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heret of ore been wi dely used for separating aromatic 15 hydrocarbons such as
benzene, toluene, xyleneMETHOMIGETEHRODUCING ACTIVATED CLAY FOR

TREATING AROMATIC HYDROCARBONS

BACKGROUND OF THE INVENTION
5 (Field of the Invention)

The present invention relates to activated clay for
treating aromatic hydrocarbons. More specifically, the
invention relates to activated clay used for refining
aromatic hydrocarbons such as BTX (benzene, toluene,

10 xylene) and the like, and having excellent life and
excellent side-reaction-preventing property.

(Prior Art)

A solvent extraction method or the like method has
heretofore been widely used for separating aromatic

15 hydrocarbons such as benzene, toluene, xylene (Cg aromatic
group) and the like from the starting oils. The recovered
aromatic hydrocarbons contain unsaturated compounds such
as olefins and diolefins, and a refining treatment

. {polymerization of ethylenically unsaturated compounds)

20 has been conducted to remove these unsaturated compounds
by using the activated clay (Japanese Laid-Open Patent
Publication No. 127931/1974).

Japanese Laid-Open Patent Publication No. 263431/1994
discloses a method of producing activated clay for the

25 above-mentioned uses, comprising (a) bringing smectite
clay particles into contact with an acid and washing the
smectite clay particles with an excess amount of an acid
to form the smectite clay particles that are once
activated with the acid, (b) mixing the smectite clay

30 particles that are once activated with an acid together
with the water and an acid to form the smectite clay
particles that are twice activated with the acid, (c)
coagulating the smectite clay particles twice activated
with the acid so as to form granules in which the smectite

35 clay particles twice activated with the acid are bonded



groub) and the like fromthe starting oils. The recovered aromatic

Hydr ocarbons contai n unsaturated conpounds such as olefins and
diolefins, and a refining treatnent (pol ymeri zation of ethylenically
unsaturated conpounds) 20 has been conducted to renove these unsaturated
conpounds by using the activated clay (Japanese Laid-Open Patent _
Publ i cati on No. 127931/1974). Japanese Lai d- Open Pat ent: Publication
No. 263431/ 1994 di scl oses a nethod of producing activated clay for the
25 above-nentioned uses, conprising (a) bridging snectite clay
particles into contact with an acid and washing the snectite clay
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the smectite 3% 8rg¥agbons because of the reasons that olefins and

diolefins contained in the aromatic hydrocarbons such as
BTX are polymerized on the surfaces of the activated clay,
and the double bonds decrease due to the polymerization

10 causing the molecular weight to increase such as forming
dimers and trimers, enabling them to be easily removed as
high-boiling fractions of distillate by distillation. It
has been considered that the polymerization takes place
since solid acids in the activated clay work as a

15 catalyst.

However, it has been known that the solid acids
trigger the polymerization of unsaturated compounds, and
further trigger the disproportionation reaction or the
isomerization reaction of the alkyl aromatic compounds

20 such as toluene, xylene, etc. It is therefore desired
that the activated clay for refining the aromatic
hydrocarbons do not cause such side reactions. It is
further desired that the activated clay exhibits a long
life for the polymerization of unsaturated compounds.

25 Among the conventional activated clay for treating
aromatic hydrocarbons, however, those that exhibit a long
life tend to cause side reactions such as
disproportionation reaction, and those that little cause
side reactions, generally, have a short life. There has

30 not yet been known the activated clay that satisfies both
the selectivity of reaction and long life.

SUMMARY QF THE TNVENTION

It is therefore an object of the present invention to

provide activated clay which is used for refining aromatic

35 hydrocarbons such as BTX (benzene, toluene, xylene) and



2 + together, and (d) supplying again the granules that were not
regenerated into the step of mxing for obtaining a coagul at ed product
haV|ng a desired particle size distribution. 5 The activated cl ay
is used for refining the aromatic hydr ocar bons because of the reasons
that ol efins and diolefins contained in the aromati c hydrocarbons such
as BTX are polynerized on the surfaces of the activated clay, and

t he doubl e bonds decrease due to the pol ynerization 10 causing the

nol ecul ar wei ght to increase such as forni%g dinmers and triners,
enabling themto be easily renoved as hi gh-boiling fractions of
distillate by thetlikeatiexhibiting cwaslieatt dafsi dedeektdbleritheside~
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therefore desired
wgth an acid, and having a BET specific surface area of

not smaller than 250 m2/g and containing an iron component
in an amount of not smaller than 2.5% by weight reckoned
as an Fey0; oxide.

10 The value of the Fe,0; oxide appearing in this
specification represents the iron component reckoned as
the Fe;0; oxide that is contained when 1 g of the starting
clay or the activated clay is dried at 110°C for 3 hours.

In the activated clay for treating aromatic

15 hydrocarbons of the present invention, it is desired that:
1. an Si0,/Al,0; molar ratio is over a range of from 8.0
to 17.0, and an Si0,/Fey;03 molar ratio is over a range of
from 16.0 to 85.0;

2. at least part of the iron component exists in the form

20 of a hydroxyl group-containing iron (III) compound;

3. the activated clay is the one obtained by treating,
with an acid, the dioctahedral smectite clay minerals
containing iron in an amount of from 5 to 25% by weight
reckoned as an Fe;0; oxide so as to possess a BET specific

25 surface area of not smaller than 250 m2/g and to contain
iron in an amount of not smaller than 2.5% by weight
reckoned as the Fez0; oxide;

4. an infrared ray absorption peak is exhibited at a wave
number of from 890 to 860 cm-1;

30 5. an endothermic peak is exhibited at 400 to 500°C in
the differential thermal analysis;

6. dioctahedral smectite clay minerals are treated with
an acid until they possess a BET specific surface area of
not smaller than 250 m2/g and, then, an agueous solution

35 of an iron salt is hydrolyzed in the presence of the acid-



that the activated clay for refining the aromatic hydr ocar bons do not
cause such side reactions. It is further desired that the activated
clay exhibits a long life for the polynerization of unsaturated
conmpounds. 25 " Anpng the conventi onal activated clay for treating
aromati c hydrocarbons, however, those that exhibit a long life tend to
cause side reactions such as di sproportionation reaction, and those
that little cause side reactions, generally, have a short life. There
has 30 not yet been known the activated cl&y that satisfies both t he
selectivity of reaction and long life. SUMVARY OF THE | NVENTI ON

It is therefordrmated prbdottt hrepeefendo i theantanoirba compoAsheei@ct i vat ed
clay which is usaditer; 5eghna§9uﬁ£ OFRLAG I MAOCRLROBS5EUED 385 S

| uene, l.ene
(benzene, to re on%d as the Fe;03 oxide and that the amount of the

Fey03 oxide is not smaller than 2.5% by weight as a whole;
5 and
7. 1in 6. above, at least part of the iron component is an
iron salt expressed by the following formula,
MFe3 (504) 2 (OH) [
wherein M is an alkali metal.
10 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram illustrating a relationship

between the oil-passing rates and the bromine indexes in
the 70% fraction of distillate recovered by distillation
in Examples 1 to 3 and in Comparative Examples 1 to 3;

15 Fig. 2 is a diagram illustrating a relationship
between the oil-passing rates and the amounts of toluene
in the 70% fraction of distillate recovered by
distillation in Examples 1 to 3 and in Comparative
Examples 1 to 3;

20 Fig. 3 is a diagram illustrating a relationship
between the oil-passing rates and the amounts of benzene
in the 70% fraction of distillate recovered by
distillation in Examples 1 to 3 and in Comparative
Examples 1 to 3;

25 Fig. 4 is a diagram illustrating an infrared-ray
absorption spectrum of the activated clay prepared in
Example 2;

Fig. 5 is a diagram illustrating a differential
thermal analysis curve of the activated clay prepared in

30 Example 2;

Fig. 6 is a diagram illustrating an X-ray diffraction
image of the activated clay prepared in Example 4;

Fig. 7 is a diagram illustrating an X-ray diffraction
image of the activated clay prepared in Example 2 and

35 treated with an ethylene glycol;



3 . the like, exhibiting excellent life and excellent side-
reaction-preventing property. According to the present invention,
there is provided activated clay for treating aromatic hydrocarbons, 5
obt ai ned by treating dioctahedral snectite clay minerals with an acid,
and having a BET specific surface area of not smaller than 250 n2/g and
containing an iron conponent in an anount of not smaller than 2.5% by
wei ght reckoned as an Fe[err](err] oxide. 10 The val ue of the
Fe[err](Jerr] oxide appearing in this §pecifi cation represents the iron
conponent reckoned as the Fe[err](Jerr] oxide that is contained when 1
g of the starting Figcl&yiora tdiecem vt ett dhfiyareddragdalagsoridtfarr] C f or
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etween the oil-passing rates an the ounts of toluene

10 in the 70% fraction of distillate recovered by
distillation in Examples 4 and 5 and in Comparative
Examples 4 to 7;

Fig. 11 is a diagram illustrating a relationship
between the oil-passing rates and the amounts of benzene

15 in the 70% fraction of distillate recovered by
distillation in Examples 4 and 5 and in Comparative
Examples 4 to 7;

Fig. 12 is a diagram illustrating an infrared-ray
absorption spectrum of the activated clay prepared in

20 Comparative Example 3; and

Fig. 13 is a diagram illustrating a differential
thermal analysis curve of the activated clay prepared in
Comparative Example 3.

DETAILED DESCRIPTION OF THE INVENTION

25 The present invention has a feature in that among the
activated clay obtained by treating dioctahedral smectite
clay minerals with an acid, there are selected those
having BET specific surface areas of not smaller than 250
m2/g and, particularly, over a range of from 300 to 400

30 m2/g and having an iron content of not smaller than 2.5%
by weight and, particularly, from 3 to 15% by weight
reckoned as an Fe;03; oxide, and these activated clay are
used for the treatment of aromatic hydrocarbons.

According to the present invention, there are

35 selected those activated clay that satisfy both the BET



iron.in an anount of not smaller than 2.5% by wei ght reckoned as the

Fe[err]err] oxide; 4. an infrared ray absorption peak is exhibited at
a wave nunber of from890 to 860 cnferr]; 30 5. an endothermic peak is
exhibited at 400 to 500[err]Cin the differential thermal analysis;

6. dioctahedral snectite clay mnerals are treated with an acid until

t hey possess a BET specific surface area of not snaller than 250
nMerr]/g and, then, an aqueous solution 35 of an iron salt is hydrolyzed in
t he presence of the acid- 6 4
treated product thereof, so that an iron conponent is settled in an

anount of not spethéictsanficeabya vidjhthe amgwtokeafedran ctbhapbarertr ]| J err]
oxi de and thatm&ﬂgnanPHnﬁoggiﬂﬂg to offer an extended life as a catalyst
in the treatment of aromatic hydrocarbons while
drastically suppressing the side reactions such as
5 disproportionation and isomerization of alkyl aromatic
hydrocarbons.

In general, the activity and life of the activated
clay for treating aromatic hydrocarbons is evaluated by
passing the aromatic hydrocarbons through the granular

10 clay-filled layer, removing high-boiling fractions of
distillate by distillation, and by finding a bromine index
which represents the content of olefin components.

Fig. 1 in the accompanying drawings illustrates a
relationship between the oil-passing rates and the bromine

15 indexes in the 70% fraction of distillate recovered by
distillation of various dioctahedral smectite clay
minerals and the acid-treated products thereof. The life
is extended as the rising position of the curve moves
toward the right.

20 From the results of Fig. 1, the life of the catalyst
varies depending upon the kind of the clay minerals or of
the acid-treated product thereof, but it is obvious that
the activated clay satisfying the requirements of the
present invention exhibits excellent life.

25 The degree of side reaction and, particularly, of the
disproportionation reaction of the activated clay.for
treating aromatic hydrocarbons can be evaluated by
measuring the amount of toluene and the amount of benzene
in the oil which has passed through the granular clay-

30 filled layer and from which high-boiling fractions of
distillate have been removed by distillation.

