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BROMINE-IMPREGNATED ACTIVATED CARBON AND PROCESS FOR

TITLE OF THE INVENTION

PREPARING THE SAME

CROSS-REFERENCES TO RELATED APPLICATIONS

This application is related to Japanese applications Noé. Hei
9(1997)-200371 and Hei 9(1997)-297440 filed on July 25, 1997 and October

29, 1997 respectively, whose priorities are claimed under 35 USC § 119, the

- disclosures of which are incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION
1.Field of .the. Invention

The present ir;vention relates to a bromine-impregnated activated
carbon and a process for preparing the same. More particularly, the
bromine-impregnated activated carbon is used for removing 31ij sulfides from

gas containing the alkyl sulfides in small concentrations.

2.Description of Related Art

Sulfur compounds such as hydrogen sulfide, mercaptans and alkyl
sulfides are contained in exhaust gas from sewage treatment plants, raw
sewage treatment plants, waste disposal plants, and proceés gas and exhaust
gas from chemical plants for petroleum refining, petroleum chemistry, paper
pulp production and the like and from food processing plants.

Various methods for removing sulfur compounds contained in such

gases are conventionally known, including an alkali absorbing method, a wet.
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oxidation method, an ozone oxidation method, an activated carbon adsorption

method and a combustion method, for example.

These convention:al meth_ods are __use-ful for removing many kinds of
sulfur compounds. However, alkyl su_lﬁdes such as dimethyl sulfide and
dimethyl disulfide, which are specific smelly substances, cannot be removed to
a satisfactory extent by the conventional methods.

Under these circu.ms'tance's,. J apénese_Unexémined Patent
Publications Nos.- Sho 54( 1979)-132470, Sho 50(1975)-130679 and Sho
55(1980)-51422, for example, propoée that dimethyl sulfide and dimethyl
disulfide can be rem;)ved by chemical adsofption by using a bromine-
impregnated activated carbon instead of an usual activated carbon in the
adsorption method. The chemi;al adsorption is a mechanism different from
physical adsorption by the usual activated carbon.

Surely, in the case where the brorﬁine-impregnated activated carbon
is used,_ specific smelly substances such as dimethyl sulfide and dimethyl
disulfide can be more effectively removed than the conventional activated
carbon. However, the bromine-impregnated activated carbon differ in quality
depending upon various parameters such as the amount of bfomine carried by
the activated carbon. Accordingly, in the present situation, dimethyl sulfide

and dimethyl disulfide cannot always be removed to a satisfactory degree.

SUMMARY OF THE INVENTION
The present invention provides a bromihe-impregnated activated
carbon wherein the contents of any alkali metal, any alkali earth metal and

iron are not higher than 0.3wt% and the content of bromine is not lower than
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3wt%.

Further, the present invention provides a pr.ocless for preparing the
bromine-impregnated activated carbon comprising the steps of: reducing the
contents of any alkali metal, any alkali e_aijth metal and iron in a material
activated carbon to 0.3wt% or lower; a’nd“impregnating the ac;tivated carbon
with bromine such that the content of bromine is not.lower than 3wt%.

In another aspect, the present invgntion provides a bromine-
impregnated acti.vat_ed. carbon, wherein the content of a surface oxide is not
higher than 2.5wt% in terms of oxygen and the activated ca_rb_on is
impregnated with bromine such that the content of bromine is not lower than
3wt%.

Further, the present invention provides a process for preparing the.
bromine-impregnated activated carbon of the above 'compﬁsing the steps of:
thermally treating a raw matérial activated carbon at S00C to 1,100C in the
absence of oxygen to prodﬁce a carrier activated carbon; and 'impi'e'gnating

the carrier activated carbon with bromine.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

