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[57] ABSTRACT 

An improved tobacco smoke ?lter material is formed 
from a porous particulate carrier impregnated with an 
additive having an af?nity for volatile smoke acids and 
aldehydes, such as buffered polyethyleneimine, 
wherein the carrier particles have a pore diameter 
from 0.1 to 2.0 microns, a surface area ‘ofvfrom about 
1 to 15 square meters per gram, and a pore volume no 
less than about 0.3 cubic centimeter per gram. 

9 Claims, No Drawings 
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SELECTIVE GAS PHASE FILTER MATERIAL 
This'application is related to ‘co-pending application 

Ser. No. 75,772, ?led Sept. 25, 1970. 

BACKGROUND OF THE INVENTION 

' The invention is related to a tobacco smoke ?lter 
material. In particular, it is related to a porous particu 
late material for selectively removing smoke acidsand 
aldehydes. ‘Hitherto, it has been proposed to disperse 1 
various materials, such as amines and/or amine salts, on 
conventional ?lter tows (see U.S. Pat. No. 3,410,282) 
to selectively remove smoke acids from tobacco 
smoke. Similarly, it has been proposed in US. Pat. No. 
‘3,340,879 to treat conventional ?lter tow with a 
poly(alkyleneimine) to selectively removesmoke acids 
while allowing a major proportion of the_?avorants to 
pass. Additionally, it has been‘ proposed in U.S. Pat. 
No. 2,815,760 toadsorb specified amines on certain - 
porous'granules of unspeci?ed pore diameter, surface ' 
area and pore volume to reduce volatile tobacco smoke 
components. ‘ 

However, the aforesaid additives have not yielded 
satisfactory selective removal of such smoke phase 
components, as smoke aldehydes, particularly acetal 
dehyde and acrolein. As employed in this application, 
the term ‘y‘filter material” refers to a porous particulate 
carrier impregnated with an additive ‘of the invention. 
The term “additive" is applied to a moiety impregnated 
on the carrier with an'af?nity for volatile smoke acids 
and aldehydes. 

SUMMARY OF THE INVENTION 

It is, therefore, a primary object of the present inven‘ 
tion4 to overcome the difficulties and disadvantages 
heretofore encountered and to provide an improved 
filter material for delivering to the mouth of the smoker 
a smoke stream of the desired'composition having the 
desired organoleptic ‘characteristics and from which 

' selected volatile‘ components have been removed, such. 
as vapor phase aldehydes, while leaving in the smoke 
desired ?avor or aroma imparting materials. 
The above and other bene?cial objects and ad» 

, vantages are obtained in accordance with the present 
invention by an improved tobacco smoke filter material 
which comprises a porous particulate carrier im 
pregnated with an additive ‘having an affinity for 
-_volatile smoke acids and aldehydes, wherein each of 
the said carrier particles has a pore' diameter ‘of from 

- about 0.l ‘to 2.0 microns, a surfacearea offrom about I 
to 15 square meters per gram and a pore volume no less 
than -about0.3 cubic'centimeter‘per gram. It has been‘ 
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2 
should be no less than about 0.3 cubic centimeter per 
gram (cc/gm). Below this level selective removal of 
smoke stream acids and, particularly, aldehydes is sig 
ni?cantly diminished. While applicant does not wish to 
be bound to any particular theory, it is nevertheless 
postulated that as increasing amounts of additive are 
deposited on the substrate, pore ?lling occurs. To over- , ‘ 

come this defect,‘it has been found that the porous car 
rier should have a pore volume of no less than 0.3 cubic 
centimeter per gram, when sufficient loadings of addi 
tive are incorporated on the carrier to effectively 
reduce smoke acids and aldehydes. 

Porous carriers with the above pore sizes and pore 
volumes have surface areas in the range from about I 
to 15 square meters per gram (mz/gm). This is to be 
contrasted with conventional commercial adsorbent 

‘ materials with surface areas of greater than 200 square 
meters per gram. Such commercial materials have been 
found to be relatively poor substrates for the additive 
described herein. - 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The additive employed should have an af?nity for 
volatile acids and aldehydes entrained in a tobacco 
smoke stream. The additive may be an amine at least 
partially buffered by a carboxylic'v acid. The carboxylic 
acid salts are prepared by reacting primary or seconda 
ry alkyl and hydroxyalkyl amines with the acid. Some 
‘amines which’ have been found particularly effective in 
clude: ethylamine, dibutylamine, ethylenediamine, 

I ethanolamine and the like. The acids used in the 
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found that buffered poly(alkylcneimines) supported on i 
' a porous alumina substrate having the aforesaid physi 
cal characteristics provide highly ef?cient filter m'nateri- . 

