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Absorbents

This invention relates to absorbents, and to a process for their manufacture, in particular to
absorbents suitable for removing halogen-containing contaminants such as hydrogen chioride or
chlorine-containing organic compounds from gas streams.

Such absorbents are typically employed as a bed through which the gas stream to be treated
is continuously passed: the contaminant is absorbed by the absorbent so that the effluent gas has a
relatively low contaminant content. After a period of time, the absorbent becomes loaded with
absorbed contaminant until the absorbent bed is unable to reduce the contaminant content to an
acceptable level: typically it is desired to have an effluent gas containing less than a specified
amount, e.g. 0.1ppm by volume, of contaminant. When the effluent gas contains an unacceptable
proportion of contaminant, "break-through" is said to have occurred... It is normally found that, when
break-through has occurred, the halide content of the bed is somewhat iess than the theoretical
maximum: thus while samples taken from bed inlet region may have a halogen content approaching
the theoretical maximum, samples taken from the bed outlet region are liable to have a halogen
content significantly below the theoretical maximum.

Sodium and zinc compounds are effective absorbents for halogen-containing compounds. It
has been proposed in US3935295 to make absorbents from a composition comprising zinc oxide, a
basic calcium compound and a binder. It has also been proposed in WQ095/22403 to make
absorbents by granulating a mixture of sodium carbonate, or bicarbonate, alumina trihydrate, and a
binder followed by calcination at below 350°C. While such absorbents have a high halogen
absorption capacity at low temperatures, e.g. below 150°C, at higher temperatures the absorption
capacity decreases as a result of decomposition of the active species in the absorbent. It is thus
desirable to produce an absorbent that is effective both at temperatures below 150°C and at higher
temperatures, e.g. up to 300°C.

We have found that particularly effective absorbents can be made from a combination of alkali
metal, and/or alkaline earth metal and zinc compounds.

Accordingly the present invention provides shaped absorbent units comprising a calcined
intimate mixture of

a) an alumina component selected from alumina and/or hydrated alumina,

b) a zinc component and a basic metal component, said components being oxides,
hydroxides, carbonates, bicarbonates and/or basic carbonates and said basic metal
component comprising at least one compound of at least one aikali or alkaline earth
metal, and

c) abinder,

the basic metal to zinc atomic ratio being in the range 0.5x to 2.5x and the basic metal to aluminium
atomic ratio being in the range 0.5x to 1.5x where x is the valency of the basic metali, sai‘d granules
containing from 5 to 20% by weight of said binder.
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Preferably the shaped units have a basic metal content such that, after ignition of a sample of
the units at 900°C, the sample has a basic metal oxide content of at least 10%, particularly at least
15%, and more particularly at least 20%, by weight.

Basic metal compounds that may be employed include compounds of lithium, sodium,
potassium, beryllium, magnesium, calcium, strontium and barium. Preferred compounds are
compounds of sodium or calcium, particularly sodium. Particularly preferred alkali or alkaline earth
compounds are carbonates and/or bicarbonates. Where an alkali metal compound is used "x"=1.
Mixtures of alkali metal and alkaline earth metal compounds may be used: in this case the value of
"x" will depend on the relative atomic proportions of alkali metal and alkaline earth metal.

The zinc component is preferably zinc oxide, carbonate or, particularly, basic carbonate. The
basic metal and zinc components may be present at least partially as a mixed salt, such as sodium
zinc carbonate and/or basic sodium zinc carbonate.

The shaped absorbent units preferably have an average size in the range 2-10mm, and
preferably at least about 3mm as a bed of smailer units is liable to present an unacceptable
resistance to flow of gas therethrough. Thus an unacceptably high pressure drop is experienced
upon passage of the gas through a bed of smali units.

The binder may be a suitable hydraulic cement, such as calcium aluminate cement.
Alternatively, and preferably, the binder comprises a clay, for example an acicular clay such as
attapuigite or sepiolite.