As a material activated carbon for producing the bromine-
impregnated activateq carbon of the present invention, usable is any activated
carbon prepared from a raw material such as coal, coke, charcoal, coconut
shell, resin, petroleum residuum or the like by a known process that has a
specific surface area of about 100 m2/g to 2,000m2/g. The material activated
carbon may be in any form such as spherical, cylindrical, crushed, powdery,

granular, fibriform or honeycombed form.
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The alkali metals and alkali earth metals whose contents in the
bromineﬁmpregnated activated carbon of the present invention are controllled
inclucie Na, K, Mg, Ca, Zn and the like, for example. In whatever form these
meté.ls' may be present, e.g., in a free form or in the form of a compound such
as an oxide, a carbonate or a chloride, the contents thereof i1"1 termé of metals
is pfeférably about 0.3wt% or lower, more preferably abouf 0.1wt% or lower,
still more preferably about 0.05wt% or lower, with respect to the weight of a
material activated carbon. Especially, in the cases where the alkali metals
and alkali earth metéls are in a form which enables them to react with bromine,
for example, in a free form; or in the cases where the alkali metals and alkali
earth metalé are ready to react with bromine, for example, in the form of an
oxide (hydroxide).or in the form of an iodide, the contents of such metals are.
preferably about 0.2wt% or lower in terms of the metals with respect to the
weight of the material activated carbon. |

The contents of the alkali metals and alkali earth metals are
discussed here in wt% with respect to the material activated carbon. However,
as described later, since the impregnation amount of bromine is usually within
the range from about 3wt% to about SOwt% with respect to the material
activated carbon, the contents of the alkali metals and alkali earth metals can
be calculated, if necessary, in wt% to the bromine-impregnated activated
carbon from the amount of bromine with which the bromine-impregnated
activated carbon is impregnated. In this case, the contents of thé alkali
metals and the alkali earth metals are preferably about 0.3wt% or lower, more
preferably about 0.1wt% or lower, still more preferably about 0.05wt% or lower,

for example, with respect to the weight of the bromine-impregnated activated
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carbon.

The content of iron iﬁ the material activated carbon is preferably
about 0.3wt% or lower, more preferably about 0.1wt% or lower, still more
preferably aBout 0.05wt% or lower, and the.content of iron in the Brominé— i
impregnated activated carbon is preferably about 0.3wt% or lower, more
preferably about 0.1wt% or lower, still more preferably about 0.05wt% or iower._
In the cases where the iron is in a form which enables them to react with
bromine or in the cases where the iron is ready to react with bromine, the
contents of iron is preferably about 0.2wt% or lower in terms of the metals with
respect to the-weight of the material activated carbon.

| Further, in the present invention, the bromine-impregnated
activated carbon having the controlled contents of the alkali metals, alkali
earth metals and iron as described above can exhibit more improved
adsorption characteristics if the content of surface oxides is controlled aé
described below.

In the bromine-impregnated activated carbon of the present
invention, the surface oxides whpse content is controlled include various
kinds of oxides such as carbén-oxygen complex (i.e., carbon monooxide,
carbon dioxide), oxides of alkali metals and alkali.earth metals. The content
of such oxides is preferably about 2.5wt% or lower, more preferably about
2wt% or ldwer, still more preferably about 1.5wt% or lower, in terms of oxygen
with respect to the material activated carbon before the impregnation with
bromine. In the bromine-impregnated activated carbon of the present
invention, oxidative effect of bromine leads to oxidation of the activated carbon

with time. As a result, the surface oxides tend to increase to some extent.
_ _
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Therefore, the content of the surface oxides in the bromine-impregnated
activated carbon as finally obtained is controlled as discussed above in terms
of welght with respect to the mater1al ectlvated carbon before the impregnation
with bromine. In th1s case, the contents of the alkali metals and the like are
preferably controlled, but the content of the surface oxides does not
necessarily have relation with the ccnténts of the alkali metals and the like.
The content cf bromine in any bromine-impregnated activated
carbon accordingly to the present inventicr_1 is preferably about 3wt% or higher,
more preferably about 5wt% or higher, st111 more _prefere.bly about Swt% . or
higher and about 50wt% or lower:_ most preferably about Swt% or higher and
e.bout 20wt% or lower, with respect to the material activated carbon before the
impregnation with bromine. |
According to the present inventitni, a method of reducing the
contents of the alkali metals and alkali earth metals in the material activated
carbon to about 0.3wt% or lower is not particularly limited. Examples of such
treatment methods include a method of dipping the material activated carbon
in water or an acid solution, e.g., about 1 to about 10wt% hydrochloric acid,
phosphoric acid, nitric acid, sulfuric acid and organic acid ( e.g., formic acid,
acetic acid, oxalic acid and the like), and allowing to stand, stirring and/or