‘- 'als for the selective removal of'volatile aldehydes, such . 
as acetaldehyde and‘, acrolein, from cigarette smoke._ 
Such materials also retain their normal af?nity for 
smoke acids. . 

Th'ephysical parameters of the substrate material are 
, of critical importance. Inv order to provide substantial 

60 

reductions of vapor phase aldehydes, for example, it is ' 
necessary that the average pore diameter (assuming 
cylindrical pores) of the substrate material be from 

In order to achieve satisfactory loadings of additive 
' _on the substrate, the pore volume of ‘the substrate 
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preparation of the amine‘ salts can be aliphatic or aro 
matic mono- or polycarboxylic acids including the fol 
lowing: acetic, itaconic, lacticttsuccinic, benzoic and 
cinnamic acids. I 

Other carbonyl reactive materials which may be em~ 
ployed'as additives include phenylhydrazine, semicar 
bazide, thiosemicarbazlide and the like. 
The porous car-rier for the additive can be any solid 

substrate capable ‘of supporting the additive provided 
that the carrier has the previously speci?ed dimen 
sionalparameters. In general, organic and inorganic 
materials may be employed. Typical carriers, also 
referred toherein as substrates, include: magnesite, 
zeolites, ‘fuller’s earth diatomaceous earth, 
polyethylene granules, silica gel, and the like. 
Examplesof the ?lter material of the invention are 

produced by at least partially neutralizing each of the 
following organic bases with any of the following acids 
and,'thereafter, depositing the buffered additive on any 

_ of the following substrates: 

Organic Base Acid Porous Substrate 

dicthylamilnc acetic polyethylenev 
octylaminc propionic polypropylene 
dicthylenetriaminc lactic magnesitc 
tctraethylcncpcntaminc glycolic 
bcnzylamine , 

cthanolamine malonic fuller‘s earth 
' succinic 

2~amino-2-methyl-l— 
propanol ' ‘ glutaric . 

poly( Z-ethylaziridine) ,benzoic molecular sieves 
poly(2,2-dimethyl-3-n- anisic 
propylaziridine) 

diatomaceous 
earth 
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, The porous Substrates each have a pore diameter 
from about 0.1 to 2.0 microns, a pore volume no less 
than about 0.3 cubic centimeter per gram and a surface 
area of from about 1 to 15 square meters per gram. 
A synergistic interaction resulting in unexpectedly 

enhanced reductions of vapor phase aldehydes has 
been observed with at least the preferred ?lter materi 
als as described hereinafter. Reductions in aldehydes, 
for example, signi?cantly greater than that expected 
from the additive effects of the porous carrier and the 
additive, have beenobtained. 
Enhanced results are obtained with and, accordingly, 

‘ it is preferred to employ at least partially buffered 
poly(alkyleneimines) as an additive for the substrate. 
Preferred ‘poly(alkyleneimines) are disclosed in U.S. 
Pat. No. 3,340,879 and, accordingly, the disclosure of 
the aforesaid patent is expressly incorporated herein. 
The poly(alkyleneimines) are at least partially neutral 
ized or buffered with a carboxylic acid. Generally, al 
kanoic acids are'preferred for this purpose. 

. For best results, poly(ethyleneimine), at least par 
tially buffered with acetic acid, is employed. 
vWhen acid-buffered ?lter material is employed, al 

' dehyde filtration ef?ciency is generally acceptable, as 
long as the pH range of the additive is between about 
6.0-and 7.6. In the case of the highly preferred additive, 
poly(ethyleneimine) buffered with acetic acid, it has 
been found that the optimum pH is 7.4. ' , 

Enhanced results are obtained .with'and,'accordingly, 
‘it is preferred to employ a particulate ‘porous alumina 
as the substrate for the additive of the invention. A par 
ticularly preferred alumina is produced by calcining the 
trihydrate at high temperatures (usually between about 
l,100° to 1,300” Centigrade). v , 

The particularly preferred ?lter materials of the in 
vention are formed by buffering to a pH in the range 
from. about 6.0 to 7.6 any of the following poly(al 
kyleneimines) V g.‘ having the general formula: 
NH2(CR2CRC2NH),.l-l where each R is individually 
selected ‘from the class consisting of hydrogen, lower 
alkyl radicals free from aliphatic unsaturationand hav 
ingfrom one to ‘six carbon atoms and n is a'whole 
number greater than 12, with any one ofthe following 
'alkanoic acids and ,then. combining thebuffered- addi 
tive with ‘a porous alumina‘: ‘ 

' I Porous Alumina 

Calcine 
- Temp. 

