| METHOD FOR HYDROXYLATI NG PHENOLS AND PHENOL ETHERS 5The present
i nvention relates to a process for hydroxyl ati ng phenols and phenol

ethers with hydrogen peroxide. The invention is nore
particularly directed toward a process for hydroxylating phenol wth
hydr ogen per oxi de. In the degcription that foll ows of the

present invention, the term "phenol 10 substrate"” is used w thout
preference to denote a phenol or a henol et her The reaction
for the hydroxyl ati on MET DR, RS | eads to the
production of two isoners, narm@[yppg}q(glmbenzene or

hydr oqui none (HQ and 1, 2-di hydroxybenzene or pyrocatechol (PC). 15In
the present text, the term "di phenol" denotes hydroqui none and
pyrocat echol . Hydr oqui none is a product used in many fields of

appl i c4ti on asmg el YIEIGAbh Bl biicesd e ARR D Hefols and

el astoners, or a
appl i cat i ohengl ehersouHhhYFogem peraie: echol is al so a product that is

wi del y used, %@emv@htm ag angrel )ﬂﬁ&[dula’ﬂyl @iitetied howad @ protésaXifgant
in el astorﬁe 3 %'tt IS oR %(ﬁ_ ns_or Iyuret hane or as a tanning
agent . E&f Ng P 9pg ' 99%%'{% rties, pyrocatechol is also
used as a chellattl’nmgearg'm’ﬁlpnethpb&:rllawsyoflﬂ'letm'esmtduveniimhcﬁé terird "phetiohs
a corfQsi QRipbitdkeDistied v%ﬁ{dutPFe‘f@re‘ﬁ@éY@aeﬁé‘te%rbHéﬁb%F@Shéﬁcﬂ ettfer.
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20 Pyrocatechol is also a product that is widely used, especially as a
polymerization inhibitor or antioxidant in elastomers, olefins, polyolefins or
polyurethane or as a tanning agent.

On account of its complexing properties, pyrocatechol is also used as a
chelating agent especially in the electronics field and as a corrosion inhibitor.

25 It also serves as an intermediate in numerous syntheses, especially those of
fragrances, cosmetics, medicaments and pesticides.

It follows that hydroquinone and pyrocatechol are mass-consumption
products manufactured on a large scale.

Thus, given the size of the manufacturing volumes, it is important for their

30 manufacturing process to be ideally optimized, in particular in terms of
production efficiency, energy efficiency and yield.

Hydroquinone and pyrocaiechol are conventionally produced by
hydroxylation of phenol with hydrogen peroxide, in the presence of an acid
catalyst, a strong protic acid or a solid catalyst with acidic properties, for

35 instance TS-1.

One of the well-known routes for preparing said diphenols consists,

according to FR 2 071 464, in performing the hydroxylation of phenol with



2 hydrogen peroxide, in the presence of a strong protic add, for
instance sulfuric acid, chlorosulfuric acid or perchloric acid, or

sul fonic acids, for instance nethane sul fonic acid,
trifluoronethanesul fonic acid, toluenesul fonic acid or phenol sul fonic
acid. 5Hydrogen peraxi.de is used in the form of an aqueous sol ution.
Commercially sold hydrogen peroxi de solution has a concentration of
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30 pyrocatechol.
Thus, the object of the present invention is to provide an improved process
for preparing hydroquinone and pyrocatechol in terms of material balance and
energy efficiency.

35 A process has now been found, and this is what constitutes the subject of
the present invention, for hydroxylating a phencl or a phenol ether, by reacting
said phenol or phenol ether with hydrogen peroxide, in the presence of an acid



10reaction, a third step, if necessary, of recovery of the

hydr oxyl at ed product. In the present text, the term "adi abatic
condi tions" neans that the reaction is perforned in an adi abatic
chanmber, i.e. in a chanber isolated fromthe 15 external nedi um such

that the reaction is perforned w thout 3any external supply of energy.
In other words, the hydroxylation reaction takes place w thout the
reaction tenperature being requl ated by an external heat exchange.
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In the present text, the term "phenolic substrate" or "phenolic
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In accordance with the process of the invention, it has been found that
performing the hydroxylation reaction under adiabatic conditions makes it
possible to reduce the reaction time, for a given conversion and a given

25 selectivity. This therefore leads to a significant increase in the production
efficiency of the apparatus with, for example, in continuous mode, a reduction of
the passage time of the reaction medium or a reduction of the volume of the
apparatus,

The embodiments described in the text hereinbelow testify to the

30 advantages obtained.

In accordance with the process of the invention, the phenolic compound is
reacted with hydrogen peroxide in the presence of a catalyst and optionally of a
cocatalyst.
35
The process of the invention is suitable for the hydroxylation of phenol or
of a phenof ether, but also for substituted phenols or phenol ethers.



- R2 represents a hydrogen atom or one or nore identical or different
substituents, 20- n, nunber of substituents per aromatic ring, Is a
nunber | ess than or equal to 4. In formula (I) the group ORI is
an ether group when Rl is other than a hydrogen atom The
nunber of substituents per aromatic ring i s variable and generally

| ess 25than or equal to 4, and preferably equal to 0, 1, 2 or 3.
Preferred exanpl es of substltuents are given for fornmula (la).

Thus, the proded pesenidexinhatierorphengis subsiratef or "piesatic cempound” is
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f or nul ae nmeans a |1 near or branched
Cl- C15, p%é‘%@ g’fé"%ffg%é aga»en rmre preferentially Cl-C4

hydr ocar bon- based chai n. 15Exanpl es of preferred al kyl groups are
especially methyl, ethyl, propyl, Ofypropyl, butyl, isobutyl and
t-butyl. The term "al koxy" neans =;9youp aIkyI 0- in which the
term"al kyl" has the nmeani ng gi Vg Preferred exanples of

al koxy groups are nethoxy or eth gr oups. 20The term "cycl oal kyl "
means a C3-C8 nonocyclic cyclic hy# ocar bon{lpased group, preferably a

cycl opent yl . @k..cycl ohexyl group.

15 - A symbolizes a benzene or naphthalene ring,
- R¢ represents a hydrogen atom or an alkyl, cycloalkyl, aryl or aralkyl
group,
- Ry represents a hydrogen atom or one or more identical or different
substituents,
20 - n, number of substituents per aromatic ring, is a number less than or
equal to 4.

in formula (1) the group OR; is an ether group when R4 is other than a
hydrogen atom.

The number of substituents per aromatic ring is variable and generally less

25  thanor equal to 4, and preferably equal to 0, 1, 2 or 3.

Preferred examples of substituents are given for formula (1a).

Thus, the process of the invention is suitable for phenolic substrates
corresponding to formula (1) in which A represents a benzene ring and which are
represented more particularly by the general formula (l1a):

30
OR,

(Ry)
(1a)



The term"aryl™ means a nonocyclic or polycyclic aromatic, preferably
Cr C20 nonocyclic or bicyclic group, preferably phenyl or naphthyl.
When the group is polycyclic, i.e. when it conprises nore than one
cyclic nucleus, the cyclic 25nuclei nmay be fused in pairs or attached
in pairs via a bonds. Exanples of (Cr (§8) aryl groups are especially
phenyl and napht hyl . The term "aral kyl" neans a |inear or
branched based group bearing a C7-Cl2 nonocyclic aromatic
ring, prep%gé@ﬁ@ﬁﬁ@az the aliphatic chain conprising 1 or 2 carbon
atoms. 30The t@arig@ I‘leﬂbﬁlfkym Ode diad pretenablpequaikdolO, group as defi ned
previously in.vij edh r@é‘&wt@ra 'ﬁ?&l%gﬁﬁdéteﬁheﬂr %hoﬁfﬁyla'b%[BQ!Ri/I?‘éﬁq TN
haI ogen atom preferably a uori ne atom The term
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3- net hoxy Oﬁ“"’met hoxyphenol , 2- ethoxyphenol, nethyl salicylate,
2- chl or ophenoln fa3matdeo{l paritbfia), trog tefim "ia(kql‘ilnmearrsfmhmﬂaror brdrehed C4-Css,

G s oA CET ol Rl S| o ot
di met AFphdrameless_ofi @Fﬁ’fﬁfr@%hé'hﬁll o ST SR sﬂaﬁ%hmmez ¥, ethyl, propyl,
di chl oropi‘@jppd)pylag idisobLgt afdhebatyl. 2, 6-di -tert-butyl phenol or

3,5-di-tert- s t hose andi.n Q £.or mul & [) N
which n is equ P*%%ISQE@BJ ﬁ"%aé‘sza grast q"%ﬁ%@ rﬁtﬁ}eﬁgl erm alm gthe
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group, preferably a cyclopentyl or cyclohexy] group.

The term "aryl" means a monocyclic or polycyclic aromatic, preferably Cs-
€20 monocyclic or bicyclic group, preferably phenyl or naphthyl. When the group
is polycyclic, i.e. when it comprises more than one cyclic nucleus, the cyclic

25 nuclei may be fused in pairs or attached in pairs via ¢ bonds. Examples of {Ce-
Cag)aryl groups are especially phenyl and naphthyl.

The term "aralkyl" means a linear or branched hydrocarbon-based group
bearing a Cy+C12 monocyclic aromatic ring, preferably benzyl: the aliphatic chain
comprising 1 or 2 carbon atoms.

30 The term "haloalkyl group” means an alkyl group as defined previously in
which one or more hydrogen atoms are replaced with a halogen atom,
preferably a fluorine atom.

The term “perhaloalkyl group" means an alkyl group comprising from 1 to
10 carbon atoms and from 3 to 21 halogen atoms, preferably fluorine, and more

35  particularly the triflucromethyl group.

The term "halogen atom" defines fluorine, chlorine and bromine.



Anong t he abovenentioned phenolic substrates, use is preferentially
made of phenol, o-cresol, mcresol, p-cresol, anisole, phenetole, 2-

nmet hoxyphenol (guai acol) or 2-ethoxyphenol (guetol). The
present process is nost particularly suitable for preparing 25
hydr oqui none and pyrocat echol from pherfol . A honpbgeneous

catalyst which is a strong acid is used in the process of the
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to 1 or 2, trichlorophenaol,
- those corresponding to formula (1) in which A represents a naphthalene
20 ring, such as 1-hydroxynaphthalene.

Among the abovementioned phenolic substrates, use is preferentially
made of phenol, o-cresol, m-cresoi, p-cresol, anisole, phenetole, 2-
methoxyphenol (guaiacol) or 2-ethoxyphenol (guetol).
The present process is most particularly suitable for preparing
25  hydroquinone and pyrocatechol from phenol.

A homogeneous catalyst which is a strong acid is used in the process of
the invention. In the present invention, the term "strong acid" denotes an acid
with a pKa in water of less than -0.1 and preferably less than -1.0.
30 The pKa is defined as being the ionic dissociation constant of the
acid/base pair, when water is used as solvent.
Among the acids corresponding to this definition, it is preferable o use
those that are stable with respect to oxidation with hydrogen peroxide.
Mention may be made more particularly of halogenated or non-
35 halogenated oxy acids such as sulfuric acid, phosphoric acid, pyrosulfuric acid,
perchloric acid; aliphatic or aromatic sulfonic acids, for instance methanesulfonic
acid, ethanesulfonic acid, benzenesulfonic acid, bis-trifluoromethanesulfonimide,



z is a nunber fromO to 4 and preferably equal to O, 1, or 2, M

represents a hydrogen, sodium or potassium atom R
represents an al kyl or al koxy group containing from1 to 4 carbon
20atons or a carboxylic group. Anong the acids that are suitable

for use in the process of the inventiorf, mention may be nade nore
particul arly of hydroxybenzenesul fonic acids, sulfonated

hydr oxybe i j ds; roxyhenzenedi sul foni.¢c aci ds . . .
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use a mxture of at least two str protic acids, as described in WO
2010/ 115 784. 10The mi xture co s two acids (A) and (B) having
specific respective pKa val Ufg; G%%M®B) bei ng nuch stronger than
the acid (A). Said m xture co X - astrong acid (A with a

pKa (S) greater than or equal to that of sul fufléé acid and a ApKa ('S)
rel ati ve tiwsaidlfommila: acid of | ess than or equal to 4 and 15greater

than gk equal _{@. gqﬁ%g?gf%p%tég%? Ph&ngﬁi’ chosen from superaci ds.

The acrd (A) has gr or’ equal to that of sulfuric
acid: (S) repr¥depBddolH¥ %rgani ¢ sol vent, which is nitrobenzene.

The acid (B) LgifaSupticior owwhdi@eféeéw@gua&omy!@lgz,a_ pKa ()

| ess than 20t h of sultfurlg1 acid, . Theg ?&n@ is defined as

bei ng the ionf HPSEHT] %t”‘ihéf ro(ggﬁ]ﬁ%q.wmoqrp[uﬁ > YPse couple in a

solvent (S). - R represpris an alky crcaldexy gralef comidining frefreflelocd aasben

pot enpponetry gmybpg%gpboggﬁgggoggq in a solvent which is

ni trobenzene (9, atnd t(‘_r}% rreasur%@g gr otoco] of which js described

before the exgﬁ%ﬂr@s hgra &g pyitatyg for use e progess,ekine; iRveyiog.

m xt ure ameerdiehi ney by agoléa mbreéf paioalarly Af hidroxyiercienesulforsp aoilis,

for the s ent Lffer be - he en

acid and ?ﬁ?@ﬁ%”of [%%ﬂq?’tfﬁr]’%é'gg'f& d. 5‘38& hm%ﬁ&ﬁen&ﬁsw‘frﬁ@ %R’%
dihydroxybenzenedisulfonic acids, hydroxytoluenesulfonic acids,

25 hydroxynaphthalenesulfonic acids and hydroxynaphthalenedisulfonic acids, and

mixtures thereof.

Among the hydroxybenzenesulfonic acids, use will preferably be made of
4-hydroxybenzenesulfonic acid, 2-hydroxybenzenesulfonic acid or 5-
sulfosalicylic acid, or a mixture thereof.

30 As preferred examples of dihydroxybenzenesulfonic acids used, mention
may be made of sulfonic acids resulting from the sulfonation of hydroquinone
(1,4-dihydroxybenzene), of pyrocatechol (1,2-dihydroxybenzene) and of

resorcinol (1,3-dihydroxybenzene).