boiling for a certain time period (e.g., for about 0.1 to about one hour); a

~method of feeding water or an acid solution into the material activated carbon

for a certain time period (e.g., about one to about ten hours) with stirring the
material activated carbon; and a method of passing water or an acid solution
through a layer of the material activated carbon. These treatments may be

carried out once or repeated twice or more. In the case where the material
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activated carbon is treated with the acid solution, the treatment is preferably
followed by washing with water about one to about five times. In the case
where the alkali metals and alkali earth metals can be removed (or deactivated)
sufficiently only by washing with water, the contents of the alkali metals énd
alkali éarth metals may be réduced to about 0. 3 wt% or lower only by washing .
with water.

In the process for preparing the broﬁline-impregnated af:tivated
carbon of the present invention, in order to keep the content of the surface
oxides in the bromine-imﬁregr_xated activated carbon as finally obtained within
the aforesaid range, the content of thé surface oxides in the material activated
carbon before_ the impregnation with bromine ié prefeifablj about 2.0wt% or
lower, more preferably about 1.5wt% or lower, still preferaﬁly about 1.0wt% or
lower, in terms of oxygen.

In the process for preparing the bromine-impregnéted activated
carbon of the present invention, the content of the surface oxides in the carrier
activated carbon before the impregnation with bromine may be reduced to
about 2.0wt% in terms of oxygen b}lr thermally treé.ting the material activated
carbon at 500 to 1,100C in the absence of oxygen, for example. This thermal
treatment can be performed by various methods such as a high-temperature
pyrolysis method and a high-temperature hydrogen reduction method.
Alternatively, a liquid-phase. reduction method may be utilized besides the
thermal treatment in the absence of oxygen, for example. However, for
controlling the content of the surface oxides in the material activated carbon

efficiently, the high-temperature pyrolysis method and the high-temperature

hydrogen reduction method are preferred.
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The high-temperature pyrolysis method is a method of thermally
treating the material activated carbon in an .inert gaé such as nitrogen gas,
argon gas or the like which does not contain oxygen or in vacuum to. thérmally
decompose oxides. As for temperature for the thermal treatment, the higher,
the more efﬁcienﬁ. However, since sorhe aétivated cérb_ons used as the
material activated carbon have their pores closed at temperatures over about
1,2007C, the thermal treatment temperature is suitably about 500°C to about
1,1007C, preferably about 700'°C to about 950C. A treatment time period can
be decided as required according f:o the amount of the material activated
carbqn to be treated, and for example, the_treatment time period is about 0.1 to
aboﬁt 10 hours.

The high-temperature hydrogen reduction method is a method of
thermally treating the rﬁaterial activated carbon in an atmosphere of_' gas
containing h&drogén to reduce oxides, for éxample. Temperature for this
thermal treatment is suitably about 400C to about 1,000°C, preferably about |
500C to about 850C, more preferably around 700C. A treatment time
period is suitably about 0.1 to about 10 hours.

The liquid-phase reduction method is a method of dipping or
mixing/stirring the material activated carbon in a reducing solvent, for
example, of hydrazine within the temperature range from room temperature to
about 100C.

One of the above treatment methods may be performed once or
repeated twice or more, or different ones of the above treatment methods may
be combined in a multi-stage treatment.

Any bromine-impregnated activated carbon according to the present
—_—
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invention can be impregnatea with bromine by a per-se known method. For
example, the impregnation can be performed by a gas—phase impregnation
rﬁethod of contacting a carrier gas containing bromine gas with the activated
carbon treated de#irably, by a liquid-phase impregqaﬁon method of dipping

the treated activated carbon in bromine water, and a spray impregnation.