That is, among the Cg fractions of distillate, xylene
causes a disproportionation into trimethylbenzene and
toluene as represented by the following chemical formula

35 (1)



Fe[err]err] oxide is not smaller than 2.5% by weight as a whole; 5 and
7. in 6. above, at |east part of the iron conponent is an i ron salt
expressed by the follow ng fornula, Me3 (SO4) 2 (OH)
6 wherein Mis an alkali nmetal. 10 BRI EF DESCRI PTI ON OF THE

DRAW NGS Fig. 1 is a diagramillustrating a relationship

between the oil-passing rates and the brom ne indexes in the 70%
fraction of distillate recovered by distillation in Exanples 1 to 3 and
in Conparative Exanples 1 to 3; 15 Fig. 2 is a diagramillustrating a
rel ationship between the oil-passing rates and the anmounts. of tol uene
in the 70% fraction of distillate recovered by distillation in Exanpl es
1 to 3 and in ConparativeCHs Exanples 1 to gjs20 Fi gegs3 i1s a diagram
illustrating a relationshjp bet ween t he joi | - passi ng ratjes and the
anounts of benzene ' e 70%fractio di stillate ered by
distillation in Exama 0 3 and—¥n Co live 4 s 1to 3; 25

Fig. 4 is agdiagramill aki ng an i nfrafe abs on spectrum of
the activated clay prepared igHs Exaipd e 2; CH3 Fig. 5 is a diagram
illustrating a differenti al t hermal anal ysis curve of the activated

cl ay prepared amd 3&cpdamgpizen causes a disproportionation into
diethylbenzene and benzene as represented by the following
chemical formula (2)

10
C2Hs C2Hs
2 [:i:] [:f:]\ ¥ [:::]
15 C2Hs
By measuring the amounts of toluene and benzene,

therefore, it is allowed to know the degree of

disproportionation.
20 Figs. 2 and 3 in the accompanying drawings illustrate

a relationship between the oil-passing rates and the
amounts of toluene in the 70% fraction of distillate
recovered by distillation and a relationship between the
oil-passing rates and the amounts of benzene in the 70%

25 fraction of distillate recovered by distillation of
various dioctahedral smectite clay minerals and of acid-
treated products thereof. The amounts of toluene and the
amounts of benzene in the 70% fraction during the early
stage of passage of the oil vary depending upon the clay

30 minerals or the acid-treated products thereof. It is,
however, obvious that the activated clay satisfying the
requirements of the present invention suppresses the
amounts of toluene that is formed and the amounts of
benzene that is formed to low levels.

35 Furthermore, comparison of Figs. 1, 2 and 3 indicate



Fig..6 is a diagramillustrating an X-ray diffraction | mge of the
activated clay prepared in Exanple 4; Fig. 7 is a diagram
illustrating an X-ray diffraction i mage of the activated clay prepared
in Exanple 2 and 35 treated with an ethyl ene glycol;

5 Fig. 8 is a diagramof an infrared ray absorption spectrum
of the activated clay prepared in Exanple 2 after havi ng adsor bed

pyri di ne; Fig. 9is a diagramillustrating a relationship 5
between the oil-passing rates and the bromBne indexes in the 70%
fraction of distillate recovered by distillation in Exanples 4 and 5
and i n Conpar atheef&Xaopims et ifiteresting Fagt. 10That aigl agteaalnown

illustrating achgl,ahifBsii® and the acid-treated products thereof

exhibiting long lives but lying outside the scope of the
present invention, tend to develop disproportionation to a

5 conspicuous degree in Figs. 2 and 3. On the other hand,
the clay minerals and the acid-treated products thereof
that do not develop disproporticnation in Figs. 2 and 3,
show short lives. In other words, there had been known no
clay mineral or acid-treated product thereof satisfying

10 the requirements of both the long life and the side-
reaction-preventing property.

On the other hand, the activated clay satisfying both
of the requirements of the present invention exhibits a
long life as shown in Fig. 1 and suppresses the side

15 reaction such as disproportionation to a very low level as
shown in Figs. 2 and 3. This is an unexpected effect
accomplished by the present invention.

It should be also understood that both the above-
mentioned high BET specific area and the large iron

20 content cannot necessarily be easily accomplished in the
activated clay used in the present invention.

The dioctahedral smectite is constituted by a
laminated-layer structure having, as a basic layer unit, a
three-layer structure in which an Al0O¢ octahedral layer is

25 sandwiched by two SiO; tetrahedral layers, Al in the AlOQg
octahedral layer is isomorphously substituted by Fe or Mg,
and Si in the Si0O4 tetrahedral layer is isomorphously
substituted by Al, the basic layer units being laminated
in the direction of a c-axis, and metal cations existing

30 among the layers to compensate for the lack of electric
charge caused by the isomorphous substitution.

When the clay minerals of the laminated-layer
structure are treated with an acid, metal cations existing
among the layers of the laminated-layer structure elute

35 out, causing the laminated-layer structure of the basic



bet ween the oil-passing rates and the anounts of toluene 10 in the 70%
fraction of distillate recovered by distillation in Exanples 4 and 5 and
in Conparative Exanples 4 to 7, Fig. 11 is a diagram
illustrating a rélationship bet ween the oil -passing rates and the
anounts of benzene 15 in the 70% fraction of distillate recovered by
distillation in Exanples 4 and 5 and in Conparative Exanples 4 to 7;
Fig. 12 is a diagramillustrating an infrared-ray absorption spectrum
of the activated clay prepared in 20 Conpafative Exanple 3; and

Fig. 13 is a diagramillustrating a differenti al t hermal anal ysis curve
of the activat ellreéalapsepstttttiure to (B@mpan:aﬂ.yveuExap@fe 3. Even JDE'IBQdé_ED
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15% by wei ght Wit a?ss &h M8 Fg& H¥ S6xi de and these acti vat ed
clay are used fWhemrnh&rE&ndﬁnulaﬂ odr edmtionhygfir bram bemd.alumina

According to t@?tﬂr&?ﬁ!i'tafé‘vé%dl%d R iRt Be3bragtachedei 19SS &G d vt ed
cl ay that satls;

gn tends to be more eluted out than alumina offering a

10 great advantage for producing the activated clay. Thus,
when it is attempted to produce the activated clay having
a BET specific surface area of not smaller than 250 m2/g
by simply treating the dioctahederal smectite clay
minerals with the acid, the iron components contained in

15 the clay minerals are eluted out with the acid, and there
is obtained the activated clay containing iron component
in an amount considerably smaller than 2.5% by weight
reckoned as the Fey03 oxide. On the other hand, when it
is attempted to leave the iron component in an amount of

20 not smaller than 2.5% by weight as the Fey0; oxide in the
activated clay, the BET specific surface area becomes
considerably smaller than 250 m2/g, and the activated clay
exhibits a low activity and a short life when it is used
as a catalyst for treating aromatic hydrocarbons.

25 According to one aspect of the present invention,
there is obtained activated clay satisfying both of the
above-mentioned two requirements by treating dioctahedral
smectite clay minerals having an iron content of from 5 to
25% by weight reckoned as an Fej0; oxide with an acid so

30 as to possess a BET specific surface area of not smaller
than 250 m2/g and a content of iron of not smaller than
2.5% by weight reckoned as the Fe;0; oxide (hereinafter
often referred to as the starting clay selection method).

According to another aspect of the present invention,

35 there is obtained activated clay satisfying both of the



6 . specific surface area and the anmount of iron conponent, maki ng

1t possible to offer an extended life as a catal yst in the treatnent of
aromati ¢ hydrocarbons while drastically suppressing the side reactions
such as 5 dispr.oportionation and isonerization of alkyl aromatic

hydr ocar bons. In general, the activity and Iife of the activated
clay for treating aromati c hydrocarbons is eval uated by passi ng the
aromati ¢ hydrocarbons through the granular 10 clay-filled |layer, renoving
hi gh-boiling fracti ons of distillate byl@istillation, and by finding a
brom ne i ndex whi ch represents the content of olefin conponents.

Fig. 1 in the albcosprnytitthell awogeguilrnetdentise®byatreating dioctahedral
smectite clay minerals with an acid until they possess BET
specific surface areas of not smaller than 250 m2/g and,
then, hydrolyzing an aqueocus solution of an iron salt in

5 the presence of the acid-treated product thereof, so that
an iron component is settled in an amount of not smaller
than 0.5% by weight reckoned as the Fe;0; oxide and that
the amount of the Fe;03; oxide is not smaller than 2.5% by
weight as a whole.

10 [Activated clay]

There is no particular limitation on the activated
clay of the present invention so far as the above-
mentioned requirements are satisfied. Described below is
a composition of a representative activated clay, to which

15 only, however, the present invention is in no way limited,
as a matter of course.

Composition
Si0, 65 to 80% by weight
Al5,03 8 to 13% by weight
20 Fey0s 2.5 to 10% by weight
MgO 1l to 3% by weight
Cao 0.5 to 2% by weight
Ignition loss 5 to 9% by weight

In the activated clay for treating aromatic

25 hydrocarbons of the present invention, it is desired that
the Si0,/Al1,0; molar ratio is from 8.0 to 17.0 and,
particularly, from 9.0 to 13.0 and the Si0,/Fe;03 molar
ratio is from 16.0 to 85.0 and, particularly, from 20.0 to
65.0.

30 In the activated clay having the Si0,/Fe;03 molar
ratio smaller than the above-mentioned range, the activity
for polymerizing olefins and its sustenance tend to
decrease. On the other hand, the activated clay having
the Si0,/Fey03 molar ratio larger than the above-mentioned

35 range tend to develop side reactions such as



rel ati onshi p between the oil-passing rates and the brom ne 15 indexes in
the 70% fraction of distillate recovered by distillation of various

di octahedral snectite clay m nerals and the acid-treated products
thereof. The life Is extended as the rising position of the curve noves
toward the right. 20 Fromthe results of Fig. 1, the life of the

cat al yst vari es dependi ng upon the kind of the clay mnerals or of .

the acid-treated product thereof, but it is obvious that the activated
clay satisfying the requirenents of the lpresent invention exhibits
excellent life. 25 The degree of side reaction and, particularly, of
t he di spr opditspaopbrtionaeatbnoncattite and itlat ddkel ayatoion. treating
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iron component exists in the form of a hydroxyl group-
containing iron (III) compound.

The presence of the hydroxyl group-containing iron

10 (IIX) compound, when its amount is relatively large, can
be confirmed by an infrared-ray absorption peak at a wave
number of from 890 to 860 cm-1.

Fig. 4 shows an infrared ray absorption spectrum of
the activated clay containing an iron component in an

15 amount of 8.3% by weight (see Example 2 appearing later).

The presence of the hydroxyl group-containing iron
(III) compound, when its amount is relatively large, can
be confirmed by an endothermic peak at 400 to 500°C in the
differential thermal analysis.

20 Fig. 5 shows a differential thermal analysis curve of
the activated clay containing the iron component in an
amount of 8.3% by weight (see Example 2 appearing later).

In either the above-mentioned clay selection method
or the post-addition method, at least part of, or

25 preferably, most of, the iron component exists in the form
of the hydroxyl group-containing iron (III) compound.

This is attributed to that the iron component has a strong
mutual action to the silica-alumina skeleton even when the
iron component exists outside the silica-alumina skeleton

30 that stems from the clay.

As a model of the mutual action, a silica tetrahedral
layer of a basic three-layer structure of clay exists on
the surface of the activated clay, the tetrahedral layer
being negatively charged as an attribute of silica. On

35 the other hand, the hydroxyl group-containing iron (III)



7 “ CH3 CH3 CH3 [err] and
et hyl benzene causes a di sproportionation into di et hyl benzene and benzene
as represented by the foll ow ng chem cal fornula (2) 10

12

10

15

20

25

30

35

compound exists in the form of iron ions or iron complex
ions in which a hydroxyl group is coordinated, the two,
presumably, being electrically bonded together.

In the case of the post-addition method, it is
desired that at least part of, or most of, the iron
component in the activated clay exists in the form of an
iron salt represented by the following formula

MFe; (S04)2(OH) g

wherein M is an alkali metal.

The presence of the iron component can be confirmed
by the X-ray diffraction.

Fig. 6 shows an X-ray diffraction image of the
activated clay by the post-addition method (see Example 4
appearing later).

The activated clay for treating aromatic hydrocarbons
used in the present invention has an X-ray diffraction
peak over a spacing of from 17 to 19 angstroms in a state
of being treated with an ethylene glycol.

Fig. 7 is an X-ray diffraction image of the activated
clay for treating aromatic hydrocarbons, treated with an
ethylene glycol, for use in the present invention (see
Example 2 appearing later).

The treatment with the ethylene glycol is effected so
that spacings of bottom surface reflection of an index of
a plane (001) lie within the predetermined range, from
which it is obvious that the activated clay of the present
invention is not basically losing the layer structure of
the dioctahedral smectite clay minerals.

