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The paper reports the results of experiments on the development of production of
alkylphenols using the method of thermal alkylation of phenol with a-olefins. The influence
of technological parameters, such as temperature, pressure, reaction time and molar ratio
of reagents, was studied. An increase in the reaction temperature and molar ratio of
phenol:olefin positively affects the degree of conversion of olefins, which reaches a maximum
value of 85% at 425°C and molar ratio of fenol:olefin of 5:1. However, an increase in the
reaction temperature higher than 400°C negatively affects the selectivity of the process for
«extremely substituted» alkylphenols, which decreases from 97% to 76% at 400°C and
425°C, respectively. The optimum conditions of the process were found as follows: the
reaction temperature of 400°C, the pressure of 6.0 MPa, the molar ratio of phenol:olefins=4:1
and the reaction time of 1 h. Under these conditions, the degree of conversion of olefins
and the selectivity with respect to monoalkyphenol are equal to 50% and 90%, respectively.
The possibility of full isomerization of alkylphenols ethers into relevant alkylfenols on the
catalyst KU-2 was shown. Prepared alkylphenols were tested as a basis for the production
of surfactants. Thermal alkylphenols were compared with acidic samples of alkylphenols.
It was shown that alkylphenols prepared by thermal alkylation process allow producing
surfactants, which exhibit high surface-active properties with reference to the interfacial
tension of solutions «surfactants—kerosene». Based on the obtained results, the flowsheet
of the thermal alkylation process of phenol with a-olefins was proposed.
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Introduction

Synthetic alkylphenols are important semi-
products in petrochemical industry and industrial
organic synthesis. Their main bulk is consumed in
the synthesis of nonionic surfactants. The use of alkyl-
phenylpolyglycolic ethers in oil industry is a large-
tonnage production for oil recovery enhancement
through its flooding. Although oxyethylated normal
alcohols are used for the same purposes, the cost
and simplicity of production of alkyl-
phenylpolyglycolic ethers as well as the availability
of raw material represent great advantages over
alcohols.

Alkylphenols are widely used in the production
of oil-soluble polymers for paint-and-varnish
industry. As bactericide and disinfecting agents,
alkylphenols sufficiently surpass phenols, cresols, and

so on. Alkylphenols are also used as antioxidant
additives to polymers and lubricating oils [1—4].

As it is known, the catalysts used for alkylation
of phenol with olefins are mineral and organic acids,
haloids of metals, amorphous and crystalline
alumosilicates, different phenolates, and
sulfocationites (KU-2) [5]. Although alkylphenols
can be obtained using some of these catalysts to
obtain targeted ortho-isomer, the formation of
phenol-containing wastewaters make these processes
undesirable for application. Other catalysts,
alumisilicates, zeolites and KU-2, do not exhibit
sufficient selective action towards the formation of
ortho-isomer and lose their catalytic activity after
some time [6,7]. Moreover, when using some
catalysts together with monoalkylphenol, the
polyalkylphenols, which have not been widely used,
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are formed in small quantities.

This paper deals with the development of
thermal alkylation process of phenol with linear
a-olefin fraction Cy—C,,. The reaction proceeds
according to the following scheme:

OH OH
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Experimental, results and discussion

Phenol (GOST 236-68, premium grade) and
a-olefins C;—C,, produced by high-temperature
oligomerization of ethylene in the presence of
organometallic catalyst [8—10] were used as raw
materials.

Alkylation process was investigated by means
of continuously operating installation (Fig. 1).

Phenols and olefins in a given molar ratio were
heated up to 220°C in a heater (3) and passed to a
hollow reactor (4), where the necessary reaction
temperature and pressure were maintained. After that,
the reaction products were supplied to a separator
(5) and further to the system of rectification columns
(6,7,8).

The reaction products were analyzed using an
LKhM-8MD chromatograph (model 5) equipped
with a flame ionization detector (carrier-gas was
helium, carrier-gas velocity was 40 mL/min and
column temperature was 50—100°C). Cellite 545 with
a stationary phase benton 34+didecyl phthalate (1:1)

was used as a sorbent.

