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1. TrlE LOSS OF WETTlllG AGENT B'I ADSORPrION rn SOIJDS

by

P. C. Bowes and G. Skeet

r··
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J.. ~tudy has been nncle of '~ht c..clb0~"pt:"on uf '''ia'i:;'~;~_ng

agents on solids in l'.olation 'GO :Oile use of ~l:esc aGent"
in firefigh tin[!. Vie t ting agen t:J are adsorbed to a:cc
extent that differs widely for different solids anil agents.
The adsorption depends in a complex way on the concen­
tration of aEent in solution; and in a way that may differ
somewhat for different agents; adsorption appears to be
partly specific.

~[,hc ndnorytion isotherons hc,ve been used to calculate
tile rclo.tive loss of agent in soluti.ons of different nger.tc
penctra.tine a porou.s solid. 'Jitll supplementary data on
wetting power, this c,,-lculo.tion might be used to select the
most economical ngent for a given application. But the
selection of a wettine agent in this was- would be D. lengtl'.y

'. procedure that would be justified only if no other method
were available•
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I~; is 0: ~1)lttGJ:" oi: co' '~":ll1 C;(~Je::."iGn,,\-: ~~h~.t \'lhl:i1 \·;n.tc).' il! np:,linJ. to
a solid i·t ci t~lcr :L037.·'Z ~ CUi1:·r,j.ncouG fil~_', on the surt"acv: f111() !'XJnc; tr.on tcs
any !:nteretioesor it rests on the, surface in the form of drops, For
praotical purposes it may be said that in the former oase water wets the
solid, and in the latter case it does not do so. Occasionally a solid
whioh is not wetted on the first application of water may beoome wetted
after prolonged.oontact with water.

Wetting agents are substances w.hich, when added to water, have the
property of promoting the rapid wetting of solids which are either not
wetted (in the sense ,desoribed above) by water alone or are wetted only
after prolonged oontaot. They belong to the general olass of surface­
aotive agents, each member of which may possess wetting, detergent, and
ell!.llsifying properties in varying degrees.

On the basis of their known properties, wetting agents have been
used in firefighting - notably in the United States. There have been
comparatively few controlled tests of fire extinction with water to which
wetting agents have been added (known as "wet water").' The tests that
have been carried out will be reviewed in detail elsewhere; ,'here it may
be said that the available results suggest that there are irideed situations
in firefighting where wetttng agents'may be used with advantage, butsucn,
si tuations are less ccmncn than was originally supposed. Examples of
possible worthwhile uses of wet water are the extinction of deep-seated
fires in bales of fibrous materials suoh as cotton, or in granular
materials suoh as sawdust, and for preventing the spread of fire iri under­
growth. In all these examples the essential requirement is the·effioient
wetting of solid material with a high specifio surface.

Further fire extinction tests are required before 'the value, of
wetting agents for firefighting can be more definitely assessed.
Preparatory to oarrying cUt these tests a laboratory study has-been made of
physioo-ohemical faotors relating to the ohoice of a suitable type and
concentration of 'agent for use.

The characteristic property of wetting agents depends <m the fact that
they are strongly adsorbed from solution both at ,the surface of the solution
and' at the wetted surface. Hence, one of the factors that' ,will determine
the initial concentration of agent used will be the provision ,of an adequate
reserve 'in solution to make good the loss by adsorption as, the water
penetrates a rnasa of solid material; this requirement will be especially
important where the solid has a high specific surface. ,·At· the same time
there' is net necessarily any direct re]ationship between the .exberrt of
adsorptioncf a wetting agent and its efficiency as such.

Measurements have been made of the.adscrr,tion'of a 'series of wettln~.

agents on a number of solid materials and are described' in this report.
The second report of this series will deal with the measurement cf the
relative wetting efficiency of wetting ·agents.