It was mentioned already that the activated clay used
in the present invention has a BET specific surface area
of not smaller than 250 m2/g and, particularly, from 300
to 400 m2/g. This large specific surface area is, at the
same time, related to macropores in the activated clay.

The activated clay of the present invention has a
porous volume of porous radii of 100 to 70000 angstroms of



[err] By neasuring the anobunts of toluene and. benzene,

therefore, it is allowed to know t he degree of di sproportionation. 20
Figs. 2 and 3 in the acconpanying drawings illustrate a relationship

bet ween the oil-passing rates and the anounts of toluene in the 70%
fraction of distillate recovered by distillation and a relationship

bet ween the oi |l -passing rates and the anounts of benzene in the 70% 25
fraction of distillate recovered by distillation of vari ous di oct ahedr al
snectite clay mnerals and of acid- t r dat ed products thereof. The
amounts of toluene and the amounts of benzene in the 70% fraction during
the early stageande pos stagim of . Tthacoiol. 3vamy /gepehdengisipesl idheed vy 30

M nerals or thBeaGely henlah HANUGS dLEOkne bi bBusion Y Shrs GV oUS

that the actlvated C fylng equl r enen present
i nvention suppfe§eEBiaer the gahmiaf sPGﬁG§ﬁe°iﬁ§%n$s formed and the
amount s of benzenige tdat ivar ddraiay eedownl erel pre8ént invdnuidrermas e,

conparison @f Eigiopdrey Sk 3d NUG2F Lewis acid. The property of
Lewis acid can be confirmed by the appearance of an
absorption peak at a wave number of 1460 to 1440 cm-1 by
permitting the activated clay to adsorb pyridine and
measuring the infrared ray absorption spectrum.

10 Fig. 8 shows an infrared ray absorption spectrum of
the iron-containing activated clay oobtained by the
starting clay selection method that had adsorbed pyridine
(see Example 2 appearing later).

The agent for treating aromatic hydrocarbons of the

15 present invention is used in the form of a so-called
powder. When used as the powder, the particles have a
median diameter of generally from 20 to 40 um and,
particularly, from 25 to 35 um, and is used for the
batchwise treatment.

20 When used for the fixed bed, the activated clay is
used in the form of so-called particles. In the case of
the particles, it is desired that the particle diameter is
generally from 0.25 to 1.0 mm, and the shape of the
particles is spherical, granular, cubic, tablet,

25 cylindrical or irregular-shaped.

[Starting clay minerals]

The starting dioctahedral smectite clay used in the
present invention must have a BET specific surface area
lying in the above-mentioned range upon the treatment with

30 an acid though it may differ depending upon the starting
clay selection method or the post-addition method. The
degree of activation of the starting lay by the treatment
with an acid and the chemical composition differ depending
upon the components of the clay, place where it is

35 produced and site where it is buried (working face) even



8 - the follow ng very interesting fact. That is, the known cl ay

m nerals and the acid-treated products thereof exhibiting long |ives
but lying outside the scope of the present invention, tend to devel op
di sproportionation to a 5 conspicuous degree in Figs. 2 and 3. On the

ot her hand, the clay mnerals and the acid-treated products thereof
that do not devel op disproportionation in Figs. 2 and 3, show short
lives. In other words, there had been known no clay mneral or
acid-treated product thereof satisfying 1014 he requirenents of both the
long life and the side- reaction-preventing property. On the

ot her hand, Fhénacpevaamd.p}agesmﬁipﬁqdquiqnl1 Theraffotree rthgeer ements of
the present inwgptie iﬁéhtﬂétébébe—meﬂéggﬁédff%dﬁifﬁ%@ﬂ%s'thhgd fhe aNd

suppresses the side é reaction such a | sproportionation to a very | ow
| evel as sﬁS&ﬁcFﬁ Figs. 2 and 3. This is an unexpected effect

acconpl i shed by thelpreseronsidersd dthat the diodtaheldoaldshecalise is
under st ood BhakoPRES 4HetROPOYSIcanic ash or lava is modified being
affected by the seawater.

Examples of the dioctahedral smectite clay minerals
include acidic clay (named like this since it exhibits
acidity when suspended in a saline solution) produced in

10 large amounts in Japan, as well as sodium-type bentonite,
calcium-type bentonite, magnesium-type bentonite, sub-
bentonite, nontronite, beidellite, fuller's earth, and the
like.

Described below is a chemical composition of

15 representative starting clay minerals.

Si0, 45 to 65% by weigdht.
Al,03 13 to 25% by weight
Fejy03 5 to 25% by weight
MgO 2 to 6% by weight
20 Ca0o 0.1 to 3.0% by weight
K0 0.1 to 1.0% by weight
Na,0 0.1 to 3.0% by weight
Ignition loss 6 to 12% by weight

The smectite clays used for the starting clay

25 selection method contains 5 to 25% by weight of the Fel 05
oxide and, particularly, 10 to 20% by weight of the iron
component. The iron component may exist in the starting
clays in any form; i.e., the iron component may exist in
the basic structure of the clay, among the layers of the

30 laminar structure or outside the structure of the clay.
This is because, the iron component present in the
structure of the clay tends to remain in the actiwvated
clay even after the treatment with an acid. Here, the
iron component present in any other form is also

35 solubilized by the treatment with an acid, and is

-



nment i-oned hi gh BET specific area and the |arge iron 20 content cannot
necessarily be easily acconplished in the activated clay used in the
present invention. The dioctahedral snectite is constituted by a
| am nat ed- |l ayer structure having, as a basic layer unit, a  three-layer
structure in which an AlJerr] octahedral layer is 25 sandw ched by two
SiO4 tetrahedral layers, Al in the Al err] octahedral |ayer is

i somor phously substituted by Fe or M, and Si in the SiO4 tetrahedral

| ayer is isonorphously substituted by ¥, the basic | ayer units being
| am nat ed in the direction of a c-axis, and netal cations existing 30
anong the | ayehydrolgasficnsarembin ihethd cheitifvatlRT dlag . charge caused

' AR . the cl.ay mnerals of the
e T OSHLASEERD. o sl Ml gLarL IR
exi sting afSfig StRaerkger §0oFhe neef imdnaiteReTafion suchcear stenertsarsd
out, causing tsephaaichiahedokraydressingtiy cowsydrig, bagighetic ore
5 dressing, hydraulic elutriation or air elutriation, and
are then subjected to the treatment with an acid.
[Treatment with an acid]

The treatment with an acid is so effected that the

acid-treated product will have a BET specific surface area

10 that lies within a range specified by the present
invention. The treatment with an acid can be carried out
by either the granular activation method or the sludge
activation method.

The following description deals with the granular

15 activation to which only, however, the present invention
is in no way limited. i

In the granular activation, the starting clay
minerals must be prepared in the form of particles suited
for being treated with an acid prior to bringing them into

20 contact with the acid. The ore that is dug usually
contains the water in an amount of about 35 to about 40%
by weight, and this water serves as a medium for
granulating the clay.

By using a rag crasher as a coarse milling machine,

25 the core is coarsely milled and, then, the clay is
kneaded. The kneading is effected by using & grooved
roll, a plain roll or a combination thereof. Then, the
kneaded clay is granulated into a predetermined size. Tt
is desired that the particles have a diameter of, usually,

30 from 3 to 15 mm and, particularly, from 5 to 7 mm.

A suitable granulating machine will be a pair of
perforated rolls. The clay is supplied to a nipping
position of the rolls; i.e., the clay is passed from the
outside to the inside of the rolls so as to be granulated

35 into a predetermined size.



9 - three-layer structure to be partly cut apart. Even in the basi c

three-layer structure, portions of the internediate "AlJ err] octahedral
ayer elute out fromthe edges of the basic three-layer structure.
Furthernore, the BET 5 specific surface area increases acconpanying the

t r eat ment with an acid, as a matter of course. When t he
tendenci es of elution of iron and al um na with acid are exam ned during
the treatnment with the acid, iron tends to be nore eluted out than
alunmina offering a 10 great advantage for ¥ oducing the activated cl ay.
Thus, when it is attenpted to produce the activated clay having a BET

speci fic surface ar @aeotonditions!| for ttwen 2EhtmR/igh thbyaei&péyetsm{i ng

t he dloctahedqultggﬁgtl%gaghgg ?Cléﬁgggéﬂ ‘%fdauEQewﬁgidh?égetéé

conponent s cont al ne ay mperals are t he acid,

and there e EEREdoPRe BET | SRR G AP derearirAgeRt o @ bonent
I n an anount cgmad@aeahhmeénmtbnrc¢mpnnéhﬁﬁ%dmaﬂm3|ghtthe atbdkionstkteaat t he

Fe[err]Jerrg (B&'o‘&%ct%bftgﬁn%hﬁy &?é'dstamﬁrhq tclay ﬁleieéEESH%@&xéd) | eave

the iron conponent I n an anount not sma 5% b ht as

the Fe[err]Oerr] oxXtgetrrathent Wl%léﬁr\‘/ét‘@di disafarFﬁédBEtFts@écﬁ}r r f ace
area beconmes a treasimdetabkegsshabiliteh thmrgr2bihleR/ glagndniheiactilataired cl ay

exhibits a | OWaﬁ‘Ptajdﬁie%sanlﬁt§&9réoﬁégﬁlﬂbe%ﬂ bdig.Usefle aqueous
solution contains mineral acids, such as sulfuric acid,

10 hydrochloric acid, or the like acid and, particularly,
contains sulfuric acid, at a concentration of about 20 to
about 35% by weight. The treating temperature is selected
from a range of from 80 to 95°C and the treating time is
selected from a range of from 3 to 20 hours to satisfy the

15 above-mentioned requirements.

The mother ligquor after the treatment with the acid
contains basic components such as alumina, magnesium,
iron, etc. Therefore, the mother liquor can be used as a
starting material for an inorganic liquid coagulating

20 agent.

After the mother liquor is recovered, the acid-
treated product contained in the treatment vessel is
washed with water by circulating the washing water. After
washing with water, the acid-treated product is dried,

25 milled and is classified to obtain a product of activated
clay. The granular activated clay can be produced by
either the method of dry-pulverizing or molding the acid-
treated product after washing with water or the method of
molding the activated clay powder.

30 [Post-addition of iron component] .

The iron component can be added to the activated clay
containing the iron component in a small amount. That is,
an aqueous solution of an iron salt is hydrolyzed in the
presence of activated clay treated with an acid until it

35 possesses a BET specific surface area of not smaller than



as a-catalyst for treating aromati c hydrocarbons. 25 - According to one
aspect of the present invention, there is obtained activated cl ay
satisfying both of the above-nentioned two requirenents by treating

di oct ahedr al snectite clay mnerals having an iron content of from5 to
25% by wei ght reckoned as an Fe[err](Jerr] oxide with an acid so 30 as to
possess a BET specific surface area of not smaller than 250 nferr]/g
and a content of iron of not smaller than 2.5% by wei ght reckoned as
the Fe[err](Jerr] oxide (hereinafter dften referred to as the starting
clay sel ection nethod). Accordi ng to anot her aspect of the present

i nvention, 35 tzberﬁz;gs ided jach! \éehgeneheyﬁaéé@éyéa]gnp@maﬁi‘ouhhle
10 above- TenhLengd 110, "I TEMRNGS, RLsbReALLNEL gl pSlahgdial, oo
that the amount of the Fe;0; is not smaller than 2.5% by
weight as a whole. This addition can be advantageously
5 carried out for the acid-treated product {(activated clay)
which has been washed with water but which has not been
dried yet. The iron component, however, may be added to
the dry product.
As the aqueous solution of an iron salt, there can be

10 used a divalent iron salt or a trivalent iron salt. In
the case of the divalent iron salt, the oxidation
treatment must be carried out by blowing the air. As the
iron salt, there can be used a water-soluble inorganic
salt such as iron sulfate (II}), heptahydrate of iron

15 sulfate (III), iron chloride (II), iron chloride (III),
iron nitrate (II), iron nitrate (III), diammonium iron bis
sulfate (II), ammonium iron bis sulfate (III), iron
potassium bis sulfate (II), ammonium iron hexacyanoate
(II), ammonium iron hexacyanocate (III), potassium iron

20 hexacyanoate (II), or potassium iron hexacyanoate (III),
or a water-soluble organic salt such as iron acetate (II),
iron acetate (III) or the like.

