 'cont'ents"""Of 'the' reaction Chamber 112 are'.. B
- provided to the momtors 154 and 156 through hnes 154' and 156' respectlvely As
- above, this operatron may also be manual and/or be based on wsual observations, as it |
~will be explamed in more detall later Further the results from the two momtors 154

- (or 155) and 156 may be fed automatlcally or manually to the controller 122. It is worth o

notmg that ‘the upper- water level momtor 154 (or 155) may also serve as- a more
: versatlle momtor for detectmg the level of hydrocarbon, and/or the level of catalyst in

'addltlon to or mstead of the level of water at ‘which: level a second 11qu1d phase is

R formed It may also serve to determme a hlgher second solvent level at.or over which -
10

the substantlally smgle-phase llquld is mamtamed or re-estabhshed in the reactlon zone

desplte nse in- hydrocarbon level and/or catalyst level and/or Water level whrch nse '

would have resulted m formatlon of a second liquid phase if the solvent had remarned at:

| An example of an upper water level momtor 154 1s better shown m.'

.‘ line 154' and a ﬁrst detector 166 adapted to move up and down the helght of the ﬁrst._ -
- cell 162 in order to detect the presence of more than one llquld phases 164. The o

o momtor 154 is also supplled with line 154", through whlch plaln water or water ﬁ'om -

line 148 contalmng solvent may be mtroduced to the monitor 154 in predetemnned'_'_ .

amounts (the amount of solvent is usually h1gher than the amount of water in the lower

B phase and werght ratros of solvent to water of about 75 to 25 are wrthm reallty) An R

' _ex1t lme 158 is used to remove the llquxds ﬁ'om the ﬁrst cell 162 aﬂ:er a deterrmnatlon E

: - has been made, and anew detenmnatlon is due. The momtor 154 ‘may also be prov1ded' _

25

- .w1th a mixing mechamsm (not shown for purposes of clanty), thch may be based on o

. _-stlmng, shakmg rmxmg, and any other techmques well known to the art. Vlgorous*'

| - m1x1ng is preferred

30

The nature of the ﬁrst cell 162 of momtor 154 is preferably such asto
-accept hlgh pressures preferably similar- to the reactlon pressures However, low_

-pressures are also acceptable, as long as the contents (except for gases) of the cell do not
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N substantlally volatlhze For thls purpose, itis hlghly preferable that the cell is as full as
) 'poss1ble with sample dunng its operatlon, whlch w111 be drscussed in detall later The
.ﬁrst detector 166 can be - a color detector, a reﬁ'actlve 1ndex detector, an ultrasomc o '

:detector, or 1n general ‘any type of detector that -can dlstmgmsh and dlfferentlate

: between hqurds by usmg a property of the two llqulds, whrch property may drﬁ'erentrate S
'-'onefromtheother _ ‘ o
' i the phases 161 separate to a lower phase havmg a helght "a“ and to an:' .

: upper phase havmg a helght “b" the dlfferentlal of the detected property per scanned a

10

distance dp/ds (“p " bemg the: property such as color for example, and "s" bemg the
_ scanmng dlstance as shown by the arrows ‘A) will give a graph as shown in Flgure 9, .

. wherein a' a/b ﬁ'om wh1ch the creatlon or presence and the degree of second hquld B

phase formatlon may be determmed _ , _
' If the phases are dlfﬁcult to separate mto dlstmct portlons, addltlonal- -

. 'techmques to a1d such separatlon may be “utilized. Centnfugmg, ultra-centnfugmg, -_

15

20

addltlon of ﬂocculatlon agents and the llke, are examples of such techmques o
L Although in Flgure 8 the first detector 166 i is shown to resrde outsme the

: ﬁrst cell it may very well resrde msrde the first cell 162. A conduct1v1ty detector is an :
_-'example of a detector that should come in contact w1th the hquld and preferably be' ;
| _1ns1de, and more preferably at'the bottom of the ﬁrst cell 162

. The ﬁrst detector may be a smgle detector travelmg up and down the

" _helght of the first cell or othervnse scanmng the ﬁrst cell orit may be two or more - o

o detectors located steady at different pos1tlons of the first cell In the case of usmg two

detectors, it is preferable to arrange one detector in the v101mty of the bottom of the first

~* cell'and one detector in the v1c1n1ty of the top of the ﬁrst cell. Tt is obvrous that in the
25

case of relatlve movement of the detector wrth respect to the first cell the ﬁrst cell may -

- be the movmg element and the detector the steady element Instead of utlhzmg a' -

o detector, an observer may v1sually detect the creation or presence and the levels of the .

o two hquld phases and prov1de this mformatlon to the controller 122

30

When two liquid phases are formed and are dxfﬁcult to separate, the ﬁrst S
_.'detector 166 may also be- based on measunng or detectmg the turbrdrty (cloudmess) of ;' :
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~ the mlxture if one hquld phase is d1spersed or emuls1fied in the other quurd phase, "

B 20 probe 167 smce the newly formed phase will have a hrghly different conductxvrty as - -

since the two phases, for all pract1ca1 purposes and substantlally always, will have_ g '.
-.'dlfferent indices of refractlon A substantlally smgle-phase hquld w111 be clear, but a _ ,. |
second hqmd phase dlspersed or emuls1ﬁed in the ﬁrst liquid phase will produce a o
" turbid mixture. Care will have to be taken in this case to ﬁlter out any sohd matter |
: before deterrmnatlon of the turbldlty nght scattenng may also be used for detection of
a finely emulsrﬁed second llquld phase ina ﬁrst phase ' N '

Another example of an upper - water level momtor 155 based on

- conductmty detectlon, is shown in Flgures 8A and 8B, and compnses a cell 163 similar '

to cell 162 of monitor 154 (F 1gure 8). In the v1c1mty of the bottom of cell 163 thereare - -

) located conduct1v1ty leads, wh1ch measure conductrvrty, by well known to the art '_ o
techmques The cell 163 is also connected to a line 155' from whrch it may accepta
" ~sample from the reactxon zone 114 Itis further connected to lme 155" through whrch '

.water may be mtroduced Of course, 1f appropnate line 155“ may. be used for"

.,mtroductlon of other liquids, such as for example hydrocarbon, catalyst solvent a -
| nuxture thereof and the 11ke L1ne 159 connected to cell 163, is used as an ex1t hne for o
" the contents of cell 162, when they are not needed any further o

Figure- 8A shows one phase in the cell 163 wh11e Flgure 8B shows a )

* second 11qu1d phase formatlon, whlch may. be detected very easﬂy by the conductmty N

:compared to the one llquld phase system Since the hydrocarbon, such as cyclohexane |

 for example, w1th a small amount of dlssolved solvent, is hghter than water w1th a large: R

amount of d1ssolved solvent, such as acetlc acid for example, the second hquld phase

which will be the polar phase, w111 res1de at the bottom of the cell 163 and it will give a

hlghly mcreased conduct1v1ty Thus, 1t will be detected very easrly More conduct1v1ty o
..-probes may be placed at different posrtlons of the cell to detect the ratio of the two'
' phases if so desued ‘Ina case where the second liquid phase is expected to take place in

the v1c1mty of the top of the cell 163 the conductmty probe may be placed in an |

-accordmgly appropnate posrtron '
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A low water level momtor 156 to detect catalyst preclprtatron is better -

: 1llustrated in Frgures 10 and 11 Momtor 156 compnses an at least semltransparent and |
preferably transparent second cell 164 wluch is provrded w1th heatmg means, such asa’ .

_ heatmg corl 160 for example and a second detector 168, wlnch is capable’ of measunng

light (preferably v1s1b1e in this partlcular case) absorptlon, or turbldrty, and the hke,- o

" through a medrum The second cell 164 i 1s also provrded with a thermocouple 170° for__-_' : _' '

o momtonng the temperature of the contents of the second cell 164

‘The second cell 164 i is connected to line '156' from whrch itis prov1ded

~ with hquld mrxture from the reactron zone 114 of the reactlon chamber 112 An exit -

10

| line 172 is used to remove the hqulds ﬁ'om the second cell 164 aﬁer a deterrmnatlon has - -

S ."been made and a new detenmnatlon is due The momtor 156 1s preferably provrded'

15

' WIth a nnxmg mechamsm (not shown for purposes of clanty), wh1ch may be based on -

= s trrnng, shaklng’ mlxmg, and any other techmques well known to the art.

The second cell 164 1s preferably such as to accept elevated pressures" |
: and temperatures as the case is for the ﬁrst cell 162. C _ L |
The analytlcal apparatus 152, shown 1n Flgure 7 may compnse one or

- more dev1ces or one or more sets of deV1ces for analyzmg not only the composrtlon of -

. the reactlon zone 1 14 but also the compos1t10n of mlscellaneous streams

20

25

A quurd transfer line 174 is connected to the reaction chamber 112 for

-removmg ﬂowable matter from the reactlon zone 114 for removal of ox1dat10n product -

such as adipic acid for example further treatrnent for: removal of undesrrable by-' .

' products, recyclmg of other matter, etc

. - In operatlon of tlns embodxment, hydrocarbon, such as cyclohexane for
'example solvent, such as acetlc ac1d for example catalyst such as cobalt acetate

tetrahydrate for example, and uutlator such as cyclohexanone or acetaldehyde for ;

. example, are 1mt1ally charged in'the reaction zone 114 of the reaction chamber 1m2

through line 116. As mentloned earller, line 116 may bea smgle line or-a multrple line -

for mtroducmg raw matenals asa totahty or as individual streams or as combmatron of SR

e streams A small amount of water (for example 0.2.t0 2% by welght based on total
30

charge dependmg on 1nd1v1dual crrcurnstances) may also be added to the reactron zone o



'-.114 The raw matenals may be mtroduced at reactron temperature, whrch reactlon._ o
| temperature in the case of preparatron of ad1p1c acid ﬁ'om cyclohexane is preferably in -
 the range of 60 to 160 °C more preferably in the range of 80 to 120 °C, and even more -
: preferably m the range of 90 ‘to 110 °C Altematlvely, the Taw matenals may be

' 1ntroduced at-a dlfferent temperature than the reactlon temperature preferably lower

L temperature, and then be brought to. the. reactlon temperature by means of heating or

' coolmg elements accordmgly, ms1de or outsrde the reaction chamber 112. In the case'.

- of a stlrred tank reactor, the reactron chamber is ﬁlled to a predetermmed degree

10

15°

- preferably larger than half the capacrty of the reactlon chamber 112 In the. case ofan |

atomlzatlon reactor preferably, a small charge at the. bottom of the reactlon chamber o

112 1s 1ntroduced, wh1ch is reclrculated from upper levels of the reactlon chamber 112

: toward the bottom of the reactton chamber 112, in the form of a spray, as drscussed in
- our aforementloned patents and apphcatlons dealmg with atomrzatlon reactors. For'

i purposes -of s1mp11c1ty, the followmg d1scuss1on will be predommantly drrected to o

.stlrredtankreactors _ - ARV y
o ' The temperature 1s momtored by the temperature momtor 126 ‘and the "
_pressure by the pressure momtor 128 Temperature momtors, such as thermocouples o

for example, and pressure momtors such as strain gauges, or coll gauges for example 3

.. are: dev1ces well known to the a11: Informatlon recelved from the temperature momtor._' _

20

25

30

' .'techmques R

_126 and the pressure momtor 128 1s fed to the controller 122 through 1nputs 120. 'Ihe,' -

- momtor 122 adJusts in turn the temperature and the pressure in the reactlon zone 114 in

' the reactlon chamber 112 to stay thhm des1red hrmts by well known to the art -

The pressure in the reactlon zone 114 is preferably adJusted to be such

that a large part of the hydrocarbon and of the solvent remain as hqurds at the operatlon". .. o
.-temperature In the case of the: dlrect ox1datlon of cyclohexane to ad1p1c acid, pressures :
'_between 10 and 500 Pis. ig. are preferable, although they may range from a few p s.i. g

to thousands of p s.d. g under certarn cncumstances . . _
| Durmg chargmg the raw. matenals, or after the desrred charge has been

.'.-completed, a gaseous ox1dant starts belng 1ntroduced through the ox1dant feedmg llne" L
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- 118. The gaseous oxidant is preferably .elither oxygen, or a.mixtu're of oxygen with _a.", -

_-substantlally mert gas, such as mtrogen, carbon dlox1de, noble gas, and the 11ke The
partial pressure of oxygen 1s preferably 10 to 500 p s.1.8., although it may vary broadly '

0 outside thrs range dependmg on the mdrvrdual c1rcumstances The flow rate of the - "
_ 'gaseous oxidant through hne 118 1s preferably adequately hlgh in a manner to avord- e

ox1dant starvatron in the reactlon zone 1 14 _
| _ As the gaseous ox1dant is mtroduced the hydrocarbon starts belng'
' oxrdlzed hberatmg heat The’ lrberated heat may be removed by one or more coohng ;'

" means, such as coohng corls inside the reactor for example However it is hrghly_ L

preferable to remove the heat of reactlon by evaporatmg condensible matter from the

R '_'_'hqulds in the reactlon zone 114. Thus, hydrocarbon cyclohexane for example, along_ :

'wrth solvent acetlc ac1d for example, and water w1th mmor amounts of other-

' condensrbles, formed dunng the oxrdatlon process, are evaporated and condensed 1n the _
o condenser 130 The condensed matter 1s then reﬂuxed dlrectly 1nto the reaction zone' '
15

