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INTRODUCT ION

The efficiency of a gas filter for removal of gases or vapours depends on the
following factors:

1. The physico-chem cal properties of the filling.

2. The physico-chemical properties of the gases and vapours to be
removed.

3. The ampunt of filling.

4, The concentration of the contaminant(s).

5. The air-flow rate.

6. The humidity of the air.

7. The water content of the filling.

8. Tenper at ure.
The inportance of each of these factors can be thoroughly described in
quantitative ternms, at l|east after some |aboratory experinents have been
carried out, but as a whole the filtration process is a conplex one and the
following requirements should be fulfilled if a proper assessment of the

service time of a filter should be given:

1. The contaminant(s) should be identified as well as the |evel of
concentrat ion.

2. The air-flowrate through the filter (i.e., the breathing rate of a
user) should be known exactly.

3. The humidity and tenperature of the air should be known.

4. The efficiency of the filter as a function of concentration air-flow
rate, humdity and tenperature should be exactly known.

5. The air-flow rate, concentration, hum dity and tenperature should be
constant during use.

In practice these requirements are only partly fulfilled and it is highly
unlikely that they would be under normal working conditions.

Wherever respirators are worn and used with gas and vapour filters, these
filters are exposed to the ubiquitous water vapour of the atnosphere. This
gives rise to the important question of how the performance of the commonly
used filters is affected by moisture.
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The anmount of water vapour in the air is far fromneglible. It is generally
expressed in ternms of percent relative humdity (RH) and the absol ute
concentration of water vapour can be calculated fromthe relative humdity if
the tenperature is known. Sone exanples are given in Table 1. These figures
show that in ternms of concentration water vapour will generally be present in
anounts at |east conparable to the anmount of contami nants or exceed it by
several orders of magnitude.

Charcoal filters are capable of taking up substantial anmounts of water at

hi gher relative humdities as exenplified in Fig. |, which shows sorption and
desorption isotherns obtained during dynamc testing of a commonly used
A-filter.

It can be seen that at equilibriumconditions the water uptake at the hi gher
relative humidities amounts to about fifty percent by weight. Consequently
it can be concluded that filters are exposed to substantial anmounts of water
vapour and that substantial anounts of water vapour can be taken up by
filters.

TABLE 1

RH CONCENTRATI ON' GF WATER VAPOUR AT 20°C
% mg/m3 ppm
10 1730 2307
20 3460 4613
30 5190 6920
40 6920 9227
50 8650 11533
60 10380 13840
70 12110 16147
80 13840 18453
90 15570 20760

100 17300 23067
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SORPTION OF WATER VAPOUR

Static and Dynami ¢ Sorption

Sorption of water vapour by charcoal filters can take place unuer static or

dynanmi ¢ conditions. Static sorption can take place auring production and
later on if a filter is left nore or less open e.g., during intermttent
use. In these cases the atnosphere has ready access to tne filling and water

vapour diffuses into it. As the rate of uptake is governea vy rate of
di ffusion of the water vapour the process is slow and the resulting uptake
only anobunts to a few percent by wei ght.

Dynami ¢ sorption takes place during use when air is arawn through the
filter. In this case tne rate of uptake is nuch faster and strongly
dependent on the size of the air flow rate. Under these conditions a filter
can be heavily loaded within a few hours, depencing on the size of the
filter, the humdity of the air and the air flow rate.
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Rat e of Uptake

During dynamic sorption of water vapour the rate of uptake 1s approximately
constant during the first hours as can be seen from Fig. 2 where the uptake
is given as a function of tine for Five European filters (B-type). The

| oadi ng conditions were: 75%5% R.H., 20%2 °C and 3CX0.5 1/min.

The anmounts of water sorbed during the first hour is given in Table 2
together with the calculated filter efficiencies and the equilibriumsorption
capacities. Right from the beginning of the tests the filter efficiencies
were low ranging from 15 to 30%, and with increasing tine the efficiencies
decreased further. The time required to reach the state of equilibrium
sorption differed from 15 to 25 hours under the test conditions used

The difference between the rates of uptake under dynamic and static
conditions can be seen from Table 3. Six different filter types were
hum dified in a two-step procedure:

1. Humidification under dynamic conditions for 4 hours at 75X5% RH.,
20+2 °C and 30X0.5 1/ min.

2. Humidificatiou under static conditions for 24 hours in a climatic
chanmber at 90%R H and 20*2 °C

In the climatic chanber circulating air was used and the filters were placed
in such a way that the air had free access to the fillings.

