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(57) L invention porte sur un absorbant de dioxyde de (57) The invention concerns a carbon dioxide absorbent
carbone pouvant étre utilis€ en anesthésiologie et for use in anaesthesiology, mm which the absorbent

comprenant au mMoIns un hydroxyde comprises at least one pharmaceutically acceptable
pharmaceutiquement  acceptable et sensiblement — hydroxide essentially free of sodium and/or potassium
dépourvu de sodium et/ou d’hydroxyde de potassium, et  hydroxide and a carbon dioxide absorbingly effective
une quanfit¢ d'un humectant compatible pouvant amount of a compatible humectant. Calcium hydroxide
absorber efficacement le dioxyde de carbone. 1s the preferred hydroxide. The humectant may be of
L’ hydroxyde prefére est 1’hydroxyde de calcium. inorganic or organic origin. The carbon dioxide

L humectant peut é&tre d’origine 1norganique ou absorbent of the invention may, additionally, include

organique. L absorbant de dioxyde de carbone selon la an effective amount of a setting agent, preferably

presente 1nvention peut en outre comprendre une calctum sulphate hemihydrate and/or a compatible
quantite effective d 'un agent de fixage, de preference un agent for internal generation of hydrogen, preferably
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sulfate de calcium hémihydrate et/ou un agent
compatible favorisant 1’émission interne d’hydrogene,
de préference des poudres metalliques d’aluminium.
L absorbant de dioxyde de carbone selon la presente
invention est chimiquement inerte au sevoflurane, ainsi
qu’aux produits anesthésiques que sont 1’enflurane,
["1soflurane et le destlurane.
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alummium metal powder. The carbon dioxide
absorbent of the invention 1s chemically ert to
sevoflurane, as well as to the anaesthetics enflurane,
1soflurane and desflurane.
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The invention concems a cabon  .COMPOUND A" production during low-flow

dioxide absorbent for use in anaesthesiol-
ogy, in which the absorbent comprises at
least one pharmaceutically acceptable hy-
droxide essentially free of sodium and/or
potassium hydroxide and a carbon dioxide
absorbingly effective amount of a com-
patible humectant. Calcium hydroxide is
the preferred hydroxide. The humectant

may be of inorganic or organic origin. 3.5
The carbon dioxide absorbent of the in- a5
vention may, additionally, include an ef- % 3
fective amount of a setting agent, prefer-
ably calcium sulphate hemihydrate and/or E 2.5
a compatible agent for internal genera-
tion of hydrogen, preferably aluminium < 2
| metal powder. The carbon dioxide ab- g
sorbent of the invention is chemically inert 2D 45
to sevoflurane, as well as to the anaesthet- 8
ics enflurane, isoflurane and desflurane. g 4
O
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anaesthesia with sevoflurane.
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CARBON DIOXIDE ABSORBENT IN ANAESTHESIOLOGY

This invention relates to a carbon dioxide
absorbent which is intended to be used during low flow
or closed circuit anaesthesia.

It has been known since 1789 (A.Lavoisier) that
animals confined within closed vessels would continue
to respire for a prolonged period, provided the vessel
contained a carbon dioxide gas_absorber. In the early
1880’s, Professor Bert of Paris conducted experiments
with small animals in closed vessels using chloroform
vapour as anaesthetic and potassium hydroxide as a
carbon dioxide absorber and reported toxic effects in
the animals which he subsequently showed to be due to
the decomposition products of the reaction of the
chloroform with potassium hydroxide.

In 1914, D.E. Jackson first applied the carbon
dioxide absorption principle of rebreathing to
inhalational anaesthesia and therein commenced a search
for efficient carbon dioxide absorbents which ended, at
that time, with soda lime granules as the material of
choice. 8Soda lime has been used since 1914 1n
conjunction with rebreathing anaesthesia and during
this time many variations on the sodium and/or
potassium hydroxide contents of the chemical
composition have been made in an attempt to prevent
excessive heating of the granules and to minimise
crumbling and dust formatiéﬁ when the exothermic gas

absorption process takes place.