MEASURliiMWT OF THE ADSORPI'ION OF WETTlllG AGENTS FROM SOWTION

mTRClDUCTION

Published studies of the adsorption of RQcface-act~vp. age~ts fro~

soJ.ut~.on have been concerned largely v;:V~h ?c..3or?·:;iol1 on 1;e:x:{~ LIe !":'brcs i::l
rela tion to de tergency and dyeing. Nevl 11e and ;"an.5l1[.:!. pointed out
that the rate of depletion ·:f wetting ager.t s01~·":1.0;:a "i,8 an ir.ll'nrt.ant.
faotcr in the economics of the use 'of these "gent.". l'h" loss in we'~ti.ng

power, of a vretting agent solution,that accompanies such depletion is
made evident in a quantitative manner by a correspond¥:§ increase in
sinking time of the cotten skein in the Draves test. ' "
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Harris 4 has reduccd earlier adsorption measurements to a comrilon
baeis from which it appears that some cationic agents and anionic agents
(including soaps) may be adsorbed on cotton and certain other cellulosic
f'Lbr-cs in amounts whi.ch vary between 0.3 and 2.<:% of the dry weight of the
fihr-c , In neutral solution·of an anionic agent, sodium secondary alkyl
suJ.phatc, wool can adsorb roughl~ three times as much of the agent as
Gctton under similar conditions •

Recent deternlinations by Weatherburn and Bayley 6 ·of the adsorption
of surface-active agents on a numb~r of natural ffi1d artificial·fibres
showed that, of the agents tested in neutral solution, cationic agents
were adsorbed to the greatest extent and non-ionic· agents were adsorbed
the least; anionic agents occupied an intermediate position. Wide
variations occurred in the amount of adsorption on different fib"es, and
the arrangement of fibres in order cf increasing·adsorption varied nith
the type of agent and, occasionally, also be~veen agents of a given type.

The adsorption of surface-active agents on fibres has been shown to
depend on the hydrogen ion concentration of the solution 5-9 As the
reaction of the solution is changed from acid to alkaline the adsorption
of anionic agents decreases and that of cationic agents increases. The
adsorption of non-ionic agents has been found by Weatherburn and Bayley 6.
to change with pH in the same direction as for anionic. agen1s on both
wool and cellulosic fibres, although Le Compte and Creeley had previously
found the adsorption of these agents on wool to be almost independent of
~. .

Aickin 5 fou~d that adsorption of a secondary alkyl sulphate on wool
required forty-eight hours to reach a sta"~onary value, in contrast t~ .

. the time of. less than .thirty minutes required for the adsorption of this
agent on cotton fibre; 0. large proportion of the agent adsorbed on the
wool appeared to be held irreversibly. For the adsorption of an alkyl
benzene sulphonate on cotton cloth Meader and Fries10 found that
ecrr'.J.ib:.~iumwas r-eached in four hours and tho.t the ra. tes ef desorption
waro comparable with the ro.tes of adsorption, although 2 per cent of the
adsorbed agent remained at the end of forty-eight hours •

.The nQsorption isotherms that have been published 5,6,10,11 shovi that
the adsorption of surface active agents is by no means a simple function

.of the concentiratnon of agent in solution, and it undergoes changes which
appear to be associated 'Qth the fOrTk~tion of micelleu in solutions above
certain concentrations. There is so far no general ngreement on the
detailed explanation of the adsorption behaviour.

Comparison of the adsorption of different agents on a given adsorbent
can "b ea t be made at equilibrium concentro. tions. In view of the complex
variation of adsorption with concentration it is preferable that the
agents should be compared, initially at least, over the whole range of
concentrations at which they are likely to be used. In th8 follOWing
work the adsorption has boen determined as a function of concentration
for a series of different wetting agents on a pure substance, cellulose.
A more limited comparison has then been made of the adsorption on a number
of materials· likely to be involved in fires for .the extinction of which
wetting agents might be used with advantage.

EXPERnlENTAL

.,

(i) G-E:l1 p•.raJ.------

The wetting agents used siere c0r.ur.e:;:"ial preparations and are
~c:1.:J Ged in 'Cablo I according to the manufacturers I general description
of the princi~~l surface-active constituent, and the adsorbents used are
listed in Table II.