To the acid-treated product washed with water is
added an aqueous solution of these iron salts in an amount

25 corresponding to the amount of the iron component that is
to be added, an alkali such as sodium hydroxide or
potassium hydroxide is added thereto, and the iron salt is
hydrolyzed, so that the hydroxy group-containing iron
compound is settled on the activated clay.

30 It is desired that the concentration of the iron salt
solution used for the hydrolysis is from 2 to 20% by
weight, and that the hydrolysis is slowly conducted at a
temperature of from 25 to 80°C maintaining a pH of 1.0 to
2.0 over an extended period of time.

35 According to a preferred means of the present



smectite clay nminerals with an acid until they possess BET specific
surface areas of not smaller than 250 nferr]/g and, then, hydrolyzing
an aqueous solution of an iron salt in 5 the presence of the acid-treated
product thereof, so that an iron conponent is settled in an anount of
not small er than 0.5% by wei ght reckoned as the Fe[err](Jerr] oxide and
t hat the amount of the Fe[err](Jerr] oxide is not smaller than 2.5% by
wei ght as a whole. 10 [Activated cl ay] There is no particul ar
limtation on the activated clay of th&8present invention so far as the
above- mentioned requirenments are satisfied. Described belowis a

conposi tion of mvregmﬁaﬁentaaaw&léﬁtl i/fézeds&i@yand 0 ﬂ!llﬁ*bujl% 15}‘ yfe??%¥er’

ed tter (S
tog?rpgglets?g; 'mé%&tf L2d ll use@o Wag water sélubl%Snich %%tbya\ﬂeiaé%? iis

A1203 added ghegetgotpymaknemin X PH over a rangee[odr IfrGredr to
2.5to 10@6by 2ei0ghtind the air is bloWllQo effect the oxidhtli®n3% by wei ght

I
gatoo 9% by vve tﬁteatmgné tgozg&%%eggéct VAt ed orpfiqr éLé:t“‘i(i% 1?3’?2}}&?. c 25

hydr ocar bons oflrf’ﬁesﬁiléséﬁPrPﬁ@éﬁ%@dW Wlﬁelgowlr% figrzaula ~ the
SlCIerr]/AI[err]CIerr] nol ar I’atMEDej($dl)9m)18) to 17.0 and,

partlcularly, fromg{ %) Q‘g #k Q[ Fe[err]Jerr] mol ar ratio
is from16.0 to 85 heR %?En e aﬁfr%erﬁ Oto .
is settled or bonded to the activated clay. According to

10 this method, the solution remains stable in a stage where
the pH of the iron salt solution is adjusted, and the iron
component is settled or bonded accompanying the oxidation
with oxygen, offering such an advantage that the iron
component is firmly bonded and the bonding states are

15 homogeneous and uniform.

As required, the activated clay containing the iron
component can be subjected to the heat treatment such as
drying or firing. Through drying or firing, it is
considered that the concentration of silanol groups

20 decreases on the surfaces of the activated clay, and the
clay swells little in the water. It is desired that the
drying or firing is conducted usually at a temperature of
from 80 to 500°C and, particularly, from 100 to 300°C for
a period of from 0.5 to 10 hours and, particularly, from

25 0.7 to 5 hours.

EXAMPLES

The invention will now be described below.
Measurements were taken according to the methods described
below.

30 (1) Testing the life of clay samples. )

A reaction tube made of a stainless steel was filled
with 8 ml of clay dried at 150°C for 3 hours, and was
installed in a constant-temperature bath. The interior of
the system was pressurized with a nitrogen gas to 15

35 kg/cm2. By feeding a mixture xylene having a bromine



65. 0 30 In the activated clay having the SiQ2/Fe[err](Jerr] nolar

ratio smaller than the above-nenti oned range, the activity for

pol ynerizing olefins and its sustenance tend to decrease. On the other
hand, the activated clay having the SiQ2/Fe[err](Jerr] nolar ratio

| arger than the above-nentioned 35 range tend to devel op side reactions
such as di sproportionation reaction and the |ike

reacti on. The iron conponent nay exist in the activated clay in

a formbeing incorporated in the basic skel2ton of the clay minerals,
in a formseparate fromthe basic skeleton, 5 or in a formof conbination
t her eof . indeknogeBeDalimgh 100 Sgresi keshidatlirded @FSh Post ictith

of 240) as a feed oil, the flow rate was so adjusted that
the liquid-space rate was 3 h-1. The temperature of a
constant-temperature vessel was raised to 165°C, and a

5 moment when 165°C was reached as regarded to be a start
point of testing. The oil flowing out from the outlet of
the clay reaction tube was sampled every after a
predetermined period of time to measure the bromine index
and the amount of disproportionation reactioﬁ:

10 (2) Measurement of bromine index.

Measured by using a electric amount titration-type
measuring equipment, model CA-06, manufactured by
Mitsubishi Kasei Kogyo Co.

(3) Measurement of the amount of the disproportionation
15 reaction.

Measured by using a gas chromatograph GC-14A
manufactured by Shimazu Seisakusho Co. Measuring
conditions consisted of using a detector FID, a carrier
gas of helium, a temperature at a injection port of 170°C

20 and a column temperature of 110°'C, and the amount of
toluene and the amount of benzene were measured by the
internal standard method.

(4) Specific surface area.

Measured according to a BET method by using

25 Sorptomatic Series 1900 manufactured by Carlo Erba Co.
(5) Chemical composition.

The ignition loss (Ig-loss), silicon dioxide (SiO,),
aluminum oxide (Al;03), iron oxide (Fe;03;), calcium oxide
(Ca0) and magnesium oxide (MgO) were analyzed in

30 compliance with JIS M-8855. NayO and XK;0 were measured by
the atomic absorption method. The measurement was taken
by using 1 g of a sample that has been dried at 110°C for
3 hours.

(6) Measurement of infrared ray (IR). -
35 Measured by a KBr method by using an infrared ray



I ron-conponent exists in the formof a hydroxyl group- containing iron

(I'1'1') conpound. The presence of the hydroxyl group-containing iron
10 (I1'l) conmpound, when its amount is relatively large, can be
confirmed by an infrared-ray absorption peak at a wave nunber of from
890 to 860 cm 1. Fig. 4 shows an infrared ray absorption spectrum
of the activated clay containing an iron conponent in‘an 15 anount of
8.3% by wei ght (see Exanple 2 appearing later). The presence of

t he hydroxyl group-containing iron (1139 conpound, when its anount is
relatively large, can be confirned by an endotherm c peak at 400 to

500[err] C in tldsorptdohf spestiah dheryddr andlaesi gr/2R- 610 Fig. 5 shows a

diff tial t S he tivate i ni ng
the i ron componanitastided*hy fibdh %u%%#%y T gﬁfm%ia% B e
appearing | at era’fis°rbed PYrifing; weie meéﬂﬁfeﬁ EdHedR chryusigie e on

met hod or HMErﬂmeﬂradglabsﬂrpmﬂdnxhpéﬂtﬂuma&ham§Eér?fmo@élZiL%O%|1
pref erably, f r CT) i.sts in the form o] e
hydroxyl gr (?Jg%%g%tfgfﬁpﬁea Bg ﬁ%ﬁ){ﬁ? lgéth%d This is attributed to

that the iron dgﬁpgﬁéﬁFrHBElélsﬁh%ﬁﬁﬁl anﬁ%ﬁﬁ%&l action to the _
silica-al um na skel Measueganbyhesiidiea TAS-100N seaABAPENE L EXESdSe Ut Si de the

silica-al um na o] clay a node

of the mnutual t%ﬁﬁg%& gagg |c2ﬁ% l?frahedI thg%ﬁakg R%?a5g3§%1ceﬁﬁ?ee | ayer
structure of CI%IB‘?FLSFE“"‘MSB Wi%‘-ﬁec%lﬂqcéf@@ élﬂd?ﬁetbetﬁmﬂb@m%;of t he
tetrahedrallol ayeing ®-aAl,0; as a standard substance while raising the

temperature at a rate of 10°C/min in an atmosphere of room
temperature throﬁgh up to 850°C.
(8) Filling density. .
50 Grams of a sample was introduced into a 200-ml
15 graduated cylinder which was then vibrated until the
packed volume changed no longer, thereby to calculate a
packing density.
(9) Particle size distribution. -
Shook for 15 minutes by using a testing sieve having
20 a size of opening of 0.85-0.60-0.25 mm stipulated under
JIS and a shaking machine. The distribution of particle
sizes was measured relying upon the weights of the sample
on the sieve and under the sieve.
(10) X-ray diffraction.
25 (10-1) Ordinary X-ray diffraction
Measured by using a Geiger-Flex RAD-1B system

manufactured by Rigaku Denki Co. and a Cu-K€ ray under
the following conditions.

Target Cu
30 Filter Ni
Tube voltage 35 kv
Tube current 15 mA
Scanning rate 2 deg/min
Time constant 1 sec i

35 Slit DS(SS) 2 deg RS 0.3 mm



being negatively charged as an attribute of silica. On 35 the other hand,
the hydroxyl group-containing iron (l11)

12 conmpound exists in the formof iron ions or iron conplex i ons
in which a hydroxyl group is coordi nated, the two, presunmabl y, being
el ectrically bonded together. In the case of the-post-addition
nmethod, it is 5 desired that at | east part of, or nost of, the iron
conponent in the activated clay exists in the formof an iron salt
represented by the follow ng fornula 21 Mre[err]
(Sgerr])[err] (OH 6 wherein Mis an alkali nmetal. 10 The

presence of thel0orpp xorppnEiffeaties ednivhefithe sipldeisX-trdated

diffraction. iy an ethylene glycol.

A sample dried at 110°C for 2 hours was picked up in
an amount of 1.0 g, and to which was added 5 ml of a 10%

5 ethylene glycol agueous solution by using a whole pipette.
The sample was mixed well with a stirrer rod and was dried
at 60°C for 2 hours. The dried product was ground down in
an agate mortar, and the resulting powder was subjected to
the X-ray diffraction measurement under the following

10 conditions.

Target Cu
Filter Ni
Tube voltage 40 kv
Tube current 20 mA
15 | Scanning rate 1/2 deg/min
Time constant 2 sec
Slit DS(SS) 1/2 deg RS 0.3 mm

(11) pH.
A pH of a 5% suspension was measured in compliance
20 with JIS K-5101-26.
(12) Amount of solid acid.
Measured in compliance with a method of measuring n-
butylamine [reference literature: “Catalyst”, Vol. 11, No.
6, pp. 210-216, 1969”.
25 (Example 1)
The dioctahedral smectite clay minerals shown in
Table 1 were used as starting materials, and were coarsely
milled and kneaded into particles of 5 mm in diameter.
1000 Grams of the particles were filled into a treating
30 layer. 1500 Grams of an aqueous solution containing 30%
by weight of sulfuric acid was circulated therein. The
treating temperature was 90°C and the treating time was 5
hours. After the treatment with the acid, the acid-
treated product was washed with water by circulating the
35 washing water, and was then dried at 110°C, milled, and



Fig.- 6 shows an X-ray diffraction i nage of the activated clay by the
post -addi ti on nethod (see Exanple 4 appearing later). 15 The
activated clay for treating aromati c hydrocarbons used in the present

i nvention has an X-ray diffraction peak over a spacing of from17 to 19
angstronms in a state of being treated with an ethyl ene glycol.