In spite of the fact that during the dynamic experiments the relative
hum dity used was snmaller and the exposure time shorter than in the static
tests, the resulting dynam c uptakes far exceed the static ones.



TABLE 2

UPTAKE OF WATER VAPOUR  EFFI CIENCY OF FILTER EQUI LI BRI UM
FILTER DURING THE FIRST HOUR DURI NG THE FIRST HOUR  SORPT1ON CAPACI TY
TYPE (DYNAMIC CONDI Tl ONS) % 6
| (B) 3.51 15. 0 25. 9
I (B 4.32 18. 5 33.5
11l (B) 3.0l 15. 0 36.0
IV (B 6.76 28. 9 50.8

V (B 7.57 32. 4 37. 3
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TABLE 3

UPTAKE OF WATER VAPOR

FILTER DYNAMIC CONDITIONS STATI C CONDITLIONS
TYPE G G
I (A 11.50 0.90
I (A 13.33 1.95
11 (B 12. 44 5.38
1 (A 14 .44 295
IV (A 9. 50 3. 31
Vil (B) 5.09 2. 0¢
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EFFECTS OF MO STURE ON FI LTER PERFORVANCE

Filtration Mechani sns

Depending on the type of filter (A, B, E or K) one or nore of the follow ng
filtration nmechani snms are effective in renoving the contaminants from the air :

1. Physi cal sorption.

2. Chenmical interaction.

3. Catalytic interaction.

4. Hydrolysis.
The effect of water vapour on these filtration mechanisms can lead to
increased, unchanged or decreased efficiency of a filter depending on the
type of filling, the chemical properties of the contam nant ana to sone
extent the anount of water vapour sorbed in the filter. Sone exanples will

be given in the follow ng.

Qualitative Effects of Equilibration

A conparative study of the effects of equilibrating filters with water vapour
before testing has been perforned on a number of A B, E and K filters from
el even European manufacturers. The results are given in Table 4. The
following conclusions can be drawn from the results.

Type A-filters which contain unimpregnated activatea charcoal decrease in
capacity when equilibrated before perfornmng a breakthrough test. The
decrease is caused by the conpetitive sorption of water vapour ana test
subst ance.

For the type B filter positive as well as negative effects were touna
depending on the test substance used. Generally water vapour was found to
have a deleterious effect on filter perormance when hydrogen cyani de of
hydrogen sul phiae were usea as test substances whereas when using chlorine
i mproved performance was obtai ned.

For the type E filter nmostly negative or no effects were found from
equilibration and for the type K filter nostly positive effects were found.

Filters of type B, E and K contain inpregnated charcoals, and chenical
reactions anad/or catalytic processes can take place between the contam nants
and the inpregnation.

Apparently sone of thee processes can be pronoted by the presence of water
whil e some are retarded.
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TABLE 4

I NFLUENCE OF EQUI LI BRATI ON

FILTER TYPE | I 111 (Y} V VA VII VI I X X

A CCLy - - - - - - - -]
HCN - - (-) (=) (=) 0 -

B. CL, + 0 + + (+) + + (+) -
HoS - - B +

E S0y 0 0 + -

K. NHjy + (+) + 0

—

0
B

I NCREASED CAPACI TY WHEN EQUI LI BRATED
CAPACI TY UNCHANGED BY EQU LI BRATI ON
REDUCED CAPACI TY WHEN EQUILIBRATED.

NO | NFORVATI ON AVAI LABLE AT PRESENT
I NDI CATES ONLY M NOR CHANGES | N CAPACI TY.

EQU LI BRATED FILTER

| GNI TED SPONTANEQUSLY

DURI NG TESTI NG
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Quantitative Effects of Humidification

Under the conditions of practical use filters will seldomreach the state of
equilibrium, but only take up water vapour corresponding to e.g., 50 percent
of this value. The influence of the anmount of water sorbed on the

br eakt hrough times for a nunber of filters is shown in Table 5. The test
conditions were: Concentration of test gas - 0.5% 50 * 0.5 1/min, 75+ 5%
RH and 20 = 2°C

In the tests with hydrogen cyanide the penetration of this substance as well
as the penetration of cyanogen (CoNy) were detected separately, as it has
been shown 1 that in some B-filters cyanogen is formed by oxidation of
hydrogen cyanide in the filters. 1In Table 5 the breakthrough times based on
cyanogen are given in brackets. Cenerally cyanogen appeared in the efflluent
air before hydrogen cyani de.