" method of spraying liquid bromine directly onto the treated activated carbon

for impregnation.

| Usually, 1n the gas-phase impregnation. methdd, air, nitrogen gas,
carbonldioxidé, carbon monooxide or the like is used as the carfier gas, a
contact temperature is set at about 150°C or lower, preferably aboutl 80T or
lower, and bromine inipregnation is continuously carried out using a fluidized
bed, moving béd or spraying and mixing bed of the activated carbon, fdr
example. In this method, after the activated carbon is impregnated with
Brémine by passing the bromine-containing gas, it is preferable to paés the
carrier gas alone to remove remaining bromine gas.

In the liquid-phase impregnation method, the activated carbon is
dipped in bromine water containing about 1% to abouf 5% bromine for about
one to about ten hours. Or bromine water is passed through/contacted with
the activated carbon using a fluid bed, moving bed, fixed bed or spray bed of
the activated carbon to impregnate the activated carbon with bromine,
followed bjr separation by filtration and drying. Temperature for this method
is preferably about 80C or lower, still more preferably about S0C or lower.

In the method of spraying liquid bromine for impregnation, liquid

bromine, bromine water or the like is sprayed onto the treated activated

| carbon with stirring the activated carbon, followed by drying, if necessary.
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Contact temperature for this method is preferably about S0'C or lower.

In order to adsorb/ reméve alkyl sulﬁdes, especially dimethyl sulfide
and dimethyl disulfide, from gas containing the alkyl sulfides with the
bromine-impregnated activated carbon of thé present invention, the gas to be
treated may be contacted with the bromine-imprggnate'd activated carbon by a
known method such as a fixed bed, a moving bed, a fluid bed, a slurry—fype or
a batch-type contact stirring method, for example.. A contact time period in
this case can be varied as hecessary according to the concentration of the alkyl
sulﬁdes; the barticlé size of the bromine-impregnated activé.ted carbon used,
the contact method and the like, but usually for aboilt 0.1 seconds to about
one minutes at about 50C .or lower.

Now describe_d are préparation examples and application examples

of the bromine-impregnated activated carbon of the present invention.

Reference Example: arbitrarily selected activated carbon
Preparation of bromine-impregnated activated carbons

| Activated carbon samples whose raw materials and properties are
shown in Table 1 were dried in an air bath at 115C for three hours by an
electric drier, and then cooled to room temperature in a desiccator. | The
samples were collected. 100g each.

Subsequently, each of the activated carbon samples was put in a
three-liter glass conical flask. A.layer of the activated carbon was flattened,
on which three grams of silica wool was put. Then, ten grams of bromine of
guaranteed reagent grade was dropped onto the silica wool, and the flask was

shook and stirred to impregnate the activate carbon with vaporized bromine
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gas. Thus, Samples A to C were prepared. The impregnation amount of
bromine was calculated by an increase of the weight of the sample collected
after all bromine got carried by the activated carbon and the gas within the

flask turned colorless and transparent.

TABLE 1
BET | Impregnation
S(lggx{:nliz. " Form Main Raw Surface Amount of
Example) " Material  Area Bromine
P _ (m?/g) (2/100g)
A 4 to 8 mesh Coconut Shell 1010 9.8
Crushed
4mm ¢ _
B Cylindrical Coconut Shell 1200 9.8
4mm ¢ | Bituminous _
¢ Cylindrical Coal 1210 97

Dimethyl Sulfide Adsorption Characteristics

The bromine-impregnated activated carbons thus obtained were
crushed and sieved with a 16 to 24 mesh and fed ih_glass columns of 15.6mm
inner diameter to form layers of 100mm height (19.1ml). Air having a relative
humidity of 80% which contains 3ppm dimethyl sulfide was passed at
40cm/sec in the columns at 25T. .

The concentration (C) of dimethyl sulfide in the air at an outlet of
each of the activated carbon layers and the concentration (Co) of dimethyl
sulﬁcie in the air -at an inlet to each of the activated carbon layers were
measured by a gas chromatograph provided with an FPD detector. Time
having passed until a breakthrough ratio C/Co reached 0.05 was counted for
each of the activated carbons (as a breakthrough time). The results are

shown in Table 2.
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For comparison, the breakthrough time concerning dimethyl sulfide
was counted using the respective bromine-unimpregnated activated carbons

(A’, B’, C’) in the same manner. The results are also shown in Table 2.