CONFIRMATION COPY
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Soda lime still remains the carbon dioxide
absorbent of choice but it is far from ideal. For
example, circuits containing organo-halogen anaesthetic
vapours tend to chemically react with the sodium and/or
potassium hydroxides in the soda lime granules by
alkaline hydrolysis, or dehydrohalogenation, with the
production of by-products which are very much more
toxic than the anaesthetic itself. Just such a
situation was repérted in 1966 after the introduction
of trichloroethylene (Trilene (TM)). When
trichloroethylene was ugsed in the presence of soda lime
as the carbon dioxide absorber, the alkaline hydrolysis
product was dichloroacetylene whose rebreathing
resulted in cranial nerve palsies in some individuals.

As would be expected, soda lime also reacts

with the vapours of the modern fluoro-chloro

anaesthetics. In 1992 the anaesthetic Sevoflurane (TM)
was shown to undergo degradation in the presence of
soda lime to a toxic olefin denoted “Compound A” of
structure CF,=C(CF;)0CH,F, which olefin is nephrotoxic
to rats at concentrations of 60-100 ppm and lethal at
concentrations of 350-400 ppm.

On a broader front, the literature teaches that
the anaesthetics Enflurane (TM), Isoflurane (TM) and
Desflurane (TM) all react with soda lime under certain
conditions and this has resulted in carbon monoxide
polsoning in some individuals. The experimental
evidence suggests that carbon monoxide is formed when

these 1nhaled anaesthetics are used with dry soda lime,
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thereby producing formates, the probable precursors of
the carbon monoxide. Whilst the exact reactions have
not vet been identified, 1t 1s thought that traces of
fluoroform (trifluoromethane; CHF,) are produced which
produce carbon monoxide under alkaline conditions. It
is, therefore, recommended to use fresh or wet soda
lime, to avoid generation of carbon monoxide.
US-A-2,322,206 (published on June 23, 1543)
concerns a carbon dioxide absorbent bonded mixture,
containing lime and barium hydroxide. The stability of
the bonded mixture is ascribed to 1ts non-
hygroscopicity. EP-A-0 530 731 (published on March 10,
1993) concerns a carbon dioxide absorbent containing a
magnesium compound. When the magnesium compound 1s
magnesium hydroxide, water 1s present. EP-A-0 530 731
discloses that, in contrast to calcium hydroxide,
magnesium compounds hardly decompose certain
anaesthetic gases. DE-A-2316214 (published on December
20, 1973) concerns granular carbon dioxide absorbents
comprising a travertine porous support, calcium
hydroxide, water and a glycol. JP-A-58177137
(published on October 17, 1983) concerns a carbon
diéxide absorbent powder mixture for absorbing carbon
dioxide generated by foods. The powder mixture may
include an alkaline metal or alkaline earth metal
hydroxide with an inorganic deliquescent material. The

example includes sodium hydroxide and the dihydrate or

hexahydrate of calcium chloride.

pf03543 .spc
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It 1s apparent therefore that there is a need
1n clinical practice for an efficient carbon dioxide
removing agent, which is chemically inert (benign) to
the anaesthetic 1tself.

It 1s an object of the present invention to
fulfil this need by providing a carbon dioxide
absorbent for use in low flow or closed circuit
anaesthesiology comprising calcium hydroxide, the
calcium hydroxide being essentially free of sodium and
potassium hydroxide; and a hygroscopic or deliguescent

l1norganic humectant or a mixture thereof.

In a second aspect, there is provided use of a
carbon dioxide absorbent in low flow or closed circuit
anaesthesiology, the absorbent comprising calcium
nydroxide, the calcium hydroxide being essentially free

of sodium and potassium hydroxide; and a hygroscopic or

deliquescent inorganic humectant or a mixture thereof.

pf033543 .spc
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The described carbon dioxide absorbent can be
physically improved in terms of granule strength by
preferably incorporating in the mixture an effective
amount of a compatible settihg agent, preferably -
Plaster of Paris (calcium sulphate hemihydrate), to
increase the granule crushing strength.