The shaped absorbent units of the present invention may be made by granulating or extruding
a mixture of alumina or a hydrated alumina such as alumina trihydrate, basic metal component, zinc
component and the binder, in the requisite proportions, and calcining the resuitant mixture.
Preferably the units are made from a mixture of hydrated alumina, sodium bicarbonate, zinc oxide or
basic zinc carbonate, and a clay binder.

Alternatively there may be used a preformed mixed basic metal/zinc salt, e.g. sodium zinc
carbonate or basic sodium zinc carbonate, e.g. as obtained by precipitation by the dropwise addition
of a solution of sodium carbonate with a solution of a zinc compound such as zinc nitrate under
controlled conditions of pH in the range 7-8 and temperature of about 80°C, alone, or in admixture
with additional zinc and/or sodium carbonates. This mixed basic metal/zinc salt may be mixed with
the alumina or hydrated alumina and binder to form the shaped absorbent units.

Where hydrated alumina is used as the alumina component, the caicination resuits in a
substantial increase in the surface area of the absorbents. For these reasons the calcination is
preferably effected at temperatures in the range 200-450°C, particularly above 240°C, and most
preferably above 300°C. Preferably the calcination temperature is below 500°C to minimise reaction

of the basic metal compound and the alumina: thus alkali or alkaline earth metal aluminates have
lower absorption capacity.
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The shaped absorbent units preferably have a BET surface area of at least 10m?/g, particularly
above 50m?/g, and most preferably above 90m?/g.

By the term granulation we mean mixing the powdered ingredients, including the binder, with a
little wetting agent such as water, in an amount that is insufficient to form a slurry, and forming the
resultant mixture into aggregates, generally of approximate spherical configuration. Such
granulation techniques are well known in the art.

As an alternative to granulation, the composition may be formed into extrudates, for example
using a pellet mill, for example of the type used for pelleting animal feedstuffs, wherein the mixture to
be pelleted is charged to a rotating perforate cylinder through the perforations of which the mixture is
forced by a bar or roller within the cylinder. The resulting extruded mixture is cut from the surface of
the rotating cylinder by a doctor knife positioned to give pellets of the desired length. It will be
appreciated that other extrusion techniques may be empioyed.

It is preferred to employ alumina trihydrate, rather than alumina, since granulation or extrusion
of alumina-containing compositions tends to present difficulties.

in order to make shaped units of adequate strength it is desirable to employ the ingredients in
a finely divided form. Typically the ingredients have an average particle size in the range 1-20um,
preferably in the range 5-10um.

Where an alkali metal compound is used, during the caicination step, it is believed that there is
formed a highly dispersed alkali metal/zinc composite, probably an intimate mixture of alkali metal
carbonate and zinc oxide, that is uniformiy distributed over the alumina substrate. It appears that
while zinc oxide is an effective chioride absorbent, alkali metal carbonates are less effective. For
this reason the alkali metal to zinc atomic ratio of the granules should be below 2.5. When
employing sodium compounds as the alkali metal component and the absorbent is used for
absorption of hydrogen chioride, we have observed that a sodium zinc chloride Na,ZnCl, is formed:
this species has been identified by X-ray diffractometry on absorbents that have been used for
absorption of hydrogen chloride. It is evident by the dry, free-flowing nature of the fully chlorided
shaped absorbent units that the formation of this compound does not give rise to any of the
deleterious effects associated with moisture absorption such as caking, pressure drop, and
difficulties in discharge of spent absorbent. However, if the alkali metal to zinc ratio of the
absorbent is too small, the granules become sticky during use, giving rise to caking of a the bed of
absorbent units with the consequence of the bed exhibiting an unacceptable increase in the
resistance of gas flow therethrough. For this reason the alkali metal to zinc atomic ratio should
preferably be above 0.8. It is preferred that the alkali metal to zinc atomic ratio is in the range from
about 0.8 to 2.2.

