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OF

B :,(a) Blnder Spray:.ng

o STATIC ELECTRICITY AS A CAUSE OF FIRES .
Con IN ROAD SURFACF—DRDSSING BINDER SPRAYING VEHICLES

J. H. McGuire &'J.‘F, Fry

| INTRODUCTION ‘
Var:.ous Governmont Depar uments, local author:n.tles and other organlsatmns
have notmf:.ed the Joint Fire Research Organlsatlon of fire .incidents involving

binder spraying vehicles, It has been thought that a dlscharge of static.

Telectrlclty might be the cause of same of these fires and:the object of this

note is to d:l..scus.s ‘thls questlon :Ln the light of the knowledge ava:u.lable at
p“esent : o

The mechan1sms 'by which a hazardous discharge might -occur are- llsted ar:d

e, cons:Ldered both theoretically and in the light of the releévant experimental

data, The reported caugses of fires in binder spraying veh1cles attcnded by

.J’_"tho fire brlgades of thc Un:.tcd Klngdom in. 1956 are examlned

o | THE GENERATION OF STATIC ELECTRICITY. S
Hazardous 1evels of static m:Lght be generated 'by the spraylng of the
binder or by the movement of‘ the vehicle These poss:.bllltles are consxdered
belcw ‘ : Ce

i » .-
) Cd,

Th(. scparatmn of surfaces occurrlng as. thc binder leaves ‘the jets might
gencrate static electricity giving an accumulation of charge on the vehicle,
on the deposited binder or on both, A discharge might then ceeur’ ‘between the
vehicle and the. deposutOd binder or between either of the.above and &n earthed

_conductor or even an insulating surface at a different potential. - During &
‘normal spraying operation, the binder does not break into droplets until it

has rcached a point about an inch or co beyond the spraying orifice. The” Lo
greater ‘the transit time between the orifice and the point of breakup in . -
comparison with the charge relaxation time of the.binder 't;hen the g,reater the
.prOportJ.on ‘of. the charge generated that will be dissipated ‘without giving ™ -
rise to high potentlals.. The lower ln.m't; of translt time can be evaluated
from Bernoullis cquation s : -
e, v j‘» e , _ S
Lo 9~3 P T LTI SO
’l‘he maxinnnn Value cver attalncd ’by 7\. is 401b/aq; inch.and the mln:l.mum '
specific, gravity p of a binder is 1.1, - From this the maximum value of

: veloclt'y which could be attained is. v 2 7 ft/scc, .

The lower lim:l.t of trans:.t time for one inch will be-1.1-m/sec.’: ‘amd if
the relaxation .time constants of tars and bltumens are Yess .than say 10,3 m sc.c.,
then no’ hazard w:Lll ex:.st ‘ L
Thc charge relaxatlon time constant (‘r) of any volume of fluld is . (&L«Tl
(where X =.specific ‘inductive capacity and Ps resistivity‘in e, s.u.)
For both tars.and bitumens the value of K will be. less than3 and hence T.
w:.ll be less than SP/_”____ Oifﬂ: A 'where P: is in-e. S.u. or. - :

T“- 27x10"13f; - where P 1sinohmcm.

Substltutlng T' .<'0,3 m sce. glves a- llmtlng value of F of ‘10q olm
ds .

= cm. below \)h_'LCh no apprec1able levels of‘ charge can be expecte



The resistivities of various tars énd bitumens have been. measured (see
Appendix %) by a method which is accuraté “to- within O to-30/% and the results
are given in Figure i, . At temperatures sbove 130°C (266%F) for bitumens end
5090 (122°F) for tars, the values of re51st1v1tyfare below the upper limit
referred %o, These tempcratures .are lower than &he minimum temperatures at
which spraying can be carried out (of the ccder of 2809 for bitumens and
2209 for ters.) Dven if spraying vwere attempted: a% tomperstures below these
minima, it is very uwalikely that a substantial charge could be developed,

The time interval-between thz birder lctring the spraying orifice and breaking
up into’droplets would te substantialily greater than 1 m sec. since the high
. v136031ty would give a much lover velocity than ‘the theoretical maximum deri-

Tved above arid the binder would. not breek up until it was ‘some 1nches beyond

“the- spraylng orifice., Also thc spark energics required to 1gn1te the bindew
vould: bo much groate“, if ﬂJch 1gn;tﬂon viere at aLl possible. :