5 TABLE.2
Sample Breakthrough Time Sample Breakthrough Time
No. (hrs) - No. 1 - (hrs)
A 15.5 | A 3.0
B _ 6.5 _ B’ _ . 4.0
C 35.0 C’ 3.5

. Analysis of Activated Carbons

Ash of the respective activated carbons was fnixed with lithium
borate and melted, and then dissolved in dilute nitric acid. The contents of
10 Na, K, Mg, Ca, Zn, Fe and Cu, which are likely to form bromides and usually
are contained in activated carbons, were determined by Atomic Absorption

Spectrometry. The results are shown in Table 3.

15

TABLE 3 (g/100g)

A’ B’ C’

Na 0.17 0.25 0.025

K 1.33 1.02 0.045

Mg 0.049 0.29 0.065

Ca 0.046 0.16 0.25

Zn 0.003 0.005 0.005

Fe 0.006 0.20 0.75

Cu 0.003 0.004 0.001

Example 1: Acid-washed Activated Carbons

Washing of Activated Carbons

A chloric acid of 5wt%, 1,000g, was added to 200g of each of the
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respective bromine-unimpregnated activated carbons A’, B’ and C’ used in the

above Reference example.

The resulting mixtures were boiled for 30 minutes

and then the washing liquid was removed. Further, ion-exchange water was

added thereto and then replacement of ion-exchange water was repeated five

times. The resulting activated carbons after washing are referred to as A-1’,

B-1’and C-1’.

Further, the b_romine-unimpregriated 'ac_tivat'ed, carbon A’ and C’

were washed only with idn-exchange water instead of chloric acid. The

resulting activated carbons are referred to as A-2’ and C-2".

Preparation of Bromine-Impregnated Activated Carbons

The washed activated carbons obtained as described above were

dried sufficiently and made into bromine-impregnated activated carbons (A-1,

A-2, B-1, C-1 and C-2) as shown in Table 4 in the same manner as in Reference

Example.
TABLE 4
Impregnation
Sample
No. Washing Main Material BET Surface Amour}t of
(Example) Area (m?/g) Bromine
3 (g/100g)
Chloric acid -
A-1 lon-exchange water | Coconut Shell 1025 9.7
Ion-exchange
A-2 water Coconut Shell 1020 9.8
Chloric acid -
B-1 Ion-exchange water Coconut Shell 1235 9.8
Chloric acid - . .
C-1 Ion-exchange water Bituminous Coal 1230 9.6
C-2 Ion-exchange water | Bituminous Coall 1220 9.7
This Sheet Has Been Rep
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Dimethyl Sulfide Adsorption Characteristics

The dimethyl sulfide breakthrough time was counted for the
prepared bromine-impregnated activated carbons in the same manner as in
the Reference Example. The results are shown in Table 5.

The dimethyl sulfide breakthrough time was also counted for the

) corresponding bromine-unimpregnated samples (A-1’, A-2’, B-1°, C-1’ and C-

2’) in the same manner for control. The results are also shown in Table 5.

TABLE 5 . _

Sampie No. | Breakthrough Time | Sample No. '| Breakthrough Time
(Example) (hrs.) (for control) {hrs.) '

A-1 233.0 ' A-1° _ 3.0

A-2 170.0 A-2’ 3.0

B-1 245.0 , B-1’ 4.0

C-1 243.0 Cc-1’ 3.5

C-2 175.0 Cc-2’ 3.5

Analysis of Activated Carbons

Ash of each of the bromine-unimpregnated activated carbons (A-1’,
A-2’, B-1’, C-1’and C-2’) was analyzed on the contents of Na, K, Mg, Ca, Zn, Fe
and Cu in the same manner as in the Reference Example. The results are

shown in Table 6.