It will be appreciated that any'suitable
setting agent may be used in the absorbent of the
invention. It wili also be appreciated that, as the
amount of setting agent is increased, the absorbent'’s
crushing strength is increased but the absorbent’s
absorptive efficiency is reduced. The amount of
setting agent should, therefore, be kept as low as
possible, so as to improve the absorbent’s crushing
strength whilst not significantly reducing the
absorbent’s absorptive efficiency. Thus, for plaster
of paris, it is preferred to incorporate 4-5.5% (w/w),
4.5-5% (w/w) being more preferred.

The carbon dioxide absorbent may additionally
comprise a compatible agent for internal generation of
hydrogen, for example, a suitable amount of aluminium
metal powder, to swell or “aerate” the granules before
hardening, thereby improving the reactive surface area
of the granules or pellets. Aluminium metal powder is
preferred at 0.5-1% (w/w) . -

The basic concept in the present invention is
the use of a hydroxide, preferably a hydroxide of low
solubllity in water (for example, calcium hydroxide,

which 1is only soluble in water to the extent of 1 part
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in 900 of water) which nevertheless has a high capacity
(reserve of acid neutralising power) for carbon dioxide
absorption provided it can remaln damp at all times.
If such a permanent intrinsic molsture content can be
schieved within the matrix of the hydroxide (preferably
calcium hydroxide) -containing absorbent, wilithout
resorting to the hygroscopic property of the sodium or
potassium hydroxide of soda lime, then carbon dioxide
absorption can take place in low flow or closed circulit
anaesthesiology without the production of either
“Compound A” or carbon monoxide. Such permanent
intrinsic moisture contents of the described absorbents
are achieved by the incorporatlion of hygroscoplc oOr
deliguescent substances in the mix as humectants -
rhese can be either inorganic or organic 1n nature.

The inorganic humectants must Dbe hygroscopic
(absorb atmospheric water) or deliquescent (absorb
atmospheric water and dissolve in the water thus
absorbed). The preferred inorganlc humectants are
hydroscopic or deliguescent hydrates. Suitable
hydrates can be readily obtailned by evaporation of an
aqueous solution of a hydrate-forming compound. A
preferred inorganic humectant 1s calcium chloride
hexahydrate but a hydrate of magnesium chloride 1s also
suitable. Although magnesium chloride hexahydrate
reacts with calcium hydroxide to give magnesium
hydroxide, the by-product of the reaction is calcium
chloride, so that the matrix of the absorbent becomes a

mixture of calcium and magnesium hydroxides kept

pf03543 .spcC
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permanently molst by the calcium chloride of the
reaction.

The preferred inorganic humectant is calcium
chloride hexahydrate which should preferably be present
in an amount to yield, based on molecular weight, 7.5-
20% (w/w), preferably about 10% (w/w) water.

Many suitable organic hygroscopic or
deliquescent humectants may be incorporated in the
carbon dioxide absorbents of this invention.
Preferably, the organic humectant is a dihydric or
polyhydric substance. Glycerol is preferred but other
dihydric and polyhydric compounds can also be used with
equal success including, but not limited to, propylene
glycol, triethylene glycol, hexan-1,2,6-triol,
polyethylene glycol 200 (PEG 200), PEG 300 and PEG
1540. In the case of the polyethylene glycols (PEG's),
Martindale The Extra Pharmacopoeia (27th Edition)
compares their hygrbscopicity to that of glycerol
(taken as 100) and, on this scale, PEG 200 is rated at
90 and PEG 1540 1s rated at 30. Thus the lower
molecular weight (liquid) PEG’s are preferred to their
solid class members. For glycerol, it is preferred to
lncorporate 2.5-25% (v/w), more preferably 2.5-10%
(v/w), even more preferably about 5% (v/w).