30The acid (A) used has a Ap (S) relative to sulfuric acid of |ess
than or equal to 4 and greater than or equal to O Even nore
preferentially, the acid (A) has a ApKa (S) relative to sulfuric acid
of less than or equal to 3 and greater than or equal to 0. Exanples
of acids (A) that may especially be nertioned include sulfuric 35
acid, aliphatic or aromatic sulfonic acids, for instance

met hanesul f onkg _aci et hanesul foni.c aci benzenesul foni ¢ aci d
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di hydroxybenziﬂe%ﬁﬁl foni caci ds, h dro>Fgi t ol uenesul f oni caci gs

hydr oxynapht hd PereEiRPicdroXEreraatic, gci %ﬁ%@ﬁi«ﬁ% taselear Yonid Senng or
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2- hydr oxyggﬁg%ﬁ@%ﬁq %ﬁ?réblg%g&eﬁgﬁ%% |éyt1%&g@fd sul fonic acids
resul ting froMcepidingta anethpomarint 9f dhe greasssof (he mvention, it is possible

di hydr oxyhenzene) miglhredor oftaleash dlvo (dtrofrgd bt axiMbeasedescriped iaf wo

resor ci nol 23 di hydr oxybenzene);
5,6-dihydé%&@“%%ééghnzenedisulfonic acid, 4, 6-

di hydri@xy- 1, 3-Thennithgrei sarhprigesctvac adidar(d) and (B) having specific respective

2, 5-di hydrpcpqéw 1k b B4 i i xanpl es of
aci ds that mﬁ%&?ﬁéﬁpqg%gglﬁm@n% r%ﬁgfhfgethgggﬁgﬁéceti c acids

such as trich CRYECHBRIPEENd trifl uoroacetic acid. 15 As regards
the second gomaost&mg a8y (@) vithea mikgt(6) @rﬁteaﬂ}aﬂmr éfadiuélSo dhstugfesuifaric,
i.e. an aci i S t ' '

whi ch t hus ha&gﬁn%ggt%(%&gai\%k%ﬁrve tg%@ﬁé“?%ﬁ@rdﬁ%’grﬁ %Ehg”%gpg'c@% g
but, déneral | yoragier thgrorieguaitodobenzene is greater than or equal to

12, 20The supanaehdmarieiBIEhoadrl foshnperadisie a Apka of |ess than
or equa 0o - . a rerer re I an or ,equ - 0. ‘.
ooy of o1Demet (R £ DROIS) 8RE Tharl 7Sl «f AR be bni anid (50
aci d, hal depresenting thei atganio shlvast, Whialy is sifrdghemzenaci d or
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ment i A §HRUMG ¢y alia trifluoronet hanesul finic acid:
bi s-trifl uor offbehpie$8) fiodefined.as beingAhepioefcedissbdiatidry cohstaah opdhe s

of acids gy e IFERG6/98n

& qu be made of
perchl ori caci dandsul'furic acid;'pérchl oric aci dand4- hydroxybenze n
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conpri si ng84.

The acids used in said mixture are defined by a pK; difference, A pK,,
which corresponds for the same solvent to the difference between the pK, of the
chosen acid and the pK; of sulfuric acid.

30 The acid (A) used has a ApK; (8) relative to sulfuric acid of less than or
equal to 4 and greater than or equal to 0.

Even more preferentially, the acid (A) has a ApK; (S) relative to suifuric
acid of less than or equal to 3 and greater than or equal to 0. _

Examples of acids (A) that may especially be mentioned include sulfuric

35 acid, aliphatic or aromatic sulfonic acids, for instance methanesulfonic acid,
ethanesulfonic acid, benzenesulfonic acid, toluenesulfonic acids and
naphthalenesulfonic acids.



from60 nol%to 95 nol % and preferably from 80 nol %to 95 not % of an
35acid (A), from5 nol%to 40 nol % and preferably from5 mai %to 20
nol % of an acid (B). 10 Each percentage of acid expresses the
rati o (expressed as a percentage) between the nunber of noles of the
aci d under consideration and the nunber® of noles of the sumof the
two acids (A) and (B). The acids used in the mxture are conmmercially

available in d or qu or.,as gn,aqueous sol ution whose
concentr at i on%ﬂ’eﬂ'aﬁ'@'és ‘é‘Jt \ﬁé‘fg‘? Wd dthég%%byy&@?‘wﬁnzﬁﬂﬁs%ﬁo@fceﬁéﬁsy
bet ween 5@Uifanaled0% lydromybginzoic  acidéie shydrogyimrethediagifahior tdfis,
m xture ofy e pr ss of Joan .

anount , exp@gsrgé’gle EZéﬁﬁf’Sdh% H; of Eﬁ\%}% %)%d?&ﬁt@l\ﬁﬁﬁ%éa { of acids,
pr ot ons t&lyfﬂﬁéwﬁa aleaﬁswmr@saeﬂs@ﬁémynmy@amtha@nedlswmmacnds and
advant ggeaonigluyes thekedgfges bet ween O. 002% and 0.15% Thus, said nole

ratio is pref entla I 0 and 07% Accord| ng
to anot her va?] th%b"fYPﬁbeé‘EQ”% ntR'§ rretdheafﬂ%ra;&” tion
of the phéwdrqwbemzm*tesalf@m gcmbﬁﬂwdw@henzeﬁmsplfmacld bfsuifodaicylic

cocat al ystacidhbQidnics Ridse Qélﬁtlr&gawntﬂe @tﬁ‘l?br%B rh&ﬂﬁ)lﬁll.lﬁ’lyn {n@se
correspondi 0 Tor &S [T @gase&em?szapwwfaﬁﬁa kT

hydrogar b]gms dbydrazgibrgene))s BMIBydTbﬁg-l1f3-bmzbnbdlsaﬂolﬂar ba¢idat ofye- or
t t her .
rrggg hgl oge l’?}Q)drris‘Ss’gdre‘?‘{% l|8%Hrglba 'é)gzr\'[g%rﬁg %ﬁat are *%ﬁ%gq%g%gﬁ%}dg?ﬁﬁqﬁcr

reaction @KHditions, X represents a vaI ency bond, a -CO group, a
- CHOH group oOtRergleRtimples of acids that ma\fQ SRERAGNbE nrﬁeﬁfbr@&%cﬂu%

f f
o1 0up el AL BBt SIS
parti 88l arly Aspregerda the Iseaerd compenant RBH Oéltkqlmlg’tmgﬁ acids,i hdara or

branched al &%Eéld ﬁléoﬁﬁsamd with & gl 1) 1oREr B @t 5T3§Mfurﬁr and \nrhlch
conprisin on atons,” 30 - nonocyclic or polycyc

aryl groug%”Sh?F?Hgg?té‘fet‘g‘? xase, the rings together formng an ortho-
or ortho- andTbedev’vasbniutsws’tutmrmcalbeunggdlierd\dladtl‘ie)get(pan nitrabehizemd ¢NCy

bond, aryl r ehyl groups Ra and Rb may together form an
al kyI ene gﬂé&ﬁtgﬁsﬁﬁ;@%ﬁrf '1'5 nprising 35 from3 to 5 carbon atons,
rﬁ

opti of@l |y subSgislnewEg t&l“kﬁhﬂ@%h@w%eﬁ&eweéamﬁmor equal to -
condensat iDohand préfétably greatep@hdrybdr equat welgoal kenyl grOUp containing 4

to 6 carbon akggﬁple% &f%uéepafclc}sh(% %ﬁt?ﬁ% B‘é %ent!one :nc[ua e a/ergrrﬁorlc acid,
halosulfonic acids such as fluorosulfonic acid or chlorosulfonic acid:;
perhaloalkanesulfonic acids, preferably trifluoromethanesulfonic acid.
25 Superacids (B) that may also be mentioned include, inter alia,
trifluoromethanesulfinic acid; bis-trifluoromethanesulfonimide.
As preferentially chosen pairs of acids (A} and (B), mention may be made
of perchloric acid and sulfuric acid; perchloric acid and 4-
hydroxybenzenesulfonic  acid; triflucromethanesulfonic acid and 4-
30 hydroxybenzenesulfonic  acid;  bis-trifluoromethanesulfonimide and  4-
hydroxybenzenesulfonic acid.
The proportion in the mixture of the various acids may vary widely.
Thus, use may be made of mixtures comprising:
~ from 60 mol% to 95 mol% and preferably from 80 mol% to 95 mol% of an
35 acid (A),
- from 5 mol% to 40 mol% and preferably from 5 mol% to 20 mol% of an
acid (B).



11 or al kenyl ene groups possibly form ng part of one or two benzene
rings optionally substituted with 1 to 4 hydroxyl and/or al kyl and/or
al koxy groups with | ow carbon condensati on. In the description
that follows of the invention, the term"al kyl group of |Iow 5 carbon
condensation" neans a linear or branch&Qd al kyl group generally !
containing from1l to 4 carbon atons. The abovenenti oned

hydr ocar bon- base roups may be substit ted Wi fh one or nore,

ot oranrv B o ieRed Pl ant SPrasses I b (lntaced s ch pajcentage)
functi onaIbe@wwpﬁwesrwhbasofhrydeswf/thegmmpsderaidm»dprajmmﬁi be nuenber of
car bon lonq gggp?%té@qgf W&&r&g% al kyI oxycar bonyl groups

conpri si ng rom oms” I'n t ealk group, a nitrite
sul fonic or ni hﬁcﬁcgd\%wd By thi mﬁttﬁﬁ@f%rCOW%rCﬁlélV@yé%ﬁt&@ mollda%hqu'd

esptecr 5: | )fomhldbrasﬂ@n @qdebﬂs)@bmon Bﬂﬁfs@ﬁﬁbic)éntr@orﬁﬁﬁy%ng@rtfétw?en 5%
particul ar en ar anc cont ai ni ng
fromlto a{%l ds?l%ﬁ"ed@gr@d ‘?Lrg%r??]%bgg” %% (l?t/d/&l é'ﬁ{})q%tgr oups
cont ai ni ng f r SimeBtrong Iwotaatidrorabe mixture oﬁlad:ldaiskwed)rn thg procdssariyihe
groups COWérﬁrbHQnfarnoéﬁréuﬁtoeﬁpr%éééﬁm Qﬁ?‘r@tlo f 1P rvalents of
optionally substrt Y ? rox
oo FaSIEnS B A AR oD moBSpt PRl SHE AR, AL A5k BPABOUS or
2) to100 a-amd;mm b26eten®.002% handbl0i 16t Thupashid andk eatin rsrtpreferentlally
part i cul arclhgsérr 8%9@106932% Iy g:orr-;.zr bon atons in the aliphatic part,

to

and Rb nmay orman a yI ene or al kenyl ene group
corrprrsrng from3 to 5 carbon atons, optionally substituted with 1to

4 alt Kyl | grourmcubrorhd Oy GabtHen oarwﬂgaaltﬂlg@n ré’c?eEbuaf thee m@ntrardeﬂ;@st
articul ar, n a et o e corre I N
P oy virepliaigh OB 45 ERRURRS PbefRBLEL pelfinef B VRE, SEEEARR A "
al kyl 1§r ogpcaiamshi rwhrql f isora 1katons c@mbotmdat @mnd. more partigabarly dhbse he

ket one conpAUBESHERY ICRPROR (g to fornula (1), the ones that are

preferentially chosen are thOﬁ:? E’p;egﬂp di ng 50 formula (I1) in
which R, 30and Rb represent an*op TEz I tuted phenyl group.

Sai d ketoriuesaidrfpmnmidill)my be represented by forrrul a (1l1a) bel ow

(IRc), Bt (1la) g na SRR (s okt esg(ti? deﬁltr%ﬁ or é|ﬁ!ere?1'f'dr Eﬂese\“f?!;gt?r 'EE%olﬂe

i dentical or di fer ent’, 8 n tuen
prefefdbly an 8P8R4 gw%mtarﬁ@gg,r@np to 3 carbon atoms or together form a
divalent group, optionally substituted with one or more halogen atoms or

functional groups that are stable under the reaction conditions,

- X represents a valency bond, a -CO- group, a -CHOH group or a group -
(R)}--: R representing an alkylene group preferably containing from 1 to 4

25 carbon atoms and n is an integer chosen between 1 and 16.

in formula (1), R; and R, more particularly represent:

- linear or branched alkyl groups,

- linear or branched alkenyl groups,

- cycloalkyl or cycloalkenyl groups comprising from 4 to 6 carbon atoms,

30 - monocyclic or polycyclic aryl groups; in the latter case, the rings together
forming an ortho- or ortho- and peri-fused system or being linked together
via a valency bond,

- arylalkyl or aryiatkenyl groups,
- Ra and Ry, may together form an alkylene or alkenylene group comprising

35 from 3 to 5 carbon atoms, optionally substituted with an alkyl group with
low carbon condensation or with a cycloalkyl or cycloalkenyl group .
containing 4 to 6 carbon atoms; 2 to 4 of the carbon atoms of the alkylene



nl and n2, which may be identical or different, represent a nunber
equal to 0, 1, 2 or 3, - optionally, the two carbon atons | ocated a
to the two carbon atons bearing the -CO group may be |inked together
via a val ency bond or via a -CH2- group, thus form ng a ketone ring,
whi ch may be saturated, but al so unsatUdfated. The substituent is
chosen such that it does not react under the aC|d|ty 10condi ti ons of
the invention IS preferentia el ectrpon-donatin roup. .
The ter m el ecPF G 91505 SRsEIERREG RArb A, 058 Budrs Bavaye fnes
Brown i n the booklomallyJsubstitiNed chith 1Ady ath dwdro®ylgandor Ghleyii and/yr, alkoxy
chapter 9, pag %lﬁf&?\mﬁ{‘%v@% &ﬂ?éﬁaensatlon Exanpl es  of

substituents ﬂ} %{ or use In invention are
15f ol | owi ng: & %$Cft9#l°'a dakyspiie '@Y‘?ﬂi'ﬁﬁ terieannalky! @rpar:hoi lawy 4
car bon5at cwsborr aonabersationdr mieans - aalikeaty ogr srapshad rakyl S rR@pa gehd@iy

or branch%gn@l%ééf@pﬂ @oﬁ%}tﬁdr{"ét'a%from 1 to 4 carbon atons or a

phenoxy group group, - fluorine atom
exanpl es of kérher@ca@mmagd hidkocartongbasedcgoaps ynayube sbatitise wite

in the inygat bﬁﬂmr@PﬁFéf@r%blSBM Reamang lgﬂﬁfpspafr Fo'v@\éhﬂfo'nYC&fdénttld‘r?bP”e
conpounds fGOLIesp ondl%% '%’ﬁ f or mul % V\C band
el it e (oA SOV IR TS JNPA oionps. elksitsSups 3B o8 om
or a $0bstcondensatiay, hgdmxmuom)ﬂ@Vladqykixycarpoajd@ralh;bg/cmmpp@ﬁg fioon1 to
4,4", and gndaB89 aftgn¥vH ﬁ@a{W gP@u&ﬂ %e@{rﬂ%@ug&‘ilc%ﬁ'f hit ngr%hﬁd@rr\ﬁltl‘?gl'féllor

0 or 1. Use I referenti tone co
cor r espond§ gen atomlsoﬁﬁﬁleép‘%qﬁ'a')chbf'%@% OREN&nd Rd, which nay
be identical @ErefdrddlgrRdnd Reproes patticalahyoieegsn atom a net hyl,

bydr oxyl o oup) '“éaefe”ﬁ’gb‘f”g“ﬂf‘ﬁg’? o RS 5 TR o,
exanpl! és of kel mﬁr@thﬁa&whﬁﬁyalb%nmgmnsmontﬁenlp@ér@asg il 0 chRbonmiemsi on,

nention may becy@d @lkﬂﬁfr%y@l@ékbﬁﬂ'@bh;‘{s 8drprisiRG AERPA NG RErbdPratoms,
2- met hyl benzo

4 I~ o et hy ! baeDUaisps oftis e SuBSREER! SRBCE 38 hetiyhandior hydroxy

4, 4" -di met hoxybeﬁ@opﬂr@mgmupw hydr oxybenzophenone

- phenylalkyl or phenyl alkenyl groups comprising 1 (or 2) to 10 carbon

20 atoms in the aliphatic part, and even more particularly from 1 {or 2) to 5

carbon atoms in the aliphatic part,

- Ra and Ry may together form an alkylene or alkenylene group comprising
from 3 to 5 carbon atoms, optionally substituted with 1 to 4 alkyl groups
with low carbon condensation.

25 Thus, use is made most particularly of ketone compounds of dialkyl ketone
type corresponding fo formula (ll) in which R, and Ry represent a linear or
branched alkyl group containing from 1 to 8 carbon atoms.