The filters were tested in three different states:
1. As received fromthe manufacturer.
2. Humdified according to the above-mentioned two-step procedure.
3. Equilibrated with water vapour at 75% RH at 20 + 2°C
As the amount and quality of the charcoals and impregnants differ w dely anong

the filter types also the anounts of water vapour taken up during the
above-nmenti oned humidification procedures differ.
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TABLE 5
EFFECT OF HUMIDIFICATION

FILTER TEST BREAKTHROUGH TI MES MIN. BREAKTHROUGH
TYPE SUBSTANCE AS RECEIVED HUW DI FIED EQU LI BRATED CONCENTRATI ON PPM

I (A ccL, 70 59 22 10
| (B HON 40 (35) 23 ( 5) 10
| (B HON 46 (18) 54 ( 8) 10
11 (A  CCLy 62 16 10
I (B  HN 45 (42) 33 (298 10
Il (B  HON 50 (48) 52 (32) 10
I11 (A)  CCLy 47 15 4 - 10
IV (A  cCLy 62 50 9 | 10
1V (B) sSo2 19 26 32 : 05
IV (B HyS 170 129 136 . 10
IV (B S0, 16 25 11 5
VI (B Sup 21 22 27 5

Vi (B HyS 126 16 17 10
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DI SCUSSI ON AND CONCLUSI ONS

As can be seen from Table 5 extrenely poor results were obtained in some cases,

In the humidified sta-e where approximtely only 25 percent of the equlibrium
sorption capacity has been reached, breakthrough times could be |owered by
several orders of magnitude. The |lowering effect of mpisture on the sorption
capacity of type A-filters is caused by the conpetition between sorption of
wat er and sorption of the organic vapour. By using an organic test substance
with a higher boiling point than carbon tetrachloride the effect of npisture
would be relatively smaller. On the other hand, it has been found that the
sorption capacity of a charcoal filter can be increased by the presence of
wat er vapour if the sorbate is water soluble. This has been found with

met hanol as the sorbate and sone types of charcoal.2 A sinilar effect could
be expected if the sorbate is readily hydrolyzed by water.

The effects of moisture in filters of the B, E and K types are difficult to
predict for several reasons

These filters contain activated charcoal inpregnated with inorganic salts of
heavy netals e.g., Cu, Ag and O. The inpregnants either react chemcally
with the contami nants or act as catalyst giving rise to oxidation or
deconposition processes. Inpregnation is carried out by treating the charcoa
with an aqueous solution of proper salts followed by nmore or |ess extensive
dryi ng.

Each manufacturer has his own mxture and its conposition is known, at |east
by the manufacturer hinmself, but the exact chem cal conposition of the
i npregnation on the surface of the nore or less dried charcoals is unknown

Consequently the chemical reactions and the role played by moisture cannot be
predicted.

In some cases mnor anmounts of water are of vital inportance for the chenica
or catalytic reaction between the contami nant and the inpregnation e.g., in
case of hydrogen cyanide3 and cyanogen chloride..

If, however, the water content is too high the capacity of the filter is

consi derably lowered for the same contaminants. It can be concluded that the
efficiency of a respirator filter for taking up water vapour is rather |ow
right from the beginning. However, due to the high content of water vapour in
the air substantial anount of water can be taken up and the predom nant effect
is a lowering of the breakthrough tine (and hence capacity) resulting in nmany
cases in a dangerously low | evel of protection.

I MPACT ON STANDARDI ZATI ON

The test results presented here are part of a greater nunber which forns the
basis for the new draft for a European Standard on gas vapour filters. >’
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The results were comunicated from the follow ng countries: Denmark, 3
England,® Finland,7 France, 8 Germany, Holland, 10 and Ital/.ll)

Based on the above-mentioned results it has been suggested in the new araft
for a European Standard ° that breakthrough tests on respirator filters
shall be performed only after the filters have been equilibrated with water
vapour at 30 = 0.5 1/min., 70 + 2% and 20 + 1°C
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