Fig. 7 1is an X-ray diffraction inmage of the activated 20 clay for treating
aromati ¢ hydrocarbons, treated with an et hyl ene glycol, for use in the
present invention (see Exanpl e 2 appedRing |ater). The
treatment with the ethylene glycol is effected so t hat spaci ngs of

bott om sur f acevdefdiRatddnOlorrainngaxtotléd Rapiaged{Ldietd eoifidunh t he

pr edet er mi ned § e, Td.% mm \ngi %gg:egéa}:?yg gggysg%%gﬁjrgpeag@t‘%a\é%ded clay of

the present I niventi on’ S no > 0sing ayer S ure of
t he di oct ahedr@te¥nedia ektipdped actavated clay wasgimegsuyrdifanddsal ready
that the acti vghesicdlapriegeadt3@si Bot Be pseshoimi Dvenabde has a BET specific

surface areq  ofpola 3R Lha) 280 §RL8naPdeo DALY £4l ALy 1 fom 300

to 400 nR/g. This large specific surface area I's I e,
related to maci¥poHeEPTAPtd oRatieny cang) fgvorable resylies weu%ated clay of
t he present i metdirsd s shosim far gigsvoliyn® ahdpdrous radii of 100 to

70000 angstroanﬁgmple 2)
The dioctahedral smectite clay minerals shown in
10 Table 1 were used as starting materials, and were coarsely
milled and kneaded into particles of 5 mm in diameter.
1000 Grams of the particles were filled into a treating
layer. 1500 Grams of an agueous solution containing 32%
by weight of sulfuric acid was circulated therein. The
15 treating temperature was 90°C and the treating time was 6
hours. After the treatment with the acid, the acid-
treated product was washed with water by circulating the
washing water, and was then dried at 110°C, milled, and
was sieved to obtain particles having diameters of from
20 0.85 to 0.25 mm in order to obtain granular activated
clay. The obtained activated clay was measured for its
physical properties to be as shown in Table 1. Fig. 4
shows the results of measuring IR, Fig. 5 shows the
results of differential thermal analysis, Fig. 7 shows an
25 X-ray diffraction image of the activated clay treated with
an ethylene glycol, and Fig. 8 shows the results of
measuring IR of the activated clay that had adsorbed
pyridine.
The activated clay was further tested for its life
30 and disproportionation, and favorable results were
obtained as shown in Figs. 1, 2 and 3.
{Example 3)
The dioctahedral smectite clay minerals shown in
Table 1 were used as starting materials, and were coarsely
35 milled and kneaded into particles of 5 mm in diameter.



13 - as large as from0.10 to 0.30 m /g, which is believed to be
very hel pful for increasing the diffusion rate which determ nes the
rate of adsorbing ol efins. The activated clay used in the present

i nvention has 5 a property same as that of Lewis acid. The property of
Lew s acid can be confirned by the appearance of an absorption peak at
a wave nunber of 1460 to 1440 cm 1 by permtting the activated clay to
adsorb pyridi ne and nmeasuring the infrared ray absorption spectrum 10
Fig. 8 shows an infrared ray absorption sp&ttrum of t he iron-containing
activated clay obtained by the starting clay selection nmethod that had
adsor bed pyri dine0 GraihseefExRepb&r 2icpdeardrnty 1iAllei) into a tredbEndqgent

oL et O, AR NoEaense of i WARETG BRI e
have a by weight of sulfurlc acid was c1rculated therein.
treating temperature was 90°C and the treating time was 4
5 hours. After the treatment with the acid, the acid-
treated product was washed with water by circulating the
washing water, and was then dried at 110°C, milled, and
was sieved to obtain particles having diameters of from
0.85 to 0.25 mm in order to obtain granular activated
10 clay. The obtained activated clay was measured for its
physical properties to be as shown in Table 1.

The activated clay was further tested for its life
and disproportionation, and favorable results were
obtained as shown in Figs. 1, 2 and 3.

15 (Example 4)

The dioctahedral smectite clay minerals shown in
Table 1 were used as starting materials, and were coarsely
milled and kneaded into particles of 5 mm in diameter.
1000 Grams of the particles were filled into a treating

20 layer. 1500 Grams of an aqueous solution containing 32%
by weight of sulfuric acid was circulated therein. The
treating temperature was 90°C and the treating time was 6
hours. After the treatment with the acid, the acid-
treated product was washed with water by circulating the

25 washing water, and was then dispersed in an aqueous
solution containing ferrous sulfate at a concentration of
15%, and to which was further added sodium hydroxide while
blowing the air to effect the hydrolysis at a temperature
of 60°C and a pH of 1.5. Thereafter, the washing water

30 was circulated to wash the product with water. The
product was then dried at 110°C, milled, and was sieved to
obtain particles having diameters of from 0.85 to 0.25 mm
in order to obtain granular activated clay. After iron

- was added thereto, the activated clay was measured for its
35 physical properties to be as shown in Table 2. Fig. 6



median di aneter of generally from20 to 40 [err]m and, particul arly,
from25 to 35 [err]m and is used for the batchwi se treatnent. 20

When used for the fixed bed, the activated clay is used in the form of
so-called particles. In the case of the particles, it is desired that
the particle diameter is generally fromO0.25 to 1.0 nm and the shape of
t he particles is spherical, granular, cubic, tablet, 25 cylindrical or

i rregul ar - shaped. [Starting clay m neral s] The starting

di oct ahedral snectite clay used in the 2resent invention nust have a BET
specific surface area | ying in the above-nenti oned range upon the

treat melnt Wit hsB@wgrhﬁQtdcatyh(H@friaE(tjﬂ.&M. ﬂh&é@roﬂgﬂw;ﬁd&v&a@a EmayS]E arting
o 2y select! ongle Dot oA epliegtili, g, ELTOR Sl gre, A BRET,
cheni cal conpoS$isPBePel timatdapendndgfavorghbe rerukiopwrenobteinefieas| ay,
pl ace where itshéwsSiproched,and snhgeinhere it is buried (working face)
even 5 The granular activated clay obtained in Comparative
' Example 4 that will be described later was dispersed in
the aqueous solution containing ferrous sulfate at a
concentration of 15%, and sodium hydroxide was added
thereto while blowing the air to effect the hydrolysis at
10 a temperature of 60°C and pH of 1.5 in order to obtain the
activated clay. There were obtained the same results as
those of Example 4.
(Example 5)
The dioctahedral smectite clay minerals of Example 4
15 shown in Table 1 were used as starting materials, and iron
oxide was added thereto in an amount of 15 parts per 100
parts of the starting materials. The mixture was then
coarsely milled and kneaded into particles of 5 mm in
diameter. 1000 Grams of the particles were filled into a
20 treating layer. 1500 Grams of an aqueous solution
containing 32% by weight of sulfuric acid was circulated
therein. The treating temperature was 90°C and the
treating time was 8 hours. After the treatment with the
acid, the acid-treated product was washed with water by
25 circulating the washing water, and was then dried at
110°C, milled, and was sieved to obtain particles having
diameters of from 0.85 to 0.25 mm in order to obtain
granular activated clay. After iron was added, the
activated clay was measured for its physical properties to
30 be as shown in Table 2.

The activated clay was further tested for its life
and disproportionation, and favorable results were
obtained as shown in Figs. 9, 10 and 11.

(Comparative Examples 1 to 3)
35 Commercially available activated clay having



14 - in the sane place of production. Therefore, those sati sfying

t he above-nenti oned requirenments shoul d be sel ect ed. It is
considered that the dioctahedral snectite is 5 formed as the vol canic ash
or lava is nodified being affected by the seawater. Exanpl es
of the dioctahedral snectite clay mnerals I nclude acidic clay (naned
like this since it exhibits acidity when suspended in a saline
solution) produced in 10 large anmounts in Japan, as well as sodiumtype
bentonite, cal ciumtype bentonite, magfesi umtype bentonite, sub-
bentonite, nontronite, beidellite, fuller's earth, and the i ke.

Dlescri bed bfal 0Woinpod i€ heR Csthowd® Mo Sidh 1N 20fvele mlieméd$elait;éé.cﬂé(& aﬁidirti ng
clay mnerals. . Sl Q2 . .10 % I ght

A1203 werf3s%8v§g9§%ypw&ﬁ%ﬂnpartl?les of4élgmeE§f%r¥ gf%é@]0:85

5 to 25% by weit§hf.25 mm in order tqupbtain granular caye 6BH®yORRaigad 20
CaO actiQatefocBap Urdiye WiHilred for their physKE&I rpfdperties

yt@ebghgs shown in Table 2. The activated clay were
further tested for their lives and disproportionation.

0.1to 1.0%gb

The results were as shown in Figs. 1, 2 and 3.
The activated clay were subjected to the IR
measurement and differential thermal analysis. Fig. 12
10 shows the results of IR measurement and Fig. 13 shows the
results of differential thermal analysis. In the IR
measurement, no infrared ray absorption peak was observed
over the wave numbers of from 890 to 860 cm-l. 1In the
differential thermal analysis, no endothermic peak was
15 observed at 400 to 500°C.
(Comparative Example 4)

The starting clay same as the one used in Example 4
was treated with an acid under the conditions same as
those of Example 4, and was, then, washed, dried, milled

20 and was sieved to obtain particles having diameters of
from 0.85 to 0.25 mm in order to obtain granular activated
clay. The activated clay was measured for its physical
properties to be as shown in Table 2. The activated clay
was further tested for its life and disproportionation.

25 The results were the same as those of Example 4. The
amount of toluene that was formed and the amount of
benzene that was formed were as shown in Figs. 10 and 11.
(Comparative Example 5)

Iron oxide was mixed in an amount of 5% by weight

30 into the granular activated clay obtained in Comparative
Example 4, and the mixture was milled. Thereafter, the
amount of water was adjusted to be about 35%, and the
mixture was molded into particles of a diameter of 0.8 mm,
and was dried at 110°C, milled and was sieved to obtain

35 particles having diameters of from 0.85 to 0.25 mm in



Na20O 0.1 to 3.0% by wei ght Ignition |oss 6
to 12% by wei ght The snectite clays used for the starting clay 25
sel ection nethod contains 5 to 25% by wei ght of the Fe[err](Jerr] oxi de
and, particularly, 10 to 20% by wei ght of the iron conponent. The iron
conmponent may exist in the starting clays in any form i.e., the iron
conponent may exist in the basic structure of the clay, anong the

| ayers of the 30 |am nar structure or outside the structure of the clay.
This is because, the iron conponent preserd6éin the structure of the
clay tends to remain in the activated clay even after the treatnent
with an acid. keBer tbeobtaihlramilgoneriiiteserildyn amheobbeaihedm i s

igso 35 SO|Ubi%k%ﬁgaggdtgfa§rﬁg§rﬁ%ﬁs&%éé]fg}E%ééjpﬂychgi properties to

be as shown in Table 2. The activated clay was further

tested for its life and disproportionation to be as shown
5 in Figs. 9, 10 and 11.

(Comparative Example 6)

The dioctahedral smectite clay minerals of Example 4
shown in Table 1 were used as starting materials, and were
coarsely milled and kneaded into particles of 5 mm in

10 diameter. 1000 Grams of the particles were filled into a
treating layer. 1500 Grams of an agqueous solution
containing 20% by weight of sulfuric acid was circulated
therein. The treating temperature was 80°C and the
treating time was 4 hours. After the treatment with the

15 acid, the acid-treated product was washed with water by
circulating the washing water, and was then dried at
110°C, milled, and was sieved to obtain particles having
diameters of from 0.85 to 0.25 mm in oxrder to obtain
granular activated clay. The obtained activated clay was

20 measured for its physical properties to be as shown in
Table 2.

The activated clay was further tested for its life
and disproportionation. The results were as shown in
Figs. 9, 10 and 11.

25 (Comparative Example 7)

The dioctahedral smectite clay minerals of Example 4
shown in Table 1 were used as starting materials, and were
coarsely milled and kneaded into particles of 5 mm in
diameter. 1000 Grams of the particles were filled into a

30 treating layer. 1500 Grams of an agueous solution
containing 36% by weight of sulfuric acid was circulated
therein. The treating temperature was 90°C and the
treating time was 8 hours. After the treatment with the
acid, the acid-treated product was washed with water by