To determine the optimum ratio of
phenol:olefin, a number of experiments were carried
out at different temperatures and the results are shown
in Fig. 2.

The highest conversion (85 wt.%) was observed
at 425°C and molar ratio of 5:1.

However, an increase in the reaction
temperature higher than 400°C negatively affects the
selectivity of the process for «extremely substituted»
alkylphenols, which decreases from 97% (at 400°C)
to 76% (at 425°C) (Fig. 3).

The formation of considerable quantities of low-
molecular alkylphenols is also observed, which causes
the destruction of olefins under such conditions.

Pressure is an important factor in thermal
alkylation of phenol. Figure 4 shows the effect of
pressure on the alkylation at different reaction
duration.

To achieve a maximum conversion of olefins
at sufficiently high selectivity towards «extremely
substituted» alkylphenols, the pressure of 50—70 atm
must be kept in the system at the reaction time of
60 min. A further increase in the reaction time causes
an increase in the content of isomers with «internal»
substitution in alkylates.

Summarizing the obtained data, it must be
noted that the reaction of thermal alkylation of
phenol with a-olefins proceeds in the range of critical
temperatures and pressures for phenol (T.,=419°C
and P_,=60 atm). In compliance with the conditions
of the reaction, the selectivity with respect to
«extremely substituted» alkylphenols reaches about
93—95%.

Based on the experimental data (Table 1), the
optimum conditions of alkylation process were
determined as follows: temperature of about 400°C,

Phenol

Ce-C P—
8 10_:_]_ ﬁ_

R

f_‘}-

Alkylphenol l

JLIE

resin

Fig. 1. Installation diagram: 1 — olefin measurer; 2 — phenol measurer; 3 — heater; 4 — reactor; 5 — separator;
6, 7, 8 — rectification columns
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Fig. 2. Conversion of olefins as a function of molar
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Fig. 3. Effects of temperature on the conversion of «extremely
substituted» alkylphenols and the conversion of a-olefins at a

molar ratio of phenol:olefin=5:1

pressure of 60 atm, molar ratio of
phenols:olefins=4:1, reaction time of 1 h and density
of reaction mixture 0.28—0.3 g/cm?. The best-
achieved results are as follows: the conversion of
olefins equals to about 50%, the selectivity with
respect to monoalkylphenol is 90—96% and their
yield is 45%.

We also observed the formation of alkylphenols
ethers which can be easily isomerized (for 90%) into
relevant alkylphenols on the catalyst KU-2 at 60°C.

The life time of the catalyst KU-2 under these
conditions is not less than 1000 hours, but the spent
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Fig. 4. The influence of pressure on the conversion of olefins

catalyst cannot be regenerated.

It is well known that one of the main directions
of application of these alkylphenols is the production
of surfactants. In case of the synthesis of surfactant
based on alkylphenols, it was determined that the
degree of its biodegradation is closely connected with
the structure of alkylphenols in its composition. Low-
soluble surfactants are obtained based on ortho-
secondary alkylphenols, whereas water-soluble
surfactants are obtained using highly-branched para-
alkylphenols. It was also found that surfactants based
on alkylaromatic compounds with linear structure,
unlike their branched isomers, are characterized by
high biodegradability [6—7,11].

The targeted fractions of alkylphenols were
separated from the synthesized products as an initial
raw material for the production of nonionic
surfactants. Table 2 shows the results of comparative
tests of the use of thermal alkylphenol and acidic
samples of alkylphenols in the production of non-
ionic surfactants. One can see that nonionic
surfactants which exhibit high surface-active
properties with respect to the interfacial tension of
solutions surfactants—kerosene can be produced based
on alkylphenols and using thermal alkylation.