Tl~BIE I

Wetting ngents

State

,Aqueous solution

I "
lAqu~ous.solution
I

r

of highly sulphated Aque?us solution
I
Solid

Chemical type

Sodium higher alkyl sulphatcs
I
j

Sodium salt
oil

!Sodium salt of alkyl
! naphthalene sulphonic acid
I
I

i Oetyl trimethylammonium
I

! bromide
loationic
I

i !
. ~I Non-Lome I Alkyl-phenyl substi tu,ted
, I polyethylene glycol
~ ,

E

D

I-~--·
I

I Le 'C t er- , Ionic
f type,
I
1--.-.. I

'jJ. IJ.nionic
I

B I II

j

C !l

----:.._--_......:--------------------:--------'
Tl.BIE II

ll.dsorbents

.~

Adsorbent Particle size
(sieve)

I ."
. "' M~i~turecontent

Cia

• I

~

t
I

D011u10se wadding B.P.C.

P.owdered cork Passing 25 B.S.

7.1

7.3

:Gl.'n aawdust Passing 12 B.S.

Granulated peat (Scottish) Passing 12 B.S.
i

16.0

I
I
t
I
I'

Adsorption isotherms for cellulose were obtained by shaking knmvn
weights of cellulose with knm-m volumes of wetting agent solutions of
diff(!rent initial concentrations. The amount of wetting agent adsorbed,
and vrhich was in equilibrium with the final concentration in soLut ron,
was calculated from the difference between the initial and fin~l uoncen~

tra tions of the \7et tine agcn ts in soluhon us de terrnined by the analytical
procedures given below. Preliminary tests showed that equilibriu~uas

approached to \uthin the l~uts of experimental error in one hour for
agents A and B, two hours for agents C and D, and three quarters of an
hour for agent E. The adsorbent was removed. by filtratiop before deter­
mination of the final concentration of wetting agent in solution. A1J
adsorption determinations were carried out at a temperature of 20 00.

I

Usually two, and sometimes four, determinations were made of the:
adsoz-ptd on cf agents A, B, and C on the cellulose. Endd.vi.dueL va Lues
differed from the mean of a set by fram one to ten per cent of the mean
in most cases. An excepticnally large vUrlcbility occurred in t.he
de te rnuna t Lons of th0 ads or-pti.on or' agorrc C ~t a conCQ:L"~"'0.tian of about
2 pa~ cent; thus in the four dete~inations tha~ were made ~le extr~meR

differed from the mean by as much as 50 per cent. Only one deternunation
of adsorption was made for agent E at each ooncentration.



· ~vo samples of cellulose were used. A comparison showed that the
adsorption of agent B on sample 2 was 11 per cent greater than the adsorp'~iGri

of this agent on sample 1 at equal equilibrium concentrations. This
observation was interpreted as a corres~onding difference in specific
surface of the tliO sa~ples. Adsorption rneasuremBnts of agents A and C
on sample 2 wore accordingly multiplied by the factor 0.91 for comparison
with the adsorption of agents Band E as determined on sample 1.

The adsorption of the wettL~g ngents on powdered corle, elm sa~uust,

and granulated peat was ~:Ot~1'l'<:';;d 1.)1 lletermining, in d1.1 pl i ca te, the
adsorption from s olut i one :)F .:-).....:';1 :b·:..tial concenfira t i.on, The times
allowed for adsorption ,,,!,~";0 1;1>'. d.s.~t' as for each agen t on cellulose. This
practice was shown to be aae qua;;03 for agent B to reaoh equilibrium on
cork but Was subsequently f'ound to be inadequate for the establishment of
equilibrium of agent C on cork and on elm sawdust; . an increase in the
adsorption time from two to three hours resulted in a 50 per cent increase
in the amount of agent C adsorbed on cork and a 20 per cent increase on elm.

In order to provide a basis of comparison botween our results and the
results obtained by others on the adsorption of wetting agents the surface­
tension/concentration 'relationship was determined for solutions of each
netting agent in distilled water. Surface tensions were measured by the
ring method, using a du Nouy tensiometer, at a temperature of approximately
aosc.

jmionic agents. The concentration of the anionic wetting
agent was determined by the method of Barr, Oliver, and Stubbings 12 in
which the anionic agent is titrated against a cationic agent in the presence
of bromophenol blue over a layer of chloroform. The cationic agent used
was cetyl trimethylmTa1.1onium bromide at the recommended concentra tion of
approximately 10/1000; the arri.oni.o agents were diluted by a known amount
to approximately 0.1 per cent for titration.