. ,_hydrocarbon with some solvent (and a mmor amount of water) is separated in an upper' o

114 -Or more preferably is mtroduced to a decanter 132 In the. decanter 132 the' |

~ liquid - phase 134, and the water w1th a consrderable amount of solvent as -
- aforementroned and a mlmmal amount of hydrocarbon, is separated in a lower 11qu1d B
e .phase 136 Non condensrble gases (non-condensrble in the condenser 130) such as

20 some oxygen, mtrogen, carbon d10x1de, and the hke, can'ymg along some hydrocarbon,_ -

"some solvent, some water etc leaves the system for further treatment and/or d1sposal '

.' "Nevertheless, at least partlal gas recyclmg of non-condensrble gases, sub-surface to the B

25

o eﬁ‘icrently

30

_ hqurd mlxture in the reacuon chamber 1 12 may also take place, if S0 desrred
_ In the place of condenser 130 and decanter 132, a dlstlllatlon colnmn
'may be used dlrectly connected to the reactlon chamber 112. Wrth the' dxstlllatlon- i

column, the md1v1dual components of the condensrble matter may, be separated very -

The upper phase is preferably recycled to the reactlon zone 114,

'_-_preferably in 1ts totahty v1a lmes 140 and 142. However, all or part of the upper phase -
134 may be removed through lme 144 for further treatment The ﬂow rates through- -
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i B -' these hnes is controlled by the ﬁrst valve 143 whrch in turn is controlled by the' .
controller 122 through outputs 124 B e ,
| ' " The lower phase 136 contarmng water wnh solvent may be partlally or _ o
' totally recycled to the reactlon chamber 112 through lmes 146 and 148 It may alsobe

" removed totally or partrally through line 150 for further treatment and/or dtsposal and or
. recyclmg to some stage of the system The second valve l49 whlch controls the flow
.. _' _through lmes 146 148 and 150 1s 1n turn controlled by controller 122 through mputs B

124,

After the oxrdatlon has reached a des1red pornt of conversron of the

' zone 114 through hne 152 a stream of ﬂowable matter starts leavmg the reactlon zone' o
- 114 of the reactlon chamber 112 through the ﬂowable matter t:ransfer line’ l74 The
" ﬂow rate of the ﬂowable matter leavmg the reactlon chamber 112 through hne l74 is
| 'controlled by the controller 122 through outputs 124. A flow of replemshmg matter N |
_enters the reactron zone 114 of the reactlon chamber 112 through the hqulds feedmg o

- line: ll6 to replemsh matenals consumed dunng the ox1datlon The average flow rates :

~of hqurd matter entenng and exmng ‘the reactor devrce 110 should be equal to. each'. . B
other volume-wrse so that the average volume of matter in the reactlon chamber 112_ll__. O

. remalns substantlally constant The flowable matter leavmg the reacuon chamber 112 o o
) _through line 174 is transferred to other stages of the reactor devrce 110 (not shown for' .. L

.' purposes of clanty) for separatlon of the product of ox1datlon, such as ad1p1c ac1d for‘ -
example, recyclable matter by-products etc ' ' '

Equlhbnum and a steady state are. achreved as the ox1datron proceeds :

i ._and is controlled by controller 122. Keepmg the Test of condltlons substantlally_ |

constant, the degree of conversmn may be 1ncreased or decreased by decreasmg or' |

- mcreasmg respectlvely the ﬂow rates through lmes 1 16 and 174.

Accordrng to the present lnventlon a steady state has to be malntamed in

- -the presence of a substantlally smgle-phase liquid; in addltron to other requlrements -

o . One way to achreve a substanttally smgle hquld phase is to program the controller ina

30

'-manner that 1t takes the mformatlon from the analytrcal apparatus, compares 1t thh a

: hydrocarbon, as deterrmned by the analytlcal apparatus 152 wh10h samples the reactlon : S
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" .phase dlagram as explamed below and causes changes whrch wrll ensure. a

'substantrally smgle-phase 11qu1d in the contents of the reactlon chamber 112

The vanables wh1ch are 1mportant for mamtenance of a substantrally

8 smgle hqurd phase may be selected among others, from a group consisting of .

. ﬂow water feed rate, catalyst feed rate, hydrocarbon feed rate solvent feed rate, and a L

15

temperature in the reactlon zone, pressure in the reactron zone, rate of gaseous oxrdant

- comblnatlon thereof Under steady state condrtrons, and substantrally constant '
. temperature in the reactron zone, pressure in the reaction zone, rate of gaseous oxrdant .
- flow, catalyst feed rate, hydrocarbon feed rate, and solvent feed rate the water feed rate ; E
10

may be used and adjusted ina manner to ensure a substantlally smgle-phase liquid. -
"Under the above stated condrtlons, there isa maxrmum feed rate of water, over whrch a.
second hqurd phase is produced Thus the water feed rate has to’ be lower than thrs :

- 'maxrmum in order to ensure the presence of just one substantrally smgle-phase hquld

Although phase dragrams may be multr-drmensronal ternary dlagrams, -

- which correlate three components may be also used 1f all other. parameters remaln

constant. Also for different sets of speclfic parameters respectrve temary phase

dlagrams may be used accordmg to the present 1nventron Examples of such parameters

_ '-'may be temperature, catalyst level etc

20

: Examples of such ternary phase dlagrams, shown in Flgures 5 and 6 have '
been drscussed earlier. ' '

. Im general accordrng to tlus mventron ‘when such computer ﬂow-sheet "

o systems and/or dlagrams and/or catalyst precrprtatlon data, are used by the controller to

- Operate the system and ensure that the reactron is conducted in one phase, analysrs of

25

the composrtron of the reactlon chamber may be performed as descnbed above, and the I_
ﬂow rates of the drfferent feeds (mcludmg recycled matter and/or operatlng pressure) -
may be changed accordmgly to produce mrxtures contammg a substantrally s1ngle-phase |

_ 'hqurd A srrmlar proeedure may be followed from dlagrams produced at. different
" temperatures, S0 that temperature mampulatrons may produce the desrred results. Thus, -
- for example, miscellaneous parameters may be changed to achreve the one phase

30 desrred condrtron, mcludmg but not llmrted to temperature in the reactron zone, pressure L
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- 116 for example

L 'because only lrmlted amounts of vapors may occupy the small space, thus preventlng a
15 _
. in the ﬁrst cell 162 is preferably malntalned the same as the temperature within the . = -

o reaction zone 114 Smce the equlhbnum steady state in the reactron zone 1 14 has been:-\-. -

3 .2:0:

30

in the reactlon zone rate of gaseous ox1dant ﬂow water feed rate, catalyst feed rate o

B hydrocarbon feed rate, solvent. feed rate, and a comblnatlon thereof However, if all the_ L

| parameters are kept constant, then the water feed rate becomes the cntlcal parameter for

ensunng one substantlally smgle hquld phase The water 1s preferably 1mt1ally provrded |

- from the decanter 132, and secondanly by addltlon of non-recycled water through lme

- In order to deterrmne the maxrmum amount of water allowed in the .

reactlon zone: 114 or the maxxmum ﬂow rate of water entenng the reactron zone 114 a

' dlfferent techmque than the one descnbed above may also be used Accordrng to this -
10

techmque the upper water level momtor 1s utilized. As aforementloned a sample of the

cell 162 (Flgure 8) through llne 154' Preferably the’ sarnple ﬁlls the maJor part of the

ﬁrst cell so that there is only a small free space above the- hquld Thrs is 1mportant |

-alteratlon of the composrtlon of the underlymg sample ‘The temperature of the sample o

.~ selected such as to contam only a substantlally smgle 11qu1d phase (regardless of the )
existerice or. not of sohd or gaseous phases), the sample m the first cell 162 also_._- |

contaxns a substantlally smgle-phase hquxd However, if. for any’ reason at all two - |
-' phases are observed in'the sample of the first reactron zone 114 contalned in the first

| cell 162 the ﬂow rate of water to the reactron Zone 114 is stepwrse decreased untll a R

_sample taken from the reactlon zone 1nd1cates ex1stence of only a substantlally smgle

~ liquid phase As aforementloned the source of water is preferably the decanter 132
25

and only if the decanter 132 cannot prov1de adequate amounts of water to the reactlon;

. _' -zone 114,a d1fferent or addltlonal supply of ‘water may be used _ -
Nommally, in an exarnple concemrng the case of a Plant which makes _
~ about 200 rmlhon pounds of ad1p1c acid - per year, wrth a cyclohexane feed of about

-40%, a catalyst (cobalt(II) acetate tetrahydrate) feed of about 0.5 to 1%, and a

: _cyclohexane conversron to d1bas1c acrds (adlplc, glutanc, and succ1mc) of about 30%,

contents of the reactlon zone 114 of the reacuon chamber 112 1s transferred to the ﬁrst B
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- water feed of about 1% (ln addltlon to the. crystalhne water of the cobalt(II) acetate'.--'
'tetrahydrate), a reactron zone pressure of 40. P- s ia.,a 4/1 recycled gas to purged gas

.ratlo the water (in' excess to the crystalhne water of the cobalt(II) acetate tetrahydrate) '

in the reactlon zone 114 may vary roughly from about 0.5% at 0% recycle of the lower .

'phase in the decanter 132to0 about 4% by werght at full recycle of the lower phase inthe

; decanter 132 Water content in the reactron zone 114 rises moderately with i 1ncreasmg _

o recycle of the lower phase unt11 about 70-80% recycle at which pomt water content in -

10

R the reactlon zone l4 starts to sharply rise wrth further mcreases in lower phase' -
- condensate recycle Although the: water m the feed is l%, a h1gh enough amount of _ .

‘. water evaporates azeotroplcally wrth cyclohexane to bnng the water level i in the reactlon o

zone 114 to a level of about 0. 5%, when no recycled water is used If no water at all .

(recycled or not) 1s fed to the reactlon chamber 1 12, the level of water (m addxtron to the -

crystalhne water of the cobalt(II) acetate tetrahydrate) m the reactlon zone 114 is _'

s present in the graph of Flgure 9. At this pomt a small amount of water is added to ' L

- - the contents of the first cell 162 through lme 154" The added water may be coming -
20.

25

: o '. dropped to about 0.2 to O 3% by welght
15

The ﬁrst detector 166 movmg up and down in the dlrectlon of an'ows A' .- -

: 'may detect a second hqurd phase as descnbed earher, and as shown in Frgure 9. )
'Imtlally, smce a substantrally single hqu1d phase only ex1sts no peak such as peak’ 176 . -

either from the lower phase 136 of the decanter 132 contarmng consrderable arnounts L

of solvent or as. substantrally pure ‘water. "The contents of the ﬁrst cell 162 are _
. preferably mamtamed at substantlally the _same’ temperature as the operatron .

temperature in the reactron zone 1 14

In sequence the contents of the ﬁrst cell 162 are thoroughly mlxed wrth

' the added water preferably by v1gorous mixing or shaking the ﬁrst cell 162. ‘After each o

mcrement of water has been added and mlxed, the f:rst cell 162 is allowed to stand st111

- for a short period of txme preferably Yy to 1 minute.. The ﬁrst detector 166 scans then - -

the ﬁrst cell 162, as described above to determme whether a second 11qu1d phase. has :

L been formed If the first detector 166 does not detect the formatlon ofa second hqurd '

30

phase, a new small portlon of water (preferably havmg the lower phase 136 of the.-
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o decanter 132 as source) is added to the cell 162 through lme 154" The contents of the | |
first cell 162 are -again thoroughly mixed wrth the added water, preferably by v1gorous . .

: '-nnxmg or shakmg, the first cell 162 The ﬁrst detector 166 scans agam the first cell _

10

162 as descnbed above to determme whether a second hqurd phase has been formed. .'

This procedure is repeated untll a second hqurd phase is detected by the presence of a

: peak, such as peak 176 i in the graph of Figure 9. At this pomt, the total amount of water
- (calculated as the % water by welght) present in the composrtlon of the ﬁrst cell 162, at .'
' the operatron temperature represents the maxrmum water level in the cell, and in the |
* reaction zone 114 for all practlcal purposes at wh1ch and over whrch the substantlally _- N
smgle 11qu1d phase i is transformed to two llqllld phases It is obwous that the smaller the -
' amounts of water ‘per addltlon the more accurately the maxunum level may be N

- determmed Addltlons of water, whrch 1ncrease the level of water m the ﬁrst cell by'

E - 02% by welght per addition are preferable m many occasmns However, th1s

15

-1ncremental mcrease per addltlon may be declded based on the partlcular cncumstances o

If for exarnple there is a relatrvely large gap between the maxrmum level of water over:

- =wh1ch maxlmum level the substantlally single llqurd phase 1s transformed to two liquid |

phases, and the mlmmum level under wh1ch mlmmum level catalyst preclpltates, then - |

.~ the additions may be rather large as compared to addrtrons when sa1d gap is relatlvely' o "
o small If the. added water necessary for fonnatlon of a second llquld phase is less than' B
: 10% by welght of the total water contamed in the cell then the maximum level of water,'

s belng approached and water is preferably removed Preferably, the added water..

