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SOLID CHLORIDE ABSORBENT

[Technical Field]

This invention relates to a technique of removing chloride
from fluids in various industries, particularfy to an absorbent for
effectively removing chlorides from a flow of hydrocarbon such as a
catalytically reformed gasoline, a catalytically reformed gas or the like.
[Background Art]

The chloride contained in petroleum base hydrocarbon is
derived from a crude oil or through a catalytic reaction. Further, it is
known that the chloride exists in the form of an inorganic chloride or an
organic chloride. The inorganic or organic chlorides derived from the
crude oil are contained in a straight-run naphtha or the like, and come
out in succeeding stages. Such a chloride causes a problem such as
corrosion of apparatuses in é downstream or the like.

On the other hand, a catalytic reforming catalyst for manu-
facturing a gasoline base material from a heavy naphtha is activated by
means of the organic chloride. Theref_ore, if such a catalyst is used, a
hydrogen chloride is produced by the decomposition of the organic
chloride in a reaction process and released, and then discharged with a
product from a reactor. Particularly when a deteriorated catalyst is
regenerated by means of chloride, considerably high concentrations of
the hydrogen chloride and the organic chloride are discharged outside of
the reactor. And also, in a moving bed type catalytic reforming process
separately having a reﬁction step and a regenerating step, a catalyst

regenerated by an oxichlorination brings chlorine into the reaction step,
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so that the hydrogen chloride and the organic chloride are generated in
the reactor and then discharged with a product outside of the reactor.

Among such chloridés, the hydrogen chloride is generally
removed by means of an alkaline absorbent or an alkaline cleaning- agent.
As an example of solid absorbent in JP-B-52-35036 is described an
absorbent obtained by adding a clay mineral as an inert binder to zinc
oxide and calcium oxide as an absorbing ingredient. JP-A-7-506048
teaches a method of absorbing chloride in hydrocarbon by means of an
active alumina cafrying an alkaline metal thereon. Further, in order to
prevent corrosion of the apparatus, in JP-A-7-88315 is described an
example in which an absorbent layer is placed just after a catalyst layer.
The absorbent in the éxample is made by carrying an oxide such as
calcium oxide, sodium oxide or the like, as not readily releasing an
absorbed hydrogen chloride, on a refractory oxide such as zeorite or the
like. |

Such an absorbent can effectively absorb the inorganic chloride
just after being charged, but many absorbents are apt to lack an absorbing
capacity during use in an industrial scale. Particularly, the absorbent
containing an active alumina as a main ingredient thereof fastly absorbs
and effectively operates at an early time on charging, but is small in an
absorbing capacity. Further, in case of changing operation conditions,
it has a problem of releasing the absorbed inorganic chloride such as
hydrogen chloride or the like. Further, the organic chloride ieaks
therefrom from a considerably early time and there is a case that a
concentration of the organic chloride becomes higher than that in the
petroleum raw material, which is not well known to a person in the art.
It is considered that in a case of absorbing the chlorides by a physical

absorption in a multiple component system, the organic chloride being
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weak in an absorbing power is purged by hydrochloric acid being strong
in the absorbing power. A treating method by using an absorbent
having the active alumina carrying the alkaline metal thereon or the like
as a main ingredient can improve the absorbing capacity, but can not
solve the problem of releasing the absorbed chloride.

On the other hand, the absorbent having zinc oxide and
calcium oxide as described in JP-B-52-35036 is slightly inferior to the
active alumina in an absorbing rate, but it is superior in that it has a high
theoretical absorbing capacity and does not readily release the absorbed
hydrogen chloride or the like due to absorption by chemical bond.
However, in an actual device, the absorbent may come to be exchanged
when only several percentage of the theoretical absorbing amount is
reached. This is because calcium chloride or the like produced by
reacting with the chloride in the fluid to be treated is deliquesced with a
trace of moisture contained in the hydrocarbon or the like, to extremely
promote deterioration of strength of the absorbent, so that the absorbent
becomes powdery or soft during use. Therefore, a pressure loss
thereon increases due to compacting of the absorbent itself and 'clogging
of a subsequent strainer, catalyst layer or the like. Particularly, the
absorbent becomes extremely powdery or soft when it is used at about
normal temperature or under a condition of a relatively high content of
the moisture.