The absorbent granules of the invention may be used at temperatures ranging from 10 to
300°C and at any convenient pressure, for example atmospheric to 100 bar abs. They afe of

particular utility as guard beds to absorb chloride ions from gas streams, e.g. to avoid corrosion
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problems during subsequent processing of the gas stream and/or to avoid poisoning of downstream
catalysts, particularly copper containing catalysts such as low temperature shift catalysts or
methanol synthesis catalysts. Thus the granules may be disposed as a bed adjacent the inlet of a
bed of low temperature shift or methanol synthesis catalyst. They may also be of utility in removing
halogen-containing organic compounds from gas streams.

The Invention is illustrated by the following examples.

Exampies 1-5

Alumina trihydrate, basic zinc carbonate (hydrozincite - Zn,(CO,),(OH),), sodium carbonate,
and a clay binder, each in finely divided powder form having an average particle size in the range
5-10pm, were dry mixed in the proportions specified in the table below. Part of the mixture (about
3kg) was charged to a Hobart mixer of 15i capacity and stirred therein. Water was slowly added
while stirring until the mixture adhered to form small balls or agglomerates. Further amounts of the
powder mixture and water were gradually added until all the powder mixture had formed into
agglomerates. The agglomerates were then sieved to reject agglomerates having a size below
about 2.8mm or above about 4.8mm.

The remaining agglomerates were then calcined in air at 300°C for 2 hrs.

The hydrogen chloride absorption characteristics were assessed by passing hydrogen
containing about 1% by volume of hydrogen chioride at atmospheric pressure and ambient
temperature (20-25°C) down through a vertical bed of the pellets or granules of height 16cm and
height to diameter ratio of 7 at a space velocity of approximately 750h'. The time taken before the
hydrogen chioride content of the exit gas reached 5ppm by volume was determined and is quoted in
the following table as the "break-through time to 5ppm HCI". The granules were then carefully
discharged from the bed and divided into 6 portions corresponding to 2.5cm bands of the bed depth.

Each portion was analysed for the chloride content. The results are shown in the following table:
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Example
1 2 3 4 5

Al(OH), 40 40 40 40 40
composition (parts by Na,CO0, 20| 25| 30| 35| 40
weight)

Zn (CO,),(OH),), 40 35 30 25 20

binder 7 7 7 7 7

Na/Zn atomic ratio 1.0 1.5 2.1 29 4.1

Na/Al atomic ratio 0.7 0.9 141 1.3 1.5
Break-through time (hh:mm) to 5ppm HCI 13:00 | 11:00 | 13:30 6:15 | <3:00

Bed portion 1 (top) 218 | 192 | 217 11.4 53

Bed portion 2 25| 196 | 202 11.3 5.1
Chiorine content (% by )

Bed portion 3 nm nm 19.1 nm nm
weight of discharged
absorbent) Bed portion 4 nm nm 19.6 nm nm

Bed portion 5 nm nm 18.2 nm nm

Bed portion 6 (bottom) nm nm 4.3 nm nm

nm = not measured

It is seen that the absorption capacity deteriorates if the sodium to zinc ratio is too high.

Example 6
Example 3 was repeated but using different caicination temperatures. The BET surface area

of the absorbent units was determined and was as set out in the following table.

Calcination BET surface
temperature (°C) area (m?/g)

none 12
200 17
250 57
300 103
350 99

400 95
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Exampie 7
Extrudates were made using the ingredients as employed for Example 3 by dry-mixing the

powdered ingredients in a Kenwood mixer. The total weight of the dry ingredients used was 1000g.

200m! of distilled water was added and mixed in small aliquots to form a homogeneous mixture. The
5 resulting paste was then extruded in a smail pellet mill to give extrudates of 3.2mm diameter and

about 6 mm long. The wet extrudates were calcined at 300°C for 2 hours. The procedure was

repeated using 250ml of water giving a greater yield of extrudates of the requisite size. The

procedure was also repeated using 2000g of the dry mixture and 550mi of water and using a pellet

mill giving extrudates of 2mm diameter and length about 5Smm. The yield of pellets of the requisite

10 size and their properties are shown in the following table.