35 circulating the washing water, and was then dried at



hydr-ol yzed to remain in the activated clay. As required, the

di octahedral snectite clay mnerals are subjected to the refining
operation such as stone-sand separation, ore dressing by buoyancy,
magnetic ore 5 dressing, hydraulic elutriation or air elutriation, and
are then subjected to the treatnment with an acid. [Treatnment with an
aci d] The treatnment with an acid is so effected that the
acid-treated product will have a BET specific surface area 10 that lies
within a range specified by the present 27 invention. The treatment with
an acid can be carried out by either the granular activation nethod or
t he sl udge 180t Cyahi Dhedplddl.was sieved -H&Boﬂdthhﬁ\/\bagtﬂ@ﬁééimi\}ﬁfg deal s
W e 0" anubiindocCloYaLLan § SIS O Y NOWBKEL: LOSCBLERE

i nvention I's 1n ar _ac vatlon
the starting cPagnular peeiwmtednziame fepatdingd ﬁstf-wﬁe@fcwtwa@ es

sui ted f or mb&‘sﬂgecﬂl’ Bat edic s\ iy sircC i gy rari elso thr bagasgshdwain imt o 20
contact with g . The ore that is dug usually contai ns the water
in an anDunt o about ' 35 to about 40% by weight, and this water serves

as a nedium for Tl o W2 FRE tHe ke wae further tegfedsfay s abi%® asher
as a coarse m &hdngispebpdeticmtivh Cormhd reenarcsewrel hkeghamd, id hen, the
clay is knggggq.g The kosaping is effected by using a grooved
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roll, a plain roll or a combination thereof. Then, the 'kﬁeaded‘clay S

granul ated into a predeterm ned size. It Is desired that the particles
have a dianeter of, usually, 30 from3 to 15 nmand, particularly, fromb5
to 7 mm A suitable granulating machine will be a pair of
perforated rolls. The clay is supplied to a nipping position of the
rolls; i.e., the clay is passed fromthe 28 outside to the inside of the
rolls so as to be granulated 35 into a predeterm ned size.
16 The conditions for treatnent with the acid are such t hat
t he obt ai ned ag;d-treated product will have the above-nenti oned BET
specific surfacg area and that a predeterm ned iron conponent renains
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5 product obtained by the starting clay sel ection nethod. The
treatment with an acid is carried out by filling a treatnent vessel
with the granular clay and circulating an aqueous sol ution cont ai ni ng
an acid. The aqueous solution contains mneral acids, such as sulfuric
acid, 10 hydrochloric acid, or the like acid and, particularly,

contains sulfuric acid, at a concentratiorp®f about 20 to about 35% by
wei ght. The t<jeating tenperature is selected froma range of from80 to
95[err] C and $ihe treating tine is selected froma range 0§ Hrgm3 to 20
hours to sati®jfy the 15 aboVe-nentionéd requi ehEhts. & ~ OTRenDt her
| i quor after $he treatnment wth the acPd cOIg & ¥ basi ceconporent s such
as alum na, ghesi um iron, ehc. Therefore, the nother |iquor can be
used as a starting material for an inorganic |iquid coagulating 20
agent . m After the nother liquor is recovered, the acid- treated
product contagned i thefreatment vesgel is washed w tl wateg Ly
circulating tle waghing ater. After © washing & th waters, ¢he o <
acid-treated @roduct is dried, 25 omlded and < sved &ssifiedoto ebbabn a
product of a ivg el o .l ay. THe granul ar A8 Vated cl ay can be

produced by Y & ther & Re net hod of dry-pul verizing or nolding the acid-
treated prodygt after washing with water or the nethod of nol di ng t he
activated cl powder. 30 [Post-additjon of iron corrponentl The
. N™MdO
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conﬁaining the iron conponent in a small anmount. That is, an aqueous

solution of an iron salt is hydrolyzed in the presence of activated
‘clay treated with an acid until it 35 possesses a BET specific surface area
of not smaller than 17 250
mMerr]/g, and the iron conponent is settled in an anount of not smaller
than 0.5% by weight as the Fe[err]Jerr] j de, so t hat the anmount of
the Fe[err](err] is not smaller than 2.5% by wei ght as a whole. This
addi tion can be advantageously 5 carried out for the acid-treated product
(activated clay) whi ch has been washed with water but which has not been
dried yet. THe iron conponent, however, may be added to the dry product.

As the aqueoms solution of an iron salt, there can be

&
: L A A A A A XemwLwddaoan ©
= N O HONOO O 0
0 r~ —
Y
\O|
¥
“ L A R A A A oMY o NN O
E m[\\ONOmoog ~ 3
3 —
4 s°%s3asa"
x .(-r',._;....-o:u
M il il il il Yecddocacocoa
= wmaan vaaaoa e«
O W O O W O N O O 6 - O
~ o o — ™
~
o
e
3 blislllly 2tenuacce v
O NOFTONOO O — o~
o ~ - o -
&
<
2 ) ¢+ o< a o W H M NN o o
©O ® o H N M H O ® CmMmead MmO NOO o -~
= - N o ~ A o~ in
696953355@3—5@5 E@QQEEQQ&P
"g 0 E ) o o
9gw 8 -0 e o 2%
m ™M Pt m ™ ~ @
CEEEERER RN R N PR RN R
2, .
guUge B <m0 ==K E Ho OS2 M e c§’§’
v IS 3 v W
A4 <




10 used a divalent iron salt or a trivalent iron salt. In t he case of
the divalent iron salt, the oxidation treatment nust be carried out by
blowing the air. As the iron salt, there can be used a water-soluble

i norganic salt such as iron sulfate (11), heptahydrate of iron 15
sulfate (I11), iron chloride (Il), iron chloride (I11), iron nitrate
(1), iron nitrate (I11), diammoniumiron3sbis sulfate (11), amoni um
iron bis sulfate (I11), iron pot assium bis sulfate (I1), anmoniumiron
hexacyanoat e (I'l'), ammoni umiron hexacyanoate (III), pot assiumiron 20
hexacyanoate (11), or potassiumiron hexacyanoate (1I1), or a

wat er - sol ubl e organlc salt such as iron acetate (11), iron acetate
(111) or the}ike. 'S To the acid-treated product washed w th water
is addedgn aq@eous gol usi on of thHBse ironmsaldsin an &@ﬁ‘t“@ g

correspondi n e app@nt of theQirog conpongnf Jhat is S I8 geoaddgd
an al kal i a del n%hydrOXIdewor pota59$uﬂ1hydrOXIde IS added

t hereto, and he ' fon salt is hydrol yzed, so that the hydroxy
group-containing iron conpound is settled on the activated cl ay. 30@

It is desired that the concentration of-the iron salt sol uti on used>f or
t he hydrolys%i fFom 2Tt o 20% by wei ght, and that the hydrolysis fs

slow y condu att a tenperature ®f from23, O[err] pngatini n
pH of 1.0 to velg an -ext ended Eerl od of tltu(?rre"? 35 Qiﬂig Q

LQFO
a preferred an%@‘ @eﬁpresent > 1 =

(o)

BX.
mixed
6
59
34.4
0
0

observed
3.8
265
0.73
0
3
3
5
0
0
0
.24

onm
not

addition
observed
3.2
363
0.65
5.1
2.
52
0.3
0.73
0.02
0.02
0.03
0.3

Table 2 (continued)
post-

Example 5

4.0
49.3
.5

46
.04

0.2
0.75

0

0.02
0.03
0.32

observed
3.0
360
0.66

Example 4
post-
addition

1t

.6

~ 0.85 (%)

iron sa
0.85 ~ 0.60

Ho<-5
-5.6<Ho<-3.0
~3.0<Hos+1.5
+1.5<Ho<+3.3

+3.3<Hos+4.8
Values in parentheses are those of the activated clay of befor

(mmol /q)

0.60 ~ 0.25

0.25 ~

Amount of solid acid

Method of carrying

iron

Peak of

of XRD

5% sus

Specific surface
area (m2/q)
Particle size



18 - invention, a divalent iron salt and, particularly, ferrous

sulfate is used as a water-soluble iron salt, an alkali is added
thereto to maintain a pH over a range of from1.0 to 2.0, and the air .
is blown to effect the oxidation 5 treatnent, so that the iron salt and,
particularly, the iron salt represented by the follow ng fornula

Me3 (SO4) 2 (OH) 6 wherein Mis an alkali netal, is settled
or bonded to the activated clay. According to 10 this nethod, the solution
remai ns stable in a stage where the pHB2f the iron salt solution is
adjusted, and the iron conmponent is settled or bonded acconpanying the

oxidation — with axuaencnaf hetitdesucnAp Hbana0eyt Bakat iggiron
conponent 1s fldfyé%ag%grg gﬂQc%PE%tgqggj%kﬁgfgh%§w%gg an acid,
according to the present invention, there are selected
those having BET specific surface areas of not smaller
5 than 250 m2/g and containing iron component in amounts of
not smaller than 2.5% by weight reckoned as the Fej0;
oxide, and these activated'clay are used for the treatment
of aromatic hydrocarbons, featuring very lengthened life
as a catalyst and suppressing the side reactions such as
10 disproportionation and isomerization of the alkyl aromatic

hydrocarbons to a conspicuous degree.
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15 honogeneous and uni form As requ!red, t he acplyaped“pLay“
containing the iron conmponent can be subjected to the heat treatmnent
such as drying or firing. Through drying or firing, ThibShest Has Been Replaceq
consi dered that the concentration of silanol groups 20 de

surfaces of the activated clay, and the clay swells lji

water. It is desired that the drying or firing is condu I at
a tenperature of from80 to 500[err]C and, particularly, from 100 to
300[err] C for a period of fromO0.5 to B8 hours and, particularly, from
25 0.7 to 5 hours. EXAMPLES The i nveatid-@n i ll_now be
descri bed bel oweratmMgMeasurenents were taken accqrii®GHERT tHAS BEENpPds
descri bed below. 30 (1) Testing the life of {lay SRERUACED A
reacti on tube nmade of a stainless steel was fill éd ~wr 8-t cl ay
dried at 150[err]C fbr R hrhtwd afdpweducingi astavdeel iclay for treating

o U AL e o A DR b g e e v ng
i [ . ng a m )
\g' }J?O?ri Elet rogencgg!; 1;[1:|l.)ne:l'r5al:%s:5 wig. /hCa eraE:]id, %hegglrll tghe treatment ¥Mlth the
acid is effected so that the activated clay has a BET

specific surface area of not smaller than 250 me/g and

contains an iron component in an amount of not smaller
than 2.5% by weight reckoned as an Fe;0; oxide.

i0 2. A method of producing activated clay for treating
aromatic hydrocarbons according to claim 1, wherein the
activated clay has an Si05/Al,0; molar ratio over a range
of from 8.0 to 17.0 and an Si0;/Fey0; molar ratio over a
range of from 16.0 to 85.0.

15 3. A method of producing activated clay for treating
aromatic hydrocarbons according to claim 1 or 2, wherein
at least part of the iron component in the activated clay
exists in the form of a hydroxyl group-containing iron
(ITI) compound.

20 4. A method of producing activated clay for treating
aromatic hydrocarbons according to any one of claims 1 to
3, wherein the dioctahedral smectite clay minerals '
containing iron component in an amount of from 5 to 25% by
weight reckoned as an Fey0: oxide is treated with an acid

25 so as to possess a BET specific surface area of not
smaller than 250 m2/g and to contain iron in an amount of
not smaller than 2.5% by weight reckoned as the Fez0;
oxide.

5. A method of producing activated clay for treating

30 aromatic hydrocarbons according to claim 4, wherein the
activated clay exhibits an infrared ray absorption peak at
a wave number of from 890 to 860 cm-1i;

6. A method of producing activated clay for treating
aromatic hydrocarbons according to claim 4, wherein the

35 activated clay exhibits an endothermic peak at 400 to

* [~ L M S *



19 . index of 550 (ng/100 g) (a bromne index of a 70%fraction of

240) as a feed oil, the flow rate was so adj usted that the |iquid-space
rate was 3 h[err]. The tenperature of a const ant -t enperat uré vessel was
raised to 165[err]C, and a 5 noment when 165[err] C was r escsiRg Haspd, ar,aded
to be a start point of testing. The oil flow ng out fr .
the clay reaction tube was sanpled every after a prede mwﬂmmf

of time to neasure the brom ne index and the anount of

di sproportionation reaction. 10 (2) Measur®¥hent of brom ne index.

Measured by using a electric anount titration-type rreasuri ng equi pnent,
model CA-06, mepgtaciHr 8HeDYifferdhd SMDI U MiAS AIn9QYQ (3)

Voasur 6d by usi ng algashcRROHRth RAPRS i SO L 55@%%?%598§rgﬂmqu
Sei sakusho Co. avbaeticnhydrocavpelis | arrsowting dteednyf onsi v aldénscilotoF| D,
a carrier gaswhbrbehi 4MbcBahEIRET A iale Q‘:lizﬂ/j @28 1800 rd40EEr 11 C
5 with an acid until they possess a BET specific surface
area of not smaller than 250 m?/g and, then, an aqueous
solution of an iron salt is hydrolyzed in the presence of
the acid-treated product thereof, so that an iron
component is settled in an amount of not smaller than 0.5%
10 by weight reckoned as the Fe;0; oxide and that the amount
of the Fey03 oxide is not smaller than 2.5% by weight as a
whole.
8. A method of producing activated clay for treating
aromatic hydrocarbons according to claim 7, wherein at
15 least part of the iron component is an iron salt expressed
by the following formula (1),
MFe3 (S0O4) 3 (0H) g
wherein M is an alkali metal.

20
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20 and a colum tenperature of 110[err]C, and the anount of t ol uene and
'the anount of benzene were neasured by the i nternal standard nethod.