Alkanoic (degrees 
Acid >Cent. 

Pore 
Diameter 
(microns) 

- ‘ Pore 

I Vol. 

(cc/gm) 

Surface 
'Area 

. m’lgm) 

poly(alky- . 

leneimine) - 

I acetic [300 4.4 0.4 0.2 

imine) 
poly(pro 
pylene- _ 

imine) 
poly(l 
ethyl 
aziridine) 
poly(2,2- ' 

dimethyl 
aziridine 

butyric . ll00 1.5 0.5 -. 

valcric l300 l.l . 0.4. 

caproic 

glutaric 
dimethyl 
3-n-pr0 
pylaziri- ' 

dine) 

succinic 
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4 
Generally, for effective selective treatment of tobac 

co smoke according to the invention, at least about 2 
percent by weight of additive based on the weight of 
the carrier is deposited on the carrier. Usually no more 
than about 6 percent by weight of additive is employed. 
Increasing the loading of additive has the effect of 

‘ ?lling the pores of the carrier, thereby reducing selec 
tive removal of smoke stream components. 

In the case of the preferred poly (alkyleneimines) 
buffered with alkanoic acids to a pH in the range from 
6.0 to 7.6 and deposited on a porous alumina substrate 
of the invention, it has been found that from 4 to 6 per 
cent‘ by weight buffered poly(alkyleneimines) yields 
enhanced results. 
The buffered additives are deposited on the above 

porous substrates by conventional techniques, for ex 
ample, by immersing the carrier in the solution in 
which the additive has been prepared and, thereafter, 
evaporating the solvent. The substrate is then dried and 
formed into a ?lter. 

Alternatively the ?lter material can be made in situ 
by at leastpartially neutralizing one of the above com 
pounds with one of the above acids in the presence of a 
porous carrier. " 

in general, suf?cient quantities of the ?lter material , 
of the invention are employed in smoking articles to 
signi?cantly reduce the quantity of volatile com 
ponents normally present in tobacco smoke and, par? 
ticularly, hydrogen cyanide, acetaldehyde and acrolein. 
For this and’ other purposes,- it is preferred to employ 
from about 100 to 150 milligrams of ?lter material in a 
?lter for use in smoking articles, such as cigarettes. 

vln one embodiment, a ?lter is prepared by encasing 
the ?lter material of the invention in an outer wrapper. 
The resulting ?lter may be employed alone or in com 
bination with conventional cellulose acetate ?lters. Tri 
ple ?lters employing, sequentially, the following filter 
sections: cellulose acetate, the ?lter material of the in 
vention and cellulose acetate, have proven particularly 
workable. The ?lter material may be used in conjunc 
tion with perforated cigarette paper, if desired, or ?lter 
ventilation means may be employed. In another em 
bodiment, the ?lter material may be dispersed, in 
granular form, either on paper or cellulose acetate tow 
and encased in an outer wrapper. 
The following examples are provided to further illus 

trate the nature of the invention and are not limitative 
of scope. - I ' 

EXAMPLE I 

In order to illustrate the effectiveness of the ?lter 
material of the invention, an additive was prepared by‘ 
buffering poly(ethyleneimine) with acetic acid to pH of 
7.4. The amount of acetic‘acid used for this adjustment ’ > 
was 1.5 milliequivalents of acidv per gram of 
poly(ethyleneimine). I 

The resulting buffered. additive was deposited on 
selected poréius aluminas. Their physical charac-. I 
teristics are set forth in the following table: 

Physical Properties of Porous Aluminas 

. ‘ Surface Pore Pore 

, Calcine Temp. Area Volume Diameter 
Sample (degrees Cent. (mg/gm) ‘(cc/gm) (microns) 