[Disclosure of Invention]

It is, therefore, an object of the invention to provide an
absorbent having the aforementioned zinc oxide as a main ingredient
without extremely deteriorating its strength due to deliquescence with
moisture in a crude petroleum, or causing the absorbent itself to be

compacted or a subsequent strainer, a catalyst layer or the like to be -
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clogged due to powdering or softening. When the object is attained,
the absorbent can absorb chlorides in a crude petroleum over a long time
and never releases them, so that troubles caused by corrosion by chloride
c.an be lérgely decreased.

In order to solve the above object, the inventors experiment-
ally made and studied zinc oxide base absorbents having various
compositions. As a result, it is found that calcium oxide as alkaline
ingredient dose not function effectively, though it is so far considered to
be essential in order to effectively absorb chlorides. As a result of a
further study, it is found that even when compounded with a porous
refractory inorganic material instead of a calcium oxide ingredient, an
absorbing property for chloride per unit weight does not decrease and
fracture of the absorbent and reduction in its strength hardly occur due
to moisture in the crude petroleum, and the invention is accomplished.

That is, the above object can be attained by using an absorbent
comprising 2-15 parts by weight of an inert binder and 5-25 parts by

weight of a porous refractory inorganic carrier, based on 10 parts by
| weight of zinc oxide. As the absorbent contains the porous refractory
ihorganic material, it has pores of a macro size with a pore volume of
0.35-0.65 cm®/g of as measured by means of a mercury press-in method.

A solid chloride absorbent according to the invention is
adopted to remove chlorides such as hydrogen chloride generated in a
petroleum fraction treating processes using a catalyst activated by
chloride or the like and to remove chlorides derived from crude oil.

In the above processes using the activated catalyst are included a
catalytic reforming process for naphtha fraction, a catalyst regenerating
process such as oxichlorination in a moving bed type catalytic reforming

process, a pretreatment process such as catalyst drying, hydrogen
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reduction or the like, a reaction process such as aromatization, and the
like. As a petroleum fraction‘,_ heavy naphtha, light naphtha and the like
may be mentioned. As a cataiyst activated by means of chloride,
mention may be made of a catalyst for manufacturing gasoline base
material by catalytically reforming the above heavy naphtha, a catalyst
for manufacturing benzene from the light naphthd; a catalyst for manu-
facturing BTX from the heavy naphtha and the like. As a concrete
example of such a catalyst, mention may be made of ordinary catalytic
reforming catalyst, a catalyst having noble metals in the 8th to 10th
columns on a periodic table carried by various kind of zeorite, and the
like.

The absorbent according to the invention comprises zinc oxide,
the inert binder and the porous refractory inorganic material. The porous
refractory inorganic material necessarily has many pores of a macro size
in its structure, for example, kieselguhr, porous silica, porous alumina,
ceramic particles or the like may be mentioned. Such a additive is
compounded in 5-25 parts by weight, preferably 10-17 parts by weight
based on 10 parts by weight of zinc compound as oxide thereof in the
absorbent. When it exceeds 25 parts by weight, a content of zinc oxide
as a chloride absorbing ingredient is lowered, so that an amount of the
chloride absorbed is unfavorably decreased. On the other hand, when it
is less than 5 parts by weight, zinc oxide inside of the absorbent can not
be used effectively, so that an amount of the chloride absorbed is
unpreferably decreased. .

There is no particular limitation with respect to zinc oxide, but
from a viewpoint of chloride absorbing property zinc oxide preferably
has a specific surface area of 20-100 m?g, preferably 30-80 m?*/g, more

preferably 40-70 m?*/g in use. Such a zinc oxide can be obtained by

|
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calcining zinc hydroxide, zinc carbonate, basic zinc carbonate or the like
at a temperature of 350-400°C. They are preferably crystallized from
its aqueous solution. For example, zinc carbonate precipitated from an
aqueous solution of ammonium zinc carbonate, zinc hydroxide obtained
by a homogeneous precipitation method and the like are preferably used.

To the above main ingredient of the absorbent is compounded
an inert binder. As the binder, use may be made of clay, silica sol,
water glass, alumina sol, aluminum hydroxide, boehmite type hydrous
alumina or the like, which is generally commercial. Any kind of clay
may be used if it has such a plasticity that commonly available ones
possess. For example, mention may be made of kaoline, gairome clay,
kibushi clay, bentonite or the like. Among them, kaoline and bentonite
being téadily available are preferably used. They are preferably used
in the form of dry powder, but also, can be used in the form of clay
containing water when mixed and kneaded in wet condition.