Among all the ketone compounds corresponding to formula (Il), the ones

that are preferentially chosen are those corresponding to formula (Il) in which R,

30  and Ry represent an optionally substituted phenyl group.

Said ketone compounds may be represented by formula (11a) below:

(Fec)rH(Rd)n2

O (la)
in said formula (la):



4, 4' - di hydr oxybenzophenone 6- 4-benzoyl bi phenyl . The anmount of
ket one conpound used, expressed by the ratio between the nunber of

nol es of ketone conpound and the nunber of noles of phenolic

conmpound, may range between 0.01% and 20% and preferably between 0.1%
and 2% 10 In accordance with thelgrocess of the invention,-a
phenol or a phenol ether is reacted with hydrogen peroxide, in the
presence of a ro proti.c_acid.and. optigpally of a ketone.

e hydr ogen. el GRHdRE Jatsl meubedfaiabot fSient aRbredantafidosen sor
form 150f an aguecubsttoknt, ipoefem_bl;am efegann-closeling group, Since the
aqueous sol ut o', Wich Fe@td MeRAZITRE Girfirbot, AL LuBEY odich

preferably used. e concentration o € aqueous hydrogéen
per oxi de sol ut t®H; 124 ®hdugh not critical per se, is chosen so as to

i nt rOdBCﬁ SS Lidptionaigt e B l@tﬁﬁﬁinbh_ﬁ)tniﬁlmdbatl_létﬁg%b ltfﬂa’vl@thb(?dtfarﬁ@ﬁ“aim\f sAN
aqueous hydrog i i on Wi R concent ration of .a
st 5008 by @?gﬁﬁé 630 BRI R ofite o diber R ASRRY e v
gener al | y used-CHer grquecdhys figrahing arkefancoingl evhich may de seiturated, het glso
concentration @hsiidpgefanging from30%to 90% preferably from30%to

70% nore preferably 25 from40%to 70% and, even nore, preferably, from
45%to 70% i sﬁﬁvﬂfﬁ%ﬁ%\m yFIORGR Sch tha It79ReS AR, FRACH UNFRE iy dkidity
per oxil@e royditiengef the inveritiod. Ho$ preferddtailypsmT elbcinmt-dohatingogroupt e of
formula (1). " S 1k N er obt aj Hoghst bl al
accept abl e_vyi glhg : telrrtn iesledgtb\gfe%%%’lng %@Lﬁ o] Wjésaglsagr@%gpggadeéng BWH.'O.’
per oxi de/ (FHEWS! indhe Jinoks By deviMancht fdvanceddriaginie Chemistyy, Lhapter 9,

pr ef er abl yagee?48.403 242 1986). The phenolic substrate al so

ol vonta. 1 or *els<5 sl thelt ore Sy o U e ObliebE ot

i nfl udhce fOllPWiRG reaction rate, it is 35preferable to mninize its

presence: wat eling@orfahtHddOslAtFo Y SorithRingSRim Qb s RGbomarReci al |y
by the reagents ninitial water content of the nedium

sed 14
of less than 2@0}#@1%\%!’,053{ and preferably less than 10% by wei ght
shoul d pr ef er eatkoay igyours eimopriging a lineafdvebrancheshalkyl cheirgtdantsinimgeiin

of water are e i i.xture of substrate of
for rrulg% 0)/ hyd?gagﬁg?rﬁ)%ﬁ% ﬁ??ﬁ?ﬁ%&hﬁﬁéhi tial water corresponds

to thé%ater ratPE gQ4P: h t he reagents and especially with the
hydr ogen per oxiadRiorine atorihe vari ant of the process of the invention

consi sts in addl B%@@le%ﬁ%’?%&rr% %cfrﬂé%(}hrﬁ%ietﬂgt LSRRty SRatR L ik

t he medi um since’ [ .
the invention, mention may be made most particularly of the ketone compounds

corresponding to the general formula (lla) in which R; and Ry, which may be
25 identical or different, represent a hydrogen atom or a substituent as mentioned
previously, preferably in position 4,4, and n;, and nz,which may be identical or
different, are equal to 0 or 1.
Use is preferentially made of the ketone compounds corresponding to
formula (lla) in which R and R4, which may be identical or different, represent a
30 hydrogen atom; a methyl, ethyl, tert-butyl or phenyl group; a methoxy or ethoxy
group; a hydroxyl group, preferably in position 3,3' or 4,4'.
As specific examples of ketones that may be used in the process of the
invention, mention may be made more particularly of:
- benzophenone
35 - 2-methylbenzophenone
- 2, 4-dimethylbenzophenone
- 4,4'-dimethylbenzophenone



10 correct procedure of the process of the invention, especially in
the case of phenols in which the yields of hydroxylation products are
| ow. Consequently, it is preferable to inhibit the action of the
netal ions. The netal ions that are harnful to the procedure
of the hydroxylation are transition nmefldl ions and:nore particularly
iron, nickel, copper, chromum 15 cobalt, manganese and vanadi um

i ons. The tal jonps are introduced by the reagents and
especially the ﬁﬁpﬁhaﬁ?ﬂﬁg§b§ﬂ9§§ and the apparatus used. To inhibit
the action of -désimatoaybercophentnsuffices to performthe reaction

in the presencg.@Qfdr f onpl exi ng agents that are stable with
respect to hydrodgen gereog?@?@rqg whi ch give 20 conpl exes that cannot

be deconposed -4 HiREbEBAPNENOAS present and in which the netal
can nosgl onger -@Xsarizogksphehgim cal activity. As nonlimting

exanpl es of c | exi e ially af .the
vari ous phos pﬁg{gi %ﬁg@&dgpﬁé}éﬁelcﬁﬁfpgﬁé Lgﬁﬁdhggﬁlgggﬁiﬁy?%gc@g? beQWeen
met a- phos ihe Nusbge Pl Maiss ebkaiens eemnpound and foe npimbep hbmiotesaef phenolic
phosphoni GoRRsineS mEyGAnas behvddifb@Mye LRyl 2 | BRPRA PBbGedD 4%
phosphoni co cjé,}i, et hyl pﬂggphoni c aci dﬁtgbungedﬁ%g%cgsphom ?gggei%qu "
Use may al @ made of esters of the abovenentioned acids, and
menti 88 may be nade nore particularly of nonoal kyl or dial kyl,
nonocycl oal kyl J I v i

or t hophosphat (Ians ,95?%?5%%‘?%{@4‘ ?%%rogtéﬁéﬁp@ra "El?léer@h% a Eh%@% ?\JIétl%g ﬁn\esi eﬁher
phosphat e i$ ESRAteh ¥t hyslieggih pewxiste, ik s Prasepsp Rheestrong protig @cihaitht
of conpl exiptign@liyestta kitpeeads on the nmetal ion content of the reaction

di Th i i i .t he,. f
ol exi ng. agdhE BB taRBe 88 bl e RGBT o b fgrm
t hat A8ce$tanpaueoLdpPILESN Phan prgalic $elulion.General |y, an anount
representing Bimd Befebas 24poAs Bf@ﬁ%{r@?&%éﬂil@rc@mn%r%%% hoaﬁlalb?né’@thay

wei ght of _the rertaa%@l on diumis suitable for use.

accor danc & GPL4e lbsf ess of the invention, the m xing of the
reagents and {The d¢ordeoitgiiat pbithe egoeoesn hydmgsncpereside edojutioer, fatthoegh
Accordi ng i Ll t; i i ;

phenol | o SoEcc PBEs¢ 1EBnpNer} HFaBkoRRBALES o e Bl ae lesibiBito e |
cont adP: tHECUQE; ediyg; ar aqu OHFrgHW@SS“i ReWXidge SpIUiPRgWED egN aRdPor
at the st aohceidtrdtion dfyatreast|20 by weiglet amthpreferablyAsstweeh 20% ana 9ok4 st

vari ant of re i nvention, a conplexing agent is added
to stabil ibyé'bk[q%@ '%@gﬁ(éfé“g?.”%%‘?oxi de. 10Accordi ng to another variant of

the process of\nt ABUgQUSeRYGragen Paseae Aojwion with| & svaighddconcentratiroef a
practical _HEO%W@@QEH% fron mt% m("j 06%, fﬁ%f@:%bl%%on} BD‘*/@!@Y@%P?&@?@@?&W | ts
consli S | S r.a o | roauci n e no 6] un (6] I Ona
Copnl 2hantt IP 2 870K abf PR s drererasly PB4 ETP o o ihbagiusy
aci d cat alopeserts and t he hydrogen peroxi de solution. The cocatal yst

is also intro ; } X BPE i r d
at a tenper t@‘r\g%ﬁ]&?ﬁﬁg?ﬁgﬁﬁge& %eg?xgg‘r?nﬂgr@g arti n%sprﬁgln%flsH%t?z% e}{nrgl
ether to F’éﬂ& ﬁ“lP*T’tEﬂ??&’f QEaR @brrperature is chosen as a function of
the melting péiomevef, it bedgrtenbtadis anlindustaaly: adseptabimyidi, [ithie peéferdbos

20 ex I )Xl alj i : e

gener 71y T He0R Tideh GRELAE b, A B lan8 of ﬁ%ﬁ@ﬁ Yo Ostend
per f or ned PEeferatih fpm Bd3rlead1P ohhe phenalin sehsirate alsosadvantageeuglyldats | e
during thiag solv@Bt so as to avoid the use of other solvents, for example water.

Since the amount of water has an influence on the reaction rate, it is
35 preferable to minimize its presence: water may be introduced into the reaction
medium especially by the reagents used.



Thus, it is desirable for the degree of conversion of the hydrogen
peroxide 25 to be less than 25 nol % preferably between 0.5 nol % and
25 nmol % and even nore preferentially between 0.5 nor/o and 15 nol %
To do this, the tenperature of this mxing operation is

advant ageously chosen to be not nore th4n 85C and preferably between
45C and 60C. The tenperature during the m xing operation is chosen

hi s m xi ng SCOpTHP At ot BF e R hrass iian, A0 BY Weloht ahd'®
Speci fi calprgferabibeless thars10%thyoseigbtishautd prefgreotiallyaret ¢hasedur i ng t he
N0 bh LeTHESHRBNG WolyR! Eiteh® BT gt &rd REpHRBER Erclive 1o tho
That 15 | iIENES BERNEG GHGETHS (NBREGaRRRPRgeREsicen 45C and 60C
that is i en an :
ﬁGd 5I | f t h@hiainitlay statbrs cooésddndsi tot thedwated irﬁttoddﬂ:fds\hiiﬁﬁ thefreddents
yar oxyl at} r I ation may take place at a

hi gher ter%@%g’tnggléﬁy %Pé’ﬁ]@ﬁgy)oééﬁgsp&gc{e%c The m xi ng nay be
performed at atnospheric pressure, but higher 5 pressures nay al so be

envi si oned. Feynetyaapt 6f thelRoEedLSS Pk IRRINIBR RohsiBittn 2RMiMpan aBset i e
may be suitable fo rformed under an

use, .. Thi s, st may. be .pe d
hert - at moSBIREHNG hs Metal infissPrRaRt Mrife MR mCaING e BXe JEITUte M en
bei ng1pr efcermeeid peedoreabfl yhe pracessuot thef investior despgtiadlysin. theOdise of
resi dence .4 i } i o
i xi ng de&’?%ﬁg'ﬁu"*@%%?g%gﬁﬁ 6 WichoRliatdifprbRAGS P8 PR HReLDettE s |,
of hydr og@fefBErd iiBhity thapetioregl the metatigpst hi s ni xi ng of the
rﬁaglegt E , t heTh;dﬁ@mygmtsitbat &@A6drnefol fosthpairbesdre of the hydroacylatibn are
snou e 1 1 n I | | \
Tor et or oieray " Rl bha thd dhdeel RARIUERY FOE BEREL AbolECktnle,
t he i hfentCrbalt.dbargansse apdivanadigisionsqui d t wo- phase syst ens.
According to gRe m&aAl Rfker ShirédRedt tiether Ragssts tndt @@écw?rtﬁé Qfbrtikdne
hydr oxyl at i r.eact 'dq(ﬁ iS Eertf orne f”%ﬁﬁb'ﬁ i abatic fctgndl i an it
The heat é\‘:‘g?r 85 5§91 HE PRFERHDHSEDT 17 his pEn Ol PeRA R RHENS, |
reaction 20ffigesdeemkriosm tivuteddtiobeinrijenereessear pf baepar Mmorencamplexing
external tgERRS fldir &ref %%'Ié“gﬂgﬂ respect tEEhH?dr?gglgi 6&8@&% ggrhaq SwiReH fquared

in a reactor ich has the acteristic o n [ ¥ .
i nsul 3P ed SPPBREREthak carnel be decAmprged ivith thepglrerig Aelds prgsent and in
adi abat i c wictdibei metal c4a ne forigee eeard bhg chemiday adivityhe reaction, the

t enper at ure 23i.n n lY ~k N £aC I
reactor made 0 g‘%ﬁllﬂﬂfsﬁﬁ?ate %%%Bl‘errgt 8|rrj %#rn@sgaﬁﬁaé%rg? i Ouusg We. Qﬁa.@e
(pol yvi nylesaeially plidie yayousPRtosRivIig\aaids. fehinstanse) odhopppsphoric acid,
(pol ytet r@rﬁétacpmepmﬁcea@ilh. ppto ﬁeéphoﬂg'lac_ﬁﬂ, p?lyﬁrgcss%haﬁllslacids, Iohedphdrii¢
exanplLe wi carhbpn _ar (gl . itrifled ste r ass .
Coact ey mavts S5ehe B R El VigeieatiohSoroRl 4 RioslhdR acic
i nsul at i ngthyhasphenieracidepdwinyinhpsphonitiecidase of reactors with a
metal lic framesgr fhayl 8lsbObé dHadé  ofSBsafs 1P ¥ Ohhv@MerkiBREABACIEX CARNIe
with the exterior. . .
mention may be made more particularly of monoalkyl or dialkyl, monocycloalkyt
or dicycloalkyl, or monoalkylaryl or dialkylaryl orthophosphates, for example
30 ethyl or diethyl phosphate, hexyl phosphate, cyclohexyl phosphate or benzyl
phosphate.
The amount of complexing agent depends on the metal ion content of the
reaction medium.
There is obviously no upper limit, and the amount of complexing agents
35 present may be largely in excess relative to that necessary to complex the metal
jons. Generally, an amount representing from 0.01% to 2% and preferably from

0.01% to 0.3% by weight of the reaction medium is suitable for use.