A. I300 4.4 0.4 0.2 
B. l 100 1.5 0.5_ 1.0 
C. 1300 1.1 0.4 1.1 
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For sample A, 5 percent by weight of the buffered 
additive was deposited on the porous alumina sub 
strate. Filter material was prepared from‘sample B by 
depositing, respectively, 2 and 5 percent by weight of 
the additive‘ on the porous alumina. For sample C, 2 
percent by weight of additive was deposited on the 
porous alumina‘. , - 

Predetermined quantities of the ?lter material were 
packed into 8 millimeter cavities between 7 and 6 mil 
limeter lengths of conventional cellulose acetate ?lters 
of 84 millimeter cigarettes (tobacco sections 63 mil 
limeters in length). The resulting cigarettes were 
smoked to 28 millimeter butt lengths on a constant 
vacuum smoking machine taking 35 milliliter puffs of 2 
seconds duration at one minute intervals. ' 

In the following table, the weight of the, ?lter 'materi 
al is expressed in .milligrams. The ?lter efficiency 
represents the weight percent of component trapped by 
the ?lter materials based on the total amount of the 
component enteringthe cigarette ?lter. I 

SELECTIVE FILTRATION EFFICIENCIES 
Filtration 

Quantity wt. of 
Additive Filter Hydrogen Acetal 

Sample on alumina Material cyanide dehyde Acrolein 

A. 5% 270 85 64 67 
B. 2% 334 73 44 49 
B. 5% 321 ' 79 66 6I 
C. 2% 339 72 45 35 

The above table illustrates theef?ciency with which 
volatile components, particularly aldehydic com 

' ponents, are removed from tobacco smoke, employing 
the filter materials of the invention. Similar results are 
obtained when other additives having an affinity for 
volatile vapor phase acids and aldehydes are deposited 
upon porous ‘particulate carriers, wherein the'carrier 
particleshave a'pore diameter of from about 0.1 ‘to 2.0 
microns, a surface area from about 1 to 15 square me 
ters per gram and a pore volume no less than about 0.3 
cubic centimeters per gram. 

In the following'table any of the additive materials 
having an affinity for'vapor phase acids and aldehydes 
may bedeposited upon any of the porous carriers hav 
ing the aforesaidphysical characteristics to form the 
filter material of the invention, with similar results. 

Additive Porous Carrier 

triethylene tetramine magnesite 
buffered with polyethylene 
carboxymethyl cellulose molecular sieves 

v ethylenediamine buffered with fuller's earth 
polymethacrylicacid ' 

2-amino-2-methyl-l-propanol _ 
buffered with lactic acid 

EXAMPLE II 

The effect Qfdifferent loadings of ?lter material on 
vapor phase acids and aldehydes was examined by 
depositing 5 percent by weight, polyethyleneimine 
acetate buffered, on’ a porous alumina substrate and 
diluting the resulting material with untreated alumina 
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6 
in a 13 millimeter ?lter bed joined with an 8 millimeter 
cellulose acetate ?lter. The dual ?lter was joined to a 
tobacco cylinder and tested according to the procedure 
of Example I. 
The ‘results set forth in the following table illustrate 

?lter ef?ciencies of four different'porous aluminas, 
each deposited with 5‘ percent by weight of the above 
‘additive, wherein the mean pore diameter of the alu 
‘mina carriers was in ‘the range of from 0.1 to L8 
microns. Pore volume and surface area were within the 
critical ranges. 

Effect of Additive Loading on Filter Efficiency 

Treated Hydrogen 
alumina-weight Cyanide , Acetaldehy'de Acrole in 
(milligrams) (% removed )a (% removed) (% removed) 

50 56-63 0-l5 l6-28 
I00 60-7l 21-34 33-38 
I50 65-77 33-47 41-46 

As is evident from the above table, for substantial al 
dehyde reductions, at least about 100 milligrams of 
treated carrier per ?lter‘ are required. Similar results 
are obtained for other additives deposited on the 
porous carriers described herein. 

COMPARATIVE EXAMPLE I 

In order to demonstrate the critical importance of 
pore diameter, pore volume and surface area to the 
?lter material of the invention, varying quantities of 
acetate buffered poly(ethyleneimine) were deposited 
on porous alumina substrates according to the 
procedure of Example I. The resulting ?ltermatcrial 
was formed into triple ?lters and tested according to 
the procedure set forth in Example I. 