30

” necessary for formatron ofa second qumd phase should be controlled to be more than o

20% by werght of the total water contamed in the cell Tlns is true, not only with regard

o '. 1o the above referenced cell, but also to any type of techmque used to determine the . |
25 maxnnum water level necessary above which- formatlon a second llquld phase occurs. AR

_.-.Such techmques mclude, but are not hmrted to computer calculatlons usmg phase"_

dlagrams ﬂow sheets ﬂow sheet srmulatrons, energy balances, etc well known to the

. art. Regardmg the term "approach“ sumlar pnnclples apply to other 1ngred1ents, such'_ -l

‘as hydrocarbon and/or catalyst for example, regardmg percentages of addrtronal '
mgredlent reqmred for a second 11qu1d phase to be formed or catalyst to prectpltate _
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" -Thus the level of hydrocarbon and/or catalyst (at whlch a second 11qu1d phase is formed_ o |
; "or catalyst preclpltates) is bemg approached 1f an addltlonal 10% of hydrocarbon and/or 5

| - catalyst is reqmred at or over wh1ch, a second hquld phase is formed or- catalyst B

Tl zone 114 under which minimum level catalyst prec1p1tates, a number of techmques may e o

h | mtroduced 1nto the second cell 164 of momtor 156 through lme 156‘ 1n an amount to o

pre01p1tates

| In order to detennme the mlmmum level of water level in the reactlon- )

' be used, such as for example takmg a sample from the reactron zone, and removmg' '
- water by azeotroplc dlstlllatlon along wrth solvent and hydrocarbon recyclmg the e
. solvent and hydrocarbon back to the sample at the operatronal temperature of the
10,

: 'reactlon zone, contmmng tlus process to. ‘the pomt “of catalyst preclpltatlon, and '_ R |
- 'analyzmg the composrtlon of - the sample Although tlns process is capable of S

detenmmng the minimum level of water, under whlch mlmmum level of water catalyst

: : prec1p1tates, it is somewhat cumbersome and comphcated

Accordmg to thls mventlon, a substantrally better and faster process is
one whlch utilizes the momtor 156 better shown in Frgures 10 and 11. _ _ -
- A sample of ﬂowable matter taken ﬁ'om the reactron zone 114 is _'

- occupy most of the volume of the second cell 164 for the same reasons grven earher-, |

20

.regardmg the first cell 162.

At the operatlon temperature in the. reactlon Zone 114 an adequate' -

: amount of water is present so that no preclprtatron of catalyst occurs, and therefore, the .

o sample recelved in the second cell 164 i 1s clear (Frgure 10). - This fact is detected by the' :

25

second detector 168. If for any reason ‘at all, catalyst has precrpltated in the reactlon
zone 114, it is desirable to filter out the catalyst precrprtate and/or i mcrease the feed rate'

of the water (prov1ded that second 11qu1d phase formatlon does not occur with such _

: llncrease in the feed of the water), preferably from the lower phase 136 of the decanter '-

| - 132 to avord further preclpltatlon :

CAs aforementloned it has been found that there is, ‘an unexpecte d B

. prec1p1tatlon of catalyst at elevated temperatures at. low water levels and relatrvely hrgh

30 -levels of hydrocarbon and catalyst in a smgle liquid phase regron I has also been' .
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o 'found that there isa correlatron between the temmrature at and over whlch the catalyst ;

undergoes precrprtatlon, and the water level at and under which: the catalyst undergoes" . B _
' preclpltatlon Thus, observatlon of temperature at whrch the catalyst preclpltates may -
S be used as a gulde to Judge whether or not the water level has to be adjusted in order to

_ avord catalyst precrprtatron '

The temperature in the second cell 164 is 1mt1ally mamtamed the same as |

o m the reactron zone 114. Then, 1t is gradually ralsed preferably at a rate of about l° C

"10

15 ..temperature occurs in the reactlon zone, The amount of 1ncrease 1s determmed by also =

2

25

per. mmute If preclprtatlon of catalyst occurs w1thln a predetermmed rise in |

'_temperature (the predetermmed rise dependlng on the nature of the reaction zone,

approximate composrtlon at wh1ch the reactron is bemg conducted, the degree of control

on the water level, and other parameters which can easrly be deterrmned 1n each '

: partlcular case), the mrmmum water level under which catalyst preclpltates has been
approached closely, and the water feed has to be mcreased to av01d catalyst '

precrprtatron 1n case even minor spontaneous decrease m the water level or 1ncrease in . -

. cons1denng the maxrmum level of water 1n the reactlon zone, determmed by the upper |

water level momtor 154. Preferably the feed of water should be mcreased ina manner o

that the water level i in the reactlon zone 114 reaches and is mamtamed close toa mlddle' L
L level between the maxrmum and mlmmum ‘water levels However under certam o
: crrcumstances, it may be desrrable that the water level is closer to. the maximum level

. or under other crrcumstances it may be preferable that the water level is maintained -

closer to the mmlmum level In the case that the rise 1n temperature is hlgher than 20° -
C for catalyst preclpltatlon, no correctlon 1n water level is usually requrred For in-

' between temperature nses, careful watch 1s requu'ed and the water level may be rarsed :

somewhat, if this raising of the water level does not come close to the maxrmum water L

" level over whlch a second liquid phase 1s formed The catalyst precrpltatlon renders the

_'contents of the second cell 164 ‘at least turbld if not substantlally non-transparent .
~ which is detected by the second detector 168 (Frgure 11) In case of turbrdlty or hght

-absorbency measurements the catalyst precrpltatron may be dlfferentlated ﬁ'om second
hqurd phase formatron (and probable emulsrﬁcatron of one 11qu1d phase wrthm the other'
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- hquld phase) by the fact that the catalyst may precrpltate upon rarsmg the temperature, N
“whilea second liquid phase may ‘be formed upon lowenng the temperature Thus inthe

former case, clear contents of the cell may become turbld or hght-absorbent upon"
.rarsmg the temperature, whrle 1n the latter case, clear contents of the cell may become

'turbrd or absorbent upon lowenng the temperature

A method by which the aforementloned predetermmed rise 1n. s B
o 'temperature may be determrned 1s exemphﬁed and lllustrated in’ Frgure 12 which o
) Tepresents a chart, the X axls of whrch is water level at or under whrch catalyst- L

'. preclpltated -and the Y axrs is temperature at whrch the catalyst prec1p1tated in

expenments descnbed below and performed ina cell sumlar to the. second cell 164 In

: - -this partrcular case, the amount of catalyst (cobalt(II) acetate tetrahydrate) present was:

) 4%, the water as mdlcated on “the X axis, and the solvent (glaclal acetlc acld) plus_-

- hydrocarbon (cyclohexane) constltuted the rest of the compos1t10n " The crystallme'

15

water of cobalt(II) acetate tetrahydrate was not 1nc1uded 1n the amount of water

_1ndlcated by the X axis. The crystallrne water is accounted for as part of the cobalt(II) .

. :acetate tetrahydrate All percentages are by welght and are based on the total of

20

'-hydrocarbon plus solvent plus catalyst plus water L1ne A corresponds toa ratlo (by

~ weight) of acetrc ac1d to cyclohexane of 60 40 whrle lme B corresponds toa ratlo (by ; _-
. welght) of acetlc ac1d to cyclohexane of 50 50 Although in this example only 4

_components were present and were cons1dered products by-products of oxrdatron, as

well as other additional components may be present w1thout changlng the method for :

o "all practrcal purposes

25 -

_ If now for the purposes of an example ‘we assume that the concentratlon
‘of water in the reactlon zone 114 i 1s 1% (excludmg the crystalllne water of the cobalt(II)
'acetate tetrahydrate) ina glven s1tuat10n, and the possxble control of water level, or
maxunum devratron, 1s + 0. 15%, the vanatlon in‘ water level may be at most from‘
0. 85% to 1.15%. Tlus vanatlon of water level corresponds to about: 4° C vanatlon m :

the case of lrne A (acet1c ac1d to cyclohexane welght ratlo of 60 40) or to about 6.5° C.

e vanatron in the case of hne B (acetlc acid to cyclohexane werght ratio of 50: 50)
30

Therefore, if the operator (or the controller) obtams mformatlon from cell 164 of. . '
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'momtor 156 (Flgures 10 and ll) that it takes more than about 4° C over the ﬁrst

| temperature (temperature in the reaction zone 114 and of the contents of cell 164) to |
 cause prec1p1tatlon of catalyst in cell 164 1n the ease that the solvent to hydrocarbon- . ,' |
: .ratlo is about 60: 40 ‘therino addltlon of water in the reactlon zone 1s necessary to ensure .'

.' that the catalyst will remaln in solutlon Slrmlarly, in the case of lme B, where the

solvent to hydrocarbon ratlo is about 50:50, 1f the operator (or the controller) obtains

B mformatron from cell 164 of momtor 156 that it takes more than about 6 5° C over the |

| ﬁrst temperature to cause preclpltatron of catalyst in cell l64 then no addltlon of water

. in the reaction zone is necessary to ensure that the catalyst wﬂl remain in solutlon If B

10

the temperature rises are smaller than the temperature variations mentloned above for L '-

. catalyst to be preclprtated then the mlnnnum level of water, under whlch catalyst is

s

: mcreased

preclprtated is belng approached and the ‘water content in the reactlon zone has to be

| Thus, the controller 122 recelves respectlve mformanon from the ﬁrst
momtor 154 and the ‘second’ momtor 156 and aﬂer processmg it accordmg to a "

predetermmed program it causes. appropnate adjustments to the water feed (recycle or _'

- fresh feed) S0, that the water level in the reactlon zone 114 is controlled to be w1th1n a_ :

25

' range between the desued maxnnum and mlmmum llmlts as already dlscussed o
: Programnnng of controllers is very well known to the art. |
20

amounts of hydrocarbon such ‘as cyclohexane for example and catalyst such as

” _'cobalt(lI) acetate tetrahydrate for example, the “maxrmum" level of water over which a -

“second hqmd phase is formed at operatlon temperature, is actually lower ‘that the '_
mlmmum" water level under whxch catalyst preclprtates at operatmg temperature In :

"such occasrons the operatlon of the reactlon zone' may only be. conducted at a water' '

-level lower than the maxrmum level of water over wh1ch a second llqurd phase is’

formed in the presence of preclprtated catalyst Otherw1se, 1f it is desuable, either the

a -hydrocarbon level is: decreased or the catalyst level is decreased or both so that the :

- 30

level of water at wh1ch the preclpltatlon of catalyst occurs decreases and the level at

wh1ch a second hquld phase is formed mcreases

Ttis possible: that in some occasions, espeelally in the case of excessrve W
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In any case when under a glven set. of condrtlons the level of watér at -
whlch or below whrch the catalyst preclpltates is hrgher than the level of water at Wthh
or over. whlch a second 11qu1d phase is formed there is no smgle hquld phase range |

w1thln whrch a s1ngle hquld phase wrthout preclpltated catalyst ex1sts

The instant - mventlon apphes partlcularly well to cases where the T

o hydrocarbon is cyclohexane the solvent is - acetrc acrd and the catalyst is cobalt(H) o

- second llquld phase formatlon occurs 1ncreases as the cyclohexane content and/or the : E

10

. acetate teu'ahydrate The water level at which catalyst precrprtatron occurs decreases as

' the cyclohexane content and/or the catalyst content decrease The water level at whlch a- -; o

catalyst content decrease Thus, w1th decrease in cyclohexane content and the catalyst

S ‘content, the gap | between the maximum level of water, ‘over thch maxrmum level the ,

| 15

substantrally smgle hquld phase is transformed t0 two llqurd phases, and the mlmmum

level under wh1ch minimum level catalyst precrpltates, is broadened and the control of :

the water level ad_]ustments is facrhtated However at the same trme the reaction rate

~ and react1v1ty (reactlon rate 1s deﬁned as the molar ox1datlon of hydrocarbon per unlt of .

time, and the reactrvrty defined as the reactlon rate per total volume of mlxture 1nvolved

in the reactron) decrease Thus, a compromlse has to be made dependlng on’ the

"-partrcular clrcumstances

20

~ The ‘most vulnerable reglon, _whrch may greatly beneﬁt from the_ g

' teachlngs of the instant mventlon corresponds to cases wherein the cyclohexane to:

: acetlc acid- ratio is in the range of about 30/70 to about 60/40 Th1s isa very 1mportant '

o range for the direct oxrdatlon of cyclohexane to adiplc acrd in an operatron temperature _

25

~ range. of80° to 120°C i

_ Ata cobalt(II) acetate tetrahydrate level of about 4%, the followmg have o
been vrsually observed ina cell snmlar to the ﬁrst cell 162 and second cell 164, shown N
1n Figures 8 and 8A, respectlvely, but lackmg the first detector 166 and the second .