Laggi ng may be done by wapping the reactor in |lagging such as gl ass
35 wool, rockwool or insulating synthetic foam especially
pol yuret hane foam the |agging optionally being covered with a
nmetallic coating, for exanple made of ordinary or stainless steel.
17 The reaction may be perforned &% atnospheric pressure, but
hi gher pressures may al so be envi sioned as nentioned previously.
It is also possible to performthis step under an inert atnosphere,
preferably a nitrogen atnosphere. 5At the end of the reaction, the
hydr oxyl at i onIpacchrdanceyith éheeptooess sefhariatadionr tha mixiguoicthe vesderts
substrate I Vi cocatal ysts via
<F8ine By ERGN PRicBh are bR SN e

the usual neans, ~es . or liquid/liquid
extraction, afgcewiigejed figst: $ep rafadei prpceenal e avertian, vihenghapslici n

a st epswhistBstigiesand {as hyliigehNeerexBs tdclton 3 pRCAE GRCHAREE el fidn
enbodi nment Yair' ant .o

f, the. h i X1 f d
the. nydr oxFIA S nBaubRE R tnbiisirg cer e fa st he PRty
this, at Ireasiiont he phenolic conpound is preheated to a tenperature
above 70C, prﬁ%@é@ﬂ’l%})@ﬁ?ﬂ’l‘@ﬁ@ar@@o@@ﬁe %%esg_ﬁf%é INE] tBﬁP‘a%rﬁﬁ%ﬂn%n q

reacti on 15under I;abatic cond|tions. . e phenolic’ conp

t he hydr oj’@ﬁnb@ra&%feeéo §%ﬁbﬂ'tzf3c§|ﬁe hg@rog@n FEENDapar at el y. The aci d
cat al y8t nmay Becomingiduaredhsezaiaat of the procdsstalthe inventig@rd coditalidtes
start of talikﬁo r tion. 20It is also possible to prepare prem xes of
reagents, phenolTc substrate and hydrogen peroxide sol ution: the
catal yst t henFB¥Nng Pigclierluviewpaidpbapaprfgred methpd faieimplementing ke

presence @éagerk®RBhSISING agsdthtely MtcagRiat theayhdRlic BondsbigRdepticially

exanpl e, in h | ic substrate. . [,n thi riant,

Ceast ¢ he DRERBITIELENE o Forbho BBt ctiopaly 7iof Bt e &84 eatilyst
opt i oial | yndoske bhydrogepnr parexidet (soludioher The agesatalystudh alsot kréroduced
hydrogen pepaegkélg sol ution and the acid catalyst. The reaction is
perfornmed as scrj bed aboyvye under adi abatic conditjons. According to
a preferred e Scﬂ’i"ﬁ‘é‘ﬁtOP@FatE%Sipﬁﬁféﬂ'ﬂ?‘é)ﬁ?att%p?’@é‘ﬁéﬁbét |§Isgfﬁ§(§anﬁ?qgé€e
t oget her istardngrpRemy ool @hienel etheli presham liduid Sdid teraperabde feahidgen as a
means, an j 1eS o Nely d j i

Cond ] ond-tBn L HG RbinCof SOl ISR 26, RhRRichol. for
enbodf£fenexgmple dhe (RiZiRg; cReraieisspasforaedmtyd tjmpsratuie gesgtplivtarealss
t he hydr oxtydrati enesérep2a.e perfornmed under adi abatic 35conditions in

SrEhol T2 buceThERE b0 el bt BelBhal s Bon o
r eact i on. starts very little during this step.
Thus, it is desirable for the degree of conversion of the hydrogen peroxide
25 {o be less than 25 mol%, preferably between 0.5 mol% and 25 moi% and even
more preferentially between 0.5 mol% and 15 mol%.

To do this, the temperature of this mixing operation is advantageously
chosen fo be not more than 85°C and preferably between 45°C and 60°C.

The temperature during the mixing operation is chosen differently

30 depending on whether the catalyst is introduced during this mixing step or at the
start of the hydroxyiation.

Specifically, when it is introduced, totally or partly, during the mixing, it is
desirable, in order to minimize the degree of conversion of the hydrogen
peroxide, to choose a lower temperature that is in the defined range

35 preferentially between 45°C and 60°C.



18PCT/ EP2012/ 058961 Accordi ng to anot her enbodi nent of the

I nvention, the second step of the process, nanely the hydroxyl ation,
Is perforned in a succession of at |east two piston-flow reactors
mai nt ai ned under adi abatic conditions and separated by a heat
exchanger. 5Specifically, to linit anyl®veroxidation |eading to the
formation of heavy products it may be useful to performthe

hyd | ation t hus, se st,e . be .
ot o oned, 1 eeleedin BRSO BIORdeecLrl thE AT Bh R B apaie Rection,
adi abat i c thedexiagdperaionemay itale place at @ lighern teaerstusay yléch edhytlse up
cooling by,@ gSél ng through a heat 10 exchanger so as to Iower its

terrperature 5C to 90C and preferably by 10C to 40C
hydr oxyl ati on |h§ EBHRG neY PR Redeientt %eéWQﬁP"‘BV%BWéW%gb%tamﬂher

m xt utrj_a | ¥ @s@r@@ﬂﬁ?dal@dl@b@ﬁwﬁoh@@cfﬁ@* exa@aﬁ&espre@@urhegl cﬁfatbétWeten ‘Ilgnd
accordi ng anog e e invention, the reagents are
m xed togezioﬁé?'araﬁ? §IuFﬁ'{ArT'J|g %egsg,{}%g%fg H?epped with a stirrer and heating
means, and t hdhisgiepxydyae parf@r@mmuh@ram inert pémosphesd, fonesamplerungdeof

pi st on- flm«rdﬁ%mﬁdém@bﬁdnit%geﬁr@é.ﬁg?greferred es ec.afh,d\sﬁné&%ﬁpéf ¥s
at | east onﬁwglston | ow reactor 1s use to |np nent the 20 process

of the inVg& The term "piston flow' defines a unidirectional
fl ow 1@ whi ch Thernreaideheadinpe raneintieciehareratard o€ the geactianl meding linlitide

streams ”rﬁx%ﬁ]beéﬂ‘%\h& B} é”emg?@?r%cﬂe fbf tﬁé"c{ﬂo@eﬁ ld%z‘sj’ree% g éoi?ﬂrltelasllon of

m xing is per whereas t 'S no axia
t hese condVEIQses Rarexide HssaiddeNicas bei ng met when the flow is

§5t ur |b3| ent rrbAﬂer tHig muﬁ?@sf mateageﬁtbamemyﬁfdmatnantr@é&twhagbeﬁb?mcf Ihe
eyno S nu (0] u ferent,i a

nhono] &5, DUTOR! shull 68" et 0B i s (Ragil T rPirib] Eibti 8
r adi all5mi »prefgrentialne qra-phase aysiemheorapriniyg belicud aha@%\cbutrthwm@ntuon

this case,dotggrnogeﬁgw@bgl§_|, A3%E- lefaSég §[epn|gan about 5000 and m)re
30particularly | es reactor o

reactor is pa&?@ﬁr E b%‘?%%&ﬂf%ﬂﬂ?’%ﬂc |°§ Fr HESGFR IﬂEe 'QV?'@PQI ItBg
that the dgtiraxytation redctiohes Resfomhetsunderizeliabiadic conditions. d Re= 3511 in

which: - P 1S ThBRNONRR Bithe VSR Slinddicof itk b B reabfon v
proceed, without it being necessary to perform any external temperature

regulation.

Thus, the reaction is performed in a reactor which has the characteristic of
being thermally insulated from the exterior, such that it is performed under
adiabatic conditions. Given the exothermicity of the reaction, the temperature

25 increases naturally in the reactor.

it may be a reactor made of an insulating material such as various PVDF
(polyvinylidene  fluoride), PVC (polyvinyl chloride) or  PTFE
(polytetrafluoroethylene) polymers, which is optionally filled, for example with
carbon or glass fiber. A vitnified steel or glass reactor may also be suitable for

30 use.

Another means for insulating the reactor, especially in the case of reactors
with a metallic framework, is to lag it, so as to avoid any thermal exchange with
the exterior. .

Lagging may be done by wrapping the reactor in lagging such as glass

35 wool, rockwool or insulating synthetic foam, especially polyurethane foam, the
lagging optionally being covered with a metallic coating, for example made of
ordinary or stainless steel.



- dis the dianeter of the reactor in m - uis the dynam c viscosity
in Pa.s Generally, Re is between 1 and 1 000 000. 5According to
preferred enbodi nents, the piston-flow reactor in which the

hydr oxyl ati on reaction is perfornmed is a tubular reactor or a columm
react or. In the description that flél 1 ows of the present

I nvention, the term"tubular reactor” neans a reactor in the form of
a tube, and t term." colum, reactor” .means a vertical reactor of
circul ar crosgﬁgegﬁc jan gy be pqrhogn}eﬁlvgﬁtq?rgﬂsg\w%c Béeﬁf’HB‘?éré‘t‘toB@hﬁBre
clearly opressudesyaytaisales envipiched ashagntiookd pnsviowdy.ch is given
purely as an examli& ﬁH%@ibrI%C{ﬁ ﬂéf@rrﬁ Shr ggﬁﬁ dnet Néy alﬁér’f‘cé‘tﬁﬂ)ésphere,

drawings 1 to 7. ) b st practic enbodi nent of t
i nvent i on AF&eTally,8¢itERQST #POSRBS: t ached 15drawing in the form of
figuresl. AtHRhguend lofi thea resdtomatthe Nydrox\Baticrd prodicismayi bedigef or

i npl enent i ' i i i t i
ATiror asebaiid KBMEMe (Rondited Buschely ?Bé-e@ﬁétsa%@aﬁfﬁiﬂba??%ga&esas
wi t h mean@nfgrocatalysgeivigi the usHal meais respecialyThye disébation emiguid/liquid
conpri ses extrAbfdroNarfd ev¥hvesaat1er theeaction zohk, bNAirSkthy Qﬁgé?;{?d_t €a step
stirred reactor 1%3 a,ga[r@actlon M xture is obtained,” which is _

i nt roduced” '?‘h B5%Hh Bls W?‘I’Wa}%actor (2). Figure 2 is a schematic
vi ew 80 apparatus which conprises, as in figure 1, t wo
assenblies, b | | fhser ' : G Sty

reactor is ZSF{ea}eg%rgan% %ﬁaaﬁ] g@ib)esg @%%B@b?éﬂqﬁ ﬂggﬁhﬁé@@nhieﬂa% éﬁgnvg gf a
heat - exchd?gEeagentsard hedvdrendation reacticnare paierad sindiagegusly30) and
exits at (31) To do thishritibest thaiphehointompoutiiteisi preRsated o S tephsmatuby

R e L e L

lies in a prston C A ( equi ppe

30i nt 18ducinAgr agiabaticaepnstitions. The reagents, which are optionally

preheat ed by Fraémaoﬁdﬂe@m?bum haath& xgidBeR herdide kOGN HEthd Db&Y
reactor (2). Figure is a schemati ¢ view of

t he pi storé-fl oag
appar at us SOPY eEh"e_f or performng a variant of the process of the
i nvention in Whedtid hatalyst tmay beiintrodused sepataielgdinstotdl arhintparhat the
35r eact | oRtdrEAPRE RN S Staged. The apparatus used consists of
l.I es.
sever % assen‘ﬂ ié %?so possible o prepare premixes of reagents, phenolic substrate and
hydrogen peroxide solution: the catalyst then being introduced separately.
In the case of the presence of a complexing agent, this agent may be
introduced, for example, into the phenolic substrate.
In this variant, at least the phenolic compound is preheated, but it is also
25  optionally possible to preheat the other reagents such as the hydrogen peroxide
solution and the acid catalyst.
The reaction is performed as described above under adiabatic conditions.

According to a preferred embodiment of the invention, the reagents are
30  mixed together in a mixing device equipped with a stirrer and heating means,
and the hydroxylation is then performed under adiabatic conditions in a piston-
flow reactor.
According to another embodiment of the invention, the step of mixing of
the reagents and the hydroxylation step are performed under adiabatic
356 conditions in a piston-flow reactor. In this case, the fluids (at least the phenolic
substrate) must be preheated in order to initiate the reaction.



20 The first assenbly conprises the reactor (1) equi pped with
means for introducing the reagents and for m xing. The second
assenbly conprises at |east two piston-flow reactors (2) and (14)
separated by a heat exchanger. 50n exiting the stirred reactor (1) a
reaction mixture is obtained, which is1Bntroduced iR¥WEPRE12/05896

pi ston-fl ow adi abatic reactor (2) and then passes through the heat

exchanger, in which it is coole ja eat - exchange fluid 5) .and
Subsoquent |y AGEPIRE taibroibe eRaofiarD ! S 0P etk dre c7g SRR ng
react or ( I9pcesshaametyr theyhyairexylationd iscpericrmaiat ini ansdccebSidaairaileust two
preferr Ed.p‘?ﬁi?ﬁ-‘?lpﬁﬁr‘étagtoré *ﬁ?aiﬁt%gﬁdoﬁndé? é’é{i‘élfa’?ictc!b%dﬁ%ﬂé%?%' ?ééiaﬁ’é'ted by a
reaction i's performed I'S a tubular reactor or a colum reactor.

Fi gure 5 ihgahexehanegli ¢ vi ew of apparatus which conprises, as in

fi g;Jr esi}i t wo %@&t giehiy, &8, lin:iit”an\g’fﬁ\@ﬁ’%ﬂ(ﬂétfcﬂ @a@mb%/toi ﬂhe{ f@ﬁﬁwfaltibﬁ of hea%/y

| Ston- Oow I eacC r 1s,re W n rr . Pl Ston- 0 reac rs
P ounted | Pdfas; Bimes b Befli 30 @triofmae T atioh b Sl Stadcand
pi ston-f | dhus sexaralrdepheaytmyervisiorstl i n the process of the
vent i On, e L O /Ard31ioR CRARTLH Gs 'AARES ! ibdlicOmoRe! bRl e

reactor formed from co Een ric tubes. Figure 7 is a SC T

. ) Chema
r epr esent dBRGHPTOMPEUIE RRIEHIEY 1§ EWPIGRIRI! tor FROIDG DY Pasﬂ“ﬁﬂh@%ﬁg‘t aihead

accoun ofexchangarasnsasfo lbWwer itsicenddrature by §° Can 90T andgirefeeatte by 00°C
figures 1t69f07(3 whi ch schematically show the steps of the process of
the inventTon, W thout, however, limting the scope of the invention
t heret 0. Accorl@ienydrexyiakienis ceptiaadnithies segoncheestipreRyi emveying said
m xi ng andnigfuré yo @sdcaht @dizbagd sedbior, BAJ BEOhor med: - successi vely,

i.e. the reactdon mxture prepared in.,a first ntai ner equi pped with
heati ng means N haatBe oA rbeimedt of AR RYEaor” dheBSGerts
si mul flénecus| mixed. togethes ineageinng dewicei squippeshetitien stitteri ankdieatingy
subj ect ed rﬁé)aﬁé?%nﬂyﬂb%wr&wé@bn%@o%neystﬁmé PaH6IhEd i BhCartdifof piston-

pi ston-fl qQqw 30reactor: ‘one re of the reagents being preheated by
passi ng t RICYUGRCTH MAUNELIR AR bef or e being i ntroduced into said
reactor. Figures 1 and 2 illustrate the process of the

et 50,4 A8 St find B ERSR S RNBR it d
process of the invention.

The term "piston flow" defines a unidirectional flow in which, in a plane
perpendicular to the flow, all the fluid streams travel with a uniform speed. In
such a flow, the radial mixing is perfect, whereas there is no axial mixing. In
practice, these conditions are considered as being met when the flow is

25 turbulent,

it is estimated that a flow is turbuient when the Reynolds number is greater
than or equal to 5000 and preferentially when it is greater than 10 000. When the
flow is not turbulent, the radial mixing is not perfect and there may be axial back-
mixing. In this case, for a Reynolds number of less than about 5000 and more

30 particularly less than 2000, the tubular reactor or the column reactor is packed
with baifles and/or is structured.