Effect of Pore Size on Filtration Efficiency 

PORE DIAMETER 

Weight of 
Additive on . Pore‘ Volume Pore Diameter Acetaldehyde 
Alumina (cc/gm) (microns) removed 

2% 0.5 v0.015 27% 
2% 0.4 1.1 45% 
2% 0.8 - , 2.6 37% 

From this table, it is seen that removal of vapor phase 
aldehydes is reduced when the pore diameter of the 
porous carrier is less than 0.1 microns and more than 
2.0 microns. ' 

PORE VOLUME‘ 
Weight of Surface Pore Pore Acetal- Acrolcin 
Additive Area ' Volume Diameter dehyde % re 
on alumina (mi/gm) (cc/gm)» (microns) % removed moved 

5% LI 0.2 0.8 56 ' 48 
5% 1.1 0.4 l.] 67 78 

65 
As is seen from the results of the above tests, when 

pore volume is reduced below about 0.3 cc per gram 
then ?ltration ef?ciency for vapor phase aldehydes is 
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undesirably reduced. Note that during the above tests, 
both the surface area and pore diameter of the sub- , 
strate were maintained within permissible limits. 

SURFACE AREA 

Weight of Surface Pore Hydrogen Acctal 
Additive on Area Volume Cyanide dehyde I 
Alumina (ma/gm) (cc/gm) % rcmoved% ‘ ' 

removed 

‘2% 63 0.4 77 28 
2% 4 0.4 86 43 

From theabove, it is seen that when the surface area 
of the porous carrier is greater than about 15 square 

10 

meters per gram, then vapor phase ?ltration is advcrse- ‘ 
ly affected. Similar results are obtained below about i 
m2/gm. 

Similar filtration effects with respect to vapor phase 
components are noted, when other porous carriers 
described herein are employed with the aforesaid 
physical characteristics. ' ‘ 

COMPARATIVE EXAMPLE II 

In order to further illustrate the enhanced selective 
filtration results obtained, a- ‘porous alumina, calcined 
at a temperature of 1300°Centigrade having a surface 
area of 1.1 square meters per gram, a pore volume of 
0.4 cubic centimeters per gram and a pore diameter of 
1.1 microns was employed. To a portion of the porous 
‘alumina was added 5 ~ percent by weight 
poly(ethyleneimine), unbuffered. To another portion 
of the porous alumina was added 5% by weight poly 
(ethyleneimine) buffered with acetic acid to a pH ‘of 
7.4. Another portion of the calcined alumina was 
treated with 10 percent by weight poly(ethyleneimine) 

' buffered with acetic acid. The resulting ?lter materials 

were‘formed ‘into ?lters and ‘testedfor vapor phase ef? 
ciency :according to_Example l. The following resultsv 
were obtained: ' ' ' 

Acrolein ' ' Acctaldehyde _' 
Sample % removed % 

‘ removed 

Untreated calcined ' v 0 ' -' O 

alumina - - v v ‘ 

5% Additive unbuffered 38 33 
5% acetate buffere ' 67 79 
additive I‘ I - 

56 10% acetatc'buffcred - 3i v 
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additive - , , 

From the above table, it is seen that untreated porous 
alumina had no measurable effect on vapor phase, 
deliveries. With unbuffered poly(ethyleneimine) (PEI') 
there is some ‘reduction in vapor phase aldehydes. A 

' substantial reduction in vapor phase aldehydes is ob 
tained when a poly( alkyleneimine), buffered to a pH of 
from about 6 to 7.6 with an alkanoic acid, is employed 
on porous alumina substrate. 

Filter v‘material prepared from , buffered PEI and 
deposited on conventional paper, sections ofqdual 
paper-cellulose acetate ?lters was also tested for vapor 
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8 
phase component removal. It was found that only about 
25 percent acetaldehyde was selectively removedfrom 
cigarette smoke ‘employing the dispersed additive. 
The synergism observed between the additive and 

the porous carrier illustrated hereinabove is obtained 
when other additives and porous substrates of the in 
vention are employed in place of the buffered 
poly(ethyleneimine) additive deposited on the porous 
alumina substrate. As shown above, when the quantity 
of additive deposited on the porous carrier is adjusted 
above about 6 percent by'weight, aldehydic reductions 
in tobacco smoke signi?cantly decrease. It is postulated 
that the pores of the substrate become ?lled by the ex 
cess additive, thereby reducing the af?nity of the ?lter 
material for the vapor. phase components in tobacco 
smoke. 