The skilled person will realise that the
absorbents of this invention need not be restricted to
the individually cited inorganic and organic humectants
and, in the case of the former, a deliquescent

substance such as magnesium chloride can be employed to
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endow the mix with humectant properties even though its
incorporation leads to a double decomposition reaction
where the magnesium molety becomes the hydroxide and
the chloride moiety becomes calcium chloride, the
eventual humectant. The same 1s true for the organic
humectants where any alkali resistant non-reactive
hygroscopic or deligquescent organic substance can be
employed in aqueous solution as the powder’s gauging
medium.

Preferably, the carbon dioxide absorbent has a
water content of, for example, 17.5-30%, preferably 20-
30% as measured by the Karl Fischer titration method
described in Quantitative Chemical Analysis (pp485-6;
Second Edition; Daniel C. Harris; W.H. Freeman and
Company, New York) .

It 1s preferred that the carbon dioxide
absorbent of the invention should be in the form of
granules or pellets of 1-8 mm diameter, more preferably
1-4 mm diameter.

Specific embodiments of the invention will now
be described by way of the following formulation
examples and with reference to the accompanying
dféwings in which:

Figure 1 shows the carbon dioxide absorptive
capaclity of calcium hydroxide and of the absorbent of
Example 1;

Figure 2 shows “compound A” levels for soda
lime and for the absorbent of Example 1 during low-flow

anaesthesia;

p£03543.spc
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Figure 3 shows the carbon dioxide absorption
capacities for the absorbents of Example 2;

Figure 4 shows the carbon dioxide absorption
capacities for the absorbent of Example 3;

Figure 5 shows the absorptive capacity of the
absorbent of Example 4 when compared with a
commercially availilable absorbent (Dragersorb (Trade
Mark): 100g);

Figure 6 shows the carbon monoxide levels (ppm)
for the absorbent of Example 2 and for “dried out” soda
lime;

Figure 7 shows the absorptive capacity for the

absorbent of Example 6; and

Figure 8 shows the absorptive capacity for the

absorbents of Example 7.

Example 1
Calcium Hydroxide Powder 750 g
Calcium Chloride Flakes 200 g
Plaster of Paris 45 g
Aluminium Metal Powder 5 g

To prepare the carbon dioxide absorbent in the
fdgm of granules, the above mixture of dry solids (1
kéi 1s gauged i1nto a homogeneous paste with 11 water
and, as soon as possible thereafter, extruded or shaped
1nto granules and dried in an oven or hot air chamber
at 70°C for 1 hour, to a Karl Fischer moisture content
of within the range 22-25%. Within 3-4 minutes of
wetting, the alkalinity of the calcium hydroxide-

containing paste reacts with the aluminium metal

pf03543 .spc
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powder, to internally generate hydrogen gas but the
alkalinity of the paste retards the setting of the
Plaster of Paris thereby allowing sufficient time to
extrude or shape the mix into granules (1-4 mm
diameter) before hydration and setting of the Plaster
of Paris takes place.

After the solids mixture of Exémple 1 1s gauged
with water, the calcium chloride flakes, which are
classed commerciaily as anhydrous, dissolve in the
water with evolution of heat and, on drying the
granules, convert to calcium chloride hexahydrate. The
hexahydrate is roughly 50% by weight CaCl, and 50% by
weight water (molecular weight of CaCl, is 111 and
molecular weight of the hexahydrate i1s 219.1). The
hexahydrate has the convenient physical property of
being efflorescent when the environment has a relative
humidity (R.H.) below 20% and deliquescent when R.H. 1is
above 30%.