It is recalled that the definition of the Reynolds number is:
p.v.d
Re-

35 p
in which:
- p is the mass per unit volume of the fluid in kg/m?;




The m xture of the reagents nmay be stirred and heated in this m xing
device. 21 The jacketed stirred reactor represented in figure
(1) and the jacketed static m xer (13) are exanples of m xing

devi ces, but other types nay be used, as nentioned below A first

cl ass of m Xi ng devi ces concerns machaﬁ?cally stirred reactors. The
S5reactor is generally of vertical cylindrical formwth a flat or

el liptical base., ct.or | .S equi pped with neans for introducing
t he reagents, Hé%l enfgo ﬁén Sstirri ng system and, at the bottom or
top, a systemﬂdsthedlhdmwofghe hescterdotmi;on i xture. The reactor is

al so equi pped-wis theadglemmiceidcosityipaBalsi ng t he tenperature and

pressure. 10de%ng¥é“gng{e |§P8ﬁ5ée%rf§ﬂd'1'b0% (?(R)actor whi ch has good

per f or mance mat erl transfer and heat
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contents reactor, mechanically stirred or not, with the aid of
a pur’rﬁ on an external | oop. A third class of m xing device
illustrated byh&iiguerdich wilinte mederstooer mo?d cleatipar readimg did dgs@ption

known 2> SHABISW] SAER is e @0%o 0 A0kl I ol I PrcBRct hS

ot her ers, nentio
made of té%é‘ﬁ@qihﬂd Jrawingsxelos]- i npact jet nixers, or ej ectors

For the "stat M\Cﬂrsﬂbm@al SAbb@ikfent Bf &fd m\/énfmy;éomuéﬂraita@ heCditahied he
statlg Srerers"gﬁbeg moj:}lb( d nics, etc.), a bulk bed of beads or
parti ?e ARG 5F H{ ‘foams etc. AII these m xers
force the strEiguse df isf Ausctientatid View ta appehatng suitallecor whplemeading dhéer

by di vi di qRgydnBbR, aﬁ#&@hfeﬁ%&ﬁ?fse@h&%@@émﬂ%ém' | -scale structures.
These structur eﬁré‘»l ncr eg&gythe cont act ace bet ween tSe fl ows of

reagents. 30 ATHE! &5EH CAMPFISES & BiF ?tﬁg $HEed feagkerdy sAwpnsd with

i ncr eased nyansfanmtrotiuciogltise ovagehis es present inside the reactor or

via agbeal - exqhandeotd Uil CHhER0aldidn ifikighotor o) Hea! - exchange

fluids that na t1rone steam or a
sui tabl e or gaf m%wt{ﬁérﬁf the shired saasirrd 1hd EaasHen Mixtureisroblaipad aghich

35di phenylis pitragucaitthedsisiytiont ﬂ&%btori@)SI licone oil, a paraffin
and/or napht h%%'u?e 9 |£ 'a Q&t rn%t%%\g'o? ppa%tttljso\?vhl Sc'ocri#perlss’es 55 in figure 1,
two assemblies, but which differs only in that the jacketed stirred reactor is
25 replaced with a jacketed static mixer (13) heated via a heat-exchange fluid
circulating in a jacket, which enters at (30) and exits at (31).
Another embodiment of the invention is shown by the attached drawing in
the form of figure 3.
The equipment lies in a piston-flow reactor (2) equipped with means for
30 introducing the reagents.
The reagents, which are optionally preheated by passage through a heat
exchanger, are introduced into the piston-flow reactor (2).
Figure 4 is a schematic view of apparatus suitable for performing a variant of
the process of the invention in which the installation is configured such that the
35 reaction temperature is staged.
The apparatus used consists of several assemblies.



22 From a practical viewpoint, the phenolic substrate (3) and a
hydr ogen peroxi de solution (4) are introduced into the jacketed
stirred reactor (1) according to figure 1 or into the static m xer
(13) according to figure 2. In the case of the presence of a

conpl exi ng agent, this agent may be 5iA8roduced, for exanple, into

t he phenolic substrate. A cocatal yst feed deV|ce nay also be

e shoned o 5 SN el B Sy Bl B
i nt r oducedntenduchig thadeg@nts aﬂd“ifm* nmarngous reagents ar e i nt roduced
gradual Iy, pr %@rs?é&byd %%QéhBl*&%b?WnaF%%' Iéaét%fc‘: &%tohWHvPPéé%‘terrtzPﬁh&}‘g

regul at ed X neans e mxture of reagents

obt ai ned &% Wfﬂﬁaéyﬁ&ﬁt@ﬁng%d figure 1 illustrates the
producsi on of Grhexltmgttm stifyd esactbl {Dha ngadiohanixire! igtdbtdint®oRhiahk is

2t the boritaspiiloSnd bk Aol lavellE 361 (3 Anflid hlsess o gRiR"
react or athe@B)exchaegaroriaewhichr i Ub ageaed ofia téhhaat-exchangsellng éHyured
by a punp.suBséquih@MinttddiucBE b ad Pigton-flow redct(dng to figure 2, the

t d.t f .t t t ft h
reagerte e gt JHGHlE AR e & %chc%gs%ﬁf%@s - exchange
fluid10n a | aélced;rdmg to préfermedremisotinieptse theoreslcior in tvbich the gdicxylation
per formed undef IQ?B%HQP% Bl Fedctd g 4 Et?}ﬁﬁ'lhq‘ﬁaét p.M ni m zed
Thus, the tenmperature o

IS, mXxin gera ion is advant ageously
chosen to be HEUrGSE %%%@\&%08@@ ¥ yhisBiGpemiisescasiifgigse. 1.

25The r eatwb @ssembie dut aghodugiffgrspaily or thed tind pRlaPiRhesacopicasplced
but hi ghew,@r %Héﬁﬁf o anL@O%‘?T&[%tO?QH n?éheﬂ F%EE%Fe‘iexarrpl e, pressures

of between e Sui for use.

This 3Pep myFW%ﬁﬁg@oﬁélH9’ﬂ‘@fé s @frmré@ncﬂmrea&tprsrﬁl@attmay RedisRdriR,
for exanplige ymﬂ;@gsafwqu@éhﬁ@h under argon, nitrogen being preferred
especially 30.-0on a @ F@; reduce%tcostf tubul den time
and the tenpef il & ﬁ? CMELE "PBIPSHRtRIGH 9P fHRMIAS Rfi%&ordé’\fm‘é MRt
be appropmbac@tflotuhelse chosen degree of conversion of hydrogen
peroxide in sgifrdevi ﬁ%ch&'?n‘étlé ?@&éé@ﬂaﬂwéw Rl E@i%ﬁfﬁfofrhom

reactgr (1) to Treactor (2) according 35 to figure 1 or mthe m xer
(13) B the reactor (2) according to figure 2, by gravitational flow
or by forced & muourkadeteied faocomaniptte usang af phepnverdioal lksygi@en with

e tent | oefeRilR 1o fdres 1 to F.WAEASEAGGEeN thoh/Iie IR NG brdddSs of

i nvention, a secon ative at reac
per f or med thq]lryemlq,ﬂ dﬁthppb\my\@ggq, dmiting) the scope of the invention thereto.

According to various embodiments of the invention, the mixing and
25  hydroxylation steps may be performed:
- successively, i.e. the reaction mixture prepared in a first container
equipped with heating means, then passes into the piston-flow reactor,
- or simultaneously, i.e. the reagenis are mixed together and immediately
subjected to the hydroxylation step by introduction into the piston-flow
30 reactor: one or more of the reagents being preheated by passing through
a heat exchanger before being introduced into said reactor.

Figures 1 and 2 illustrate the process of the invention in which the mixture
of the reagents is prepared in a mixing device before being introduced into the
35 piston-flow reactor.
The mixture of the reagents may be stirred and heated in this mixing
device.



The reactor consists of a tube (9) through which circulate the
reaction m xture which enters at (10) and the reaction products which
| eave at (11). 5The reactor has the characteristic of being | agged.
It is surrounded by a | agging coat (12). Usual Iy, the reactor
will have a length/dianeter ratio of gléater than 3. It may
especially be a tubular reactor with a | ength/diameter ratio of

bet ween 4 and 0 an articul bet wee

10Advant ageou ﬁ%teiqlﬁlﬁre&r reas t@rpr?ienf%fﬂ%g'ggﬁ §5 #Rd Hhe dasksipd
bul k and Mmmlmrpwamlaamlemofmmm tédcgs, Sub ntheattypes mbgbeaxsaalpl e
when it % % The material of the reactor is not
particul ar |mte "will be chosen so as to be inert under the
reaction condt”’tf@’h@'ass{s 96@@8“@)@%8% coRCeIBs yrrahanigalle Alimee reestass: The he
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arranged V@éétio%%ixfx’ur@r The¢badeHis glgé‘%@lfﬁpﬁeﬂﬁﬂﬁb)ﬁev%ef&%é%ruﬁng the
perforategq% s _are arranged close to the reagent inlet so as

ensure go gg,?é]dt;g;egﬁur he fluids in this section of the reactor.
Advantiageous| {hetrhizingu® pedormexhirt & redctor whiclo hasrgobdd perfoinance qalitigped

with reageni, rhﬁlcﬁ%ﬁgﬁlﬁrt%%?ér%drﬂdééttg"aﬁsfgl"t | et pipes. 25The reagents

are fed into rea means, for instance a punp and

more parti cul gh?ﬁ'ﬁ"@e‘ﬁ’ﬁﬁm JdIshpydn ggure Lananke aretapusiren n
principle, itExamplef ef slirtearstthanargdy b mmohemmdﬁjd&aﬁ@r@ﬁhya tThﬁ‘ne

t ubul t ffl Th f oAl T
i the. reSifofreiy BEIFRY bREs U aindRie e SRREE Bl or
the réaction M xecand clasoafnidog tdeenmmnosr@extemal ddopsnd heemmm of
The baffl gge Péwoﬁﬁﬂf&iluﬁ'n tﬁeﬁw@semé@e B?'cﬁ&@hf‘bﬁ tea Mo‘ﬁ@f“a ffrla%rp@it s'w e,

mter | a1 6T M GBI g BT nSP ARCAINR B A SN e 31 of @ pump

chem cal | yanla'reextemai lvopespect to the reaction m xture under the

reaction condipt kRS cla§?cﬁnﬁ|r)@tllé ﬁevfcléemu?(rr&eﬂatgﬁ f@hre“?t Séhﬁln%ssh\%ré“s

gl ass, metal, especi al st al nl ess ner or cer
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mixers, on the other hand.
In the family of dynamic mixers, mention may be made of tangential jet
mixers, impact jet mixers, or ejectors.

For the "static" mixers, various interiors may be listed, such as the static

25 mixers (Sulzer SMX, Kenics, etc.}, a bulk bed of beads or particles, metallic or
ceramic foams, efc.

All these mixers force the streams of fluids fed in to exchange matter with
each other by dividing into subsireams or by creating small-scale structures.
These structures increase the contact surface between the flows of reagents.

30 The exchange surface for the heat transfer may be increased by means of
coils or plates present inside the reactor or via a heat-exchange fluid circulating
in a jacket.

Heat-exchange fluids that may be mentioned include, inter alia, water,
steam or a suitable organic solvent, for instance an aromatic ether such as

35 diphenyl ether andfor benzyl ether, a silicone oil, a paraffin andfor naphthenic
oil, petroleum distillation residues, etc.



24 - bul k baffles, which consist of small objects, for exanple in the
formof rings, stools, balls or cylinders which are hollow, with

which all or part of the reactor is filled. - structured baffles:
pins, static mxers, chicanes. 5Preferably, the baffles are arranged
in the reactor close to the reagent inkaét. In the case of a

reactor arranged verticall y, t he baff I es are preferably ar ranged
along the entire top of .t he.reactor is,.the cessa rOV|de
2 ot abl e SuBBOP: & HBRICAl iR DRPMESEIC GORPaS-paRe oohIuBses
hol d t he XhaXidé esalumnrpl(d):eare mtro_dBeet&nnga dhe sjaekéted nstvead trgpetor (1)
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a practical pdihetcasalyst isintredydedeair(5) bopiipnaly.at thafiep ¢6) of Biedeigtapack
on itself fRofredktiornged horizontally or vertically when the Reynol ds

nunber is greater 2000 and erential l en it is greater
t han 5000, is ﬁ&é’glysqugrl?et ﬁ% ‘F—'&é‘g‘?ﬁ té@ ?figin(\ggr is less than 5000,
a readfor w t Atet vdradusl eagenls bee irdediucky gradmaﬂyulpi'efgraitﬂy cBatinuously,

exanpl e, it#seiﬁ%@%?ﬁﬁl%bﬁcﬁdh &%g %ﬂaoptbglrﬁé rnt;}ack on itself in

the form succe ends/stra lines; this
structure may JBStMBHARIS) 'HR095HS ﬁ abiajnesyes B}%‘HUWQ Hrqyé?r‘ﬁ%@d Apure 1

each bend jipfstriabes thebgrodactircof tie afixtbes by establisking eqrécireliation llegbs
is mserte tljfl? I%Ef”gﬁf@ﬁrple from3 to 6 tines the dianeter of the

t ube, over or of the straight length of the tube | ocated
bet wedf two s $he segrdipagnixture is witheiawn atithp bettormhef the seasier at ({e

t enper at urgdiis trﬁm{ mt:rea&ééa lhﬁﬂthel re&€tok bts(aqqnd ifdriced sirdtaticd bedpatmhiiure
G ven the exot erm‘i IS pointed out as a guide

Chat ™ hod SEr e aRTEE by it Tt SRARH R Bia dwdria, POt he oo Son T ow
reactor i s abdweord@ fnfigwee? etrebteagestaneenmp@g wodttebGy meandiné the

reaction '@r@&Y@&G%&ﬁQH@E%UE%&QF med at at m)spherl C pressure, but

hi gher, _pressures enyl si one evi o

speci PPcal 'y, Hga 'H%%e’ﬂsé-ﬁ%&’éitcﬁP‘é’at‘%é%ﬁhgx Li@\ﬁiaﬁé'”tdh'é g iagkelor
outlet, it muAsdmentisreed previdusty, gheniking isulesformte uralgordondiions such

parti al | y IabI e to be converted. To operate
under pr estE%ttthb??%&%ﬂ [éﬁ'ﬁor IS equi pped either with a

| abor at or y- scél’ hais ohe semaeradiergl of thiserixinenestionde adawége@uw ¢hhpsen fo
regul at i nGbevidt\eoréanms B8R aha préfemblepeinden 45°CaIndeD°Co adj ust the

ber toffiod undaneaiveeligt ¢ 2eianerusy BelipBheR A MGG PR, Of
at nospher dightpresrures thayfalst be epxisianed, Fohexample oprgisatines qimween 1
present i mdo0 BAGsButd ey HeSsiifebiepygeed at (11).

This step may advantageously be performed under an inert atmosphere,

for example under nitrogen or under argon, nitrogen being preferred especially
30 onaccount of its reduced cost.

The residence time and the temperature of the reaction medium in the
mixing device must be appropriate for the chosen degree of conversion of
hydrogen peroxide in said device.

The reaction mixture then passes from reactor (1) to reactor (2) according

35 to figure 1 or from the mixer (13) to the reactor (2) according to figure 2, by
gravitational flow or by forced circulation, for example using a pump, usually a
centrifugal pump.