The inert binder is compounded in 2-15 parts by weight,
preferably 5-10 parts by weight, based on 10 parts by weight of zinc
compound as oxide thereof in the absorbent. When it exceeds 15 parts
by weighf, the amount of zinc oxide as a chloride absorbing component
becomes small, so that an amount of chlorides absorbed is unfavorably
decreased. The inert binder necessarily exists in the absorbent for
maintaining strength of the absorbent. Therefore, when it becomes a
small amount of less than 2 parts by weight, the strength unfavorably
decreases.

The absorbent according to the invention can be made by
mixing and shaping zinc oxide, the inert binder and the porous refractory
inorganic material by means of a known usual method. Various shapes

and sizes for the absorbent are adopted in accordance with the form of
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use, in general, cylindrical pellet with a diameter of about 1-6 mm and a
length of about 3-20 mm is preferably used. But, there is no particular
limitation, so pellets, tablets, granules, pulverized particles, spray-dried
fine particles or the like, having different sizes and shapes may be used.

In a general method of manufacturing an extruded cylindrical
pellet, given amounts of the zinc oxide powder, the porous refractory
inorganic material such as kieselguhr powder or the like and the inert
binder powder such as clay or the like are sufficiently dry-mixed by
means of a mixing and kneading apparatus such as a kneader, a muller or
the like, and then added with 0.2-0.5 parts by weight of, preferably
0.3-0.4 parts by weight of water, based on 1 part by weight of the above
mixed powder and mixed. In adding the water, it is preferable to add
stepwise for preventing an ununiform kneaded mass. The obtained
kneaded mass is shaped to cylindrical pellets by means of an extruder or
a pelletizer equipped with a die having a given shape. The pellets are
dried at a temperature of 200-500°C, preferably 250-400°C, and then if
necessary, cut to a desired length. The obtained dried material is
sieved and used in an absorbing treatment. ._

The absorbent according to the invention can be manufactured -
only by wet-kneading without a dry-mixing process. In this case, as
clay or the like is difficult to disperse, it is necessary to sufficiently
disperse prior to adding for kneading. Therefore, it is effective to
sufficiently disperse it in a large amount of water. If dispersion is
insufficient, an uniform mixture can not be obtained and strength against
compressive fracture decreases.

The thus obtained absorbent has a pore volume of
0.35-0.65 cm®/g as measured by the mercury press-in method. From a

viewpoint of a chloride absorbing property, the pore volume is
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preferably 0.40-0.60 cm®/g, more preferably 0.42-0.60 cm®*/g. When it
is less than 0.35 cm®/g, zinc oxide becomes low in the utilization
efficiency at the same time, the absorbent is liable to powder or soften.
On the other hand, when it exceeds 0.65 cm®/g, the absorbent becomes
extremely low in a packing density and short in a life.

The absorbent according to the invention can absorb chloride
at a relatively high temperature, and even at around room temperature if
the chloride is a gaseous hydrogen chloride or thelike. Therefore, it can
be preferably used over a wide temperature range from room temperature
to 400°C, and usually 10-140°C, particularly 10-130°C. Further, it is

effective for chlorides contained in liquid hydrocarbons at a temperature

~ 0f 50-400°C, preferably 70-250°C, more preferably 100-200°C.

The absorbent according to the invention chemically absorbs chlorides
such as hydrogen chloride and the like and fixes them as a stable com-
pound thereon, so that the absorbed chlorides are difficult to be released.
[Best Mode for Carrying Out the Invention]

The invention will be described on the preferred embodiments
with reference to Examples and Comparative Example.

(Example 1) :

6.7 kg of clay powder, 10 kg of zinc oxide powder and 16.7 kg
of kieselguhr powder are dry-mixed by means of a kneader for 10 minutes.
After dry-mixing, 10 kg of water is gradually added in the kneader over
10 minutes and then kneading is conducted for another 10 minutes.

The thus obtained kneaded mass is extruded to form pellets with a size
of 3/16 inch. prior to being dried at 270°C for 1 hour. After drying, the
absorption test is conducted for chlorides contained in gaseous hydro-
carbons (catalytically reformed gases of heavy naphtha) and the results

are shown in Table 1.
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(Example 2)

A test is conducted in the same manner as in Example 1 except
that clay powder is 5 kg, zinc (;xide powder 10 kg and kieselguhr powder
10 kg. The results are shown in Table 1.