Soda lime absorbs carbon dioxide because of its
sodium and/or potassium hydroxide content. Dry calcium
hydroxide alone is a poor absorber of carbon dioxide.
The basic inventive step of creating the highly active
carbon dioxide absorbent of the present invention,
essentially free of sodium or/and potassium hydroxide,
can be observed from the absorption curves of, for -
example, Figure 1 where the carbon dioxide breakthrough
times of similar granular amounts by weight of calcium
hydroxide and those of Example 1 are about 300 minutes

apart. In addition, the granules of Example 1 do not
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behave as hydrolytic agents - in closed circuit with
the anaesthetic Sevoflurane (TM), negligible amounts of

Compound A are observed when compared with soda 1ime

chromatograms of the gas stream circulating in the
closed circuit of each experiment. The baseline
Compound A levels observed with the absorbent of
Example 1 are due to the small amounts of Compound A
which are always present in the parent drug,
Sevoflurane

Soda lime also suffers from the disadvantage
that it progressively becomes coated with a layer of
sodium carbonate, produced by interaction with ﬁhe
absorbed carbon dioxide, so that its activity falls off
rapidly. 1In contrast, the compositions of the present
Examples produce calcium carbonate as the end product
of the carbon dioxide absorption process - calcium
carbonate is insoluble in water and non-crystalline
and, therefore, does not form surface blocking masses
of interstitial crystals.

The humectant properties of calcium chloride
hexahydrate mean that, when used in closed circuit
anaesthesiology, the prepaféd granules of Example 1 are
consistently damp and this is the state in which the :
calcium hydroxide content is most active as a carbon
dioxide gas absorber. Experiments have indicated (gee

Example 3) that the optimum range of moisture content

(as calculated from CaCl,.6H,0 content) in the
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absorbent granules is in the range 5 to 20% (w/w),
preferably 7.5% to 17.5% (w/w), most preferably 10-15%
(w/w) .

This moisture retention can also be achieved by
the substitution of polyhydric organic compounds for
the calcium chloride hexahydrate of the granule mix.

This effect is illustrated i1in the following example: -

Example 2
Calcium Hydroxide Powder 89.50g
Plaster of Paris 5.00g
Glycerol 5.00ml
- Aluminium Metal Powder 0.50g

The glycerol (5 ml) is dissolved in 95 ml water
and the solution (100 ml) is used to gauge the 95g dry
solids of the mix into a thick paste which can be

extruded or shaped into granules (1-4 mm diameter).

The granules are then dried at 70°C for 1 hour, to a
Karl Fischer moisture content of about 24-28%. Further
water can be added, if desired, beyond the glycerol
solution to gauge the 95 grams of powders. The carbon
dioxide absorbent of Example 2 can be further modified
to contain 10ml, 15ml and 20ml glycerol, per 90, 85 and
80g dry solids, by corresponding reductions in the
respective calcium hydroxide contents - these
absorbents are hereinafter denoted as containing 5%,
(w/w), 10% (w/w), 15% (w/w) and 20% (w/w) glycerol
based on original constituents (excluding water).

The carbon dioxide absorption efficiencies of

absorbents containing 5%, 10%, 15% and 20% glycerol are

PCT/EP97/06698
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shown in Figure 3. All of the absorbents tested show
an improved absorptive capacity (area over curve) and a
delayed breakthrough, i.e., when the FE’CO, level
reaches 0.5 kPa, when compared with equivalent
absorbents containing no humectant.

It will be appreciated from the data of Figure
3 that glycerol is a preferred humectant. Glycerol is
favoured for two reasons - firstly, the high absorption
efficiency of the products (see Figure 3) and, %
secondly, the fact that calcium hydroxide is more
soluble in glycerol than in water, leading to higher
absorbent absorption efficiencies because gas

absorption can take place in both the solid and liquid ~

phases of the granule’s matrix.

Example 3 Weight (g)
A B C D E
Calcium Hydroxide Powder 90 80 70 60 79
Calcium Chloride Hexahydrate 10 20 30 40 20
Aluminium Metal Powder = - - - 1

Carbon dioxide absorbents A-E were prepared by
mixing 100g of the dry solids. A control absorbent was
prepared by using 100g of the dry Ca(OH), powder.
Absorbents A-E contain, based on molecular weight,
approximately 5, 10, 15, 20 and 10% (w/w) water,
respectively.