Feed weight (g)| Water | Weight of caicined | Bulk density BET surface area
(ml) product (g) (ah) (m?/g)
1000 200 371 - 89
1000 250 439 800 -
2000 550 1540 760 74

(The bulk density is the density of a bed of the extrudates).
The chioride contents of the extrudates when tested by the procedure employed in examples
1-5 were in the range 12.7-14.7% by weight.

Example 8
15 The material of Example 3 (hereinafter absorbent A) was tested as above but using a

hydrogen chloride concentration of 0.1% by volume instead of 1%. The chiorine contents of the

discharged portions of the bed were as follows:

Chlorine content (% by weight of
discharged absorbent)
Bed portion 1 (top) 20.9
Bed portion 2 20.4
Bed portion 3 20.1
Bed portion 4 20.6
Bed portion 5 20'.2
Bed portion 6 (bottomn) 85
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Example 9
Absorbent A was tested as above using a hydrogen chioride concentration of 1% by volume
but at differing temperatures. Since the space velocity (at NTP) was kept constant at 750h", the
contact time of the gas with the bed of absorbent units decreases as the temperature increases.

5 The approximate contact time and chiorine content of the top bed was as follows:

Test temperature (°C) | Approximate contact Chlorine content (% by weight of
time (sec) discharged absorbent)
25 48 20.0
50 43 . 19.7
100 3.8 19.0
200 3.0 16.1
300 25 11.9
Example 10

A number of absorbents were tested for hydrogen chloride absorption using 500ml of the
absorbent units disposed as a bed of height 45cm and diameter 4cm using a gas mixture of 80% by
volume hydrogen and 20% natural gas containing 50ppm by volume of hydrogen chioride at a space

10 velocity of 1756h™ at a temperature of 35°C and a pressure of 20 barg. The absorbents used were

as follows:
Absorbent A: (as described above)
Absorbent B: Granules of particle size within the range 3 to 5mm having a bulk density of
about 0.9g/mi and a BET surface area of about 16g/m* made by the procedure

15 of Example1 of WO 95/22403 using 50 parts by weight of sodium bicarbonate,
50 parts by weight of alumina trihydrate, and 10 parts by weight of attapulgite
clay with the drying and calcining being effected in a single stage in a rotary
drier at 145°C. Analysis of a sample of the granules that had been ignited at
900°C showed a sodium oxide, Na,O, content of about 30% by weight.

20 Absorbent C: Commercially available alumina granules of about 3mm size impregnated with
sodium carbonate and caicined at above 500°C to give granules of bulk density
about 0.75g/ml and a BET surface area of about 113m?/g which, after ignition at
900°C, had a sodium oxide, Na,0, content of about 14% by weight.

Absorbent D: Commercially available activated alumina granules of about 3mm size having a

25 bulk density of 0.83g/ml and a BET surface area of about 300m#/g. -

The results are shown in the following table
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Absorbent Chlorine content of discharged absorbent (% by weight)
Bed 1 Bed 2 Bed 3 Bed 4 Bed 5 Bed 6

A 28.0 27.9 26.6 234 18.8 76

B 21.3 19.9 19.7 18.2 14.8 6.6

(o] 14.2 12.8 125 12.4 10.8 6.8

D 8.8 75 6.7 5.5 5.5 44
Example 11

30 parts by weight of alumina trihydrate, 35 parts by weight of sodium bicarbonate, 35 parts by
weight of zinc oxide and 7 parts by weight of a clay binder, each in t:l'nely divided powder form having
an average particle size in the range 5-10um, were dry mixed, granulated, dried and caicined, by the
procedure described in Examples 1-5. The sodium to zinc atomic ratio was about 1.0 and the
sodium to aluminium atomic ratio was about 1.1. The BET surface area of the absorbent granules
was 95m?/g. The resulting agglomerates were then tested for hydrogen chloride absorption by the
procedure described in Examples 1-5. The break-through time was 14:55 (hh:mm) and the chloride
content of the top portion of the absorbent bed was 32.3% by weight.