_ detector 168, respectlvely It should be noted that m all three cases (A), (B), and (C) :

the leveI of catalyst was 4% by werght based on the sum of catalyst plus solvent (acetic . .
- '_'acld) plus hydrocarbon (cyclohexane) plus water (excludlng the crystallme water of the o
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20

e cobalt(II) acetate tetrahydrate, whlch crystalllne water was taken as’ part of the catalyst

' 'All levels in these cases were also calculated the same way

| .__'.(A) _at90°Ci | o | |
: 1) ‘ata cyclohexane to acetlc acld ratlo of 60 to 40 a second llquld'

: phase was formed at about and over 0. l% water level and catalyst preclpltated at about

‘and under the. same water level therefore, there is no practlcal range w1thm which a

'--smgle hquld phase wrthout precrpltated catalyst ex1$ts . _
@) - at a cyclohexane to aoetxc acrd ratlo of 50 to.. 50 catalyst - |

' preclpltatlon occurred at a water level of about and under 0. 25%, whlle a second hquld

phase was formed ata water level of about and over 1%;’ therefore the water level m a

reactlon zone would have to be controlled at a higher level than about 0.25% to prevent -

- catalyst prec1p1tat10n and a lower level than about 1% to prevent formatlon of a second |
S llquld phase : ' ' o

(3)' at a cyclohexane to acetlc acid ratlo of 40 to 60 no catalyst' o

_' ._formed at a water level of about and over 2%, therefore the water ina reactron zone )

L would have to be controlled at a level lower than about 2% to prevent formatlon ofa

: 'second hquld phase w1thout any problem of catalyst preclpltatlon o _ ' - | _
'(4) . at a cyclohexane to acetlc acld ratlo of 30 to 70 no catalyst.-' -

'preclpltatron occurred even at a water level of 0%, while a second 11qu1d phase was |

"formed at a water level of about and over 3%, therefore the water m a reaction zone -

~ would have to be controlled ata level lower than about 3% to prevent formatlon of a N

'. -second hqu1d phase without any problem of catalyst preclpltatlon

s .

B at100° c o .,
'(1).' - ata cyclohexane to acetlc acid ratlo of 60 to 40 a second hquld

'-phase was formed at about and over 0.15% water level whlle catalyst precrpxtated at' ;

. .about and under 0 6% water from a two hquld phase system therefore, there is no range

o . w1th1n whrch a smgle hquld phase wnhout prec1p1tated catalyst exrsts),

preclpltatlon occurred even at a water level of 0%, whrle a second 11qu1d phase was P
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- (2) ‘ata cyclohexane to - acetrc acid' ratio of 50 to 50 catalyst.

N | _preclpltatlon occurred at a ‘water level of about and under 0. 9%, whlle a second’ liquid _' ;

_ phase was formed at a water level of about and over l 4%, therefore the water level ina

reactron zone would have to be controlled ata higher level than about 0.9% to prevent -

catalyst preclpltatron and a lower level than about 14% to prevent formatlon of a S
' second hquld phase; o ' " '

: (3) ‘at a cyclohexane to acetlc ac1d ratro of 40 to. 60 catalyst'

B 'preclpltatlon occurred at a water level of. about and under 0. l%, wh11e a second 11qu1d_-."
- phase was formed at a water level of about and over 2. 3%, therefore the water level in a : E
~ reaction zone would have to be controlled ata hrgher level than about 0. 1% to prevent' :

o catalyst preclpltatron and a lower level than about 2 3% to prevent formatron of a

second hquld phase;- _ e .
(4) at a cyclohexane to acetlc ac1d ratro of 30 to 70 no catalyst .

- preclpltatlon occurred even at a water level of 0%, whrle a second hquld phase was '.

15

20

.25

formed at a water level of about and over 4, 1%, therefore the water in a reactron zone |

-would have to be controlled at a level lower than about 4.1% to prevent fonnatlon of a_

_'second hquld phase Wrthout any problem of catalyst preclprtatlon -

@ sl c | |
(_1) ' . at a cyclohexane to acetrc acrd ratlo of 60 to 40 a second quuld-

. phase ‘was formed at about and over 0.2% water level wh11e catalyst precrpltated at

. -about and under 0 8% water from atwo qumd phase system, therefore, there isno range

w1th1n whrch a smgle liquid phase wrthout precrprtated catalyst ex1sts),
) 2 a a cyclohexane to acetrc ac1d ratio of 50 to 50 catalyst"

; preclpltatron occurred at a water level of about and under 1 4%, whrle a second quuld' y

phase was formed at a water level of about and « over 1.9%; therefore the water. level ina |
reactlon zone would have to be controlled ata lugher level than about 1 4% to Pprevent .

catalyst preclpltatlon and a lower level than about 1. 9% to prevent formatlon of a

L ':'second hqurd phase,
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Q) : at a cyclohexane to acetlc acld ratlo of 40 to 60 catalyst'

" "preclprtatlon occurred at a water level of about and under 0. 8%, whrle a second hquld o
: phase was formed at a water level of about and over 3. 2%, therefore the water level i 1n a'
'reaction zone would have to: be controlled ata hlgher level than about 0 8% to prevent' |

: catalyst preclpltatron and a- lower level than about 3. 2% to prevent formatlon ofa

. second llqmd phase, o

'_ﬁ @ ‘at a cyclohexane to acetlc acld ratlo of 30 to 70 catalyst -

preclpltatlon occurred at a water level of about and under 0. 2%, wh11e a second llquld "

L .phase was formed ata water level of about and over 5 6%, therefore the water level ina - -

'reactlon zone would have to be controlled at a hrgher level than about 0.2% to prevent

. catalyst preclpltatlon and a lower level than about 5 6% to prevent formatron of a

 second hqurd phase,_ o

- --(5)’ . ata cyclohexane to acetlc ac1d ratro of 20 to 80 no catalyst

.' preclpltatron occurred even at a water level of 0%, wh11e a second hquld phase was '
15 - '.formed ata water level of about and over 8%, therefore the water 1n a reactlon zone-_ o

.o -would have to be controlled at a level lower than about 8% to prevent formatlon of a |

' second hqurd phase wrthout any problem of catalyst precrprtatron, o

It should be understood however, that in elther case of the determlnatlon' L | .

. manually and/or exarmned v1sually to detect two quuld phase formatlon and/or catalyst_‘ -

g precrpltanon, and the results of such determmatlon be fed to the controller 122 or the. |

' feeds changed manually N _ . |
o | Gomg back to Flgure 8 the momtor 154 may be used for other purposes o

- in addltron to detenmmng the maxrmum level . of water over whrch a second quuld'

'phase is formed _ _ .
As aforementloned the monitor 154 may be used for detemnmng the

maxnnum level of water over whlch a second 11qu1d phase is formed However, it may

'also be used to predlct formatlon of a second hquld phase under many other_ -

crrcumstances mvolvmg mgredlents other than water o
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- increment of hydrocarbon is added and mixed, the ﬁrst cell 162 i is allowed to stand still o |

e

Thus, ina dlfferent embodlment of the present mventron, a sample of :

- ﬂowable matenal from the reactlon zone 114 is transferred to the first cell 162 and itis
| mamtamed at the same- temperature as ‘the operatlon temperature of the reaction zone o
: 114 In sequence small amounts of hydrocarbon, cyclohexane for example, are added .'

. 1ncrementally to the first cell 162 ‘and’ mlxed well with 1ts contents - After each o

- . for a short period of tlme, preferably %16 1 mlnute and the ﬁrst detector scans the cell |

- as prevrously descnbed to. detect whether a- second liquid phase has been formed. L

" Depending on the amount of added hydrocarbon for a seeond hquld phase to be formed

10

the operator, or the program of the controller may declde whether to make any .'

'adjustments to the feed of hydrocarbon or even other feeds or other condltlons, in. o .

order to ensure the mamtenance of a substantlally smgle liquid phase in the reactlon >

 zone ll4 Preferably, if less than 3% by welght mcrease in hydrocarbon concentratlon :

15

20

(based on total contents of the ﬂrst cell 162) causes formatlon of a second hqmd phase .

1mmed1ate action is preferably taken to prevent possrble ermnent foxmanon ofa second )

: -llqurd phase in the reaction zone If, for exarnple, the total contents of the first cell 162 . R

“are X grams, the preferable maxnnum addltlon of hydrocarbon causmg formatron of a

‘second liquid phase (before actlon should be taken) would be: 3X/(100 3) 3X/97 The' _ _' .

type of actron may be, for examplq,.decrease of _hydrocarbon, such as cyclohexane for -

example, in the reaction zone, decrease of water l"evel' in the reaction zone; decrease of | '

_- catalyst such as cobalt(ll) acetate tetrahydrate for example in the reactlon zone, o

o -mcrease of solvent, such as acetrc acid for example, in the reaetlon zone, increase of .

25

: 'operatron temperature in the reactlon zone, etc.

- Instill a dlfferent embodnnent of the present lnventlon, a sample of
ﬂowable matenal from the reactlon zone 1141 1s transferred to the first cell 162 and 1t is

: mamtamed at the same temperature as the operatlon temperature of the reactlon zone -

- 1 14 ‘In sequence, small amounts of catalyst, cobalt(II) acetate tetrahydrate for example,' :

are added: incrementally to the ﬁrst cell 162 and rmxed well w1th its contents. After

' P each 1ncrement of catalyst i is added and nnxed the first cell 162 is allowed to stand stlll ..
30

: for a short penod of tlme, preferably '/z to 1 rmnute, and the ﬁrst detector scans the cell- -
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: _ 'as prevmusly descnbed to detect whether a second quuld phase has been formed e

o "Dependmg on the amount of added catalyst for a second hqurd phase to be formed the o

.operator, or the program of the controller may decide whether to make ‘any adJustments‘ .

to the feed of hydrocarbon or even other feeds, or other condrtlons, in order to ensure
N the mamtenance ofa substantlally smgle llqurd phase Preferably, if less than 0.5% by
werght 1ncrease in catalyst (based on total contents of the ﬁrst cell 162) . causes

o formation of a second hqurd phase, unmedlate actron is preferably taken to prevent -

10

. zone, etc

15

poss1ble eminent formatlon of a second 11qu1d phase The type of actron may be, for
-:example, decrease of hydrocarbon, such as cyclohexane for example, in the reactron E - _
Zone, decrease of water level in the reactlon zone, decrease of catalyst such as cobalt(II) . DT

: acetate tetrahydrate for example, in the reactron zone, mcrease of solvent such as acetlc o

ac1d for example, in the reactlon zone, mcrease of operatlon temperature m the reactlon : |

Further, m another embodlment of the present mventlon, a sample of

ﬂowable matenal from the reactlon zone 114 1s transferred to the ﬁrst cell 162 and 1t rs' :

1mt1ally mamtamed at the same temperature as the operatlon temperature of the reactron -

" zone. 114. In sequence, the temperature of the contents of the first cell 162 is dropped'.: _ |

: gradually, preferably at a rate of about 1° C per minute, If formatlon of a second hquld " o
L :'phase occurs wrthm a predeterrmned ‘decrease in temperature, preferably 5° C |
20 _1mmed1ate actlon is preferably taken to prevent possrble emment formatron ofa second_ T |
o 'llqurd phase The type of actlon may be, for example, decrease of hydrocarbon such as .'
: cyclohexane for example, in the reactlon zone, decrease of water level in the reactron
zone, decrease of catalyst, such as cobalt(Il) acetate tetrahydrate for example in the i
: .reactron zone, mcrease of solvent, such as acetic ac1d for example m the reaction zZone, . |

25 -mcrease of operatron temperature 1n the reaction zone, etc. In the case that the decrease o

~ in temperature is hrgher than 20° C for second liquid phase formatlon, no correction is -

5 usually requrred For 1n-between temperature decreases for second llqurd phase
-"formatlon, careful watch is requlred D

_ In another embodlment the effect of addrtlon of more than one of water __
hydrocarbon, catalyst, and solvent in desrred quantltles through line 154“ rnay also be
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| _'determmed and the mformatlon used 1f SO desrred to be fed to the controller 122 for o

':processmg and further actron More than one cells of the type of cell 162 may be used

o .80 that ‘the effect of addrtronal water, hydrocarbon, catalyst, etc on formatlon of a _

= _'formatlon m the cell Slrmlar results may be achreved by changmg the temperature up o L

10

_and/or down

..second qumd phase may be detenmned faster The effect of solvent in one or more oo
'cells ‘may be determrned if the solvent i is added before or after the second quurd phase' o

Of course, any combrnatlon of one or ‘more of hydrocarbon, solvent,-’ .

catalyst water mrtrator, other matter, etc. (wrthout comlng from a reactlon zone) may PR

be used i in the ﬁrst cell 162 of Flgure 8, at a desired temperature, for detectlon of a'_ N

- - second qumd phase presence. Further, fonnatron ofa second quurd phase, ata desrred_ '

- catalyst water mltrator, other matter mto the first cell 162, contalmng a pre-exrstrng"

15

- such combrnatlon may be exammed for the temperature at whlch a second quurd phase o

20
B temperature '

25

temperature by addltlon of any combination of one. or more of hydrocarbon, solvent :

o single hqurd phase rmxture of components (for example hydrocarbon solvent catalyst,
-water 1mt1ator, other matter etc.), may be observed and/or studied. - In addltron, any :

: may be formed by varylng the temperature of the first cell. Slmllarly, by rarsrng the o
-"temperature in cell 163 ﬁ'om a lower temperature at which the catalyst is soluble to a | N
- desrred higher temperature a catalyst preclpltatron temperature may be deterrmned if -

such a temperature exrsts wrthm the range of the lower temperature to the desrred h1gher 3 |

. As aforementroned, the mstant mventron also pertams a method of

-_mamtalmng ina reactron zone, reactron Zone 114 for example, a substantrally smgle- L

- phase llqurd mrxture comprising a hydrocarbon ata first hydrocarbon level, a catalyst at_ :

a first catalyst level a solvent ata first solvent level and water at a first water level the -

: method compnsrng the steps of:

_"(a)_'_: contactmg the 11qu1d mlxture at least part of whrch enters the .