It had been f'ound prev i.oU~].y that an aqueous extract of cork caused
an increase of about. 2 pe~ nen t in the ti tre of agent B agaInaf the cationic
agent cetyl pyridinium b~omid0" Therefore, all initial titrations in the
determination of adsor-pt i.on cy oozk , elm sawdust, and peat were. carried out
in the presence of aqueous extracts of these materials at the same nominal
concentration as in the final titrations. It was, however, evident from
the darker colour of the extract obtained in the presence of wetting agent
the.t there Was always, in prac t i.ce;" some difference in ei therthe amount
or na ture of the extract proscnt in the initial and final ti.trations.

Solutions of agents A and B. showed an' ageing effect when freshJ~
pr~?arod. This effect is described'in an a~pendix to this RCP0Tt~ For
praotacc L purposes it is the stable aged 'solutions the.t are of inte:~.'-::d'i;.

Adso1.'pti on measurcmcnts were always carried out with solutions which hc"\.u
been f'ully aged (usually overnight), and calculations of adsorptio~-:'.

\1ere ~ascd on the nominal initial concentration of the agents withu~~

regard to the ageing.

CatiolLi~~~. Unkn~vn concentrations of the cationic agent, cetyl
trime thylanunonium bromide, vrere de termined by back-titre. tion agains t a
standard solution of the agent after adding a known excess of a sO~ltion

of the anionic agent C previously s tandardao cd against ~:h~ oalri.on:' c ?,;c;nt"

Non-~onic agent. 'L"he c onccrrtz-a t-ion of the ncn-ic::1f!; ::\ee!1t E was dgte~ed.

by a gravimetric method ,'ill? t,~ Oli..,~r and :h·(J;~T.Oi·•..0, w!~ich de pends on the
f'ormafri.on of an Lns o.IubL« compound wi Lh ~~osphomol:y-~a.io acid in the pr-esence
of barium chloride and hyd~0chlol~~ acid.

t'

...

,
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RESULTS .lliD DISCUSSION

The weight of r:e·~·~:;.r:"p: ;-~!~;r.n t ~.c1corbHd p~r unit weight of ceHu'l.oso
ia shown in Fig. 1 as [t 1"~'1Y~ ~.;: :~r' ,)f "1;1),3 equilipriuTll ccncentratd.on in
801'..1 i:iion for the agenc.: ~~ ~ p ~ (; (t'Jo'.t Z. 1h~ adaor-pt i on i.s· expressed as
milligrams of t.he tec:vl~.c,<L r:':"st:"';lr"3.~io:1 of an agent adacrb ed per gram of
('..-1.'71 cellulose (driec. a ~ ·!..:"~!5r.:.;) ~ ;1l.t1 tho concentr8 ti0n Ln soluti on :i.s
cz.pz-eaacd as per-cerrtage h~: 'w'.i F1:j':: ::i' tbe pxo6raX's,{jic?1 ~::'. :::;oll..ition•

~he ranges of concent r-a~;iiJ71. j.':1 whi~h. the ,9Uti'StCC tens i~m -,:7.' .
sol·;.~i;:·,ons of' the agen ta rapidly became indepenuent of' '~hc (1ouc'C:utr"ttion
a,:-0 shown in Fig. 1. Ii:; is generally accepted thnt these ooncerr'zra t i.on
l'ct:.lt~·)[~ are those in which the formation of micelles, or aggrcga 1:;8S 0.:-:
molecu.les of surface-active agents, becomes appreciable in t\:lc so~~--,'-I;:i '~n;

for a pure sUQstance this concentration n4~ge is usually nair~{ and it
is possible to identify a 1t cri t i ca l micelle concenbra t'Lon'",