(4) Speci fic surface area. Measured according to a BET nmethod by
using 25 Sorptomatic Series 1900 manufactured by Carl o Erba Co. (5)
Chem cal conposition. The ignition loss (lg-loss), silicon dioxide
(Si @), al um num oxi de (A1203), iron oxide (Fe[err] cl).—calcium.
oxi de (CaO and nagnesi um oxi de (MO _were anal yzed if THED SHERD HASBEEN
with JIS M8855. Na[err]O and Kl err] O wer é>measur ed by t hNEREHLACED
absorpti on nethod. The neasurenent was taken by usin
t hat has been ABISTRRACH 110[err]C for 3 hours. (6) Measurenent of
infrared ray (IR). 35 Measured by a KBr nethod by using an infrared
ray

The present invention provides an activated clay for
refining aromatic hydrocarbons such as BTX (benzene,

5 toluene, xylene), etc., satisfying the requirements of
both excellent life and excellent side-reaction-preventing
property. The activated clay for treating aromatic
hydrocarbons is obtained by treating dioctahedral smectite
clay minerals with an acid so as to possess a BET specific

10 surface area of not smaller than 250 m2/g and to contain
iron in an amount of not smaller than 2.5% by weight
reckoned as an Fep03 oxide.

" il

35



20 absor pti on spectrum anal yzer, nodel FT/IR-610, manuf act ured by
‘Ni ppon Bunko Co. The sanples that had adsor pbed pyridi ne were neasured
for their IR by using an infrared ray absorption spectrum anal yzer,
nodel A-302, 5 manufactured by N ppon Bunko Co. (7) Differential

t hermal anal ysi s. Measured by using a TAS-100/ st .
differential thermal bal ance TG DTA manuf actured by Ri WSHEET HA® BEEN
t hermal anal ysis was conducted under the conditions of 1LLSLR§DLACED
[err]-Al[err]derr] as a standard substance while raising the -
tenperature at a rate of 10[err]C/ mn in an atnosphere of room

19)
m®

tenperature through up to 850[err]C. (8) Filling density. 50
Grans of a sanple was introduced into a 200-m 15 graduated cylinder which
was then vibrated until the packed vol ume changed no Ioger, thereby.to
calcul ate a packing density. (9) Particle size dis buti on.
Shook for 15 m nutes by wsing a I ng sieve having 20 a e Qf opening
of 0.85-0.60-0.25 jmm st @I ated un JI'S and a shaki ng macgi ne. The
distribution of parfiicleX sizes wasueasured relying uppn thg weights of
N~ T .
t he sanpl e on thg sigpe amKunder the&J)sieve. (10) K-ray~
di ffraction. 0 X~ .
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25 (10-1) Ordinary X-ray diffraction Measured by using a

CGei ger-Fl ex RAD- 1B system manuf actured by Ri gaku Denki Co. and a Cu-Ka
ray under the foll owi ng conditions. Tar get

Cu 30 Filter Ni Tube vol t age

35 kV Tube current 15 m Scanning rate
2 deg/ mn Ti me const ant 1 sec 35 THIS SHEETSHAS BEEN
DS(SS) 2 deg RS 0.3 nm REPLACED 21
(10-2) X-ray diffraction of when the sanple is treated -

gl ycol .
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A sanple dried at 110[err]C for 2 hours was picked up in an anmount of
*1.0 g, and to which was added 5 mM of a 10% 5 ethylene glycol aqueous

sol ution by using a whol e pipette. The sanple was m xed wel | vvith a
stirrer rod and was dried at 60[err]C for 2 hours. The—grired-protduct
was ground down in an agate nortar, and the resulti nglibowelthE TwaAS BEEN
subj ected to the X-ray diffraction measurenment under| t he R&PLAEThg 10
condi tions. Tar get Cu FiTter
Ni Tube vol t age 40 kV Tube current
20 mA 15 Scanning rate 1/2 deg/ mn Ti me
const ant 2 sec Shit DS(SS) 1/2 deg RS
0.3 mm (11) pH A pH of a 5% suspensi on was neasured in
conpliance 20 with JI'S K-5101- 26. (12) Amunt of solid acid.
Measured in conpliance with a nethod of neasuring n- but yl am ne
[reference literature: "Catalyst", Vol. 11, No. 6, pp. 210-216, 1969".
25 (Exanple 1) The di octahedral smectite clay mnerals shown in
Table 1 were [USed as starting naterials, _and were c'r%ly mlled and
kneaded into jparticles of 5 nmin di arret’ég 100¥] G ans of the particles
were filled ijnto a treating - 3 -~
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30 .Iayer. 1500 Granms of an aqueous sol ution containing 30% by wei ght
of sulfuric acid was circul ated therein. The treating tenperature was

90[err]C and the treating tinme was 5 hours. After the]tiyga
acid, the acid- i by Cfﬁ A%%@F

22 was siev Fj
0.25 mmin order~t0
activated clay was

in Table 1. 5

and di sproportionat
Figs. 1, 2 and 3.

40
T %

20

treated product was washed w th water
35 washing water, and was then dried at 110[err]C, nillel
obtain particles having dianeters of from 0.85 to

obtain granul ar activated clay. The obt aijned
measured for its physi cal properties to bg as shown
The activated clay was further tes for itg life

on, and favorable results were } s shown in

| 1 | i 1
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(Exanpl e 2)

Table 1 were used
kneaded into part
were filled into
contai ning 32%
treating tenperat
After the treatne
with water by cir
110[err]C, mlled
of from?20 0.85 t
The obtai ned acti

be as shown in Ta

Fig. 5 shows the
an 25 X-ray diffr
et hyl ene gl ycol,
activated clay th
was further teste(
results were

The di oct ahedr al
starting materi al

The di octahedral snectite clay mnerals shown
as starting materials, and were coarsely

in 10

mlled and

icles of 5 mmin dianeter. 1000 G ans

Ll

a treating | ayer. 1500 Grans of an aq
by wei ght of sulfuric acid was circul at

ik

i
e

IUD

BEEN
e 15

ure was 90[err] C and the treatlng tinme was 6

hours.

was washed

cul ati ng the mashi e@ﬂ Een drijed at

- and was sieved to o aln par avi ng (di aneters

0 0.25 nmin order togobtgipmeranul ar actl vat eg cl ay.
vat ed cl ay was neasured for Its physi cal prioperties to
bl e 1. Fig. 4 showNaFe 31 &S0k s(OH )geasurl ng IR

- results of differential thernal anal ysis, Rig. 7 shows

Aaction i mage of the activated clay treated wth an
and Fig. 8 shows the results of measuring I|R of the
t had adsor bed piti di ne. The actijvated cl ay
for its life 30 andpdi sproportionation, and flavorable
3. (Exgnpl e 3)
5 Tabl g 1 werle used as
S,
1 1 1 1 [ 1 1
S 10 15 20 25 30 35 40
28
F l G T heet Has Been Replaced
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35 nilled and kneaded into particles of 5 mmin dianeter.

23 1000 Grans of the particles were filled into a treating | ayer.
1500 Granms of an aqueous sol ution containing 28% by wei ght of sulfuric
acid was circul ated therein. The treating tenperature was 90[err] C and
the treating tine was 4 5 hours. After the treatnment wth.the acid, the
aci d- treated product was washed with water by cir ulmlmrl}m

washi ng water, and was then dried at 110[err]C, mlled,} and R PLA\@Q S|EGN/-%,\
to obtain partlcles havi ng di aneters of from 0. 85 tU025-n

to obtain granular activated 10 clay. The obtained activated clay was
nmeasured for its physi cal properties to be as shown in Table 1.

The activated clay was further tested for its life

L 1

1570 1520 1470 1420

WAVE NUMBER (cm™)

FIG. 8

heet Has Been Replaced
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and di sproportionation,
1, 2 and 3. 15 (Exanple 4)
Table 1 were used as starting naterials,
in dianeter.

'Fi gs.
m nerals shown i
coarsely m |

1000 Grans of the particles were filled into a treati

was circul ated t

Grans of an aqueous sol ution containing 32% by
herei n. The treating tenperature
hours. After the treatnment with the aci

treating tinme was 6

and favorable results were
The di oct ahedr
n
| ed and kneaded into particles of 5

al

obt ai ned as shown in

snectite clay
and were

treated product was washed with water by circulating the 25 mashlng wat er,

and was then dis

sulfate at a concentrati on of
sodi um hydroxi de while

tenperature

persed in an aqueous
15%

of 60[err]C and a pH of 1.5. Thereafter,

8

30 was circulatdd 1o Sh the product wth water. The
dried at 110[err|] C, mg ed, and was sieved to obtain p
dianeters of frgni0.8Fto 0[2 ;‘ in order to obtain
clay. After iron ,f) §S added{hkreto, the activated cl§
its 35 physical [propefies to bel@¥ 3hown in Table 2. Fi
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sol ution containing ferrous
and to which was further
blowing the air to effect the hydrolysis at a

added

he washi ng wat er
@Product was then
agglcles havi ng
ul ar activated
s measured for

Wi

FIG. 9
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24 ° shows an X-ray diffraction imge of the activated cl ay. The

‘activated clay was further tested for its life and di sproportionation,
and favorable results were obtained as shown in Figs. 9, 10 and 11. 5
The granul ar activated clay obtained in Conparative Exanple 4 that wll
be described | ater was dispersed in t he aqueous sol utp-ew—cant ai ni ng
ferrous sulfate at a concentration of 15% and sodiu 'MMﬂmpﬁfwgf N
added thereto while blowing the air to effect the hy rolysﬂgpﬁab 0 EF
tenperature of 60[err]C and pHof 1.5 in order to obtainTt e
clay. There were obtained the sane results as t hose of Exanple 4.
(Exanpl e 5) The di octahedral snectite clay mnerals of Exanple 4
15 shown in Table 1 were used as starting materials, and iron oxi de was
added thereto in an anount of 15 parts per 100 parts of the starting
materials. The m xture was then
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coarsely mlled and kneaded into particles of 5 nmin

*Grans of the particles were filled into a 20 treating | ayer.
cont ai ni ng 32% by wei ght of sulfuric acid was
The treating tenperature was 90[err] C and the

an aqueous sol ution
circul ated therein
treating tinme was 8 hours.

acid-treated product was washed with water

After the treatnent with the
by 25 circu

wat er ,

and was then dried at

di aneter. 1000
1500 Grans of

acid, the

long the washi ng

obtain particles having

110[err]C, nilled, and| WS SHEFPRA OBEENO}

diameters of fromO0.85 to 0125 nmgpp) apEger t

el

obtain

granul ar activated clay. After

iron was adde

act--vatied

L ITC

clay was neasured for

Its physical

properties to 30 be as shown in Table 2.

The activated clay was further tested for
di sproportionation,

and favorable results were

its life

and

obt ai ned as shown in

Figs. 9, 10 and 11. (Conparative Exanples 1 to 3) 35 Commercial ly
avai |l abl e activated clay having
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25 ° conpositions shown in Table 2 were mlled, kneaded and wer e

‘sieved to obtain particles of dianeters of fromO0.85 to 0.25 mmin
order to obtain granular clay. The obtained activated c
measured for their physical properties 5 to be as shown i 81 SHEET HA® BEEN
activated clay were further tested for their |lives and REPLACED
di sproportionation. The results were as shomn in Flgs 1, Zand~S:
The activated cl& wer ‘ E
differential therml anaIyS|s. Fig. 12 10 shows the results of R
measurenent and Fi ¢g. 13 shows the results of difjAferential thernmal
analysis. In the IR measurenent, no infrared rag i peak was
observed over {he n the
differenti al th?{é?“ bed at 400
to 500[err]C. i clay same
as the one used in t he
conditions sane as was, then, washef, dried,
mlled 20 antf 9@s §i eved t\0 obtain particles having dianeters o from
0.85 to 0.25 mmin{order t§ obtain granular gctivated clay.| The
activated cl ay eﬁg measur ed\for its physi cal
O i 1 H 1 .l L
1360 1200 1000 800 700
WAVE NUMBER (cm™!)
3
2t
> I} }
'E'
> O r
A
-1 F
=
(]
_2 L
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0 I00 200 300 4OO 500 600 ?OO 800
Temp. (°C )
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properties. to be as shown in Table |

a?t‘l-v' | ay was f9 %‘ggtgfﬁi)e'r\c
its life and disproporti oTnE i YiEE f@gﬁﬂsul tws

. tested for

Y

t hose of Exanple 4. The .amount fof toﬁﬁgh%cﬁmat s f qr REBLADEMENDSSHEET

anount of

(Conpar ati ve Exanpl e 5) | ron oxide was mixed in
wei ght 30 into the granular activated clay obtained in G
Exanple 4, and the m xture was m |l ed. Thereafter, the

benzene that was formed wgre as shown in Fi

was adjusted to he about 35% and the m xture was nmojded into particle

of a dianeter

mm and was dried at 110[err]C, ~

sieved to obtain 351.pamh—i Acas vaddn @ 1diyarfeire 1t eft inlg0 @rdm@t ico 0. 25 Mmin

26

10

15

20

25

30

35

hydrocarbons, obtained by treating dioctahedral smectite
clay minerals with an acid, wherein the activated clay has
a BET specific surface area of not smaller than 250 m2/g
and contains an iron component in an amount of not smaller

than 2.5% by weight calculated as an Fe O3 oxide.