(Comparative Example 1) .

An absorption test for chlorides is conducted by making
pellets in the same manner as in Example 1 except that clay powder is 4
kg, zinc oxide powder 10 kg and calcium hydroxide 8 kg as calcium
oxide. The results are shown in Table 1.

(Absorptivity test with respect to gaseous hydrocarbon)

Aﬁ absorbent with a pellet size of 3/16 inch. is charged in an
absorption tower with a volume of 1 m®. This is subjected to a
continuous test in the condition of GHSV of 2300h!, a temperature of
30°C and a pressure of 3.4x105Pa. The measurement is conducted
every five days, and measuring items are a differential pressure between
an inlet of the absorption tower and an outlet of a strainer following an
outlet of the absorption tower, and an absorbing capacity for inorganic
or ofganic chlorides.

The absorbing capacity for the inorganic chlorides is obtained
as a removing rate calculated from a chloride ion concentration
difference between before and after an absorbing treatment by
respectively making an alkali solution (an aqueous solution of sodium
carbonate and sodium hydrogencarbonate) absorb the gas before or after
the absorbing treatment to measure the chloride ion concentration
therein by an ion chromatography.

The absorbing capacity for the organic chloride is obtained as
a removing rate calculated in the same manner as the above by

respectively making an organic solvent absorb the gas before or after the
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absorbing treatment to measure a chloride concentration therein by a
combustion method. )

The tested gas is a cétalytic reforming gas of a heavy naphtha,
during the test period aﬁ average inorganic chloride concentration is
6 ppm as chloline, an average organic chlorine concentration 1 ppm as
chloline and moisture concentration 100 ppm.
(Measurement of pore volume)

A pore volume is measured by means of an Auto-pore I11 9420
made by Shimazu Corp. A measurable range of a radius of a pore is
about 25-70000 angstrom with a slight difference depending on a

‘measuring condition.

Table 1
l;:;:::: Period before
|Kieselguhr| Clay oxgﬂ::cn ;| Pore | differential chloride e
(partby |(part by|“™°P volume | pressure of [FSROVING Ia
weight) |weight) (part by (cm®g) | more than of less than
weigh) 1.0x10%Pa 0%
(day) (day)
Example 1 16.7 6.7 0.47 | 140 or more 140
Example 2 10.0 5.0 - 0.42 | 140 or more 140
Comparative 8.0
Example 1 4.0 (Ca0) 0.31 50 (180)

Note) 10 parts by weight of zinc oxide is compounded.

In the absorbent according to the invention, an increase of a
differential pressure is not observed during a period until a chloride
removing rate becomes lower than 90 %. This shows that fracture of
the absorbent is extremely less. On the contrary, the conventional
absorbent showed as Comparative Example 1 is relatively high in the
packing density, namely 890 kg/m?, in comparison with the packing

density of the absorbent in Example 1, namely 720 kg/m3, or that in

-10-
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Example 2, namely 730 kg/m®, therefore, it has a large amount of zinc
per unit volume, so that the period before less than 90% of chloride
removing rate is long, but the ébsorbing power per Weight of zinc oxide
in the absorbent decreases by about 5-40%. Further, as an increase of a

differential pressure is observed, it is considered that the absorbent

" begins to degrade from the start of absorbing treatment, and then the

powdered absorbent leaks toward the succeeding stages.

The solid chloride absorbent according to the invention is
applied to the removal of chloride which is generated in a process
treating petroleum fraction by means of a catalyst activated by chlorides
or the like or which is derived from crude oil. The absorbent according
to the invention has a high strength, and hardly decreases in the strength
and powders due to moisture in crude petroleum. Therefore, the
absorbent can be not only used for a long time up to a near theoretical
value of absorbing capacity but also hardly to releases the absorbed

chloride, so that it is high in the operating efficiency.
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Claims
1. A solid chloride absorbent comprising 2-15 parts by weight of
an inert binder and 5-25 parts =by weight of a porous refractory inorganic
carrier based on 10 parts by weight of zinc oxide.
2. A solid chloride absorbent set forth in claim 1, wherein the
solid chloride absorbent has a pore volume of 0.35-0.65 cm®/g as

measured by a mercury press-in method.
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