Conclusions

We developed the process of the synthesis of
alkylphenols by alkylation of phenol with C;—C,,
a-olefins and selected the optimal synthesis
conditions as follows: the temperature of 400°C, the
pressure of 60 atm, the phenol:olefin molar ratio of
4:1, and the reaction time of 1 h. Under these
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Table 1
Results of thermal alkylation of phenol with a-olefins C;,—C,, by using a flow-type installation
(the reaction time was 1 h)
Conditions of experiments — Conversion |Selectivity with respect to Yield of Total yield of | Total yield of
TC Pré;s;;lre, [Phenol:olefin Dg/ré;lt ’lof olefins, %| monoalkyl-phenol, % [ monoalkylphenols, % |alkylphenols, %| ethers, %
375
375
375 30 1:1 7.2 93.4 5.8 5.9 0.30
375
400 30 2:1 13.5 91.2 12.3 12.65 0.85
400 40 3:1 18.6 94.8 17.6 18.10 0.50
400 50 4:1 035 425 96.7 41.1 41.65 0.85
400 60 2:1 ) 14.3 92.4 13.2 13.50 0.80
400 50 3:1 325 95.4 31.0 31.42 1.08
400 60 4:1 46.7 95.8 44.8 45.80 0.90
410 30 2:1 157 89.5 14.0 14.65 1.05
410 40 3:1 34.8 92.1 32.1 33.10 1.70
410 50 4:1 035 435 93.8 40.8 41.90 1.60
410 60 3:1 ) 25.8 90.5 234 24.30 1.50
410 60 4:1 49.9 95.6 47.8 48.70 1.20
410 50 3:1 38.7 96.4 373 38.00 0.70
420 30 4:1 50.2 91.2 45.8 46.80 3.40
420 40 3:1 39.5 90.2 35.7 36.70 2.80
420 50 3:1 0.30 424 88.3 37.4 38.80 3.60
420 60 3:1 445 83.5 39.9 41.20 3.30
420 50 3:1 44.7 88.6 39.7 41.20 3.50
Table 2
Characteristics of oxyethylated alkylphenols prepared by different methods
Molar mass of Number of Characteristics of oxyethylates .
alkylphenols connected Cloud point Interfacial
Name of alkylphenols based Y Content of | Content of . p tension on
(calculated by moles of Freezing of 1%
on a-olefins Cg—Cyq hvd 1 ber of oxyethylene,|polyethylene| .~ kerosene
ydroxyl number of | ethylene ’ o, | point, "C | surfactant, o
. wt.% glycol, wt.% 0,05%
alkylphenol) oxide wt.%
surfactant
Alkylphenols of thermal 238 11.8 68.0 43 19,3 68-69 4.60
alkylation 15.3 73.7 5.2 20,5 90-90.5 5.10
Alkylphenols obtained by 274 12.1 70.8 3.8 - 68-71 3.96
catalytic alkylation on KU-2 15.0 74.9 4.2 22,5 89-92 4.14
conditions the olefin conversion reaches 50%, the REFERENCES
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CHHTE3 I BUKOPUCTAHHS AJTIKIJI®EHOJIIB,
OJEPXKAHUX AJIKUTYBAHHAM ®EHOJIY C,—C,,
a-OJIEOTHAMU