2. An activated clay according tozclaim 1, wherein
the activated clay has an SiOZ/AlZO3 molar ratio over a
range of from 8.0 to 17.0 and an SiOlee203 molar ratio
over a range of from 16.0 to 85.0.

3. An activated clay according to claim 1, wherein
at least part of the iron component contained in the
activated clay exists in the form of a hydroxyl group-
containing iron (III) compound.

4, An activated clay according to claim 1, wherein
the activated ciay is obtained by acid-treating the
dioctahedral smectite clay minerals having an iron content
of from 5 to 25% by weight calculated as Fezo3 so as to
maintain a BET specific surface area of not smaller than
250 m2/g and the iron content of at least 2.5 % by weight
calculated as Fe203.

5. An activated clay according to claim 4, wherein
the activated clay exhibits an infrared ray absorption
peak at a wave number of from 890 to 860 cm™ L.

6. An activated clay according to claim 4, wherein
the &tctivated clay exhibits an endothermic peak at 400 to
500°C in the differential thermal analysis.

7. An activated clay according to claim 1, wherein
the activated clay is obtained by acid-treating the
dioctahedral smectite clay minerals until they possess a
BET specific area of not smaller than 250 m2/g and by
hydrolyzing an iron salt in the presence of the acid-
treated product to settle an iron-component in an amount
o]

of not smaller than 0.5 % by weight calculated as Fe so

273
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order to abtain. granular activated clay. The obtained activated clay

-Wwas neasured for its physical properties to be as sho in Table 2. The

. activated clay was further tested-for its life and di{STHISEHERT REEN
to be as showm 5 in Figs. 9, 10 and 1} "(Conmparativ Exanptp J
The di octahedral snectite clay mneral 3 of Exanple 4 SHewh :ﬁq e 1l
were used as starting materials, and were coarsely mlled and kneaded
into particles of 5 mmin 10 dianmeter. 1000 Grans of the particles were
filled into a treating layer. 1500 Grans of an aqueous solutlon
cont ai ni ng 2096y Rep@pt cortsntsubpeorei dohasmalienl abed 2.5 #heyein. The
treating tenpReagHeea¥as §Qggér]c and the treating tlne was 4 hours.

After the treatnené with the ag aci d-treat ed_product ,was washed
with water by rrcﬁPa?Fﬁ@VFHE mﬁgﬁPﬁ 1gdt &P, ciAd™wAs YRERSHRi 8Y at
110[err]C, niuéadt padtwes ShéVEﬂoﬁOcthdhEnﬁaiélEhGSrbﬂVsﬂgt expdesseders

of from in.ord b granul ar activated clay. The
obt ai ne actlv th%anY1 Wln Ogﬁﬁégﬁgeg%POr its physical properties to be
as shown in Tabl e MFe3(SO )5, (Thegactivated clay was further tested for

shown in Fi gs.

its Iif d di.g t
9, 10 and 11, 25 (%o%%ﬁ?gif“'vgg%hc’g?"“}? RERLS T

clay mnerals of Exanple 4 shown in Table 1 mere
material s, and were

10.
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. | | | | | Jgoge £o -+
coarsely mlled and kneaded into particles of 5 Mmin di aneter. 1000 0,
Grans of- the particles were filled into a 30 treating layer. 1500 G ans H@

an aqueous sol ution cont ai ni ng 36% by wei ght of" T e Wel= E
he

circul ated therein. The treating tenperature h
treating tinme was 8 hours. After the treatnent wt acid, th
acid-treated product was washed with water_by 35 cilrdulagiSip 2508 washi ng
wat er, and was then dried at 33 : 27
110[err]C, mlled, and was sieved to obtain particlijes—faving di ageters
of fromO0.85 to O.2basmyi h order to obtain grarul ar_activated clay. The
obt ai ned activated clay was measured for its physical properties to be

as shown in 5 Table 2.
1. A method of producing activated clay for treating

aromatic hydrocarbons by treating dioctahedral smectite

5 clay minerals with an acid,

wherein the treatment with the acid is effected

so that the activated clay has a BET specific surface area
of not smaller than 250 m?/g and contains an iron
component in an amount of not smaller than 2.5% by weight

10 reckoned as an Fe,0, oxide, and

N~ wherein at least part of the iron component in

the activated clay exists in the form of a hydroxyl group-

containing iron (III) compound.

15 2. A method of producing activated clay for treating
aromatic hydrocarbons according to claim 1, wherein the
activated clay has an Si0,/Al,0, molar ratio over a range
of from 8.0 to 17.0 and an S$i0,/Fe,0, molar ratio over a
range of from 16.0 to 85,0.

20

3. A method of producing activated clay for treating

aromatic hydrocarbons according to any one of claims 1 to
2, wherein the dioctahedral smectite clay minerals
containing iron component in an amount of from 5 to 25% by

~ 25 weight reckoned as an Fe,0; oxide is treated with an acid
so as to possess a BET specific surface area of not
smaller than 250 m?/g and to contain iron in an amount of
not smaller than 2.5% by weight reckoned as the Fe,0,
oxide.

30

4. A method of producing activated clay for treating
aromatic hydrocarbons according to claim 3, wherein the
activated clay exhibits an infrared ray absorption peak at
a wave number of from 890 to 860 cm™,

35

5. A method of producing activated clay for treating
aromatic hydrocarbons according to claim 3, wherein the
activated clay exhibits an endothermic peak at 400 to

R¥053£y£
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The activated clay was further tested for its life
di sproportionation. The results were as shown in

t0

Ed

10

15

20

25

30

35

40

15

20 25

34

500°c in the differential thermal analysis.

6. A method of producing activated clay for treating
aromatic hydrocarbons according to any one of claims 1 to
2, wherein dioctahedral smectite clay minerals are treated
with an acid until they possess a BET specific surface
area of not smaller than 250 m?/g and, then, an aqueous
solution of an iron salt is hydrolyzed in the presence of
the acid-treated product thereof, so that an iron
component is settled in an amount of not smaller than 0.5%
by weight reckoned as the Fe,0; oxide and that the amount
of the Fe,0; oxide is not smaller than 2.5% by weight as a
whole.

7. A method of producing activated clay for treating
aromatic hydrocarbons according to claim 6, wherein at
least part of the iron component is an iron salt expressed
by the following formula (1),

MFe, (SO,) , (CH) ¢
wherein M is an alkali metal.



30

35 28 ﬂ?vsz?g'p -

7o b

METHOD OF PRODUCING ACTIVATED CLAY FOR
TREATING AROMATIC HYDROCARBONS

ABSTRACT

The present invention provides an activated clay for
refining aromatic hydrocarbons such as BTX (benzene,

S toluene, xylene), etc., satisfying the requirements of
both excellent life and excellent side-reaction-preventing
property. The activated clay for treating aromatic
hydrocarbons is obtained by treating dioctahedral smectite
clay minerals with an acid so as to possess a BET specific

10

surface area of not smaller than 250 m2/g and to contain

iron in an amount of not smaller than 2.5% by weight
reckoned as an Fe;0; oxide.

( Fig 6 )
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32 Anong the activated clay obtained by ty, | di oct ahedr al

snectite clay mnerals with an acid, accordi ng
i nvention, there are selected t hose havi ng BET _ eas
of not smaller 5 than 250 nierr]/g and gcontai ning n_conponent
amount s of not smaller than 2.5% byjzvei ght rec d0§sMAme1999
Fe[err]Jerr] oxi de, and these activated cl ay ed for the
t r eat ment of aromatic hydrocarbons, featuring ife
as a catalyst and suppressing the side reactions s
di sproportionation and isonerization of the alkyl aromatic hydrocar bons
to a conspi cuous degree. 15
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CLAI M5

1. A nethod of producing 4c r
‘treating aromati ¢ hydrocarbons by treatijn REP?AME 'T 'E?s ctite
5 clay mnerals with an acid, 1 wherein the
treatment with the acid is effected so tthat Q8MAEA999at bd] cl ay
has a BET specific surface area 5 of not $mpller than 250{njerr]/g
and contains an iron conponént in an ampunt of not smallef than
"~ 2.5% by wei ght 10 reckoned as an Fe[err]J &+}—oxide _and :
wherein at | east part—of the iron conponent in the acti vat ed
((:: ?ly) E)élorsr::)zulng.thf formof a hydroxyl IgerWONTMORILLONITCémt aining iron

Q : QUARTZ
X :NaFe3(S0O)q (OH)g




15 2. A nmethod of producing activated cl gy-—-f.or.treatl
aromati ¢ hydrocarbons according to claim1l, wherein tRE%ACEMEVFbHEET
activated clay has an Sierr]/A[err]derr] nolar ratio-over-a-range

of from8.0 to 17.0 and an S|Qerr]/Fe[err]Qerr] mlétgeégm]%yégoa

range of from 16.0 to 85.0. 20 3. {A Huei ng
activated clay for treating aromati ¢ hydriodarhons according to
any one of clainms 1 to 2, wherein the didctahedral snectitg clay
m neral s contai ning iron conponent in an ‘afptrt—of—fFrem5-to 25%
by ' 25 wei ght reckoned as an Fe[err](err] oxide is treated with an
acid So as to possess a BET specific surface area of not

smal ler than 250 nferr]/g and to contain iron in an anmount of
not smaller than 2.5% by wei ght reckoned as the Fe[err]err]

oxi de. 30 4. A nethod of producing activated clay for
treating aromati ¢ hydrocarbons according to claim 3, wherein the
activated cl ayextibrts—anr—inf+rared—+rayr—absorption—peak-at a
wave nunber off from 890 to 860 cnjerr]. 35 5. A net hod of
produci ng actijvated clay for treating aromat isng hydr ocar bons
according to ¢laim3. wherein the activated ay exhi bitls an

endot herm ¢ pgak at 400 to

1570 1520 1470 1420

WAVE NUMBER (cm™!)

FIG. 8



34 500[err]Cin the differential thernma

6. A nethod of producing activated clay for treatfn ENTﬁHEﬁBth
hydr ocar bons according to any one of clains 1 to
.di octahedral snectite clay mnerals arg treated MAY By gcifd unti
t hey possess a BET specific surface 1QZ area joff not smalTe fhan 250
nerr]/g and, then, an aqueous sol ution ¢f an 3
" hydrolyzed in the presence of the acid-t pr oduct t hefeof, so
that an iron conponent is settled in an anount o el er than
0.5% by wei ght reckoned as the Fe[err]Jerr] oxide and that the
anount 15 of the Fe[err](Jerr] oxide is not smaller than 2.5% by
wei ght as a
o @© ;;
§ £
DG N
s D ~
Y ®)
M g\ —‘E g
>0 .
S S
Q
oo 18 =
=3 S >
Wwa o <
>§(0 5
w o
~& o ©
OrFa 40 N~
EZZ ©
% QO3 g
Qb x
=0 o
843 18 o
&l O
Jxa 2 )
W Wow o8 O
S > D < 19 «
SO =00~ S M —
gl e o ~ a
Wi gl gl gl N
N J A
Qg0 g gL o- N o =
SSaSidsasS -, 48 ©
I <SqgSg =< Q &
XX OXOXOX
Wwouwouwoul ®
! I I
N . E%
+ @ < =
i | |
i | 1
L - 1 1 | - i /| o
o) o) 0 ®) 9] o o o
N [\ D) N N - -

(6001 s bw) xspuj-ig
31V1SIa 40 NOILOVHd % OL



whol e.

of the iron conponent
formula (1),

25

Mre[err](SOerr])[err](OH)[err] 8
30 35

7. A nethod of producing activated clay for treating
‘aromati ¢ hydrocarbons according to clains 6 wherein at 20

is an iron salt expressed
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