TABLE 6 (g/100g)

A-1’ A-2’ B-1’ C-1’ Cc-2’

Na 0.012 0.015 0.013 0.004 0.017

K 0.027 0.13 0.025 0.005 | 0.008

Mg 0.005 0.015 0.004 0.007 0.031

Ca 0.004 0.040 0.009 0.020 0.13

Zn . < 0.001 0.002 [<0.001 < 0.001 0.004

Fe 0.001 0.005 0.019 0.025 0.25

Cu 0.001 0.003 0.002 0.001 0.001

—_—
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Example 2 - -
Thermal Treatment of Activated Carbons

Activated carbons whose raw materials and properties are shown in
Table 7, each 30bg, wére thermally treated by a ring furnace at 850C with a
flow of nitrogen at 5 liter/minute for 30 minutes. | After the thermal treatmént,
the activated _cé.rbons .\haverc? cooled with niﬁogen gas.
Pregaraﬁon of Bromine-imp?egnated Activated Carbbns

The thermally treated activated carbons v&ere dried by the _électric
drier at 115C for three 'hours, and then cooled to room te_mpefature in the
ciesiccator. The resulting activated carbons were collected 100g each.

Subsequently, each of ihe activated cérbons were put in a one-liter
glass conical flask. Aﬁou; three grams of silica §vool were put on flattened
layers of the activated carbons, and then ten gréms of bromine of the
guaranteed reagent grade were dropped onto the silica wool. The flask was
shook and stirred to irppregnate the activated carbon samples with bromiﬁe.
Thus, Samples D to F were prepared. The impregnation amount of bromine

was calculated from an increase of the weight of the sample collected after the

inside of the flask became colorless and transparent, and are shown in Table 7.

TABLE 7
Main BET Surface Impregnation
Sample Form Material Area Amount of Bromine
(m2/g) (g/100g)
4mm ¢ Coconut
D Cylindrical Shell 1232 9.3
4mm ¢
E Cylindrical Coal A 1245 9.4
4mm ¢ '
F Cylindrical Coal B 1163 9.2
\
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The brormne impregnated activated carbons (Samples D to F)

Dlmethyl Sulfide Adsorptmn Characteristics

obtained as described above were crushed and sieved with the 16 to 24 mesh
and put in glas-s columns ha_v_ing  an inner diameter of 15.6mm in layérs of
100mm thicknéés (19.1ml). Air having a relative humidity of 80% which
contained 3ppm dimethjl sulfide was passed in the columns at a flow rate of
40cm/sec.at 25C. |

The time [the_ _breakth_rough time) having passed until the

- breakthrough ratio C/Cp reached 0.05 was counted in the same matter as in

Reference Example 1. The results are shown in Table 8.

TABLE 8
Samples Breakthrough Time (hrs)
D 400
E 405
F 395

Determination of Surface Oxides in Activated Carbons

Samples of the respective bromine-impregnéted activated carbons,
3g each, were put in quartz columns of ¢$20 X 1,000mm. The samples were
fixed by sufficiently dried glass wool at their fronts and backs. The columns
were set in an electric ring furnace. The columns were closed with rubber
caps, which were provided with openings for letting nitrogen gas into the
columns and openings for letting nitrogen gas out of the columns. The
columns were heated to 100C with nitrogen gas being flown into the columns
at a flow rate of 100ml/minute. Subsequently, gas coming out of outlets was

sent to two-liter tetra pak® and heated to 900°C at a rate of 400C /hour.

16



When reached 9007T, the temperature was maintained at 900C for 30
minutes. Then, the tetra pak® were taken off. The amount of collected gas
was measured, and the total concentratioﬁ of CO and COz in the collected gas
was determined by the gas chlomatograph with the FID detector provided with
a methane conberter. Then the content qf the surface oxides was calculated
in terms of oxygen. Also, the content of surface oxides in the bromine-
unimpregnated activated carboﬁs _befofe the impregnation with bromine was
determined and calculated in the same 'way as D”,E_”,F”. The results are

shown in Table 9.

TABLE 9 ' (mg/g)

Samples Cor%tent of Surface Oxides
in Terms of Oxygen

D 9.3

E : 8.29
F 10.21
D” 2.39
E” 2.03
F” 2.62

The activated carbons of Samples D to F had the contents of alkali

metals and the like shown in Table 10.