‘reaction’ zone, reactron zone ll4 for example through lme 116 for example, wrth a

e '.'gaseous ox1dant entenng the reactlon zZone 114 through lme 118 for example, the. -
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'-temperature in the reactron zone bemg a first temperature adequately hrgh for the' a

oxrdauonto proceed . : o R
() takmg a sample from the;reaction z_on_e 1 1__.4_'in_to _a cell 1'62.:for o

e:rami?lc; O | o
o "(c)' . lowenng the temperature of the sample to a predeterrmned |
second temperature and ifa second 11qu1d phase is formed (as detected by the scanmng |

o 'detector 166 for example) ata cnucal temperature in the range between the first and

o second temperatures,

1o

15

elther decrease in the reactron zone, reactlon zone 114 for example, the_ -

ﬁrst level of one component selected from a group consrstmg of hydrocarbon, water, .

catalyst and a mlxture thereof to a degree that in a new sample a second quurd phase '
does not form in the range between the first and second temperatures, or.
| mcrease in the reactlon zone the first solvent level to a degree that ina
-new sample a second llquld phase does not form in the range between the first and | )
second temperatures, or ' ' | '

mcrease in: the reactron zone the first temperature toa th1rd temperature

' _by at least the drfference between the cntlcal temperature and the second temperature o

or .

20

25

' -other sectlon

. a combmatron thereof

In one example, 1f the ﬁrst temperature in the reactlon zone is 100° C, |

.. the second predeterrmned temperature 1s 95° C, and the second liquid phase formatlon o |

occurred ata cntrcal temperature of 98° C the first temperature should be raised to be -
_'hrgherthan 103° C (100 +98 - 95) . R
" Raising the first’ temperature to the thrrd temperature is undesrrable in the
case that catalyst precipitates in the range between the ﬁrst and the third temperatures o |
_ It should be understood that accordmg to the present invention, any- .
hqurds or. gases or off-gases may be recycled totally or partrally from any sectron to any o

Accordmg to the present state of the art, aﬁer a reaction has taken place

“in the Drrect Synthesrs of cyclohexane to ad1p1c acrd a mrxture of two liquid phases are
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: present at ambrent or lower temperatures along w1th a solid phase ma.lnly cons1stmg of

" ad1p1c acid. The two quurd phases have been called the "Polar Phase" and the "Non- -
Polar Phase". The two phases are decanted and the adrprc ac1d is further crystalhzed;

- .and separated ﬁ-om the "Polar Phase" .

The presence of two llquld phases mixed wrth a solld phase and the o

precrpltatlng acld from the "Polar Phase" along w1th the requrred ﬁltratron of the solrd | ” |
* phase cause a very undesrrable srtuatlon Decantmg 1tself is an undesrrable addrtronal -
) "step in a process even if it is performed in the absence of a sohd phase ‘The -~

simultaneous presence ofa sohd phase, especlally if part of the solid i 1s drssolved inone

of the llqllld phases, and apt to precrpltate upon any lowenng of the temperature, or w1th" '

4 time, bnngs about senous comphcatrons

The. mventors of the mstant mventron, have drscovered that they can

_' avord the formatron of a two-phase llqurd system, and marntam a smgle quurd phase"

C1s

: 2

25

' contalmng the sohd phase even at amblent or lower temperature usmg the techmques |

-and dewces descnbed in detall herembelow The absence of a second quuid phase, not ) .

- only elrmmates a decantmg step, but also s1mp11f1es the whole process of separatmg the

solld phase from the smgle liquid phase _ S .
o I addltlon to the. fonnatlon of ad1p1c acrd the methods of the present' '
mventron may also be applled to other d1bas1c -acids from the correspondmg cyclic |
ahphatlc hydrocarbons Examples are formatron of glutanc acld from cyclopentane -.
fonnatron of plmelle acrd ﬁ'om cycloheptane, and the llke _ R o
B Referrmg now to Frgure 13 there is deprcted a devrce or reactor system-

_ _210 accordmg toa preferred embodlment of the 1nstant mventron The devme or reactor coe

system 210 compnses a first reactron chamber 212 _ ) S
The ﬁrst reactlon chamber 212 1s connected to a first condenser 211,

~ which in turn is preferably connected 1o a ﬁrst retammg chamber 213. The ﬁrst‘

retammg chamber 213 may. also play the role of ¢ a decanter, for separatlng, for example :
‘water of reaction and/or solvent ﬁ'om mamly hydrocarbon through lmes 215 and 217 :

- _respectrvely, for example
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Any type of condenser may be used wrth the mrscellaneous chambers of '.

' the mstant mventlon, mcludmg but not hmrted to spray condensers, shell and tube heat_ h
-exchangers, etc ' '

A number of controlled feedmg lines or feedmg means are connected to

the ﬁrst reactlon chamber 212 These controlled feeding lines of means are a first |
: hydrocarbon feedlng lme 2141, a ﬁrst gaseous oxrdant feedmg line 21411, a first. solvent E

- ) -'feedmg line: 214111, a ﬁrst catalyst feedmg lme 2141v and a ﬁrst uutrator feedlng line
'214v Feedmg the respectrve matenals through these controlled feeding. hnes or feedrng .

. vessels (not shown), or heat exchangers (not shown), all well known to the art, before .

30,

means, is controlled bya controller 216 havmg 1nputs 218 and outputs 220 Flow rate

information from each feedmg line i 1s provrded to the controller 216 by ﬂowmeters (not : .

,shown for purposes of clarxty) connected to 1nputs 218 by well known to the art -
techmques Valves or pumps or a combmatron of both (not shown for purposes of

| clanty) are connected to respectlve outputs 220 through whrch the conu'oller 216

:controls the feed rates of the drﬂ'erent streams aﬂer processmg the ﬂow rates

information as well as addrtlonal mformauon, such as temperature pressure, analytlcal

- data, etc., accordmg toa desrred program ‘The aforementroned feedmg lines may merge
_'_.'-1nd1vrdually or together, in’ part or totally, to pre-reactron chamber(s) (not shown) or o

_. . .- they enter the first reactlon chamber 212. Such arrangements may be also controlled by.._- |
20 ) _

_the controller 21 6 through output lmes 220

_ Connected to the ﬁrst reactron chamber 212, there are also a temperature o |
' momtor 222 and a pressure momtor 224 both connected (not shown) in turn to rnput
. lmes 218 ofthe controller.216. ' ' B

‘The temperature mput obtamed by the controller 216 is useful for

'rmscellaneous heat exchangers (not shown), such as heaters and/or coolers (mcludlng

. | .-condensers) for exarnple, erther dlrectly connected to the first reactron chamber 212 or
through line 230, or through any arrangement ‘of the. feedmg lrnes 214i to 214v, to be
| controlled by the controller 216 through outputs 220 and thus. adjust the temperature 1n

the ﬁrst reactlon chamber Thls combmatron provrdes an example of a first temperature
'_-control means for controllmg the temperature msrde the first. reactron chamber 212. |
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The: pressure 1nput obtamed by the controller 216 is useful for

mlscellaneous valves and/or pumps, etc. (not shown), to be controlled by the controller |

| 216 through outputs 220 and thus adjust the pressure m the flrst reaction- chamber '

. accordmg toa predeterrmned manner Tlus combmatlon provrdes an example of a. first

2120

Preferably, a chemrcal analytlcal momtor 226 1s also connected to ﬂre -

B _ "ﬁrst reacuon chamber 212 for recelvmg samplcs of the: contents of said ﬁrst reactlon__' i

_ chamber 212, analyzrng them and provrdmg the analysxs mformatron to the controller | -

10 216, again. through mput lines 218 ‘The chemical analyzer 226 preferably comprises . -

. 'GC and HPLC 1nstrumentat10n, and more preferably GC/MS, GC/FID HPLC/UV and_-.

"ﬁrst reactlon chamber 212 phase-analyzmg ‘them, and provrdmg the analysrs. E

20

25

HPLC/MS for obtarmng fast and accurate chenncal balances to be prov1ded to the ;
: controller 216 for bemg used for further processmg, and flnally to be used for the

N _"' R control of the rmscellaneous parameters and condmons 1nvolved 1n the operation of the | _

ﬁrst reactlon chamber 212 _ . , _ . -
_ L Also preferably, a phase analyzer or momtor 228 as descnbed earher, is
connected to the first reactlon chamber 212 for recelvmg samples of the contents of sa1d

| mfonnatlon to the controller 216 again through input. lmes 218 The results are then_ §

provrded to the controller 216 for being used for further processmg, and ﬁnally to be

used for the control of the llquld phase condltlons msrde the ﬁrst reactron charnber 212 _
' _ ~ An off-gas outlet 2301 is further connected to the ﬁrst retalmng chamber B |
or decanter 213 for removmg off-gases by well known to the art techmques |
_ The ﬁrst reactron chamber 212 commumcates with a second chamber. |
232 through a ﬁrst transfer line 234 which ﬁrst transfer hne 234 compnses a valve 235, |

: Preferably, connected to the second vessel 232 there are.a second temperature momtor |

236, a second pressure momtor 238 a second- chemrcal analyzer 241, .and’ a second :

o =phase analyzer 243. Ina s1m11ar manner as in the case of momtonng the dtﬁ'erent'-_ o
- __'parameters of the first reactlon charnber 212, the second temperature momtor 236 the_ o

'_ -3'0.'. second pressure momtor 238 the second chemlcal analyzer 241 and the second phase o

pressure control means for controllmg the pressure msrde the ﬁrst reactlon chamber L |



o _'analyzer 243 are connected to mputs 218 to provrde mformatron and enable the

' .. '. "controller 216 to control respectlve parameters and condltrons of the contents of the‘ o '-

‘second chamber 232 Thus, they provrde means for controllrng the second temperature

~and the second pressure in the second chamber 232 whrle mamtarmng a smgle quurd
phase. ' ' ' S

Although for. contmuous reactor systems the ﬁrst reactlon chamber 212

. and the second chamber 232 should be mdrvrdual umts, in the. case of batch reactors-. -

'they may be combmed in one and the same umt preferably ut1hz1ng only one set of .

| _-: momtors and analyzers

10 The second chamber 232 is also connected to a second condenser 240 _

wh1ch in turn is preferably connected to a second retanung chamber 242 The second '

A . retarmng chamber 242 may also play the role ofa decanter for separatmg for example,-
| .water of reaction and/or solvent from malnly hydrocarbon through lines 244 and 246

respectrvely, for example A vacuum generator V2 may preferably be also connected to
the second retannng chamber 242 Ce - . ' o
' ' The second chamber 232 is preferably further connected to separatmg :

' means, such as a SOlldS separator 248 for exarnple for separatmg at least partrally the | _
d1bas1c acrd Such solrds separators may be for example pressure-ﬁlterrng dev1ces oo

_'_centnfugal devrces, etc. The solrds may be transferred out of the solids separator 248 "

. through a sohds lrne 250 and the quurds may be transferred out of the solrds separator -

248 through a quurds line 252,

A second hydrocarbon feedmg line 254 1s preferably prov1ded wrth a -

: _ﬂowmeter whrch grves ﬂow mformatlon to mput 18 of the controller 216, and it is

s connected to the second chamber 232. It preferably ongrnates from a hydrocarbon

N 25

30

supply vessel (not shown) through pumps and/or- valves (niot shown), ,whrch are

.'_.connected to output lmes 220 and are controlled by the controller 216.. The-
'hydrocarbon, such as cyclohexane for example, may be provrded to hne 254 from lme o

246, or any other appropnate line or source

In opera’non of this embodrment hydrocarbon, such as cyclohexane for'_ o
'example enters the ﬁrst reactron chamber 212 through the hydrocarbon feedmg lme
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B 2141 Gaseous ox1dant, such as oxygen ora mlxture of oxygen w1th an inert gas for .

. example enters the reacuon chamber 212 through the ~gaseous ox1dant feedmg line

-21411 Solvent, such as acetlc ac1d for example, enters the first reactlon chamber 212_' B o

| __through the solvent feedmg line 214111 Catalyst, such as a cobalt compound for -

_ example, enters the first reactron chamber 212 through the. catalyst feedmg lme 2141v "

o _Imtrator, such as acetaldehyde or cyclohexanone for: example enters the first reactlon .

10.

15

" chamber 212 through the lmtlator feedmg lme 214v. As aforementroned the feedmg of ' |
| . the above raw ‘materials does not have to take place drrectly to. the reactron chamber- SR
212, Some or all of the raw materials may be premlxed pre-heated pre-cooled or E

otherwrse treated ‘before entenng the reactlon chamber 212, by techmques well known' "

~ to the. art or as descnbed in our aforementloned patents and ‘patent apphcatlon -

Mlxtures of re-cycled products and/or by-products may- also 'be introduced ' to the
reaction chamber 212 1nd1v1dually or combmed ‘with one or more of the fresh raw -
' matenals If the recyclmg process provrdes adequate amounts of any of the raw

matenals, then no addrtlonal feed is necessary The ﬁrst temperature and the ﬁrst'. _ '-
_ -prcssure are arranged by the controller to be such that a reactron of hydrocarbon,

_"cyclohexane for example, and oxrdant oxygen for example, takes place ina controlled

. manner. Preferable partral first pressures of oxrdant are in the range of 10 to 500 ps1g,'_ |

'_ . and first temperatures in the range of 60° Cto 160" C. These preferable ranges,
20

however, depend on the nature of hydrocarbon and oxidant. In the case that the

o .hydrocarbon is: cyclohexane and the oxrdant 1s oxygen the preferable range of first o
. ~temperatures is 80° C to 120° C. Aneven more preferable range is 90° C to 110°C.