Figure 3 illustrates a nethod for inplenmenting the process of the
I nvention, according to which the mxing of the various reagents is

performed at the inlet of 10the piston-flow reactor. The
phenolic substrate (3) and the hydrogen peroxide solution (4) nay be
i ntroduced separately into the react or 23 The acid catal yst may be

I ntroduced separately at the inlet of the reactor (5) and/or further
I nside, at th tart r or (6) . a hown t.n fiqure 3., 15 Jt. i
al so possi bl e(?rt' g"’%&"&ﬁﬁﬁ%wﬁﬁgh? Qééce)&e‘ ‘?é@%éP?m‘{eé‘,hO‘bh%%S?‘?'ﬁ%‘&BgFlﬂi&'%?%nd
hydr ogen pbe bytipxyleton reastion ishperbrmedyista pisipniflosnrebetor @) oduced
Tho start of. rgeclabid adtistes i ARecTof brodite ubon Ko Rat e idsh
conpl exi ndniéﬁ’éﬁf”?“ cih?étega"b@r(im@dq@@ eRcHIReEHCtsS MdTcEleaup BE(1 Int o t he
phenol B¢ subsfiihat eac? Hae the chbedteristivrgf ading ldigeddticd steanded!by. a
Accordi ng (1 iﬁ@b offBedi nent, at |east the phenolic substrate needs
to be preheate %etfe(or' being introduced into the reactor (2). I t
is al so opti odAuRYy.dbegrasier wil premadengthiiampter ratiagé areateiitianad. it he
hydrogen prap¥spsciain) bé izotubakg rehstorwith §arltiRilameter RftioPHEPEMden%s
bot ween 7GRCHRAHE PACTSRAEER BARG -t he reagents | s porformed by
passad@ t hr oudwdvantagaousixchargeular reactor is Tormeadesgentts havé lowibetk and
| east the phenOk bbssibRShIiA¢BALS thE BREH Rokurd!Br 30hMblAINGE S ik Busntde
0 ﬁ ed for fig

pi s,ton-fl%vgﬁl'(eac r having characteristics as descr ure 1.
A reactio xture (11) conprising the hydroxyl ated product is
recovered at (fThe matetiatofdfie restdrds noRpartiddlailg imited. it Williss cladsm $o as

whi on g 112 LERDGTERLp el rEairaiRidYs, Kdel BY SRR pcifEH, Wifidh, hos
m xi ndodewiote ther pdvanieoe abaygidine garmsianand g pdvaniege peeonsendag dheh
t_hat t he Rt bﬁm@trbgaid;ﬂﬁw alaefien hfecﬁ;[jrﬁ.ged in at I east two
Pho f1rst st og CoPRF FertRird ol obheraliv APROEY Fnalilt e by 11 gure (1),
t he phenolic $lowsivent & esleratadadaply iy doe rspaee osdntdrags,utti may (dlgo abe
esonge STV IO Baedal el ety A g O (Y
exanpPl, i nt o ACNEMBAERGTY. T B mok Sertiratert BELFS Sre FERUERLGPES e
al so be emsagendrimldt so as to ensurdllgeod dtoaggeneity of tha fdids dl theis seblioobf
optional | yh@teddis. top (6) of the piston-
Advantageously, the tubular reactor is in column form. It is equipped with
reagent inlet and reaction mixture outlet pipes.
25 The reagents are fed into reactor (1) via standard means, for instance a
pump and more particularly a centrifugal pump or a volumetric pump.
In principle, it is preferable to work in the liquid phase only.
The tubular reactor may be equipped with baffles.
The presence of baffles in the reactor creates furbulence which ensures
30 homogeneity of the reaction mixture throughout the entire section of the reactor.
The baffles thus make it possible to maintain the piston-flow nature, including
the case of a Reynolds number of less than 5000.
The material of the baffles is unimportant, provided that it is chemically
inert with respect to the reaction mixture under the reaction conditions.
35 Generally, they are made of materials such as glass, metal, especially stainless
steel, carbon, polymer or ceramic.
Various types of baffle may be envisioned. They may especially be:



10f | ow reactor. At the outlet of the m xing device, the m xture
of reagents (10) is introduced into a succession of at |east two

pi ston-flow reactors separated by a heat exchanger. I n
this enbodi ment, the reactors always function adiabatically, but with
15di fferent thermal zones. Each s®4&ge conprises a piston-flow

reactor and a heat exchanger: the installation ending with a

pi ston-flow re nunb r of s range, .f ampl.e,
Prom 2 o 100 HK prties: W FITHLnamalb SBBEnasr, &XFSsts, e FHTEAL,
stage is det er mngsdstaciepbdimngr t\dintibes whish razel hdbow ewitlofivhidnalk os pert obf
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each stage ar @rgfcpatiigethebiyaifibe e espinedoh eh@abio? Sl6es bR nige readut e
function i.s io cool the reaction mxture at the outlet of a first

react or bé?% e it enters the next, so as to nmaxim ze the conversion

of the phenol il® the leaseack awreacioraarrangeds semicallyrehei baffles iang preferably
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em ca | ition ey Int. ;

The st agi n‘ﬁﬁ% L{rﬁ%rﬁé@ %ﬁg §S’g’ ﬁgg‘#@gprocess according to the

i nventl®on is ﬁ@uéh%)dﬁﬁﬁmh@d ahthese bales referengs gwyne msdet tedhpeuticle
exchanger sphiet BE BRAINERY SBHcWKers pubhshed/‘?htdﬁhérﬁ'%ﬁr Eﬁ@iﬁeé

whi ch il ust t

e TR ot S T e 5
i nt roducedtsatf &ridb )arfamged ahdrezantadlycbavgdica(ll Syhen the Réymobdsoheathber is
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i nt roduce next prst [eactor é
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performed a heri1c press essures

and 200 bdineabkis %Hl@t%@ymay%h@@albrrm @@@ﬁ%deawpperéwt&mf@es After each

bend of the tube, a section of baffles of an equivalent length is inserted, for
25 example from 3 fo 6 times the diameter of the tube, over all or part of the
straight length of the tube located between two successive bends.
In this step of the process, the temperature is not controlled since the
conditions are adiabatic.
Given the exothermicity of the reaction, it is pointed out as a guide that the
30 reaction temperature at the inlet of the piston-flow reactor is above 70°C and
preferably between 70°C and 85°C.
The reaction is advantageously performed at atmospheric pressure, but
higher pressures may be envisioned as previously.
Specifically, at high temperature, and thus toward the reactor outlet, it may
35 arise that the phenclic substrate vaparizes partially: it is then less available to be
converted. To operate under pressure, the reactor is equipped either with a



15This step may advant ageously be perforned under an inert

at nosphere. Figure 5 illustrates a nethod for inplenenting the
process of the invention, according to which a first step of m xing
of the reagents is perforned in the m xing device (1), and the
hydroxyl ation step is then perforned i 85an array of 20pi ston-fl ow
reactors nounted in paraIIeI and wor ki ng under adi abatic conditions.
For the first Ftep in an t egtical manner as il lustrated ure
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i ntroduce h%{nl?st???" %&%ﬁb@'}fﬁ%{“ﬁ @&@@)eaﬁt-[l@gt)art of reactag, 6r)nantl oned
previously, t et @eeesafdhetmesemeent aocnmplbmaglagqmsmmbgemomlytlae n
251 9N 11 GARlacRg! R7SRat i o MetMEIERuELEAE! ency of The apparatus.

15 The process rmed in a piston-flow

react 8 or inTABFaFaEhst H@Yﬁ’% h@aﬂﬂe%@m@ﬁw a nixing device in
whi ch the m xiaggoding ethisendodimdnikatdepdtane phsolit Hitktrafe hEQW to be

reactor i erforned. An

advant agerbcg%%aﬁ%d Bgﬁ}éée]%g{ngw#ﬁdﬁ%ﬁvﬁﬁ%ﬁ%ke"pcﬁ rrs(]z rmng the

hydr oxyl at i onlt2ig alseattntmallsoposmielepﬂ@enmheat thebsthestreapents okt am e ow
reactor, aHRIgE p"ér@ﬂﬂ@sbmn&@'aﬁétthé/hélbi c\é’fh%FStCOWpar ed with a process

0, gh e B LSt SO LSRN Saseoge O
account ofand preferakdy betwes 707€ and8%quent reacti ons.
Preheating of the reagents is performed by passage through a heat
exchanger.
The reagents, of which at least the phenolic substrate is preheated, are
30 introduced into the piston-flow reactor having characteristics as described for
figure 1.
A reaction mixture (11) comprising the hydroxylated product is recovered
at the outlet of reactor (2).

35 Figure 4 illustrates a method for implementing the process of the invention,
according to which a first step of mixing of the reagents is performed in the
mixing device {1), and the hydroxylation step is then performed such that the



Anot her advantage of the process of the invention is that the degree
of 25 conversion of the phenolic substrate is increased, for exanple
ranging from5%to 15% and preferentially from5%to 10% such that

t he amount of residual phenolic substrate to be recycled is reduced,
thus making it possible to lower the elergy consunption. According to
t he enbodi nent of the invention in apparatus conprising a 30 mxing
devi ce cou d to a pistaon-flo tor the m of the

pst r eam Sbadice Brdefidia s aadeai o feast v Bt featiors WorkRE LT

pi ston-f | adiabatictconditiekes it possible to increase the safety of the
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al so devices I ng or controlli t process
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( DCphéhol )diffﬂrembﬂtﬁmal@@neesponds to the ratio between the nunber of
mol es of phenglycqaN§s (BFhRREs L iteHIASK RbcioP!H% théa'%%-g%ﬂghger the

i ntroduced enol ctl on yield (RYdi phenois
correspond&st?@t'?ﬁ@ntdgﬁ‘gnb@t%% ?Wéeﬂqﬁﬁer of noles of diphenols
f or med (pyrocahechmhber lof dstages moag)raage, tidre erampley; fodmndl s 160 and

hydr ogen s ed. The pyrocatechol reaction
yield %yé@ééabﬁggc % corresponds to the ratio 20 between the nunmber

of moP s of py hsc@ﬂwﬁ@iuremr?@ahaﬁag@ He delerpped RCReIAEY & ths dlesien
per oxi de idafraeofcatthverBivh dittle dgdiotengeredds on yiel d (RY
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tech h %S
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of hydroq‘b‘h@ﬂﬁ sﬁQstFé%@rWhﬁ‘e Lt thBes&ré ﬁlrﬁﬁfﬁggftg%be!rék@at@g@é&;t

appar at us 'as | ustrated by figure 1. The frho are intro
50C conti MESWEPIRAUEIS h the aid of punps, into a jacketed reactor with

a working vol Uhe @miaaturt, stagimgppad the hesidende rting of each zone are
30 established to be appropriate for the reaction performance qualities (degree of
conversion and yields).

This determination may be made in accordance with the publication by J.

Villermaux (Génie de la réaction chimique; conception et fonctionnement des

réacteurs [Chemical reaction engineering: design and functioning of reactors]; J

35 Villermaux; Tec & Doc Lavoisier; 1993) or that by O. Levenspiel (Chemical
Reaction Engineering; 2™ edition; Wiley Int. ; 1972).



35 systemof the type with 4 inclined paddles, an ascendi ng
condenser, a nitrogen inlet and a tenperature regul ation system 30
883 g/ h (9.38 nol/h) of phenol containing pyrophosphoric acid in a
proportion of 400 ppm by nmass relative to the phenol,

perchloric acid in a proportion of 4002fpl ppmrelative to the
phenol, 26.0 g/h of hydrogen peroxide at 70% by weight (i.e. 0.53
nol / h of 5hydroge er oxi, de) . The, passage tine. through this
reactor is 10 Tﬁ'%rﬁ??@@? Oﬂﬂg SAB INGe REP RS arearding %’O%% inventiofyig
reacti on rieus perfofmedby virkeee bbthe preisehee diltred heatngichangsisybateeag tiee
punp into angexchanger in which it is heated to 80C and then into a
tubul ar 10 reactor packed with Sul zer SMX mixers with an overall
vol une of 57 M/ refaginge o figorently; whichntusiates are gmpbodiment, theamagton
bei ngt Fa?gﬁdt@@q1wpbﬁs%grtgdmn$ﬁé msﬁsluwerte_amoa_(éj ?'E\H \é@ﬁtgﬁ.)dtléf ed)as
an outl et .pressure . SS ime in e exchanger is
about 20 é@&% ?.d t?{e) into %?%rexghgﬁ%%ﬁﬁg)zati on tinme (about 30

m nut es), t he Thepiooledl o dordenskdireaction asxiaged 7h{edving thpdrebd erehenger

i qui d chr opREgrRRIRgd 30 eh d) R0 INd heRQHsBRIBY id8clof (RBSayed by
ks o SOLEL ot v o o
i ntrodQced at [{5ECtheoaforepogsible tovidrivisidre addithgod  guoapssion ndfopigton-flow

j acket ed rr&?tft&%radg %%é%g@géeﬁﬁqg_hvol ume of 150 nmL, equipped with a
y

stirring systemo ne t 4 inclined paddl es, an ascendi n%
condenser, a Adheriggetipn ig advantageousbhperaimed at ayopspheasic BResses, but

25831 g/ h Wighe pregdurdd ofbetvaenal ared20Gbar Sissdyte FRAPSIBE el snvitdrikd &s a
proportion é)f' @5? ppm by nmass rel ative to the phenol, perchloric

acid in apﬁ\g ion of 400 nol ppmrelative to the phenol, 34.3 g/h

of hydfogen pédhisxstel may TOeBgeadslyive parfoemed under aminent aifmaspbiersgen
per oxi de). 30The passage tine through this reactor is 11 mnutes; the
medi um bei ng i ntained at 50C .The reaction nmediumof this,
feactor st st ciRbsta & Mied s dABme oMt Ao CLReavg RN o
which it ieschreigeth whid0E fasidstebesf miing af thid ubagente s perfopacdk éd the t h
Sul zer SMX. :mi M K . . —
nmm  di ane%gﬁqéec{eé"%ﬁ ?ﬁ? ?‘?Qg@togyﬁbgﬁ%téﬁ 5’3@351%#8?@%? 2? za?’n%ﬁ%ﬁ%&er
presséfe Bstenflpwpgegeriremednied inpatieband werkiikddar adigbatip cpgditionhe
paszalg_e time Fortihe fitst igndiaran sderiesl n"%ﬂnélee@ﬁﬂi&trlatéijfl by figuré\{1rth&
stabiliza , [ r are, .
aseayed by ANgp BhAReLh % HubHhtRh nordfol SIRGR. Ay o BB S
per oxi de itke aWdagdaviey (Pot enti ometry. The results obtained at the
outlet of thejq wdilcase [FaRé Preddroedbl NedriplbRARY der®MPEE adent may be
( corrp% at Iir%‘tl'ec?duced, for example, into the phenolic substrate.
A cocatalyst feed device may also be envisioned.
The catalyst is introduced at (5) or optionally at the top (6) of each piston-
flow reactor.
At the outlet of the mixing device, the mixture of reagents (10) is divided
30 according to figure 5 into three fractions: each fraction being introduced into a
piston-flow reactor (32), (33) and (34) functioning adiabatically.
In this embodiment, the number of piston-flow reactors is 3 in figure 5, but
may range, for example, from 2 to 100.
At the outlet of each reactor, a reaction mixture is recovered comprising

35 the hydroxylated product: the three flows exiting the reactors being combined at

(11).



The follow ng are introduced at 50C continuously, with the aid of
punps, into a jacketed reactor with a working volunme of 30 ni,

equi pped with a stirring 10 systemof the type with 4 inclined

paddl es, an ascendi ng condenser, a nitrogen inlet and a heating
device: 130 g/h of phenol containing p$Bophosphoric acid in a
proportion of 400 ppm by nmass relative to the phenol, perchloric acid

In a proporti of.. 400 | ppmrelative to the phenol, 155.4 g/ h of
hydr ogen. per oXPEEACISBIRHFRBPERT Pysteato §na TpeRar ARparates ies ey 6o
per oxi de) .usétespristendiowt iegetorn this reactor is about 14 m nutes.