The above araumuﬁt dcmcnatratus that no-hazard due to statlc eleﬂbr¢r1t3
nan cxist when binder lcaves a spraylng orifice in the normel menner. It hes,
aovever, becn suggested that; as-the main tan‘emptiss and there is ailr in
the pumplng line, the tinder will already be broken up as it 'lcaves the Jetb
To invesiignte the pcasibility that substantial levels of statlc might
senerated under these circumstances, e sprayer vas operatog'w1th an air ;nhet
hetwcen the.pump and the jets giving conditions at the jets which were compax-
able with those when the tank emptied, A Baldwin stati-gur was held under tic
hood under these. conditions and indicated that the potential on the sprey did
a0t exceed .100. volts mhlch is, of course, negligible, The binder in use was
‘bar. ) Lo . T o - . o

In tne ibove test the 1ntroduct10n of air into the line reduced the
wenperature of the tar and hence incrcased its resistivity and v150031ty. The
‘hazard was thus greatly exaggerated. :The level of static gencrated was so low
:that the hlgher resistivity of bltumen would not g1ve rise to hazardous levels

-.of statlc as & tank emptled. : :

(b).. Movcment of the vehicie,

The COntlnuous PrOCeuS of brlnglng into contaﬁt ‘and thén separatlng the
,‘t3re of a moving véhicle and road surfaces can genurate substantisl charge~
vand hcnce chargc the: vehicle ‘partly by induction but prlnclpally ? '
conduction. from’ thcvouter tyre surfaces to the hibs of thé wheels, A
dlSCharge mlght “then-océcur between the vehicle and an earthcd conductor or
even an area of an insulatlng surface :at: a lover potential,’ The possibility
tha’ the generatlon of static by movement of the vehicles -has constltuted an
- appreciable fire hazard in the past is considered unlikely: for the follcwzng
reasons: - :

(1) Operators and drivers of road binder spraylng nachlnes have not been
known-to complain of shock on dlsnountlng from. vehlcles. Levels of  static
vllkely to constitutea fire hazard would at SOme time guve rlse to detectable
! Jqocks ‘ . .

’“ Whilst spraylng, a vchicle travels at a speed of less than 5 h and
;:BQPrLClable levels of statlc would not be generated at thls speed T13

=i 3) The requlslte hlgh levels could only be generated whilst the vehicle was
" proceeding to a’site; but if gencrated they - mlght not be dissipated. by the
time spraying ccmmenced - This means thot the levcls of static durlng spraying
would be greatest at the start of the operation and fires due to0 this cause
wou¢d_generally he expected to occur 1mmed1ate1y spraylng commenced,

Whilst this factor is worth bearlng in mind uhen considering future
1n01dents in which the cause is not obvious-it must:be remembered that this
cause is not considered important at: petrol fllllng statlons. Here conditions

could be considered ideal for a hazardous. dischargé since an earthed donduct-
ing petrol pipe line is brought near to the tank of the vehicle,

-



1) Bulgln D. "Statlc Electrlclty on Rubber—tyred Vehiclns",

SUPPOSED CAUSBS OP FIRES ATTENDED BY FIRE BRIGADES

An examlnatlon of. the reports of all fires attended by Flre Brlgades in
the United Kingdom during 1956 revealed’12 which occurred'in binder spraying
appliances, It is believed that there are azbout 250 major appliances of this
type in the United Kingdom and that- they are in use almost exclusively during
the eight months March to October. Thus, fires that required fire brigade

_assistance occurred at the rate of 1 for each 21 major appllances, or, taking

the time factor into account, the rate of incidence was roughly -7 per 100

major appliances at risk per year, Con51der1ng the nature of the process and
the material involved, this rate of incidence is not unexpectedly high; it .
is sllghtly lower, for cxample, than that in grass—drylng apparatus, - '

of the 12 1n01dents reported, 6 occurred in July, 2 in March and 1 in
eaoh of the months Aprll June, Septomber and October, :

The causes of these fires were varied, Four were due to the 1gn1t10n of"
accurulations or leaksges of the binder; in three of them the source of
ignition was the heater and in the other it was burming rags used to heat the
jets. In three incidonts there was said to be a"blow-back" at’ the heater;
this ignited binder being sprayed in two .of them, and"waste tar on the spray:
tape" in the third, In-one of the fires the cause was given.as “hot _plate of
burner igniting molten tar falling on it" and in ancther binder appears. to
have boiled over, though the reason for this is not known, A short in a
signal bell circuit is believed to-have 1gn1ted tar vapour in one: 1n01dent

TIn only two of the 12 flrES vias a mater1a1 other than blnder recorded .as
the:matérial ignited first, Orie of ‘these started in a tarpsulin whlch vias

- ignited by heat from the flue of a sprayer; and the other started in fuel oil

whlch was 1gn1ted by ‘the pllot light of a burmer.