25

Rt is hrghly preferable that the contents of the reactlon chamber 212 o

-'compnse _|ust a smgle 11qu1d phase The chermcal analyzer 226 and/or the phase "
analyzer 228 g1ve mformatlon to the controller 216, whlch is utlhzed to ‘ensure the ,I

. single liquid phase condltlon, 1f so desired. Although it is preferable not to have .

'- | -_suspended solids at this stage, the ex1stence ofa sohd phase suspended wrthm the single

- 30

“or even double hqmd phase is not excluded , o .
: _ Preferably, part of the contents of the first reactlon chamber 212 is bemg
transferred to the second chamber 232 through ﬁrst transfer lme 234 where it 1s bemg S
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- chamber 212 At the second temperature preferably preclpltatron of product of o

73

" -cooled to a second temperature lower than the first temperature of the first reactron B

) ox1datlon, such as adlplc acld for example, occurs. The second temperature is

preferably amblent (about 20° C) or lower, but not lower than the freezmg pomt of the

' .hqmd contents of the second chamber 232 The second temperature i 1s momtored by the

' second temperature momtor 236 and the temperature mformatron is provrded to the'

controller 216 for further processmg

" In: some occasrons such as 1n the case of atomlzatlon reactlon chambers

o for example, 1t is also’ ‘preferable that another part of the contents of the reactron_— |

10

: chamber 212 are reclrculated (not shown) ﬁ'om line 234 back to the, ﬁrst reactlon-_ .

o cha.mber 212, preferably through atomlzatlon nozzles

25

Accordmg to- the: present mventlon, it is. also necessary that desplte the
fact that the second temperature is: lower, and preferably consrderably lower than the

| 'ﬁrst temperature 1o second liquid phase 1s allowed to be formed By not allow1ng a

- second phase to be formed an’ undes1rable decantmg step, especrally 1n the presence of j

. - a solrd preclpltated phase and its consequences are. completely ehrmnated

The second temperature may be controlled in a number of dlfferent ways _\

A hlghly preferable way is by controllably reducmg the pressure in the second chamber_‘l |
o | 232 to attam a value preferably consrderably lower than the value of the ﬁrst pressure o
20 .prevarlmg in the ﬁrst reactron cliamber 212 By domg this, two very desrrable -
- phenomena take place First, the temperature is bemg lowered by evaporatron of = o
.volatlles, such as cyclohexane or other hydrocarbon for example, due to the reductlon of -

: pressure Second evaporatlon of hydrocarbon results 1n lowenng the content of

hydrocarbon in the mrxture which favors a s1ngle hqmd phase The lowermg of.
hydrocarbon content has to be hlgh enough for mamtarmng the single hquld phase at the'

second temperature If the 1mt1a1 ccontent of the ﬁrst reactlon chamber 212 is low .

_ enough, and/or 1f the conversron of hydrocarbon to drbasrc acld is high enough, then .
 there is no need for large amounts. of hydrocarbon to be removed from: the contents of
- the second chamber 232 m order to maintain a smgle hqurd phase In such a case, even _

addltronal cold hydrocarbon or other cold matter may be added to the second chamber o |
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o 232 through the second hydrocarbon feedlng llne 254 wnhout formatton of a second_ '
' llqmd phase.’ Such matter may preferably be solvent or hydrocarbon ' -

The hydrocarbon evaporated from the second chamber 232 along w1th - B

solvent water, and other gases and/or vaponzed hqulds is condensed in the second

: 'condenser 240 and collected in the second retarmng chamber 242 where the water with

- 'solvent may be separated from the hydrocarbon with solvent and e1ther ohe or both, -

E 'recuculated (for example to the ﬁrst reactlon chamber 212 or to the second chamber'

- 232) or otherwxse treated through lmes 244 and 246

10

Addltlonal coohng may be provrded 1f necessary, to the contents of the' o
second chamber 232 by well known to the art techmques, S0 that at least part, and "
- 'preferably the majonty of the drbasm ac1d ad1p1c acid for example, prec1p1tates ‘In

- ‘turn, the dlbasrc acld is, separated in sohds separator 248 by ﬁltratlon for example, or
- any other method well known to the art The SOlldS are transferred out of the solids* -

L5

| * heat may e added with sunultaneous adJustment of hydrocarbon, such as cyclohexane -

20

25

separator 248 through solids line' 250 and the hqulds are: transferred out of the of the '_
. SOlldS separator 248 through hqulds line 252 for further h‘eatment and/or recychng -

- 'Ihe temperature of the second chamber 232 may also be managed by_ o
adjustmg the composrtlon of the contents of sald second chamber 232 For example, e

for example, content Removal of water w1th cyclohexane favors the formatlon and -

mamtenance ofa smgle hquld phase For example recychng of cyclohexane from the

second retarmng chamber 242 to the second chamber 232 through line 246 and -
- simultaneous addmon of heat to said second chamber 232, by means of a heatmg corl

_ .(not shown) for example, may lower the content of water and/or cyclohexane m the."

. second chamber 232, and thereby promote the formatlon and mamtenance of a smgle' o

'- hquld phase Further, addrtron of solvent, also favors the formatron and mamtenance of _.
a smgle phase ' ' ' ; |
' ' The second pressure inside the second cha.mber 232 is preferably-- _

‘maintained as. atmosphenc or sub-atmosphenc through vacuum generator V2. Insome

: ’ occasmns further coolmg may be achleved in the second chamber 232 by addrtxon of



hydrocarbon or other matter havmg lower temperature than the temperature of the '

' contents of the second chamber 232 through line. 254, as also mentloned earher

" As aforementloned ina s1m11ar manner as'in the case of momtormg the

dlfferent parameters of the ﬁrst reactlon chamber 212, the second temperature momtor |

236 the second pressure monitor 238 the second chemlcal analyzer 241 the second

. phase analyzer 243 and ﬂowmeters in lmes 234 and 254 ¢ are connected to 1nputs 218 to

10

15 .
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'. prowde 1nformatlon and enable the controller 216 to control respectlve parameters and

condltlons of the contents of the second chamber 232 Thus they prov1de means for | "
X controllmg the temperature and the pressure in the second chamber 232 while |
mamtammgasmgle liquid phase - ' b ' ' N |

~ Ina different: preferred embodlment of the present 1nvent10n better
.1llustrated in Flgure 14 the dev1ce or reactor system 210, compnses in addltron to the |

' .other chambers and thelr accessory elements a ﬁrst mtennedlate chamber 256, whrch

commumcates wrth the ﬁrst reaction. chamber 212 through the ﬁrst transfer line 234 '
and’ wrth the second chamber 232 through a second transfer llne 258 | :

To the first’ mtermedlate chamber 256, there is also connected a ﬁrst L

- mtermedlate temperature momtor 260, whrch momtor is also connected to mputs 21 8 of B

the controller 216 for prov1d1ng temperature mfonnatron to sa1d controller, which -

B " L controller in. turn controls the temperat:ure inside the chamber 256 ThlS arrangement |
- 20 . constrtutes first mtermedlate temperature control means for controllmg the temperature I

E : .. 1n sard ﬁrst mtermedrate chamber 256

To the first 1ntermed1ate chamber 256 there is also connected first -

_1ntenned1ate pressure momtor 262 wh1ch momtor is. also connected to mputs 21 8 of the

| -controller 216 f°1' P1’0Vldlng pressure mformatlon to said controller, whrch controller in -
turn controls the PfeSsure m81de the chamber 256. This arrangement constltutes ﬁrstf R
._1ntermed1ate pressure control ‘means - for controlhng the temperature in sa1d ﬁrst-'- o
R mtermedrate chamber 256. - -

The mtermedlate chamber 256 further compnses :ﬁrst mtermedlate ._ h

| -extemal heatmg means 264 such as a heatrng coil’ for example, for provrdmg thermal

30,

.-'energy to matter msrde the ﬁrst mtcrmedrate chamber 256 The 1ntermed1ate chamber |



N 256 is also connected to an 1ntermed1ate condenser 266 whrch in turn is preferably '_ :

' connected to an mtermedrate retarmng chamber 268 As in the case of the retamer 242,

10

the retamer 268 may also serve as a sunple decanter for separatmg reactlon water and =
A /or solvent through lme 270 and. marnly hydrocarbon through line 272 An
mtermedlate vacuum generator V3 may ‘also be connected to the 1ntermed1ate retarmng o
- chamber 268. ' ' o

Decantmg hqurds ln absence of a sohd phases is substantlally less h

' 'comphcated than decantmg m the presence of sa1d sohd phases , ' _ |
' The operatron of tlns embodrment 1s snmlar to the operatlon of the L

prevrous embodrment w1th the exceptlon that the first pressure prevallmg in the ﬁrst "

reaction chamber 2121 is controllably dropped to. a desrred first 1ntermed1ate pressure m
- the mtermedlate chamber 256 forcmg hydrocarbon and smaller amounts of other

volatlle matenals such as for example reactron water and/or solvent to evaporate and"

'be condensed by mtermedrate condenser 266, thus lowenng the content of hydrocarbon'
in the first 1ntermed1ate chamber 256 and also removmg heat from the system resultmg' -

. in lowenng the ﬁrst temperature to a first intermediate temperature Ina contlnuous

| -'-'-operatron, whrch is the preferred type of operatron, a stream of llquld from the’ first
- reaction chamber 212 is bemg transferred to the ﬁrst mtermedlate chamber 256 through

20’

~ and desrred amount of heat to the contents of the ﬁrst 1ntermed1ate chamber 56 so that .

the ﬁrst transfer lme 234, o _
The ﬁrst mtermedrate extemal heatrng means 264, prov1des a controlled .

- further hydrocarbon evaporates The temperature and the hydrocarbon content of the |

o _ﬁrst mtermedrate chamber 256 may be mamtamed at such levels so that preferably no

ﬁ .-_'substantlal prectpltatlon of a solld phase compnsmg drbasrc ac1d occurs ngher '_ o
25 'temperatures and lower contents of hydrocarbon favor the preventron of precrpltatron, |

well as the prevarlmg of a single liquid phase

A stream of hqmd is also bemg transferred to the second chamber 232

-:through the second transfer- lme 258 The rest of the operatlon 1s substantlally the same

' .'_as descnbed in the prevrous embodrment, with the controller programmed to ensure that

30

- at the second temperature prevarhng in the second chamber 232 ‘and the amount of .
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hydrocarbon are such that there is only a srngle llqurd phase contammg the precrprtated o N "
dxbasrc acld, ad1p1c acrd for example |

" Ina stlll a dlfferent preferred embodrment of the present 1nventron, better

' 111ustrated in Flgure 15 the devrce or reactor system 210 compnses, in addition to the

other chambers and thelr accessory elements a second mtermedlate chamber 274,

whrch commumcates with- the first mtermedlate chamber 256 through the. second

" transfer lme 258 and with the second chamber 232 through a third transfer line 276.

Although, for purposes of srmphclty, condensers, retalmng chambers, vacuum

: generators etc are not shown in all chambers, it should be understood that. such B
elements may be connected to any one of the chambers In addltron, one or more of the E

o vacuum generators may be replaced by let-down valves, open hnes, etc

To the second mtermedrate chamber 274 there 1s also connected a

. second 1ntermed1ate temperature momtor 278, whrch momtor is also connected to '

25

30

| mputs 218 of the controller 216 for prov1dmg temperature mformatlon to said -

controller which controller in tum controls the temperature 1ns1de the chamber 274 '.

- This. arrangement constitutes second mtermedlate temperature ‘control means for B
' .'controllmg the temperature in sald second mtennedlate chamber 274. ‘
" . To the second mtermedlate ehamber 274 there is also connected second-'_'_ -

I '1ntermed1ate pressure momtor 280 whrch momtor is also connected to 1nputs 218 of the - |
- 20

_controller 216 for provrdmg pressurée mformatron to sa1d controller, _whlch controller 1n-'_' -

_ turn controls the pressure 1n51de the chamber 274 This arrangement constrtutes second

mtermedrate pressure control means for controlhng the temperature in sa1d second'_-_-
| mtermedlate chamber 274. _ , . . ,
_ " The second 1ntermed1ate chamber 274, further ~comprises second

'1nterrned1ate external coolmg means 282 such as a coollng coil for example, for :

: .-removmg thermal energy from matter 1ns1de the second mtermedrate chamber 274

_ ' The operatlon of thls embodlment is similar- to the operation of the
' prevrous embodlments w1th the exceptlon that the - first rntermedrate temperature
prevallmg n the first mtertnedlate chamber 56 is reduced m the second 1ntermed1ate
'chamber to a. second mtermedrate temperature wrth substantrally no SOlldS preclprtatron



- that when the. second 1ntermed1ate pressure wh1ch is preferably the same as the ﬁrst e
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'After addrtlon of heat and removal of an’ adequate amount of hydrocarbon 1n the ﬁrst -

| ; mtermedrate chamber 256 heat is removed in. the second mtermedrate chamber 274 $0

'_ mtermedrate pressure, is reduced m the second chamber 232 to the second pressure, the- .