The carbon dioxide absorption efficiencies of
these carbon dioxide absorbents were immediately tested

in the following manner.
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A 50/50 mixture of oxygen and nitrous oxide was
passed at a flow rate of 1 litre a minute through a
canister containing 100g of the absorbent to be tested.

Carbon dioxide was added to the gas at between 55-60

5 ml/min, to maintain an end-tidal value of about 4.5
kPa. Samples were serially taken for carbon dioxide
estimation, 1mmediately downstream of the absorbent-
containing canister.

The carbon dioxide absorbent is taken as being

10 1nefficient if a FE’CO, of 0.5 kPa is observed. This
1is defined as carbon dioxide breakthrough.

It will be appreciated that the capacity of the
absorbent of the ilnvention is dependent on its calcium
hydroxide content. The carbon dioxide breakthrough

15 figures quoted herein relate to 100g absorbent under
the above-mentioned experimental conditions.

Table 1 shows the carbon dioxide breakthrough
values for a control absorbent (containing only dry

calcium hydroxide) and for absorbents A-E of the

20 invention.

Table 1

Carbon Dioxide breakthrough (minutes)

Control 10
A 20
25 B 340
C 165
D 30
E 880
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Figure 4 shows the carbon dioxide absorption
capaclty over time in minutes, for the control
absorbent and for absorbents A-E of the invention. The
absorptive capacity of the respective materials is
represented by the areas over the respective cﬁfves.
Absorbent A shows a relatively early breakthrough
whilst the area over the curve (absorptive capacity)
was slightly improved, compared to the control
absorbent. Absorbent B shows a remarkable improvement
in absorptive capacity - the area over the curve is
greatly increased; breakthrough does not occur for over
5 hours. Absorbent C shows, in comparison to control
absorbent, an improved absorptive capacity, as well ag,
a delayed breakthrough at over 2% hours. Absorbent D
shows, 1n comparison to control absorbent, an improved
absorptive capacity and a delayed breakthrough at about
30 minutes. Absorbent E, which contains, in addition,
aluminium powder, shows a remarkable increase in
absorptive capacity and remarkably prolonged

breakthrough at well over 14 hours.

Example 4 Weight (g)
Calcium Hydroxide Powder 845
Calcium Chloride Flakes 100
Plaster of Paris 45
Aluminium Metal Powder 10

The carbon dioxide absorbent was prepared by
gauging the dry solids (1 kg) into a homogeneous paste
with 11 water and immediately extruding or shaping the

paste into péllets or granules (1-4 mm diameter), which
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are dried in an oven or hot air chamber at 70°C for 1
hour to a moisture content (Karl Fischer titration
method) of 20-25%.

It will be appreciated that a carbon dioxide
absorbent in the form of granules prevents, or at least
substantially reduces, release of dust into the test
rig and, also, minimigses resistance to flow.

Figure 5 hows the absorptive capacity over time
for the absorbent of Example 4. Breakthrough occurs
after about 100 minutes and the area over the curve
shows good absorptive capacity. Assuming a CO, flow
rate of 55 ml/min, the absorptive capacity may be
estimated as flow rate multiplied by time before
breakthrough or 5.5 1 CO,.

Figure 5 also shows the absorptive capacity of
100 g of a commercially available absorbent, namely,
supplied by Drager under the Trade Mark Dragersorb.

The absorbent of the invention shows a better
absorptive capacity and delayed breakthrough, when
compared under identical conditions.

Example 5

The ability of the absorbent of Example 2
(containing 5% (v/w) glycerol) to react with the
anaesthetics Enflurane (TM), Isoflurane (TM) and
Desflurane (TM), forming carbon monoxide, 1s assessed
in the following manner.