TABLE 10 (g/100g)

D . E F
Na 0.011 0.022 0.02

K 0.023 0.02 0.021
Mg 0.006 0.025 0.05
Ca 0.006 0.11 0.21

Zn 0.001 0.003 0.003
Fe 0.016 0.21 0.23

Cu ] 0.001 0.001 0.001
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Example 3

Preparation of Bromine-Impregnated Activated Carbon

Activated carbons which were not subjected to the thermal

treatmefxt but had the contents of alkali metals and the like shown in Table 12

were modified into bromine-impregnated activated carbons in the same

manner as in Example 2. The results are shown in Table 11,

TABLE 11 |
_ . ' Impregnation
Sample Form ertaelrril al iEr:eTaS(lr;rf7;f Amount of Bromine |
(g/100g)
) . Coconut |
D 4mm ¢ Cylindrical Shell 1225 9.4
E’ 4mm ¢ Cylindrical | Coal A 1203 9.2
) 4mm ¢
F Cylindrical Coal B 1131 9.6
10 TABLE 12 (g/100g)
D’ E’ F
Na 0.012 0.05 0.018
- K 0.03 0.015 0.038
Mg 0.002 0.028 0.031
Ca 0.005 0.11 0.13
Zn 0.002 0.003 0.003
Fe 0.016 0.21 0.16
Cu 0.001 0.001 0.002

Dimethyl Sulfide Adsorption Characteristics

The breakthrough time was determined for the bromine-

- impregnated activated carbons obtained as described above (Samples D’ to F)

in the same manner as in Example 2. The results are shown in Table 13.
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TABLE 13

Samples Breakthrough Time (hrs)
D’ 255
E’ 190
E’ 285

Determination of Surface Oxides in Activated Carbons

Surface oxides in the bromine-iinpregnated activated carbons
prepared from the activated carbons not having been subjected to the thermal
treatment were analyzed in the same manner as in Example 2. The results

are shown in Table 14.

TABLE 14 (g/100g)

- Content of Surface Oxides
in Terms of Oxygen

D’ 29.02

E’ 50.55

B 26.00

Samples

According to the present invention, the bromine- impregnated
activated carbon has improved adsorption characteristics to the alkyl sulfides,
which have not been sufficiently removed by activated carbons prepared by the
conventional techniques. Further, variations in the absorption
characteristics can be reduced and the activated carbon can exhibit a stable

performance in removing the alkyl sulfides.
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WHAT IS CLAIMED IS:
1. A bromine-impregnated activated carbon wherein the contents of
any alkali metal, any alkali earth metal and iron are not higher than 0.3wt%

and the contént of bromine is not lower than 3wt%.

2. A bromine-impregnated activated carbon according to claim 1 in

which the content of bromine is 50wt% or lower,

3. - A bromine-impregnated activated carbon according to claim 1 in
which the content of a surface oxide is not higher than 2.5wt% in terms of

oxygen.

4. A process for preparing the bromine-impregnated activated carbon

compﬁsing the stepé of:
reducing the contents of any alkali metal, any alkali earth m_e'tal and
iron in a material activated carbon to 0.3wt% or lower; and |
impregnating the activated carbon with bromine such that the

content of bromine is not lower than 3wt%.

S. A process according to claim 4, wherein the contents of any alkali
metal, any alkali earth metal and iron in the material activated carbon is
reduced to 0.3wt% or lower by treating a material activated carbon with water

or with an acidic aqueous solution.

6. A process according to claim 4, further comprising the steps of

' thermally treating a raw material activated carbon at 500C to 1,100C in the
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absence of oxygen to produce a carrier activated carbon before the step of

impregnating the carrier activated carbon with bromine.

7. A bromine-impregnated activated carbon, wherein the content of a

surface oxide is not higher than 2.5wt% in terms of oxygen and the actiVa_ted

'ca_rbon is impregnated with bromine such that the content of bromine is not

lower than 3wt%.

8. A broinine-.impregnated activated carbon according to claim 7 in

which the content of bromine is 50wt% or lower.

9. A process for preparing the bromine-impregnated activated carbon

of claim 7 comprising the stgps of: |
thermaliy treating a ra\& material activated carbon at S00C to

1,100 in the absence of oxygén to produce a carrier activated carbon; and

impregnating the carrier activated carbon with bromine.

10. A process according to claim 9, wherein the content of a surface
oxide in the material activated carbon before impregnated with bromine is not

higher than 2.0wt% in terms of oxygen.
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