"temperature drops adequately for a substantlal precrpltatron of the d1basrc acid,. ad1p1c Sh

acid - for example ‘to occur of course,. an_ adequate amount of hydrocarbon, -

' cyclohexane for example, 1s removed in the ﬁrst mtermedrate chamber 256 ‘and the -

10

0

- second chamber 232 SO that no second hquld phase is formed 1n the second chamber'

232 Itis ‘thighly preferable to avord havrng coohng elements such as coolrng corls for .
example, in the chamber (m this case second chamber 232) in wlnch the preclpltatlon of

- the sohd phase takes place, smce deposrts on the corls and pluggmg problems become a

: '-senous problem

Chemrcal and/or phase analysrs may be conducted on the contents of any'
i of the transfer hnes or any of the chambers m any of the embodlments o |
_ It should be understood that accordmg to the present 1nvent10n any.

. hqurds or gases or off-gases may be recycled totally or partrally from any cha.mber to

: any other chamber '

A preferable type of controller 1s a computenzed controller, and more. ' |
-preferably a "learmng computer" Or a "neuro-computer" the ﬁmctronahty of whrch 1s.
.'known to the art, and whrch collects mformatlon from drfferent places of the devrce (for '
-example pressure, temperature chemlcal or other analysrs, etc. ), stores tl.us rnformatlon

L along wrth the result. (reactron rate for exarnple), and it is programmed to use this

_mformatron in the future along w1th other data’ 1f apphcable to: make declsrons e

| 'regardmg the actron to be taken at each i lnstance - _
Although the' nnscellaneous functrons are preferably controlled by a _.

' computenzed controller, 1t is possrble, accordmg to th1s mventlon to utrhze any other o

- type of controller or even manual controls for controlling. one Or more functlons

Ox1datxons accordmg to this mventlon, are non-destructlve oxrdatrons, |

whereln the oxrdatlon product is dlfferent than carbon monox1de, carbon droxrde and a
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'mrxture thereof Of course small amounts of these compounds may be formed along' _' ’

R wrth the oxrdatlon product, whrch may be one product ora mrxture of products.

_ Examples include, but of course, are not hmrted to preparatron of Cs - Cs :
ahphatlc dlbasrc acrds from the correspondmg saturated cycloallphatlc hydrocarbons

. -such’ as- for example preparatlon of adlprc acid from cyclohexane. Other examples

o mclude but are not llrmted to formatron of benzorc ac1d phthahc acrd 1sophthahc acid,

- 10

' respecnvely

and terephthahc acrd from toluene ortho-xylene meta-xylene and para-xylene '

_ Regardmg adlprc ac1d the preparatron of whlch is especrally surted to the S
methods and devxces of this i mventlon, general mformatlon may be found ina plethora of

- U S Patents among ‘other references These mclude but are not hmrted to: U. S

Patents 2 ,223, 493 2 589 648 2, 285 ,914; 3,231 608 3 234 271 3 ,361 806 3 390 174

-3,530, 185 3 649 685; 3,657 334 3 957 876 3 987 100; 4 032 569 4 105,856;
_ 4,158, 739 (glutanc acrd) 4 263 ,453; 4 331 608 4 606 863 4, 902 827 5 221 800 and S

5 321 157.

Examples demonstratmg the operatlon of the mstant mventron have been -

“ . -given for 1llustratlon purposes only, and should not be construed as llrmtmg the scope of °.

.20

* this mventlon m any ‘way. . In addltlon it should be stressed that the preferred o
embodlments dlscussed in detarl heremabove as well as any other embodlments -
_ encompassed wrthm the hmrts of the mstant 1nvent|on, may be practrced 1nd1v1dually,

s _m any combmatron thereof accordmg to common sense and/or expert oprmon

Indlwdual sectrons of the embodlments may also be practiced mdrvrdually or in
combmatron wrth other mdmdual sectlons of embodlments or embodnnents in their

| totality, accordmg to the present mventlon _These combmatlons also lie wrthm the realm Ny

25 of the present mventron Furthennore any attempted explanatlons in the discussion are = -

only speculatlve and are not mtended to narrow the hmlts of the clarms of tlns mventlon
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" What is 'claime_d is:

1. ': ) A method of controllmg in a ﬁrst reactlon zone the ox1datron of a
hydrocarbon to form an acid in the presence of a catalyst a solvent an optronal 1n1t1ator,'_-:"
water, and ox1datlon products the hydrocarbon, the catalyst, the solvent, and at least part of
the ox1dat10n products formmg at least partlally a 11qu1d rmxture, the method charactenzed by- C
. the steps of: _ ' ' _ .
| . _(a) | contactmg the hqu1d mlxture wrth a gaseous ox1dant in the ﬁrst' -
- reactlon zZone at a ﬁrst temperature, the ﬁrst temperature bemg adequately hlgh for the

T ox1dat10n to proceed

_ ®) dnvmg the ox1datlon to a steady state ata ﬁrst hydrocarbon level a': -

' 'ﬁrst solvent level, a ﬁrst catalyst level and a ﬁrst ‘water level - _ o

'(c) controllmg at least one of the first hydrocarbon level the ﬁrst solvent" .

- 'level the ﬁrst catalyst level, and the first water level, m a manner to cause formatlon of

R and/or mamtam a smgle liquid phase in the ﬁrst reactlon zone, regardless of the presence or
absence of a sohd phase, and if necessary, N R ' - ' b |
| '(d)' ‘making phase-related ad_]ustments to. the 11qu1d mlxture the phase o

'- related adJustments bemg at least partlally based on phase formatlon relatlonslups, when said
11qu1d mlxture is at-a second temperature, and wherem the _phase. related ad_]ustments are_' R

- directed toward formatlon and/or mamtenance of a smgle hqurd phase ' .

_ 2. A method as deﬁned in cla1m l wherem the second temperature is |
: substantlally the same as the ﬁrst temperature |

- 3. A method as deﬁned in clalm 1, wherem the second temperature is. '
dlfferent than the ﬁrst temperature o : :
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. - 4 - A method as deﬁned 1n cla1m 1, 2 or. 3 wherem the phase related.

| ad]ustments to the quuld mlxture in' the ﬁrst reactlon zone -are conducted by a vanable _ '

selected from a group. consrstlng of temperature m the ﬁrst reactlon zone, pressure in the first .

f .:. -reactron zone, gaseous oxrdant flow rate mto the first reaction zone, water ﬂow rate into the
. ﬁrst reaction zone, water removal rate from the ﬁrst reactron zone, catalyst ﬂow rate mto the
E ﬁrst reactlon zZone, hydrocarbon ﬂow rate into the ﬁrst reactlon zone, hydrocarbon removal
. rate from the first reactlon zone, solvent ﬂow rate into the ﬁrst reactron zone, solvent removal a

" rate ﬁ'om the first reactron zone, recycled off-gas ﬂow rate into. the ﬁrst reactlon zone, and a

a combmatron thereof

' 5.._ ' A method as, deﬁned in clarm 1 2 3 or 4 further compnsmg a step of o -
"'detenmmng, one or more of )

a maxrmum hydrocarbon level a maxrmum ‘water level and a maxrmum

catalyst level at or over whlch the smgle hquld phase is transformed to. two llqurd phases L |

a mlmmum solvent level at or under whrch, the smgle hqurd phase is |

- | transformed to two llqurd phases,

under a set of condltlons, _wherem levels not bemg determmed remam ": 3
" constant. | |

6. | A method as deﬁned in clarm 5, wherem the step of determmmg oneor
- more of the levels, at or over whrch the smgle hquxd phase is transformed to two quuld B
' phases, further compnses steps of:. - _ : _
obtauung a sample of a 11qu1d mlxture ﬁ'om the ﬁrst reactlon zone; and
addmg to the sample, hydrocarbon or water, or. catalyst or a combmatron_'

'thereof untxl a second hquld is formed

',7.' | A method as deﬁned m cla1m 6, wherem at least one of the ﬁrst o
3 hydrocarbon level the first water level and the ﬁrst catalyst level is controlled to be under the

maxnnum hydrocarbon level the maxrmum water level and the- maxrmum catalyst level "

This Sheet Has Been Replac .




82

o respectrvely, and the ﬁrst solvent level is controlled to be mamtarned over the mmlmum_

solvent level

o 8..' | A method as deﬁned in clalm 6 or 7 further compnsrng a step of
o : analyzrng the sample to obtaln composmonal data regardlng the sample

_ _ 9.- - A method as deﬁned in claim 8 further compnsmg steps. of companng o
'--_the composrtlonal data of the sample wrth phase dragrams, -and makmg phase related- e

" adjustments in the ﬁrst reaction’ zone if formatron of a second quurd phase- is belng -

_ approached o

. .10. A method as defined in clarm 8, further compnsrng steps of companng :
._the composrtronal data of the sarnple wrth one or more of the maxrmum hydrocarbon level '

" the maxunum Wwater level the maximum catalyst level, and the mmrmum solvent level and_ '

L makmg phase related ad_]ustments in the first reactlon zone, if one or more of the maxnnum

' _hydrocarbon level, the ‘maximum water level, the maxrmum catalyst level and the mrmmum_'

E solvent level, respectrvely, is be1ng approached

'1l A method as deﬁned mclarm 1 2 3, 4, 5 6 7 or 8 wherem one or |
“more of the ﬁrst hydrocarbon level the ﬁrst catalyst level and a first water level is controlled o
to be marntarned within a majonty range, the majonty range bemg a range between a

. _. predetermrned hrgh majonty level and a predetermmed low majonty level the hrgh ma_]onty

. '. _level bemg lower than a maximum level at or over wh1ch maxrmum level a second phase is - -

o _formed the low ma_lonty level berng between the hrgh ma_]onty level and an average of the_'_

maxrmum level and a mrmmum level at and under whrch minimumn level catalyst -

: preclprtates

S120 A method as deﬁned in clalm 1, 2 3, 4 5; 6 7, or 8, wherem the first |
water and/or solvent level is controlled to be malntamed within a mrnonty range the mmonty_.

range bemg a range between a predetermrned low mmonty level and a predetenmned hlgh -
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mmonty level the low rmnonty level be1ng hlgher than a mrmmum level at or under thch'. '

- 'catalyst preclpltates, and the hrgh mlnonty level belng between the low rmnonty level and an R

average of the mmlmum level and a maxlmum level at and over whrch maxrmum level a

o second phase is formed

_ _ 13. .Amethodasdeﬁnedmclmml2345678910 11 or 12,
' whereln the first temperature is" controlled by evaporatmg condensrble volaule matter from -

the reactron zone “and recrrculatmg at least part of the condens1ble volatlle matter to the

S 'reactlon zone as condensate

l4.: Amethodasdeﬁnedmclalml 2 3 4 5 6, 7 8 9, 10, 11, 12 or 13,
: 'whereln the acld compnses ad1p1c acrd the hydrocarbon compnses cyclohexane, the solvent B

: ._'compnses acetic acid, the catalyst compnses a cobalt salt, and the optlonal 1mt1ator compnses '

a compound selected from a. group compnsmg acetaldehyde, cyclohexanone, and a.' e

. .combmatlon thereof

15 Amethodasdeﬁnedmclalml 23456789 10, 11 12 13 or |
' '14 further compnsmg - AR _
- . a step of controlllng at least one level of the first water level and the ﬁrst____' .
| solvent level in.a manner to be hrgher than a respectlve level .at or under whxeh catalyst .
preclpltates, and _ ' L L N
| - the: ﬁrst hydrocarbon level and the ﬁrst catalyst level to be lower than a _:- '

respectlve level at or over wh1ch catalyst preclpltates

c 1"6_. A method as deﬁned 1n clalm 15, further eompnsmg steps of o
takmg a sample ﬁ'om the ﬁrst reactlon zone, '

lowermg the temperature of the sample to a predetermmed second -

temperature and if a second hquld phase is formed at a cntrcal temperature in the range :
. between the ﬁrst and second temperatures, ' o - '
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elther decrease m the ﬁrst reactlon zone the first level of one component_ _

o selected ﬁ'om 2 group consrstmg of hydrocarbon, water, catalyst and a rmxture thereof to a -

| B degree that i in a new. sample a second llqurd phase does not form in the range between the first

andsecondtemperatures or | ! o N _
~increase in the. ﬁrst reactlon zone the ﬁrst solvent level to a degree that ina X
| new sample a second hquld phase does not form in the range between the ﬁrst and second a

' temperatures or

mcrease in the ﬁrst reactlon zone the ﬁrst temperature to a th1rd temperature -; o

' by at least the difference between the cntlcal temperature and the second temperature, or

- a combmatron thereof

_ 17 A method as deﬁned m clarm 15 or 16, wherem controllmg the ﬁrst.' '. |
o water level wrthm the upper and lower hmrts is based on determunng the compos1t10n of the_' o
| smgle-phase liquid mrxture of the ﬁrst reactlon zone, companng said composrtlon w1th phase '

dlagrams and catalyst precrpltatlon data, and addmg water to the smgle-phase hquld mixture -

| in the ﬁrst reactlon zone if the lower limit i 1s bemg approached or removmg water from the

T first Teaction zone 1f the upper limit is bemg approached

| 18 . Amethod as deﬁned in clalm 15 further compnsmg steps of :'
takmg a sample from the first reaction zone; o | |
‘_ | conﬁmng the sample w1thm a elosed cell under adequate pressure to retarn the- |
"_sample ina substantlally hqurd form . L ' ; _
- | rarsmg the cell temperature from the ﬁrst temperature to a hrgher temperature —
o .. and 1f catalyst precrpltates w1tlnn a predetermmed nse in temperature ' o
' raxsmg the water level or the: solvent level in the first reaction zone, or - "

) -lowenng the hydrocarbon level or the catalyst level in the ﬁrst reactron zone. .

