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SUMMARY

Estimates have been made of the rates of ventilation necessary for
enclosures, of whose walls a relatively large area is treated with flemmeble
solvent, in order that the drying time for the disappearance of fire hazard
shall be similar to that determined experimentally for treated surfaces of
small area,

For enclosures such as warehouses and ,probably ,roof spaces that can be
ventilated by at least a trap door and are "hot sealed the required rates of
ventilation'are likely to be atteinablc merely by opening all doors and

‘ windows, cven if all interior surfaces are treated.
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ESTIMATION CF. THE .RATE- OF VEN”ILATION REQUIRED FOR DRYING-OFF SOLVENTS

I ENCLOSURFS P
by?:'
P.C. BOWES - -

INTRODUCTION

A previous notc 1 descrlbes a study of the fer hazards assoolatcd ‘with
" the treatment of woodwork with flammable insccticidal preparations for the
control of woodworm, In partlcular, a determination was mede of ‘the time
‘that must be allowed for the flammable solvent in the preparations to dry~off
sufficiently for the fire hazard to diseppear. These drying times were -deter—
mined for solvents spplied’ to relatively small areas’ of trested wood . and dried
In practice, however, the area treated may be large in
“relation to the volume of the enclosure, so that, unless the enclosure is
ventzlated, the atmosphcrc will tend to become saturated with solvent vapour,
“and drying will slow down or even stop before the re51due of* solvcnt in thc
‘ wood has been reduced to a safe level. : Cho R :

-in “the laboratory,

The obJect of ‘the present note is 'to- estlmate the rate of vcntllation .
necessary for enclosurcs, of whose internel walls a rclatively large area is
treated with flemmable solvent, in order that the drying time for the |

dlsappear nce of hazard shall be s;mllar to thet found experlmentally for test L
pieces of small area. e .

A_‘_m
+

‘BASIS CF CALCULATION

The dryzng of a porous solld 1mpregnated w1th a 11qu1d 1nvolves two
transport. processes, cither or both of which may control the raote of drying at
a given-.stage  in the drying, These processes are, flrst, evaporatlon fram
the outer surface of- the solid into the ambient air end, second,. transport of
liquid or vapour within the solid to- the outer surface Of the sol:l.d. As long -

ag the surface .of the solid is s"turated the ro te of' dnylng wzll be controlled -
by the flrst process. . . a . oy

Stamm s rev1ew 2 of sorptiOn data for cellulosc and woo& suggests thet i
the sorption capaclty of wood, in’ eqplllbrlum with-the saturated vapour of

- solvents of the types comménly used in insecticides, will be small - of the .~

. order of o few:per cent,or even less than one per cent. In the fests of
it was found that the residue of solvent. (white spirit or
" kerosine) in the surface layers of treated wood, when it had dried suff1c10ntly
-'for the fire: hazard to.disappear, was of the order of 6. mg/cm?, The depth.
of penetratlon vas not known; but if the mean depth hLed been as great as. 5 mm
" the above residue would have been 1, 8% by weight, for a wood density of
" 0.63g/cm3, This-affords some justification for our first assumption, namely,

'1 fire hazerd 1

- that throughout the drying periods with which we are concerned, the surface .of _

" ‘the wood was substantially saturated and the rate of drying was determined
_ larccly by the rate of QVaporatlon from the surface of the wood.

At a given tempernture the rate of evaporatlon of liquid from a surface
"into air depends on the difference betwecn the partial vapour pressure of the.
liquid in the ambient air .apd thefyturated partial vapour pressurc at the given

on the rate of air movement over the’ surface and, probably, on the
shape and d1sp051t10n ‘of the surface, ;"* i .

temperature,

Now, let

s i

surface -arca of treated woodwork, (omz),

- weight of solvent dried=-off per unit. area in dnying

- time ¢. hours,, (mg/em?)

volume - of air into which evaporation- takes place (lltres)
average ¢ centratlon of solvent 1n a1r at end of d:ylng

~—
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. -~ determination ‘of ‘drying time in order to assess the llkellhOOd of an apprec1ab1
- reduction: ocwrr:mg :i.n the presence of‘ ventilet:.on. ‘ : \

Then,we have

v = -@10‘:’3 litms . _.oO_anocntoonool-l..r0000(1)
“ O- R -

t s

It will now be sssumed that for given values of w and c, the drying time
t will, in practice, be constant for all values of V and A that satisfy equation
(1), regardless of variation in the shape and disposition of the treated.area.