It vnll be seen (Fig. 1) that for the anionic agents i and C: and the
ns!.:-iord.c agent E, the adsorption increases to a maximum, as the conccn-
t ..J:'8..~j.on is :increased from lor; values, and then decreases. In CClTIT,lOn

v;t".:b, the adsorption behaviour of other agents for which Lso therr,e have
l'';!en pubLr shed 5, 6, 10, 11, the increase of adsorption with conccn tra­
tic.n occurs mainly at concentrations below the range f~r micelle
foni~tion. Marc variabie behaviour is in general apparent at higher
concentrations.' Thus, although' adsorption maxima appear in the i8othe~

for agents A, C, and E in F:i,g. 1, Weatherburn and Bayley 6 found that the
adsorption of a. nen-ionic agent on cotton, and an anion-:'c agent on cotton
and ace ta to raycn ; increased, to staHonary values that were independen'h
of fho concentirn t i.on in ao.lu tf.on, llgt'.jn~ in the adso!.'ption of an alkyl
benzene sulphonate en 0.') :~~;~~l ,,\l0';~IJ Gt'.1dj.0d by Meader and ]:r:t,('):~ 10, the
e.moun t adsorbed inc1"e3~F~si;O "'. ]:'i:.!::':l;l:..Hl1 t!'.cn, as the concerrtxaizi on in
s oIi; f;i~!l is ir..()rea~€Cl. f'~;::"'::h(.<;:;, '~:;-\:,f',flsoJ:'ption falls to a nrirdrmm followed.
by a sluw Lncz-ease ; a ~i;T~::..I:i:f' sst3,..,::'our io evident Ln the aCisorpticn of e.
accondary. alkyl sulr~..2.'~G oi-: ·,yr,o!. ;).

'j'h~ j s ctherm :'uX" tho 'en'io!lic agcrrc B (:Jig. :1.) sh'1w,,, O~. almos J
.; l:i.!:p3.;r­

inc~ea::;o 0f ~d~orption fer a range of concentration in solution cf
app:•.'oxirrla tely 0.1 - 5.0 pe.r cent, while micelle formation for this agerrc
b~;b:l.i"1'::: in the concentra:l;ion' range 0.1 to 0.2' pe'r cent;' the behavi.ouz' oJ:'
til~.~ agent' is quite different from tha t of all others so far r3}!orri;ecl Q

:Yn(~ 1":"[',,1ts of: measurements of the adsorption of agent3 h.,. ~ ~ C;;

an'.':.:O :)~! l-rockrcd cork, elm sawdus t , and eranulated peat, ana uf' th;,~

2.~.s')::~)';;::'":',::l Ql~.agcnt D on cellulose, are given in Table III fo:,:' sol~.~":;ai-LCJ·

of r:!i:~:..·cj''3nt i,:,itial concentrations. Except for the adsor-pti.cn c:i..' agcr:t
BOil \xlrk t~e va Iue s given in the Tabl'e do not necessarily ref?res~nt
es:u~.J.:LL.':'it:m co!'1l.i't~.ons. Each value is the mean of two detc::'1iu:-.aS-.lor-t •
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Adsorption of wetting agents from solution
by solids. (Milligrams of agent per gram of dry solid)

....~
"I J

(OJi8)

75
(1.06 )

IGranula tee.
I Peat
r
j

I
l
I30

(0.7G)
40

(1.16')

50
(0.62 )*

58
(1.10)

it

Solid

1.3

0.8 v/v

--.-------------:-----_._----------..--,.------­,

D 0.8 v/v

1.8 II

1.5 It

I
I'
t

48
(0.65)

72
(1.07)

55
(0.62)

59
(1.10)

183
(0.89)
202

(1.15)

26 32
(0.71) , (0 .69)

51 55
(1.12) (1.11)

28 35
'j (0.70) (0.6S)
I 39 54

(1.15) (1.11)

130
(0.32 )

9S
(0.94)
103 127

(1.12) (1.04)

1

2

2

2 44
(0.60 )

2 45
(1.12)

2

2

II

n

"

0.8 v/v

1.3

1.3

1.3

t,

i·
I

c

Figures in brackets are the fi~~l concentrations of the solutio~

I'~ wi.Ll, be seen from Table III that after one hour, with a solution
of ~i von ~ n~ tial concentration, the adsorption of agent A on tho elm
8a7:':'·w..\'~; ib :'13S than that of B; but, under the same conda td.ons, the
a(S:::'j'·."~'~5.l,!l, of i. on both the cork and peat is greater than that of B.
l:.l,~·,: f'':),r a:i.:t'fercnt agents, the adsorbing solids are arranged in different
Olo(;,e',:' of increasing amounts adsorbed in a fixed time: this order is elm,
cor-k, peat for the adsorption of agent A, and cork, elm, peat, for the
.1.C:::.:o!~ption of agents B and C. These results indicate that the amount of
aQ~~rption for a given agent/solid pair is governed, at least partly, by
ffil effect thnt is specific for each pair. The san1e observation has been
~ade by Weathcrburn and Bayley 6 for certain textile fibres.