When a calcium aluminate cement was used in place of the clay as the binder, lower chloride
absorption was achieved.

Granules made by a similar procedure but with sodium to zinc ratios below 0.8 became sticky
and formed into a solid lump during the chloride absorbency test.

Example 12

The procedure of Example 11 was repeated using basic zinc carbonate in place of zinc oxide
and 10 parts of the clay binder. The resultant absorbent was designated Absorbent Eandhad a
sodium to zinc atomic ratio of 1.3 and a sodium to aluminium atomic ratio of 1.1. Absorbents E, B
and C were tested for their ability to absorb chiorine-containing organic compounds by passing
hydrogen containing about 1% by volume of 1,2 dichloropropane at atmospheric pressure and
ambient temperature (20-25°C) down through a vertical bed of the absorbent of height 16cm and
height to diameter ratio of 7 at a space velocity of approximately 750h". The bed inlet and outlet
1,2 dichloropropane concentrations were monitored over a period of time and the ratio of the outlet

to inlet concentrations used to give an indication of the performance of the absorbent. The results
are shown in the following table.
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1,2 dichioropropane concentration:
outlet/inlet (%)
Time (min) | Absorbent B | Absorbent C | Absorbent E

0 0 0 0
30 50 5 2
60 71 42 3
90 92 76 5
120 100 93 11
150 100 86
180 " 93
210 100

PCT/GB99/00365

it is seen that the absorbent in accordance with the invention, viz. absorbent E, was far more

effective in absorbing 1,2-dichloropropane than the prior art absorbents.

When tested for hydrogen chioride absorption capacity by the procedure employed in

Examples 1-5, the absorbent E gave a performance very similar to the absorbent of Example 11; the

chioride content of the top portion of the absorbent bed at hydrogen chioride breakthrough was

32.5% by weight.
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Claims

1. Shaped absorbent units comprising a calcined intimate mixture of
a) an alumina component selected from alumina and/or hydrated alumina,
b) azinc bomponent and a basic metal component, said components being oxides,
hydroxides, carbonates, bicarbonates, and/or basic carbonates and said basic metal

component comprising at least one compound of at least one alkali or alkaline earth
metal, and

c) a binder,
the basic metal to zinc atomic ratio being in the range 0.5x to 2.5x and the basic metal to
aluminium atomic ratio being in the range 0.5x to 1.5x, where x is the valency of the basic
metal, said shaped units containing from 5 to 20% by weight of said binder.

2. Shaped absorbent units according to claim 1 having a basic metal content such that, after

ignition of a sample of the shaped units at 800°C, the sample has a basic metal oxide
content of at least 10% by weight.

3. Shaped absorbent units according to claim 1 or claim 2 having a BET surface area above
50m?/g.
4. Shaped absorbent units according to any one of claims 1 to 3 wherein the basic metal

component comprises one or more alkali metal compounds.

5. Shaped absorbent units according to claim 4 wherein the alkali metal to zinc atomic ratio is
in the range from about 0.8 to 2.2.

6. A process for the manufacture of shaped absorbent units according to any one of claims 1
to 5 comprising forming granules or extrudates from a mixture of (i) alumina trihydrate, (ii)
an alkali metal or alkaline earth metal carbonate or bicarbonate, (jii) basic zinc carbonate or
zinc oxide, and (iv) a binder in such proportions that the alkali or aikaline earth metal to
zinc atomic ratio is in the range 0.5x to 2.5x, the alkali or alkaline earth metal to aluminium
atomic ratio is in the range 0.5x to 1.5x, where x is the valency of the alkali or alkaline earth
metal, and the binder forms from 5 to 20% by weight of the granules or extrudates and then
calcining the granules or extrudates at a temperature in the range 200 to 450°C.

7. A process for the removal of halogen-containing contaminants from a gas stream,
comprising passing the gas stream through a bed of shaped absorbent units adcording to

any one of claims 1 to 5 or made according to a process according to claim 6.