This second assumption will be Justlfled to the extent that the rates of
convective air movement, in enclosures of intemst here, are confined within:

" fairly narrow limits, and olso to the extent that the rate of mixing due to

convection in an enclosure is sufficiently great, relative to the rate of
evaporation, for the concentration of solvent. in the air to be substantielly

 uniform throughout the enclosure for the greater part of the drying time. It

)

will be assumed’ for the present purpose that these conditions are fulf‘llled .

in practice.

© The quantlty w/c is a constant determined by the condltions of ‘the
experimental determination of -drying time and can be eveluated by msert:.ng
in equation (1) the area-of the test pieces and the -volume of the leboratory in

" which- the drymg was ‘carried out provided of course that ventilation was
" negligible, as; in fact, it is likely to have been in the conditioning room used
‘'for the longer drying t:.mes 1. Then for any cthér treated area, equation. (1) can .

be used to calculate the volume of air into which wA 10™’g of solvent must be

‘ _evaporated to give a. final concentration of c g/litre

If in a. glvcn enclosure of volume v, an area is treated. such that the
required volume of air V is greater than the volume of the enclosure, the
enclosure will have to be ventilated in order to achieve the requ:.red degree
of drying in the. experimental drying time t. If it is supposed that fresh
air enters the enclosure and leasves with a solvent content of ¢ g/litre, the
?ecess:)ary rate of ventilation will be,in acconiance with the second assumption

ahove), . : ~ .

I:‘_l\“, oL lg - 1) Chan.ges Per he‘ur.;-...}.-;-....'.l....(z) ) L
~er ¥ S - ' B : ' ‘
' %_v changes per hour if -¥>>1.'

- Since it.is assumed that the concentration of solvent tende.”to be .
uniform in the volume ‘of 'air V, this rate of ventiletion w111 be the minitmm

. Te qua.rcd

As soon as ventllaticm bec0mes apprec:.a'ble 3 however, there is a possibility

jthat the drying time for a given area of treated woodwork can: be reduced. below
the value.corresponding to the conditions of the experimental determination

bochuse of- reduction in the solvent content of the air in the enclosure, by
dilution, and because of a possible incréase in the velocity of air movement over
thetrested surface. Ih order to achieve this reduction in drying time the rate
of ventilation will have to greater than the value calculated as above, The

' .pcsalb111ty of .achieving an apprec:n.a‘ble reduction will be greater the nearer

the concéntration of solvent vapour approached the saturation value in the

- experimental determination of drying time., ' The reduction in drying time camnot
_ be calcilated, but it is worthwhile caloulating the final concentratlon of

solvent vapour, as a fraction of the saturatiam valug,reached in a laboratory

t?ﬁ’—.l -t
' |

CA.LCULATION oF VENTILATION REQUIREMENI‘S | | -

White Spirit

The drying time for d:.sappcarance of hazard, as 1ndicated by spread. of
flame tests,for Corsican p.lne treated with white sp:.r:Lt was 48 hours. The

',welght of treatmcnt was 3838 mg/ cm and the resld.ue at the end of the drying

pera.od vias 7, mg/cmz.

.r»_ “

' Pive ‘boards, each 30, 5 cnm x 9.5 em (total area 31450 em? or 1.56 ££2)

\iere tested .ot a time, and the volume of the room in which the drying was

carried out was 2,95 x 10% litres. (1042 ft3)
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By substitution in aquation (1) we have . 1. .

V= 20,04 1itres:

or; exprCSSing‘ﬁhe-folumé.iﬁﬂéuﬁic‘feef and thejéréa in square feet, ’:; e
V' = 670A cubic féét. ;

_The ‘above formula has been used together with equation (2), in which
£ = 48 hours, to construct Fig 1-which shows the ventilation required
for drying-off white spirit to.a safe residue in 4B hours, as a_function
of the arca troated,in enclosurcs of between 1000 and 10,000 ££3, "It is
supposed that the enclqguresfare rooms, and the range of areas has been
chosen accordingly. As a guide to. the ventilation required for drying the
maximum area in a given room, ordinates have been drawn in Fig.1,(¢hain lines)
corresponding to-trecatment of all six interior surfaces of a cubical room of
each volume givén, . U

‘The ventilation rates in Fig, 1 may be compared with the one to two
changes per hour recommended for comfort in different 4pooms in dwellings”.
" Purther, the rates, in the range covered, arc below_the rates said to be
obtainable in awellings with open doors and wirdowsJ, i, e. one change in 2-5
min,, or 12 - 30 changes per hour, - 3
A useful conclusion that can.be drawn from the above is that in énclosures '
such as warehduscs and, probably, roof spaces that are ventilated by at least
a trap doos ' and are not sealed, a treatment with white spirit on all surfaces
¢on be dried to a safc residuc, within the experimentally determined timé of
48 hours;, with the ventilation obtainable by opening all doors and windows,