Using the test rig described in Example 3, 100g
“dried out” soda lime was exposed to a 50/50 (v/v)

nitrous oxide/oxygen mixture in the presence of 1 MAC




10

15

20

25

CA 02272933 1999-05-25

WO 98/23370 ' PCT/EP97/06698

16

of each anaesthetic agent. Carbon monoxide levels were
measured with a CO meter immediately downstream of the
canister outlet. Under these conditions, carbon
monoxide was formed by enfldfane, isoflurane and
desflurane with “dried out” soda lime, as shown in
Figure 6. In contrast, when the absorbent of Example 2
1s substituted for the “dried out” sodé lime, there is
no detectable formation of carbon monoxide, as shown in
Figure 6. Similar results (not shown) were observed
when the absorbent of Example 1 is substituted for the
absorbent of Example 2. Specifically, there was, also,
no detectable formation of carbon monoxide in the

presence of enflurane, isoflurane or desflurane.

Example 6 Weight (g)
Calclum Hydroxide Powder . 81.2
Magnesium Chloride Hexahydrate 18.8

The carbon dioxide absorbent is prepared by
mixing the dry solids, to a water content (based on
molecular weights) of 10% (w/w) water.

IFilgure 7 shows the absorptive capacity over
time for the absorbent of Example 6 when assessed under
the experimental conditions of Example 3. Breakthrough
occurs after about 70 minutes and the area over the

curve shows good absorptive capacity.

Example 7 -
Calcium Hydroxide Powder 95g
Glycerol 5ml

The glycerol (5ml) is dissolved in 95ml water

and the glycerol solution is mixed with 95g calcium
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hydroxide powder. When freshly made, the mixture has a

water content of 35%, by the Karl Fischer titration
method, which is a sensitive method which can be used
for measuring residual water in purified solvents and
> water of hydration in crystals. Such a freshly made
mixture does not exhibit any CO, absorption under the

experimental conditions of Example 3. Following drying

for one hour at 70°C, the water content of the mixture
falls to 28% (Karl Fischer titration) and the period of
10 time before CO, breakthrough is extended to 3 hours

(1dentified as A on Figure 8). Following drying for 2

hours at 70°C, the water content of the mixture falls
to 19% (Karl Fischer titration) and the peridd of time

before CO, breakthrough is 30 minutes (identified as B

15 on Figure 8). Following drying for 4 hours at 70°C,
the mixture’s water content has fallen to 15% (Karl
Fischer titration) and the period of time before CO,
breakthrough is just 7 mins (identified as C on Figure
8). Figure 8 shows the absorptive capacity over time

20 for the absorbent of Example 7, when identical samples
thereof were dried to a Karl Fischer water content of
28%, 19% or 15%, respectively. Assuming a CO, flow
rate of 55 ml/min, the respective absorptive capacities
absorbents A, B and C are estimated as 9.91, 1.651 and

25 0.3851.
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CLAIMS:

1. Use of a carbon dioxide absorbent in low flow or

closed circult anaesthesiology, the absorbent comprising
calcium hydroxide, the calcium hydroxide being essentially
free of sodium and potassium hydroxide; and a hygroscopic

or deliguescent inorganlc humectant or a mixture thereof.

2. Use according to Claim 1, in which the 1norganic

humectant is a hygroscopic or deliquescent hydrate.

3. Use according to Claim 1 or 2, in which the
incocrganic humectant 1s selected from calcium chloride

hexahydrate or magnesium chloride hexahydrate.

4 Use according to Claim 3, 1n which the 1norganic

humectant is calcium chloride hexahydrate.

5. Use according to Claim 4, 1in which the calcium
chloride hexahydrate 1s present in an amount sufficient to

vield, based on molecular weight, 7.5-20% (w/w), preferably

about 10% (w/w) water.

6 . 7 Use according to any one of the preceding claims,

in which the absorbent additicnally comprises an organic

humectant.

7 . Use according to Claim 6, in which the organic

humectant is a dihydric or polyhydric substance, the

organic humectant being preferably selected from glycerol,

polyethylene glycol 200, polyethylene glycol 300,

PF03543 .REV
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polyethylene glycol 1540, propylene glycol, or hexan-1,2,6-

triol.