The reaction ' | . L usly, with
the aid of a %&@: n 0(\)'& Sgé ]RJQCEZ? %%‘&?t@ﬁ'f‘g@ rf@ﬁﬁ%@%re%g%c%gggw t% Sul zer
SMX mi xers, wilthHs2dharfeadter gonsisls ging 1bes 1200 thrpeslytwhieh xygulglg the

di amet gr Ted&ioMhixt@ROwMER Eitdre MRERES HRE the réRtioAtprddilis whithSleave at
terrperatur(? corresponds to the average of the tenperatures of the

adi abatic ctor of exanple 2. After a stabilization tinme
(about 1.5 hoUhe)tube relagpehéd®dl s fornmed are assayed by

hi gh- per f or e dbaiid) GNATRROMAGREM AR iRty BeRgpamper oxi de 25

I s assayed by potentionetry. ts o | ned at utl et of
the tubul ar r EEUSY HIOWSH RASr calyma f(i’f‘)".égb‘ﬁh"i"aﬂﬁ lBopey ?@arrpl e
ref. 102 3, campaohirmn é dyuhspenf witiebeaffles (27)stirred reactor at 50C+ 1

adi abatic pi Stog réﬁ@tfo%oﬁﬂx%urétig fn'ir%gu{;&f’lgtt (%’) and the products leave at (28).

As mentioned previously, the process of the invention makes it possible to
obtain a significant increase in the production efficiency of the apparatus.

15 The process of the invention may be performed in a piston-flow reactor or
in apparatus combining in sequence a mixing device in which the mixing of the
reagents takes place and a piston-flow reactor in which the hydroxylation
reaction is performed.

An advantage of the process of the invention, performing the hydroxylation

20 reaction of the phenolic substrate in a piston-flow reactor, affords a gain in
selectivity when compared with a process in which the hydroxylation reaction is
performed in a cascade of stirred reactors. Specifically, good selectivity was
obtained on account of a limitation of the subsequent reactions.

Another advantage of the process of the invention is that the degree of

25 conversion of the phenolic substrate is increased, for example ranging from 5%
to 15% and preferentially from 5% to 10%, such that the amount of residual
phenolic substrate to be recycled is reduced, thus making it possible to lower
the energy consumption.

According to the embodiment of the invention in apparatus comprising a

30 mixing device coupled to a piston-flow reactor, the mixing of the reagents
upstream of the piston-flow reactor in a device separate from said piston-flow
reactor makes it possible to increase the safety of the process, and it is then
possible to make use of more concenirated aqueous hydrogen peroxide
solutions whose concentration may range from 30% to 90% by weight and

35 preferably from 30% to 70%.

Moreover, the fact that there is only one mixing device coupled to a piston-
flow reactor presents the advantage of low bulk and also a saving in operating,



at 50C+ 1 adiabatic pistor reactor 1 stirred reactor at 50C+ 1 piston
reactor at a 110C i sotherm Catal yst HC104 HC104 HC104 HC104/ PhOH ( nol
ppm 400 400 400 Pyrophosphoric aci d/ PhOH(ppm by wei ght) 400 400 400
H202/ PhOH (rmol %9 5.7 8.0 29

energy and investment costs when compared with a cascade of perfectly stirred
reactors, each equipped with means for introducing the reagents, for removing
the products, and also devices for mixing the reagents and for controlling the
process parameters.

5 Another advantage of the invention is that it leads to good reaction yields.

The invention will be explained in greater detail by means of examples that
illustrate the invention without, however, limiting it.

In the examples, the following abbreviations have the meanings as follows:

10 The degree of conversion {DCh202) of hydrogen peroxide corresponds to
the ratio between the number of moles of hydrogen peroxide converted and the
number of moles of hydrogen peroxide introduced.

The degree of conversion (DCprenet) Of phenol corresponds to the ratio
between the number of moles of phenol converted and the number of moles of

15  phenol introduced.

The diphenol reaction yield (RY giphenols) corresponds to the ratio between
the number of moles of diphenols formed (pyrocatechol + hydroguinone) and
the number of moles of hydrogen peroxide introduced.

The pyrocatechol reaction yield (RYpyocatechol) COrresponds io the ratio

20 between the number of moles of pyrocatechol formed and the number of moles
of hydrogen peroxide introduced.

The hydroquinone reaction yield (RYhydroquinone) corresponds to the ratio
between the number of moles of hydroquinone formed and the number of moles
of hydrogen peroxide introduced,

25 The diphenol selectivity (T Ygpnenois} corresponds to the ratio between the
number of moles of diphenols formed (pyrocatechol + hydroquinone) and the
number of moles of hydrogen peroxide transformed.

The ratio PC/HQ is defined by the ratio beiween the number of moles of
pyrocatecheol and the number of moles of hydroquinone.

30
Example 1

The example is performed in a type of apparatus as illustrated by figure 1.

The following are introduced at 50°C continuously, with the aid of pumps,
into a jacketed reactor with a working volume of 150 mL, equipped with a stirring

35 system of the type with 4 inclined paddles, an ascending condenser, a nitrogen
inlet and a temperature regulation system:



8.0 Residencetinme (mn) 4 4 26 Inlettenperature (C) 80 80 110 CQutl et
tenperature (C) 143 170 110 DC PhOH 5. 1% 6. 9% 7. 0% RY HQ 31% 27% 30%
RY PC 48%

30

- 883 g/h (9.38 mol/h) of phenol containing pyrophosphoric acid in a
proportion of 400 ppm by mass relative to the phenol,
- perchloric acid in a proportion of 400 mol ppm relative to the phenol,
- 28.0 g/h of hydrogen peroxide at 70% by weight (i.e. 0.53 mol/h of
5 hydrogen peroxide).
The passage time through this reactor is 10 minutes; the medium being
maintained at 50°C.
The reaction medium of this reactor is introduced continuously using a
pump into an exchanger in which it is heated to 80°C and then into a tubular
10  reactor packed with Sulzer SMX mixers with an overall volume of 57 mL (length
= 200 mm; diameter = 19 mm); this reactor being lagged and maintained under
pressure by a flap valve tared at an outlet pressure of 10 bar. The passage time
in the exchanger is about 20 seconds.
After a stabilization time (about 30 minutes), the diphenols formed are
15  assayed by high-performance liguid chromatography and the hydrogen peroxide
is assayed by potentiometry.
The resulis obfained at the outlet of the tubular reactor are given in table

().

20 Example 2
The following are introduced at 50°C continuously, with the aid of pumps,

into a jacketed reactor with a working volume of 150 mL., equipped with a stirring
system of the type with 4 inclined paddles, an ascending condenser, a nitrogen
inlet and a temperature regulation system:
25 - 831 g/h (8.83 mol/h) of phenol containing pyrophosphoric acid in a
proportion of 400 ppm by mass relative to the phenol,
- perchloric acid in a proportion of 400 mol ppm relative to the phenol,
- 34.3 g/h of hydrogen peroxide at 70% by weight (i.e. 0.706 moi/h of
hydrogen peroxide).
30 The passage time through this reactor is 11 minutes; the medium being
maintained at 50°C.

The reaction medium of this reactor is introduced continuously using a
pump into an exchanger in which it is heated to 80°C and then into a tubular
reactor packed with Sulzer SMX mixers with an overall volume of 57 mL (length

35 =200 mm; diameter = 19 mm); this reactor being lagged and maintained under
pressure by a flap valve tared at an outlet pressure of 10 bar. The passage time
in the exchanger is about 20 seconds.



45% 46% RY (di phenol s) 78% 72% 76% Producti on (di phenols) (g/h) 46.1
56.1 9.2 Ratio PCHQ 1.55 1.64 1.54 DC H202 99% 99% 99%
TY(di phenol s)/ H202 79% 72% 76% Cool i ngt hermal charge (kcal/h)

31

After a stabilization time (about 30 minutes), the diphenols formed are
assayed by high-performance liquid chromatography and the hydrogen peroxide
is assayed by potentiometry.

The results obtained at the outlet of the tubular reactor are given in table

5 ().

Example 3 (comparative)
The following are introduced at 50°C continuously, with the aid of pumps,
into a jacketed reactor with a working volume of 30 mL, equipped with a stirring
10  system of the type with 4 inclined paddles, an ascending condenser, a nitrogen
inlet and a heating device:
- 130 g/h of phenol containing pyrophosphoric acid in a proportion of 400
ppm by mass relative to the phenol,
- perchloric acid in a proportion of 400 mol ppm relative to the phenol,
15 - 5.4 g/h of hydrogen peroxide at 70% by weight (i.e. 0.110 mol/h of
hydrogen peroxide).
The passage time in this reactor is about 14 minutes.
The reaction medium of this reactor is introduced continuously, with the aid
of a pump, into a jacketed tubular reactor packed with Sulzer SMX mixers, with
20  an overall volume of 57 mL (length = 200 mm; diameter = 19 mm), and whose
temperature is set at 110°C. This temperature corresponds to the average of the
temperatures of the adiabatic reactor of example 2.
After a stabilization time (about 1.5 hours), the diphenols formed are
assayed by high-performance liquid chromatography and the hydrogen peroxide
25 s assayed by potentiometry.
The results obtained at the outlet of the tubular reactor are given in table

(1)-
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temperature (°C)
DC PhOH 5.1% 6.8% 7.0%
RY HQ 31% 27% 30 %
RY PC 48% 45% 46%
RY (diphenols) 78% 72% 76%
Production
46.1 56.1 9.2
(diphenols) (g/h)
Ratio PC/HQ 1.565 1.64 1.64
DC H0, 99% 99% 99%
TY (diphenols) /
(diphenols) 79% 72% 76%
Ho0o
Cooli th I
ooling erma 0 0 7
charge (keal/h)

int

This table shows that working under adiabatic conditions rather than
isothermal conditions makes it possible o substantially reduce the passage time

he reactor.



Table (11) Exanple Reference 2 4 Type of reactor 1 stirred reactor
50C+ 1 adi abatic piston reactor 70% H202 1 stirred reactor at 50C+ 1
adi abatic piston reactor 30% H202 Catal yst HC104 HC104 HCI 04/ PhOH
(mol ppn) 400 400 Pyrophosphoric acid/ PhOH (ppm by wei ght) 400 400
H202/ PhOH (ol %) 33

10

156

20

25

30

The production efficiency is consequently greatly improved, even though a
slight drop in selectivity is observed: for the same reactor, the adiabatic reaction
makes it possible to multiply the production of diphenols by a factor of 6 relative
to the same test under isothermal conditions.

Finally, the adiabatic reaction has the advantage of not requiring any
cooling, in contrast with the isothermal reactor.

Example 4
The following are introduced at 50°C continuously, with the aid of pumps,

into a jacketed reactor with a working volume of 50 mL, equipped with a stirring
system of the type with 4 inclined paddles, an ascending condenser, a nitrogen
inlet and a temperature regulation system:

- 182 g/h (1.94 mol/h) of phenol containing pyrophosphoric acid in a

proportion of 400 ppm by mass relative to the phenol,

- perchlaric acid in a proportion of 400 mol ppm relative to the phenol,

- 17.6 g/h of hydrogen peroxide at 30% by weight (i.e. 0.15 molfh of

hydrogen peroxide).

The passage time through this reactor is 15 minutes, and the medium is

maintained at 50°C.

The reaction medium of this reactor is introduced continuously using a
pump into an exchanger in which it is heated to 80°C and then into a tubular
reactor packed with Sulzer SMX mixers with an overall volume of 284 mL
(length = 1000 mm; diameter = 19 mm); this reactor being lagged and
maintained under pressure by a flap valve tared at an outlet pressure of 10 bar.
The passage time in the exchanger is about 1 minute 30 seconds.

After a stabilization time (about 3 hours), the diphenols formed are
assayed by high-performance liquid chromatography and the hydrogen peroxide
is assayed by potentiometry,

The results obtained at the outiet of the tubular reactor are given in table

().

at



8.0 8.0 Residence time (mn) 4 89 Inlet tenperature (C) 80 80 CQutl et
tenperature (C) 170 170 DC PhOH 6. 9% 6. 9% RY HQ 27% 28% RY PC 45% 45%
RY (di phenols) 72% 73% Pr oducti on(di phenols) (g/h)
34
Table (Il
Example Reference 2 4
Type of reactor 1 stirred reactor at | 1 stirred reactor at
50°C+ 50°C+
1 adiabatic piston | 1 adiabatic piston
reactor reactor
70% H20- 30% H20»
Catalyst HCIO, HCIO4
HCIO4/ PhOH (mol ppm) 400 400
P hosphoric acid/PhOH
yrophosp .onc aci 400 400
(ppm by weight)
Hz02/PhOH (mol%) 8.0 8.0
Residence time (min) 4 89
Inlet temperature (°C) 80 80
Qutlet temperature (°C) 170 170
DC PhOH 6.9% 6.9%
RY HQ 27% 28%
RY PC 45% 45%
RY (diphenols) 72% 73%
Producti diphenols
roduction (diphenols) 56.1 6.2
(g/h)
Ratio PC/HQ 1.64 1.61
DC H;02 99% 99%
TY (diphenols) / H,0, 72% 73%
Cooling thermal charge 0 0
(kcal/h)

This table shows that the use of 30 weight% aqueous hydrogen peroxide

5 solution greatly increases the reaction time without any significant change in the

selectivities, when compared with the use of 70 weight% aqueous hydrogen
peroxide solution.



56.1 9.2 Ratio PCHQ 1.64 1.61 DC H202 99% 99% TY (di phenols) / H202
72% 73% Cool i ngt her mal charge (kcal/h) 0 O This table shows
that the use of 30 wei ght % aqueous hydrogen peroxi de 5sol ution
greatly increases the reaction tinme wthout any significant change in
the selectivities, when conpared with 88e use of 70 wei ght % aqueous
hydr ogen peroxi de solution. 35 CLAIMS 1. A process for
hydr oxyl ating a phenol or a phenol ether, by reacting said phenol or
phenol ether with hydrogen peroxi d€&sLAIMS he presence of an acid
5cat al yst, characterized in that it conprises the foll ow ng steps

per formed 1S.UC9\eBrsolc\égsls ¥oroﬁydsifbgﬁéttmagng C)p Séln%i or a phenocl ether, by reacting said

phenol or phenol ether with hydrogen peroxide, in the presence of an acid
5 catalyst, characterized in that it comprises the following steps performed
successively or simultaneously:

- a first step of mixing a phenol or a phenol ether with a hydrogen peroxide
solution under conditions such that the temperature is sufficient for the
starting phenol or phenol ether to remain liquid and for the degree of

10 conversion of the hydrogen peroxide to be minimized,

- a second step consisting in performing the hydroxylation reaction of the
phenol or phenol ether under adiabatic conditions; the acid catalyst being
introduced into the mixing step and/or at the start of the hydroxylation
reaction,

15 - a third step, if necessary, of recovery of the hydroxylated product.

2. The process as claimed in claim 1, characterized in that the mixing

operation is performed such that the degree of conversion of the hydrogen

peroxide is less than 25 mol%, preferably between 0.5 mol% and 25 mol% and
20 even more preferentially between 0.5 mol% and 15 mol%.

3. The process as claimed in either of claims 1 and 2, characterized in that
the temperature of the mixing operation is chosen to be not more than 85°C and
preferably between 45°C and 60°C.

25
4. The process as claimed in one of claims 1 to 3, characterized in that the
mixing is performed at atmospheric pressure or at higher pressures, preferably
between 1 and 200 bar absolute.