- 19, A method as deﬁned in cla1m 15 further compnsmg steps of
takmg a sample ﬁom the first reactlon zone; o
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_ o conﬁmng the sample \mthm a closed cell under adequate pressure to retam the |
L sample ina substantlally llqlnd form | H . AR o _, “ |
' - adding. hydrocarbon to ‘the sample to deterrmne 1f catalyst preclpltates before .

. formatlon of a second phase and

- controlhng in- the ﬁrst reactlon zone the ﬁrst hydrocarbon level to be 3
malntamed at a level lower than the level requrred to cause catalyst prec1p1tat10n at levels of -

solvent, catalyst, and water present in the cell

_ . 20 : Amethodasdeﬁnedmclarml23456789 lO 11 12.
13,14, 15 16,17, 18, or 19, furthercompnsmgstepsof | o

lowenng the ﬁrst temperature toa second temperature whrle marntarmng a

- smgle hquld phase at the second temperature and -

removrng at least part of the formed acrd

. '21'. " A method as' deﬁned in clarm 20, further compnsmg the step of ,.3
_ _-_;recychng at least part of one or more of products, mtermedrates, by-products, reactants _
solvents, off-gases and othier ex1st1ng mgl'edlents either drrectly to the ﬁrst reactron zone or o
-. ) mdlrectly after post-treatment, or a comblnatlon thereof L : : .

| 22 A method as’ deﬁned in cla1m 20 or 21 wherem the lowenng of the S

'ﬁrst temperature to the second temperature 1s performed at least partrally by an operatron -
o ._ selected ﬁ'om a group consrstmg of (a) evaporatmg of at least part of the hydrocarbon, ®) -
'_ lowermg the ﬁrst pressure to a second pressure (c) addmg matter having a temperature lower '
_than the first temperature, @ addmg volatrle matter, (e) removing heat by external means, ®. .'

" E removmg a first amount of heat by any surtable means, and addrng a second amount of heat

by extemal means the ﬁrst amount of heat bemg greater than the second amount of heat, and.
' 1(8) a combmatlon thereof ' ' : - o
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23. A method as deﬁned in clalm 20 21 or 22, wherem mamtalmng a. -

: -_'smgle llquld phase at the second temperature 1s controlled by adJustmg ‘the level of L

E hydrocarbon, or water or solvent or a combmatlon thereof at the second temperature '

24 A method as deﬁned in clalms 20, 21, 22 or 23, wherem lowenng of

 the ﬁrst temperature to a second temperature is conducted ina second zone

25 A method as’ deﬁned m clatm 20 21, 22, 23 or 24 wherem the .". :

B lowenng of the: first temperature to the second temperature mvolves an- mtermedlate step of SR

_ lowenng the first temperature toa ﬁrst 1ntermed1ate temperature by lowenng the ﬁrst pressure ':. SRR

" toan mtermedlate pressure to fonn a ﬁrst mtermedlate hqurd phase contatmng no substantlal_ S -

'+ amount of solid phase

26, A reactor devrce for ox1d1zmg a hydrocarbon, the hydrocarbon bemg at

least partrally ina 11qu1d state thh a gaseous oxidant to form an acld the dev1ce comprlsmg |

- a ﬁrst reaction chamber; _' . , - | |

_ oar temperature monitor connected to the reactlon chamber for measurmg e |
' temperature msxde said reactlon chamber B -
phase detection means for detectmg phase-related charactenstlcs of mgredlents o

within the ﬁrst reaction chamber; and o _ L
. B phase control means for makmg phase-related adjustments and controlhng the '

o phase charactenstlcs of said mgredlents wrthm the first reactlon chamber, 1f SO des1red

- -27.- A reactor dev1ce as. deﬁned m clalm 26 whereln the phase control
means further compnse temperature control means for controlhng the first temperature '

- 28. | A reactor dev1ce as deﬁned in clann 26 or 27, wherem the phase.
, control means further compnse correlatlon means for correlatmg phase dragram data with' -
.'mgredlents in. the reaction chamber and adjustmg feedmg rates of sald mgredrents to the:'
_reactlon chamber toward fonnatlon ofa smgle hqurd phase | |
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| : 29. A reactor devrce as deﬁned in clarm 26 27 or 28 whereln the phase '

| detection means prov1de 1nfonnat10n to the phase control means for adjustmg feedrng rates of o "

| mgredlents fed fo the reaction chamber toward formatron or mamtenance of a smgle 11qu1d
phase. |

_ | 30. A reactor devrce as deﬁned 1n clarm 26 27, 28 or 29 further
compnsmg vanable control means for controllmg in the reactron chamber a vanable selected
| -_from a group consrstmg of temperature m the ﬁrst reactron chamber, pressure m the ﬁrst :

'-reactron chamber, gaseous oxrdant ﬂow rate into the ﬁrst reactlon chamber water ﬂow rate

"into the ﬁrst reaction chamber, water removal rate ﬁ'om the ﬁrst reactron chamber, catalyst -

flow rate into the ﬁrst reactlon chamber hydrocarbon ﬂow rate mto the ﬁrst reactron '
2 chamber, hydrocarbon removal rate ﬁ'om the ﬁrst reaction chamber, solvent ﬂow rate into the
ﬁrst reactlon chamber, solvent removal rate from the ﬁrst reactlon chamber recycled off-gas R
flow rate into the ﬁrst reactron chamber, anda combmatron thereof S '

3 A fe#ﬁtor'devic.e as de,ﬁncd 'ifn _°1aim 2_'6','_2’7;,7j'28,' 29, or 30, furth er

- compnsmg . . _ . _

.. ' hqurd feedmg means for feedmg at’ least partrally hydrocarbon, solvent j,l a .'
_: catalyst optronally m1t1ator, and optronally water into the ﬁrst reactlon chamber . N

| ' water removmg means for removing water from the ﬁrst reactlon chamber

.' gaseous feedmg means for feedmg oxldant mto the first reaction chamber, and

'. water level control means for controlhng the “water level in the reaction

chamber in a range between a maxrmum level of water, over whlch maxrmum level the -

. substantrally smgle hquld phase is transformed to two hqurd phases, and a mrmmum level S

under wh1ch catalyst precrpltates

L 3_2," _' A reactor devrce as deﬁned in clalm 31 wherem the water level control
means compnse water level detectron means for detectmg posrtronmg of the water level with

: ._respect to the maxrmum level and the mrmmum level
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- 33, A reactor dewce as deﬁned in clalm 32 further compnsrng a controller . |

o connected ‘to the water level detectlon means for recelvmg 1nformatlon regardmg the

'posmomng of the water level and usmg said mformatlon for adjustmg said water level ina
. manner to control said water level between the maxrmum level and the minimum level in the .

.reactlonzone o

: '34. A reactor devrce as deﬁned in cla1m 32 or 33, wherem the water level :-_ .

'- detectron means compnse a temperature operated detector for detectmg the posmomng of the -

2 water level w1th respect to the rmmmum level

. | 35.'_-' A reactor dewce as deﬁned in clalm 32 33 or 34 wherem the water_ -
_'level detectlon means. comprise -a water-addltlon operated detector for detectmg the o

_ 'posrtlonmg of the water level w1th respect to the maxnnum level.

- 36. A reactor dev1ce as deﬁned in cla1m 32, 33 34 or 35; whereln the_'__ -

' 'water level control means comprlse analytlcal water level detectron means for detectlng

‘and/or determmmg the water level in the- ﬁrst reactlon chamber, and wherem the reactor

- device further compnses a controller connected to the analytlcal water level detectlon means -

B _ 'for rece1v1ng 1nformat10n regardmg the water level in the reactlon chamber comparmg sald

information thh phase dragram data and catalyst preclpltatlon data stored in the controller,

and. usmg sa1d companson for ad_]ustmg sa1d water level in the ﬁrst reactlon chamber in-a

manner to control sald water level between the maxrmum level and the nnmmum level

37. | A reactor devrce as deﬁned in- clalm 31 32 33 34 35 or 36 further: '

compnsmg a dlstlllatlon column connected to the ﬁrst reactlon chamber

' -38. B A reactor devrce as deﬁned in clalm 31 32 33 34 35, or 36 further-.

o compnsmg a condenser connected to the ﬁrst reactlon chamber and a decanter connected to:

.the condenser _ | o |
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- 39, . A reactor dev1ce -as deﬁned in clalm 32 33, 34 35 36, 37 .or 38,

wherem the water level detectron means compnse a temperature operated detector for, '

'detectmg the pos1tlomng of the water level w1th respect to the mrmmum level

: . 40 Areactor dev1ceasdeﬁned in cla1m 26, 27 28 29 30 31, 32 33 34
'35 36, 37 38 or 39, further compnsmg L L
ﬁrst temperature control. means connected to the ﬁrst reactlon chamber forl
controllmg temperature in said first reactron chamber; . o | |
. ' ﬁrst pressure control means connected to the ﬁrst reactlon chamber for - |
| controlhng pressure in said first reactlon chamber : |

ﬁrst hydrocarbon feedmg means connected 10 the ﬁrst reactlon chamber for '

- '”feedmg hydrocarbon 1nto sa1d first reaction chamber

_ first gaseous oxidant feedmg means connected to the ﬁrst reactlon chamber for
) feedmg gaseous oxidant into said ﬁrst reactron chamber, ' : _ '_
' ' ‘a second chamber connected to the ﬁrst reactlon chamber, o

- second temperature control means connected to the second chamber for R

| controlhng the temperature in said second chamber o o o
' second pressure control means connected to the second chamber for', '_

| controllmg the pressure in said second chamber

a controller for controlhng mrscellaneous parameters in the chambers in a -7

:manner that in the second chamber there isa smgle quurd phase

| 4l A reactor devrce as deﬁned in clarm 40 further comprlsmg a condenser ._ -
or drstlllatlon column connected to one or both the ﬁrst reactlon chamber and the second "
_-chamber ' '

| B 42. A reactor dev1ce as deﬁned m clatm 41 further compnsmg a retalmng |
R chamber or decanter connected to the condenser '
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. 43 A reactor dev1ce as defmed in claim 41 or 42 further compnsmg
" a first mtermedlate chamber commumcatmg wrth the first reactron chamber
- first intermediate temperature control means connected to the first
' '.mtermedlate chamber for controllmg the temperature in said ﬁrst 1ntenned1ate chamber;
o ﬁrst mtermedlate pressure control means connected to the mtennedlate '
- chamber for controlhng the pressure in said ﬁrst 1ntermed1ate chamber E C
o first mtermedlate external heatmg means for provrdmg thermal energy to_
.matter 1n51de the first intermediate chamber | - o
' a condenser connected to the ﬁrst mtermedlate chamber, - i _
.- separatmg means connected to or. bemg part of the second chamber for'
| separatmg at.least partralIy the dlbasm acld from the mixture, ' '

" 44 . A reactor devrce as deﬁned in clalm 43 further compnsmg . : _
_ a second mtermedrate chamber connected to the ﬁrst 1ntermed1ate chamber |

- and the second chamber o _, _ g |
- second mtermedlate extemal coollng means for removmg thermal energy from o

o matter msrde the second mtermedrate chamber

o .'4_5'..-. Al reactor devrce as deﬁned in claim 40 41 2, 43 or 44, fm'ther .
"_compnsmg second phase control means connected to the second chamber for ensurmg the .

exrstence of. one smgle hquld phase in sa1d second chamber :

 46. A reactor devrce as deﬁned in clalm 40, 41 42 43, or 44, further
o _ T’compnsmg catalyst preCI])ltathll control means connected to the second chamber for ensunng_'
the absence of preclpltated catalyst in sard second chamber : '

' 4.7." A reactor devrce as deﬁned in. clann 40 41 42 43 44 45 or 46 .

K wherem at least two of the chambers constrtute one and the same umt
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o 49. Areactor dewceasdeﬁnedmclalm 26, 27 28 29 30 31 32 33 34

’’’’’’

S -3_5, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, or 47 compnsmg a stlrred tank reactor '

L " o
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[recelved by the Intemanonal Bureau on 23 December 1997 (23 12 97), :
C ~new claxm 50 added; remammg clarms unchanged (1 page)]

_ _ : _48'. | Areactor devrceasdeﬁned in claim 26, 27, 28 29 30, 31, 32 33 34
L .35 36 37 38 39 40, 41 42 43 44 45 46 or 47 compnsmganatomlzatlon cha.mber

: l49.' : Areactor dev1ceasdeﬁned in clalm 26 27 28 29 30 31 32 33 34 .
o ;35 36 37, 38,39, 40, 41 42 43 44 45.46, or 47 compnsmgastlrred-tank reactor. |

o 50. . A method as deﬁned in. claxm 1,2, 3 or 4 further compnsmg a step of o o

; _' companng composmonal data of the llquld mlxture wnh one “or more of phase dlagrams

L thennodynam1c data " bases ﬂow sheets computer ﬂow sheet s1mulatlons catalyst

o preclpltatron data, energy balances, and expenmental data and a step of makmg phase related'- |

adjustments and/or catalyst precxprtatlon adjustments in order to avord formatlon of a: second -

_"-'-llquxd phase and/or catalyst premprtatlon respectlvely in the ﬁrst reactlon zone if the o '

' companson mdlcates that formatlon of a second llquld phase and/or catalyst precrpltatlon are' .'
- berng approached | ' ' '

Wy
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