In no case was’ there any suggestlon that static electrlclty was’ in any
way respon51ble for the flre.;ff . o . _ i

PR

CONGLUSIONS -

1)‘ The p0551b111ty that statlc electricity has been - the. cause- of even a small
proportion of: the flres Wthh have occurred recently in binder sPrayers 15
remote. S W : : - W

.o
e ’ .

.2) It 15 probable that a number of flres will occur whatever preventatlvef

moasures .are adopted., The vehlcles should therefore, carty sultable flre\

.extingulshlng equlpment

3) In a- number of fires the: oil hoater has been the igniting source, It
would be des1rab1e fo &e51gn of the vehicle to permit access to the heater
only frOm a p01nt as far removed frOm the spraying bar as possible,.’
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Appendix I,

The Re51st1v1t1es of various Tars and Bltumens

Samples of the fOllOWlng blnders

Y.

Suffabé—ﬁreééiﬁgxﬁinder‘Séﬁpléé

A A

were examlned . e

Table 1‘u

© . Description of - "R.R.L. Vlscos:th
‘Binder’ ‘ Reference (Efflux time from the.’
' Lo . Standerd Tar vlscometer) .
Coke-oven' tar - : 564.2 26 secs, at 4000
_"_Vertlcal Retort tar . 5638 28 secs. " - _
. Mainly horlzontal~ o ‘ o ] §
. retort tar . 5572 -. 36'secs, "I M T
. 'Kerosine cut~back. |- . ¥ Coies
. bitumen (non~toxic) v 5588 . 40 seecs, " "
. Normal cut—back ' ‘ S L -
A Jbitumen 5635. . 60 secg, M. M

The re81stance of %) bulk ‘of each of the samples was measured by the
‘arrangement 1llustrated in Pig. 2, .the container in each

1n whlch the sample was dellvered

s st st o
. .

%' 120 volts:

PliThe re31stance betwee
" conductors ‘of ‘length

80 that p = aJr-fF\/

ase belng the tln
- e ' . .
two concentrlc
in terms of

of the medium between
y "-(,2')'. |

In the case 111ustrat there . w1ll be
an end effect associsted with the med-

the. r831st1v1ty
them is glven by

.ium below the bottom of: the 16.8.w.g. "
probe.
reduction. 1n resistance can be . assessed'’
by comparing the resistances of the -
‘sections A and B in the _arrangement ;

The order &fthe resultant

illustrated in Fig. 3.  This, assembly
differs from that used in that the base :
is, hemispherical and that all lines of

current flow are taken to be perpendic-

Wlar t6 the inner and outer metallic
surfaces, The effect of these assumpt—‘
1ons w111 be small, .




The resistsnces of the two volumes A and B will be

Ry = F— - )

ar-t 7‘. |
and RB:%T"?{—) - — —=(3)
M ' a -

Substituting the values of ro and rq given overleaf

=0lbbp - and Rg=0:q0p

To neglect such an end effect would thus give values of which would
be of the order of 15% too low, To ensure that the values of are maxima
the importance of the end effect will be exaggerated and the value of fD
taken as 50% higher than that given by expression (1).

The expression is therefore taken as.

p= STr'f/ ~ - -

The results are given in Fig. 1 and can be considered to have a tolerance
of O 'ﬂ!’— 30?0.

APPENDIX II

Causes of fire in binder sprayers attended by
Fire Brigades in the United Kingdom in

1956
Date Supposcd cause of fire
12th March Heat applied to boiler ignited tar.
20th March Blow-back from fire box ignited sprayer.
20th April Heat from flue of sprayer ignited -tarpaulin,
6th June Tar leak ignited by flame of heater,.
6th July Pilot of burner ignited fuel oil,
6th July . Blow-back from fire box ignited waste tar
: , on spray taps,
Sth July : Tar in paraffin-heated boiler boiled over
and ignited,
10th July Flame from heater burner ignited accumulation
of tar,
13th July Burning rags used to heat jets ignited tar.
18th July _ Short c¢ircuit in signal bell ignited tar
. | vapour,
17th Septenber : Heat from hot plate of burner ignited molten
tar falling onto it,
17th October Back-fire of tar heatlng Jjet ignited tar
: : belng sprayed

Y "_
g
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