E.C. Mammaodosa, 3.4. Caaacsa, A.E. I'yceiinosa,
I A. Mammadaaies

Y emammi euxnadeni pezyssmamu docaioxncens cmocogHo
PO3POOKU 8UPOOHUYMEA AAKINDEeHONI8 3 UKOPUCIIAHHIAM Memody
mepmiuHo20 ankinyeanHs ¢erony a-oneginamu. Bueueno eniue
MexXHOA0IMHUX napamempie, MaKux K memnepamypa, muck, mpu-
sanicmb peakuyii | MoaspHe cniegiOHOUIeHHS peazeHmi6. 3pocmanHs
memnepamypu i MOASAPHO20 CHIBBIOHOWEHHs (heHoA:0neqhiH no3u-
MUBHO GNAUBAE HA CMYNIHb KOHGepCii oneqpinig, wjo docseac Mak-
cumanvhoeo sHaverns 85% npu 425°C i moaapHomy cniegioHouleHHi
henon:onein, pisomy 5:1. Oonak, 36inbuleHHs peakyitinoi mem-
nepamypu suue, Hixe 400°C HeeamusHo 6idbusaemuvcs Ha cenex-
MusHOCMI NPoyecy 045 «eKCMpeManbHo 3amMiuleHux» aikiigheronis,
saka 3uudcyemucst 8i0 97% 0o 76% npu 400°C i 425°C, 6idnosiono.
Busnaueni nacmynui onmumanvui ymosu npouyecy: peakuitina mem-
nepamypa 400°C, muck 6 MPa, moaspHe cniegionouienus geron:-
onein=4:1 ma mpusanicmo peaxuyii 1 200. 3a maxux ymoe cmyniuo
KoHeepcii onehinie ma ceaeKmugHicms CMOCO8HO MOHOANKIAGEeHO-
Ay ecmanoeaamos 50% ma 90%, éionogiono. Iokazana moxcausicms
noeHoi izomepusayii arkingeHoavHUX emepig y i0N0sioHI arkinge-
Hoau Ha kamanizamopi KU-2. Bueomoeaeni ankingperonu 6yau npo-
mecmogami sIK 0CHO8A 0451 BUPOOHULMBA NOGEPXHEB0-AKMUBHUX
peuosun. Tepmiuni arkingpenoau 6yau nopieHsHi 3 KucauMu 3paska-
mu ankingenoanis. Ilokazano, wo arkingpeHoau, eueomoeneni wias-
XOM npoyecy mepmiuHo20 anKiny8anhs, 003604510Mb OMPUMYEAMU
iOHHOReHHI NOBEPXHEBO-AKMUBHI PeUOGUHU, W0 NPOSGASAIOMb GUULY

N0BEPXHE8Y AKMUBHICIb CIOCOBHO MINCA3H020 HAMSALY DOZUUHIG
«nogepxHego-axmuena pevoguna — eac». Ha ocnogi ompumarnux
pesyavmamie po3pobaeHa MexXHOA0IMHA CXeMa NPOyecy mepMiuHO-
20 AAKINY8aHHs eHony a-oaeinamu.

KumouoBi cjioBa: ankinyBaHHs; ayiKiheHoIn; o-oedinu;
i3oMepu3allisi; oNnTUMaIbHi YMOBHU; TEXHOJIOTiYHA CXEMa; TIPOLIeC.
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The paper reports the results of experiments on the development
of production of alkylphenols using the method of thermal alkylation
of phenol with a-olefins. The influence of technological parameters,
such as temperature, pressure, reaction time and molar ratio of
reagents, was studied. An increase in the reaction temperature and
molar ratio of phenol.olefin positively affects the degree of conversion
of olefins, which reaches a maximum value of 85% at 425°C and
molar ratio of fenol:olefin of 5:1. However, an increase in the reaction
temperature higher than 400°C negatively affects the selectivity of
the process for «extremely substituted» alkylphenols, which decreases
from 97% to 76% at 400°C and 425°C, respectively. The optimum
conditions of the process were found as follows: the reaction
temperature of 400°C, the pressure of 6.0 MPa, the molar ratio of
phenol:olefins=4:1 and the reaction time of 1 h. Under these
conditions, the degree of conversion of olefins and the selectivity
with respect to monoalkyphenol are equal to 50% and 90%,
respectively. The possibility of full isomerization of alkylphenols ethers
into relevant alkylfenols on the catalyst KU-2 was shown. Prepared
alkylphenols were tested as a basis for the production of surfactants.
Thermal alkylphenols were compared with acidic samples of
alkylphenols. It was shown that alkylphenols prepared by thermal
alkylation process allow producing surfactants, which exhibit high
surface-active properties with reference to the interfacial tension of
solutions «surfactants—kerosene». Based on the obtained results, the
flowsheet of the thermal alkylation process of phenol with a-olefins
was proposed.
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