‘ This invention is not to be limited except as set forth 
in the following claims. _ 

, Having thus described my invention, what is claimed 
is: 

1. An improved tobacco smoke ?lter material com 
prising at least 100 mg. of a porous particulate carrier 
impregnated with a poly(alkyleneimine) alkanoate, 
wherein from about 2 to 6 percent by weight alkanoate 
is deposited on the carrier based on the total weight-of 
the alkanoate and carrier, said poly(alkyleneimine) al 
kanoate having a pH from about 6.0 to 7.6, and 
wherein each of said carrier particles has a pore diame 
ter of from about 0.1 to 2.0 microns, a surface area of 
from about 1 to 15 square meters per gram and a pore 
volume no ‘less than about 0.3 cubic centimeter per' 
gram. 

2. The invention in accordance with claim 1 in which 
the carrier is a porous alumina. ‘ 

3. The tobacco smoke ?lter of claim 1 wherein the 
pH of the poly(alkyleneimine) is buffered ‘to about 7.4 
with acetic acid. I 

4. An improved ?lter adapted to be af?xed to a 
cigarette and comprising, in combination: a ?lter outer 
wrap having a tubular con?guration and an inner ?ller 
formed from a .plurality of particles formed from a 
porous particulate carrier impregnated with an alkano 
ic acid buffered poly(alkyleneimine) additive, said ad 
ditive buffered to a pH from about 6.0 to 7.6,v from 
about 2 to 6 percent by weightadditive deposited on 
the 'carrier based on the total weight of carrier and ad 
ditive, wherein from about 100 to 150 milligrams of 
?ller are employed in said ?lter and wherein the carrier 
particles veach'have a pore‘ diameter fromabout 0.1 to 
2.0 microns, a surface area of from about 1 ‘to 15 
square meters per gram and a pore volume no less than 
about 0.3 cubic centimeter per gram. ' 

5. An improved tobacco smoke ?lter material'com 
prising at least 100 mg. of a porous particulate carrier 
impregnated-with a poly(alkyleneimine) buffered with 
an alkanoic acid to a pH from about 6.0 to 7.6, wherein 
from about 2 m6 percent by weight buffered poly(al 
kyleneimine) is deposited on the carrier based on the 
total weight of the buffered poly(alkyleneimine) and 
carrier and wherein the carrier particles each have a 
pore diameter from about 0.1 to 2.0 microns, a surface 
area'of from about 1 to 15 square meters per gram and 
a pore volume no less than about 0.3 cubic centimeter 
per gram. 
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6. An improved tobacco smoke ?lter material 
adapted to be affixed to a cigarette and comprising: at 
least 100 milligrams of a porous alumina impregnated 
with poly(ethyleneimine) buffered to a pH of 7.4 with 
acetic acid, wherein the porous alumina has a pore 
diameter of from about 0.1 to 2.0 microns, a surface 
area of from about 1 to 15 square meters per gram, a 
pore volume of from 0.3 to 0.8 cubic centimeter per 
gram and wherein from about 4 to 6 percent by weight 
buffered poly(ethyleneimine) is deposited on the 
porous alumina. . 

7. An improved ?lter adapted to be af?xed to a 
cigarette and comprising, in combination: a ?lter outer 
wrap having a tubular con?guration and an inner ?ller 
formed from a plurality of particles formed from at 
least 100 milligrams of a porous particulate carrier im 
pregnated with a poly(alkyleneimine) buffered with an 
alkanoic acid wherein from about 2 to 6 percent by 
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10 
weight acid buffered poly(alkyleneimine) is deposited 
on the carrier base on the total weight of the poly(al 
kyleneimine) and carrier, said poly(alkyleneimine) 
being buffered to a pH from about 6.0 to 7.6 and hav 
ing an affinity for volatile smoke aldehydes and acids, 
wherein the carrier particles each have a pore diameter 
from about 0.1 to 2.0 microns, a surface area of from 
about 1 to 15 square meters per gram and a pore 
volume no less than about 0.3 cubic centimeter per 
gram. 

8. The invention in accordance with claim 7 in which 
the carrier is a porous alumina. 

9. The invention in accordance with claim 8 wherein 
the additive is poly(ethyleneimine) buffered to a pH of 
about 7.4 with acetic acid and wherein from 4 to 6 per 
cent by weight of poly(ethyleneimine) is deposited on 
the porous alumina. 

* * * * * 
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