INTERNATIONAL SEARCH REPORT

national Application No

PCT/GB 99/00365

A. CLASSIFICATION OF SUBJECT MATTER
IPC 6 B01J20/04 B01J20/06 B01D53/68

According to Intemational Patent Classification (IPC) or to both national classification and {PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 6 BO1D BO1lJ

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, whaere appropriate, of the relevant passages Relevant to claim No.

Y EP 0 546 464 A (JAPAN PIONCS) 16 June 1993 1,4,6,7
see page 3, line 48
see page 3, line 57
see page 5, Tine 20 - line 35

Y PATENT ABSTRACTS OF JAPAN 1,4,6,7
vol. 098, no. 001, 30 January 1998

& JP 09 225296 A (TOYO C C I KK;JAPAN
ENERGY CORP), 2 September 1997

see abstract

A WO 95 22403 A (IMPERIAL CHEMICAL 1-7
INDUSTRIES PLC) 24 August 1995
cited in the application

see the whole document

Further documents ars listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents : .

T later document published after the international filing date
or priority date and not in conflict with the appiication but
cited to understand the principle or theory underlying the
invention

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" egﬂier document but published on or after the international uX document of particular relevance; the claimed invention
filing date cannot be considered novei or cannot be considered to
"L" document which may thronl doubti lon prioréty clafim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another "' document of : R : . .
A y Py particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
"O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
“P* document published prior to the intemational filing date but in the art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual comptetion of the international search Date of mailing of the international search report
23 April 1999 06/05/1999
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, :
Fax: (+31-70) 340-3016 Hilgenga, K

Form PCT/ISA/210 (second sheet) (July 1992)

page 1 of 2



INTERNATIONAL SEARCH REPORT

national Application No

PCT/GB 99/00365

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

A GB 2 267 096 A (MOLECULAR PRODUCTS
LIMITED) 24 November 1993

see page 1, line 16 - line 17

see page 3, last paragraph - page 4, line
10

see page 5; example 3
A DATABASE WPI

Section Ch, Week 8811

Derwent Publications Ltd., London, GB;
Class E35, AN 88-075922

XP002101002

& SU 1 327 955 A (DANTSIG G A)

, 7 August 1987

see abstract

A DATABASE WPI

Section Ch, Week 8128

Derwent Publications Ltd., London, GB;
Class E36, AN 81-51190D

XP002101003

& SU 774 575 B (BUDKINA 0 G)

, 30 October 1980

see abstract

A US 3 935 295 A (R.W. LA HUE)
27 January 1976
cited in the application

1,7

1,6

1,4,7

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

national Application No

PCT/GB 99/00365

Patent document Publication Patent family Publication

cited in search report date . member(s) date

EP 546464 A 16-06-1993 DE 69218133 D 17-04-1997
DE 69218133 T 19-06-1997
KR 126123 B 19-12-1997
us 5597540 A 28-01-1997
us 5378444 A 03-01-1995
JP 5237324 A 17-09-1993

WO 9522403 A 24-08-1995 AT 167084 T 15-06-1998
AU 683992 B 27-11-1997
AU 1667895 A 04-09-1995
CA 2183319 A 24-08-1995
DE 69502940 D 16-07-1998
DE 69502940 T 08-10-1998
EP 0746409 A 11-12-1996
ES 2117404 T 01-08-1998
JP 9508855 T 09-09-1997
NO 963458 A 21-08-1996
ZA 9501112 A 21-08-1995

GB 2267096 A 24-11-1993 EP 0640011 A 01-03-1995
WO 9323159 A 25-11-1993

US 3935295 A 27-01-1976 BE 809997 A 16-05-1974
IN 141393 A 26-02-1977
IN 145942 A 20-01-1979
JP 905936 C 18-04-1978
JP 50001085 A 08-01-1975
JP 52035036 B 07-09-1977

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Search_Report