30 5. The process as claimed in one of claims 1 to 4, characterized in that the
mixing is performed by separately introducing: the phenolic compound optionally
supplemented with a complexing agent; optionally all or part of the acid catalyst;
the hydrogen peroxide solution; and optionally a cocatalyst.

35 6. The process as claimed in one of claims 1 to 5, characterized in that the
hydroxylation reaction is performed in a reactor which has the characteristic of



- afirst step of mxing a phenol or a phenol ether with a hydrogen
per oxi de sol ution under conditions such that the tenperature is
sufficient for the starting phenol or phenol ether to remain |liquid
and for the degree of 10conversion of the hydrogen peroxide to be
m ni m zed, a second step consisting in3@erform ng the hydroxyl ation
reaction of the phenol or phenol ether under adiabatic conditions;
the acid catal yst being introduced into the m xing step and/or at the
start of th‘?én%ijlﬁf@)@y!’ Hisulated dram itlm extegior andwhieh 4§ @preactor feedss 8hap,
of recovernysWhtidg e atridl axyrbalzggdedr oduct. 2. The process as clainmed in
claim1l1, characterized in that the m xing operation is perforned such
that the degree of conversion of the hydrogen peroxide is |ess than
25 nol % Pt ef dhatprgcdsnstaseciain®dsinmiairg, shdrattenreddn el thoreactor istor e
prefergntial ly hefanes % 9 -1 r S i
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and pref erabl y peeferabbrwilid Cabod FQlassZfherdmadéef yitrifliedsteed®r glagsed i n
one of cl al M. Loy rehfiAGL6Ed AR difkd BBLI YOGBX bPShelufeRE ARTERE
at atnospheric pressure or at~hi gher® pressutes, prefrerably Betweeh 1
and 200 bar abi@%t@@f%@@ypﬁbfufﬁtg@%@% claimed in one of clains 1
to 4, 1phar act etthgR@ging dptiohallyigeii xbiret Swithed FistaTRslcddtingepar at el y
i ntroduci ng: the phenolic conmpound optionally supplenented with a
conpl exi ng agent; optionally all or part of the acid catalyst; the
hydr ogen ger odihgeprectsst dolaimed inplsinniakhgraaterizedtimithait whes thégiixing
thermal ly 4 i i } f
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an insulating paterial. gged. T rocess as clai Jn
claim6, dFEFatePsRYC ﬁ°"t“|ﬁ’8t’”$h‘g PreReptsd {Q.a demperature dPOWR AP 55
PVDF (ipol yprefeydblyl baveenut”Cdeyd 89°¢C (pol yvi nyl chloride) or PTFE

(pol ytetrafl uoroet hyl ene) polyner, optionally filled, preferably with
carbon or glass fiber; nmade of vitrified steel or glass, - and/or a
reactor | #&yged h@i RTACRESAS clabped in servsllaigs 1 #d) ﬁg@rﬁgt%%@ fiethat the
foam grefrt@a@éﬂw a:v@:rfuxeettbgamefrana nﬂisa'mgtdin@ui&@@qhmeam&mraabtwerblgh@g
covered wi , i Ng. L i 1. m
1 ehar actieptida e, kit SRChultCiyiatn titeRuReT RhoRtadufe B sk
hydr 0%0| atd patondlew re@statr e per fornmed si nul t aneously, at |east the
phenolic conpound is preheated to a tenperature above 70C, 15

pr ef erabl y, _be en 70C and 85C, . 9.. The process as clajnmed in_one of
Pl a1 1157 TERRpdREaR Saliecindlam Breedgared nuPatiEatan B Rtne:
in a mxing thevieageatyuiapgethewhydiroaylatiom radep card perddrimegl naders adabdtit he
hydr oxyl atd,8RitibSs H‘?éb&’lé@ﬁo\!@'ﬂgﬁéoﬁdi abatic conditions in 20a
pi ston-fl ow reactor.
25
11. The process as claimed in one of claims 1 to 7, characterized in that the
reagents are mixed together in a mixing device equipped with a stirrer and
heating means, and the hydroxylation second step is performed in a succession
of at least two piston-flow reactors maintained under adiabatic conditions and
30 separated by a heat exchanger.

12. The process as claimed in one of claims 1 to 7, characterized in that the

reagents are mixed together in a mixing device equipped with a stirrer and

heating means, and the hydroxylation second siep is performed in an array of
35 piston-flow reactors mounted in parallel.



10. The process as clained in claim8, characterized in that the step
of m xing of the reagents and the hydroxyl ation step are perforned
under adiabatic conditions in a piston-flow reactor. 25 11. The
process as claimed in one of clainms 1 to 7, characterized in that the
reagents are mixed together in a mixing7device equipped with a
stirrer and heating nmeans, and the hydroxylation second step is
performed jn succession of at |east two piston-flQw reactors, .

mai nt ai netﬁ%n%&e RIareEmes claipadiin efher efclaigrs 3ebhent d&. shamcieized in
e>r<]changer thatlthe ilfhﬁn@rmisas raechanichlly nstioed @actdrpabreferkblyoa fturbine
characteri . Lhe 1. e X .
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reactor, with the aid of a punp on an external |oop; a dynam c m xer,

pref enabl yl4a mheeprovess ab angerdi ial claigt 93, vhataciompad tin jtiedtstherexchange

ej ectors; td 1 xer rably. _a. (] i Sul z MX
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foans. 10PMeseridngiietheseaster er vinrcleatrexehangn fldd credlating iora jaeleti n
that the exchange surface for the heat transfer may be increased by
means of ils.or plates present inside the reacfor or vja. a

heat - exchafige TELTCETS SubalTey M AS.Of Slies 9 10 12 ghaiagterized de dhat ghe
cl ai md8 i pisdor-flov tdamtorsisOattabalar rehctonsttich had & rengthididrheted Satio of
pi ston-fl 8RG 4s I c C Lenpgt FHRi6T
rati o of %\féﬁ?t gr ﬁfgﬂﬁtﬁaﬁ %'%féﬁ?'@? e?%t\é\{e%ﬁbﬁé?é V\r?edgr?bﬁg%gé?g and v%%lrrmrgﬁ
preferenti ?/e"b@ & sand 10. 16. The process as clainmed in one
of clainse 9 to 12 and 15, characterized in 20that the piston-flow
reactor i e £ Fi rj - :
el i ped. 167 T8 HeREecsPAE LRIm Al WEDAE S LRIE Y% Yo 181 LhgBHSHzGlin o
and 180 chatdae pistorefiowreadiar istnabplas caantorasrandged dwripantelly yeuically ohe
flow in thglineact or has a Reynol ds 25 nunber of |ess than 5000. 18.
The process as clained in one of clains 9 to 12, 15 and 16,

characterized in that the reactor does not conprise baffles when the
fl ow i n tHe&. r daetpspceassasaclRgyachbindsnenoitiaimso® tgl2al 2end Hén charasteuiaedt o

5000. 30 jdthat TRerdicRFadMARes baliERAvidh RBGIoW indh8rdRid Ha d Re A&mﬂénd
16, cg racter.i Z??g i n thagé @e baffl e-free reactor is structureg en
the R snolnél'g'% lssitean aQ0.¢ han 5000; said structured reactor

possi bly being partially equi pped with baffles. 35 20. The process as
clai med i nacl & t zed | e IS | ; r
parti al l yqu il ﬁg?%}mg%%%% ??@E‘%’d @h&&gfnﬁ%?%eégﬁﬂ ‘ ﬁg%ﬁ fj e1§ , c%%r?g{leg%?%g
of smal | dbjhatiike reantordegsonet gamprise bafiles whenithg dowdn doag ssadlen has ar

cyl i nder s Réyneldis rdfntref gpddtamthanorefBarte®o0Or conprises structured
bafflga: pi ns, static m xers, chicanes. 21. The process as clained

in ont“of clains 9 to 12 and 15 to 20, 5 characterized in that the
pi st on-f | 3. r hetpsecdss as claingdin oneach dainfso? hed2f tDand dic ehanacterizedes

or a reacypnatinksaiefiBe tbadtof ¥ YHctured when the Reynolds number is less
than 5000; said structured reactor possibly being partially equipped with baffles.

35 20. The process as claimed in claim 17, characterized in that the reactor is
totally or partially filled with baffles, which may be bulk baffles, consisting of
small objects, for example in the form of rings, stools, balls or cylinders which



22. The process as clained in claim1, characterized in that the
phenol i ¢ substrate corresponds to the general fornula (1): 10 ORi
ElyR2 )n (1) in which: A synbolizes a benzene or naphthal ene ring,
Rl represents a hydrogen atomor an al kyl, cycloal kyl, aryl or

aral kyl 15group, R2 represents a hydr®8§en atom or one or nore
identical or different substituents, n, nunber of substituents per
aromatic rin is a nunber |ess than or equal to 4. 20 23. The
process agreltaliouy omtha seaston comREpes: tsbiurteed ikafilasat Piohesighe 1B EEs,
substr at e cpRiahegponds to the general fornula (la): (la) 25in said
formula: nis a nunber fromO to 4 and preferably equal to O, 1, or
2, Rl represents a hydrogen atom or an al kyl, cycloal kyl, aryl or
aral kyl grddupThe proceR8, ashtlaimadhyin bené defnciaims ®r toditEof endntl5 to 20,
repr esent 0i-0 y r

el ogeﬁ atcgrgnra?rté%ged n H"Fzﬁ tlﬁé‘ cﬁ&at'; :ﬂﬁ%l B&]EEHHS @tlhylﬂéroi‘égctcg i%HHﬁd From
process a§°BP%ﬂtHﬁ@Ptﬁ§ Qﬂ%’l’%@ﬁ%mﬂ'ﬁaﬂa%@ ?‘lCEJ}H"'i‘n that the phenolic
substrate is phenol, o-cresol, mcresol, p-cresol, anisole,

phenst ol &2 HE ARRUEDSAobeluF A8k 3 FaBlBHUATRT B Bt

cat al yst isgbsirateroggspeadd to the genaial for@n @i n water of less than
-0.1 gqpd preferably less than -1.0, or a mxture of protic acids.
OR,
R, )n
U
in which:

- A symbolizes a benzene or naphthalene ring,
- R4 represents a hydrogen atom or an alkyl, cycloalkyl, aryl or aralkyl

15 group,
- Ry represents a hydrogen atom or one or more identical or different
substituents,
- n, number of substituents per aromatic ring, is a number less than or
equal fo 4.
20

23. The process as claimed in claim 22, characterized in that the phenolic
substrate corresponds to the general formula (la):

OR,

(R,)
(Ia)

25  in said formula:
- nis a number from 0 to 4 and preferably equal fo 0, 1, or 2,
- Ry represents a hydrogen atom or an alkyl, cycloalkyl, aryl or aralkyl

group,
- Rz, which may be identical or different, represent an alkyl group, an
30 alkoxy group, a hydroxyl group, a halogen atom or a haloalkyl or

perhaloalkyl group.



1026. The process as clainmed in claim25, characterized in that the
acid catalyst is sulfuric acid, perchloric acid, nmethanesulfonic
acid, trifluoronethanesul fonic acid, toluenesulfonic acid,
phenol sul fonic acid, bis-trifluoronethanesul fonimde or a m xture of
perchloric acid and sulfuric acid; of B8rchloric acid and 4-
hydr oxybenzenesul fonic acid; of trifluoronmethanesul fonic acid and 4-
15hydr oxybenzenesul fonic acid; of bis-trifluoronethanesul foni mde and
4- hydroxybenzenesul fonic acid. 27. The process as clainmed in claim
1, charact¥ki Zée¢ processmtasacisionzt &l ghimi 23, atheractddzst] iniihatthissphenolic
ket one co COLr di far (A1) ecdORa s i B
GReokeC s ' BRANITI l6relsel, | 1168  phtesctOBhisolCO peBlole, 2.

said formul a ): - JR .and Rb,
represent m%é&&%eh@@@aﬂﬂguﬁéow'ﬁap BHErom 1 to 30 carbon

atons 6r together forma divalent group, optionally substituted with

Cnder t he sl BaOeaHT i@indePm il EMBar G0 h 15t 56 Bobl Phufit s,
group, a -2Gxonapretipaeid vitiya pdg in waref:less thapr@d eind prgfeaablulesg|tbare

group prefepabt ¥ netabnNpdticlace® 1 to 4 carbon atons and n is an
i nt eger chosen between 1 and 16. 30 28. The process as clainmed in

claim 27, characterized in that the ketone conpound corresponds to
formui@ (128) DbkgrocdsR)as claibdgda) cidin{ 23 agharactedzet] frothatithe 4dd ajtalystto

- R and d g Beig® e%ldrﬁegéiﬂ,cﬁ{eftﬁéne%}.tff&%F‘é&fd thiffl reretar@ sulfonic
hydrogen atom or a substituent, preferably an el éctron-donating .
group, - fidadalugpesylioniagidy Phenelaeinic ride bistrfiparogathanesyiferiarde o
Inurrber deqlmalatmixmre lof2perchricSacidpand salfline aclkie cth\peﬂc;ﬁroh'Qnacﬂ% 0:140)) 4;( g
ocated a a - p i pke
t oget her \];l&grégg@%r}%&r?\]g%a@%ﬂéd] gérc?d\ﬂsagg {r@p‘groﬂﬁeﬁgan%%%ﬁg f%@% n%da &
ket onéSri ydraxberzengpulienie aagicit «f, Wsdrithlosenatheaesulmnigide10ar®b. 4The

process asy@toxypekdnesalidiidndid, characterized in that an aqueous
hydr ogen peroxi de solution having an H202 concentration of at |east

20% by wei ght, preferably between 30% and 90% by wei ght and even nore
pr ef er ent i2dl | yhbaraeess 36%aimed7io%slbin eichhrtaciesizad dd. thatb 8 dcocatatyst is

process agd dBRdwhithCs 3l KBtdne 66 @?ﬁdaéé ohBinght8%ortula gl')P.er for med
in thg presence of an agent fg_}; c§ %lﬁg rﬁ srtion net i ons,
whi ch?Ps stabl e under the readtdofGor oni such as phosphoric
aci ds, pyiroghddpinoula¢li)ci ds, phosphonic acids and acid esters
thereof. - Ra and Ry, which may be identical or different, represent hydrocarbon-
based groups containing from 1 to 30 carbon atoms or together form a
divalent group, optionally substituted with one or more halogen atoms or
25 functional groups that are stable under the reaction conditions,
- X represents a valency bond, a -CO- group, a -CHOH group or a group -
(R)r-: R representing an alkylene group preferably containing from 1 to 4

carbon atoms and n is an integer chosen between 1 and 16.

30 28. The process as claimed in claim 27, characterized in that the ketone
compound corresponds to formula (l1a) below:

(Fic)n1(Rd)n2

O (Ila)
in said formula (l1a):
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- Re and Ry, which may be identical or different, represent a hydrogen atom
or a substituent, preferably an electron-donating group,

- nq and n, which may be identical or different, represent a number equal
fi00,1,20r3,

- optionally, the two carbon atoms located o to the two carbon atoms
bearing the -CO group may be linked together via a valency bond or via a
-CH3- group, thus forming a ketone ring, which may be saturated, but also
unsaturated.

29. The process as claimed in claim 1, characterized in that an aqueous
hydrogen peroxide solution having an H;O; concentration of at least 20% by
weight, preferably between 30% and 90% by weight and even more
preferentially between 30% and 70% by weight is used.

30. The process as claimed in claim 1, characterized in that it is performed in
the presence of an agent for complexing transition metal ions, which is stable
under the reaction conditions, such as phosphoric acids, pyrophosphoric acids,
phosphonic acids and acid esters thereof.