(iii) !~Rplicahan of resul to

It has been pointed out in the General Introduction that, as a
solution or a wetting agent penetrates D. porous solid the concentr~t:i,.on
ot' the agent in the advancing front of the solution vdll be progresslvely
decreased by adsorption of the agent on the solid. The isotherms in
Fig. 1 can be used to estimate the relative decrease in concentration as
solutions of the agents A, B, C and E penetrate a mass of cellulose ,~dding_

0'-
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For this purpose it is convenient to consider a solution of wetting
gent penetrating a plnne bed of cellulose, packed at a unif.orm density,
in a direction nonnal to the surface and at a unifonn rate. It is
assu~ed that the rate of penetration is sufficiently slow f.or adsorption
equilibrium to exist, to a close degree of approximation, throughout the
bad, whore solid and solution arc in contact. The progress of the
adsorption can then be calculated approxiIl'a>liely by a stepwise method.
T~1C weight of cellulose required to reduce the oquilibrium concenbrataon,
b~' EI. given small amount, in a thin layer of the advancing front of the
so.Iu trl on , of unit volume, is calculnted for' each of a chosen series of
successive sma.ll reductions of concentration. Then the total weight of
cellulose, M, required to reduce the concentration of agent from a given
initial value, CO, to a value Cr at the rth s top is obtained from the
expresadon ,.. C ..- r

M -_ A I' n-, -"""", n = 1 2X r• ' •........ 7~-

I

where Cn = final concentr<'1tion at nth step

~ =weight of agent adsorbed per unit weight of cellulose in
, equilibrium with solution of concentration Cn

A = constant:

n:.e appropriato values for Xn are obtained from the isotherms in Fig. 1.
, ,

"The packing densi ty has been assumed to be uniform. Hence the
weight of cellulose required to reduce the concentration by each of the
chasen steps, in the given element of the advancing front, will be
encountered in penetrating a distance proportional to the weight required
for each step. Then the concentration will be reduced from Co to Or in
a d.istance proportional to M. The error arising in this method of
calculation depends directly on the size of the concentration "s te ps" used.

In the above 17ay the concontration of agent has been cnlculated as a
function of the distance penetrated for each agent, and it is sh~rn

g~aphically in Fig. 2. The initial concentration for each has been takp.n
as 1.0 per cent by weight and the concentration reduction has been made·
in equ~l steps of 0.1 per cent. The distance penetrated. is given in
arbitrary units which depend on the constant A and on'the packing dens icy
of the oellulose, neither of which need be specified here sf.nee J~lative

pene tra tiona only are required.

Comparing the distances penetrated by the different 'agentl'l ~ in which
the concentration in the advancing front is reduced to, say, e,,5 par cent
it will be seen that this reduction occurs for agent B in about one
quarter of the distance in which it occurs for agents C and E.
Lgcnts C and E are thus apparently more economical than-B fer wetting a
nl8.~IS of cellulose. The true extent of this ec onomy , however, cannot be
determined without a knowledge of the way in which the wetting power 9f
the agents, as n~asured by some appropriate test, is related to the
concentration. When this relationship is known the agents 'can be
compared in terms of the initial concentra. tion of each for whioh the
wetting power will be reduced to a given common va Iue : in a given depth
of penetration. These initinl concentrations can be detennined from tho
curves in Fig. 2 provided the standard 'depth is chosen so that the initial
concentrations do not exceed 1 per cent; otherwise a further se.t of curves
'viII be required. The oost of equally effective solutions of the agents .
can then be worked out from current' prices.

Adsorption equilibrium may not, in practice, be approached closely
in the advanoing front of 0. solution penetrating a porous solid. If
this is SOt and if the rate of adsorption of wetting' ~gents differ
widely, the method suggested above for the oomparison of wetting agents
may be unreliable.



Cellulose wadding is easily wettcd by water and the use of wetting
agents on it would be superfluous. The above discussion, hmvever, is
i;:,j;eno.ed to show how adsorption data might be used for comparative
~!rposes in cases where wetting agents arc required.