8 . Use according to Claim 7, in which the organic

humectant is glycerol.

9. Use according to Claim 8, in which glycerol 1is
present at 2.5-25% (v/w), preferably 2.5-10% (v/w), more

preferably about 5% (v/w).

10. Use according to any one of Claims 1-9, in which

rhe water content, as measured by Karl Fischer titratilon,

is 17.5-30%, preferably 20-30%.

11. Use according to any one of Claims 1-10, 1n which

rhe absorbent additionally comprises an effective amount of

a compatible setting agent.

12. Use according to Claim 11, in which the setting

agent is calcium sulphate hemihydrate.

13. Use according to Claim 12, in which 4-5.5% (w/w),

preferably 4.5-5% (w/w) calcium sulphate hemihydrate 1s

present.

14 . Use according to any one of Claims 1-13, 1in which

che absorbent additionally comprises a compatible agent for

internal generation of hydrogen, preferably aluminium metal

powder.

PF03543 .REV
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15. Use according to Claim 14, in which the aluminium

metal powder is present at 0.5-1% (w/w).

16. A carbon dioxide absorbent for use in low flow or
closed circuit anaesthesiology, the absorbent comprising
calcium hydroxide, the calcium hydroxide being essentially
free of sodium and potassium hydroxide; and a hygroscopic

or deliquescent inorganic humectant or a mixture thereof.

17. A carbon dioxide absorbent according to Claim 16,
in which the inorganic humectant 1s a hygroscoplc oOr

deliguescent hydrate.

18. A carbon dioxide absorbent according to Claim 16 or
17. in which the inorganic humectant is selected from

calcium chloride hexahydrate or magnesium chloride

nexahydrate.

19. A carbon dioxide absorbent according to Claim 18,

in which the inorganic humectant is calcium chloride

hexahydrate.

20. A carbon dioxide absorbent according to Claim 19,
in which the calcium chloride hexahydrate is present in an

amount sufficient to yield, based on molecular weight, 7.5-

20% (w/w), preferably about 10% (w/w) water.

21. A carbon dioxide absorbent according to any one of

Claims 16-20, in which the absorbent additionally comprlses

an organic humectant.

PFQ03543 .REV
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22 . A carbon dioxide absorbent‘according to Claim 21,
in which the organic humectant 1s a dihydric or polvhydric
substance, the organlic humectant being preferably selected
from glycerol, polyethylene glycol 200, polyethylene glycol
300, polyethylene glycol 1540, propylene glycol, or hexan-

1,2,6-triol.

23. A carbon dioxide absorbent according to Claim 22,

1n which the organic humectant 1s glycerol.

24 . A carbon dioxide absorbent according to Claim 23,
in which glycerol is present at 2.5-25% (v/w), preferably

2.5-10% (v/w), more preferably about 5% (v/w).

25 . A carbon dioxide absorbent according to any one of
Claims 16-24, in which the water content, as measured by

Karl Fischer titration, 1s 17.5-30%, preferably 20-30%.

26 . A carbon dioxide absorbent according to any one of
Claims 16-25, in which the absorbent additionally comprises

an effective amount of a compatible setting agent.

27 . ~ A carbon dioxide absorbent according to Claim 26,

in which the setting agent is calcium sulphate hemihydrate.

28 . A carbon dioxide absorbent according to Claim 27,
in which 4-5.5% (w/w), preferably 4.5-5% (w/w) calcium

sulphate hemihydrate 1s present.

29. A carbon dioxide absorbent according to any one of

Claims 16-28, in which the absorbent additionally comprilises

PF03543 .REV
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a compatible agent for internal generation of hydrogen,

preferably aluminium metal powder.

30. A carbon dioxide absorbent according to Claim 29,

in which the aluminium metal powder is present at 0.5-1%

(w/w) .

PF03543 .REV
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