The wcight of white spirit dried-off in the determination of drying time

" Was about 3 cmg, whence the final concentration in the air of the Yoom was

‘1,47 x 10-3g,/1itre, It is thought that n-decene (boiling point 173%)may be -
regerded as reasonably representative of those fractions of white spirit that

; -are chiefly responsible for the survival of fire hazard on treated .surfaces,

"The vapour pressurc of n-decanc et 20°C is given as 2.7 mm. mercury 4, from
which it may be calculated that the concentration of n-decane in an atmosphere
"saturated at 20°C, and at a total pressure of 760 mm of mercury, will be 2.1 x
10‘2g/1itre. Hence, at the end of the drying period, the concentration of white
spirit in the atmosphere was about’?%‘of the saturation value., This is a small
fraction, and it is therefore concluded that ventilation would not result in a

large decrease in the experimental value of the drying "time obtained for white
spirit, ' . : ' -

‘Kerosine and ortholdichlorObenzehe.‘

The drying times for the disappearance of hazard following treatments
with the above mateiials werc 168 hours for kerosine and 72 hours for ortho-
dichlorobenzene., Ventilation rates for enclosures treated with these materials
may be obtained from Fig, 1 by multiplying the rates for corresponding treatment .
vith white spirit by 0,29 in the case of kerosine and 0.67 in the case cof ortho-
dichlorobenzene. ] o .

‘However, the saturated vapour pressure of ortho-dichlorobenzene, and kerosinc.
after the lightest fractions have evaporated in the first flew hours, is likely to
be less than 1 mm of mercury (compared with 2,7 mm for n~decanc). The vapour
pressurc  in the laboratory atmosphere during determinations of drying times for ~
these materials may, with the weight of treatment tested, have become a fairly
large fraction of the seturation value. It is probable, that with these materials
ventilation, at rates well within those likely to occur in practice, would
appreciably reduce the drying time; although it is, perhaps, doubtful whether
the rcduction would be sufficiently large to be of practical value, e.g. a reduct-
ion of 24 hours in the 72 at present reccmmended for ortho-dichlorobenzenc,
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APPLICATION OF RESULTS

The above estimates of rates of ventilation are intended to apply to )
enclosures having surface to volume ratios of the relatively low order of
magnitude likely to occur in rooms etc,, for the reason that the experimental
detemination of drying times were made in such an enclosure, RY

In situations where the ratio of treasted surface to contained volume is much
higher then in rooms, e.g. in spaces between Joists under floors, inside stacks
of treated timber ctc., the requlred ventilation rates will be on a greatly
increased scale,. Thus, the minimum surface to volume ratio for such situations
will be of the same order as that for a one foot cube, for which the required
rate of ventilation, following treatment of all internal surfaces and calculated °
as above, will be 86 changes per hour; for spaces in timber stacks the rate
could be very much higher than this., Spaces such as the above will tend to have
the form of long, narrow, channels for which ventilation at the required rates can
involve high velocities of air over the drying surfaces, Unless high rates of
ventilation can be achieved, drying times will have to be . .increased for these
situations. It is not possible to estimate what this increase should be,

- CONCLUSI ON S.

Although the est:n.mates of vent:.latlcm requiremen‘ts for d.rying-of‘f solvents
in enclosures have been made in a very simple way. and can be only approximate,
‘it is believed that they furnish a. reasonable guide for practical purposes, ‘
’ Gcnerally thé ‘effect of the assumptions, on which the estimates are based, has
" been to yleld estlmates of the minimum ventilation requlrements. '

When campared with published data on rates of vent:.lat:.on occurring
naturally, the estimates indicate that for enclosures such as warchouses and,
‘robably, yoof spaces .that can be ventilated by at least a trap door and are not
.aled, the required rates of ventilation‘to achieve drying sufficient for the ‘
ire hazerd t¢ disappear, in the time determined experimentally for small arcas of.
~cated timber, -are likely to be within the range.of ‘rates attainscble merely by -
=av:|.ng open all windows and doors, even 1f all.interior surfaces are treated.

If &urlng an exper:unental determmatlon of dry:.ng time, the concentration -
solvents in the labdrstory atmosphere becomes a large fraction of the
~saturation valus, the drying time determined will be an overestimate of the
- drying time f‘or practn.cal situations when ventiletion is proscnt

The cstlmates. are intended %to apply to enclosures such as rooms, No
estimates of ventilation rates have been made for situations in which the treated
surface is rclatively large compared with the enclosed volume {e.g. in stacks of
- treated. timber). In general, they are likely to be too high to occur naturally
and, in these situations, it will usually be-necessary to increase the drying time,
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