From the experimental study it appear" that the isotherms ror the
a':'eo:>:':;:tion of wetting agents on solids' do not show ~fficient s:i.m:'.:.ari ty
tv penni t any simplification in either t.heir· ct"i;ermimtj.on or their us e in
cs LcuLe.tLon of adsorption losses, and, !:lC':<.'GC>V:Jl', adaoz-ptLon appear's to be
partly specific. Therefore, the seleoticn of ~Btting agents.on the basis
of :;1.dsorption data with supplementary wetting data, as outlined above, would
be a lengthy procedure; it would only te justified if no other method were
ava'iIab.l,e , It is, in fact, possible in many cases to make a sf\tisfactory
selection of agents by other and more simple methods of an empirical
nature. One suoh method will be described in a later report.

CONCLUSIONS

1. Wetting agents are adsorbed on solids in am:lUnts tha t vary widely
with the agent and its concentration.

2. The adsorption isotherms for wetting agents are not sufficiently
similar to permit any simplifying generalisation,and the adsorption of
we~ting agents on solids likely to be encountered in firefighting appears .
to be partly specific.

3. The adsorption isothenns oan be used to estimate the relative loss
of agent as solutions of different agents penetrate a porous solid.

4. Adsorption data, if supplemented. by appropriate wetting data, might
be applied to the selection of an economical agent for a given application;
b~t the selection of agents by such a method would be a lengthy procedure
t{~t would.be justified only if no other method were available.
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APPENDIX

AGEING OF SOwrIONS OF CERTAIN ANIONIC AGEl"-l'S

3n h t i 0l1S of agents A and B, and. another of the same type as 11. but
\1L;.,1h was not used in the adsorption measurements, underwent a change on
r.t"",J:Jlg. Their titres aga ins t the standard solution of cationic agent
(l"C~re~.scd with increasing age of the solution until, in times which ~ried

b''-/;w,,''11 a q'.lurter of an hour and four hours depending on the agent and i'Gb
:rr.."-j,al concentration, values wero reached wh:i.ch were s tabLe apparently
iJ.J.·iefini·l;ely, The actual decrease, or e.gei:::lg <, O::LlGP.rC(: (~eporld0a. on ~;l:~

"I s C'",;c. with which the ini tial titrc could be 03 e t'-.,.,unea. after propaz-aticn
,~f +,bo z o.Iu t Lon] the largest decrease was 2[ ;;;r Ge:-.t, which "{as Ob~6:""VCC.

.~ f"c!" ':',2 per cent solutions of the two agen tfi 0: .~y['~ 1:..

The ageing was consistent with the hypothesis that the agents of the
above types were each mixtures of anionio ~;:>\Jcie.s, one or more conipcnent G

of wr.ic.':I decomposed rapidly in dilute solu ~;;'~n -"i:'::'le -;:.3 -.:'E'De.inin3 c.<,;,\;'C,t,,,~t,,

WG1'C stable. Thus the decrease of titre observed tm. ageing, be came 1:.7'e£'.ij~:["

M tbe initial concentration of the solution was increa&~a frOJ:! O.O[j pel' c:el1'~

to C.2 per cent due, on the above typothesis, tc the inc!'easing nmount 0:('

tmde,:'omposed components, present at the time of titraGion. '::::le c.geir,g
ob~8T\'ed for a 2 per cent solution was small, about 5 per cent only; t~~s

WRS ueca~se solutions of concentration greater thfu~ 0.2 per cent ~~rc

al~!a:r:l di.luted to 0.1 per cent before submitting to the titratio,", pr-ocedure
and. the an:cing observed with 0.1· per cent solutio~ was CI"J.ly ab0l.~'t: 3 l?(-:j.~ cenr ,
L, e , iL";G~"C"J~_ tiar, was almos t complete in the firs t few minu ~,,~ ovi'crv
tit!'a';!.o~.. T:",:.'~her investigation would be required to conf'Lrsn tho,) Jet3,i..l.:;
of '..hG U'f'cd and the correotness of the suggested oxplanation•

.·
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FIG.2. DEPLETION OF WETTING AGENT SOLUTIONS PENETRATING A BED OF CELLULOSE WADDING




