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The present emergency has stimulated: considerable interest in fipe-protective.
treatments for wood. Wood is replacimg.steel for construction purposes in:
many new structures, and there is.some wnxiety comcerning potential fire
danger not only from normal sources but,also from -incendiary bombs,. There - .
is likewise more than usual interest in .fire protection for wood struotures’ -
already built, o - 2 e B e e - Tt e ’

¥

Such protection eay be provided by two types of treatments, impregnation with
fire-retarding chemicalsand surface coverings of fire-retarding coatings.
Impregnated wood has been in use to a limited extent for many years and is:-
an established commodity. Fire-retarding coatings, on the other hand, have
not received much recognition, partly hegause of extravegent claims mads by .
mamfacturers of preparations posaessing very little fire-retarding effsctive~
ness and partly because of a lack of standards for minimum requirements. : The
Forest Preducts Laboratory has beem interosted for some time in the possibili-
ties of fire-retarding coatings te check.the spread of fires of small size .-
and has made many fire teste of the effeptiveness of s uch materials.. Thig ® -
mimeogreph outlines what can be expectedyin the way of protectiom frem lmowm
fire-retarding coating formuletions and ‘conteins information on.the proper~
ties of such preparations.. R /P : A

At the sutset; it should he remembered: fllat wood exposed to'fire temperatures-
will char, regardless of whether it is cdated or not. The best that can be -

expeoted of a paint-type ceating is to stop or retard the spredd of flame ' -
along the surfrce. The degree to which flame spread is checked is dependent

on the type of-eoating and its thicknesstand em thé fire conditions presens, -
such as dssign'ef the painted strusture,isize of the Ffire, dyration of L .
expesure, presence of draft, and temperaturs of the air. After fires develép
ts large size and burn rapidly or for considersble periods, thsy may owéer-
come the resistamse of fire-retarding coatings; but smsll fires cam often be.. - -
Bopt small or even csused to dle”out by puitadle costisgasiii . S T iTr S

 the effectiveness of firs-retaid™
ur virying’ cenditiont of” saverity, ' .-
but ingeffieient-work hes as. yet been dolié ta'dstérminme hiw effective suel ‘<. -
eoatings aye im aotudd uss.. 'This Laboralory has used thé Fire-tube: test tor *.
mual of '1t8. fire~testing works® Im this $est, s spseimen ‘measiying §0 Lhohés:

by 34 ineh by 3/8 inch is suspended verbleally within a shest-ifam eylinder

2 inches In diemeter, and a Bunsen tartie¢ with an’ll-inch flaid iy placed -
benegth the specimen, The perdentage lefis in weight oF the ¥ioimn.axd the

stire at the top of the fire twls kre redordsd sk interwe
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‘Verious tests have beex devised to mess
ing coatings in chetking {lomé sprédad w
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by coatings, a loss of weight of less than 30 percent after 3 minutes'
exposure is considered to indicate.protection against mild fires, whereas a
final loss of weight of less than 25 percent is considered to indicate protec-
tion against fires of nodmto geverity.

—

Another mathod of test baihc used is 2 mod.ificat!t)n of one devald‘nod’ by '- F
Ragnar Schlyter of the Swedish Govermment Testing Institute. In fhirmehnd
two plywocd panele, 12 inches by 31 inéhes by 3/8 inch, are stood in“a’ :
vertical position, parallel to each other and 2 inched ajart, with th¥ bottom"
of one pamel U4 inches above that of the other. A wing-top Bunson burner
flame is placed between the two panels and readings are taken of the -
progress of the flame spread with time. With unprotected wood, the flame
will spresd over the surfaces and destroy the specimens buty¥ith effective
fire-retarding coatings on the exposa& mfacai. the- {Iamé ceaoea to spreadi
as goon as the gaa burner is removed. -’ _
In r.ecant months a flame with more intense ignition prcmert‘iea has 'bmm used
in the Schlyter-tyre test, and a limited mbar of testa on a larger scalo--~ .
have been made using incandisry bombs; &
Tk ¢ x i
The Ferest Froducts m:‘atorr hgs nsed the foregoing methods to stm’u' the
performance of a large number of formulations in its effcrts to find -ood ‘
fire -retardants and determine their abfflity to provide ~ood rrotectiom with - -
a reasonsble number of coats, In addition to fire-retardins effectiveness, !
other properties must be takén into considerstion. Among these are reason- *
able permanence of both fire-retarding effectiveness and adhereace of coat-
ing to the wood, resistance to comparasively high relative humidity, and, to
some extent, the appearance of the ooa!ing. Resistance to weather is alse
desirable but usually a'bsent.. v - g AN ST

On the ‘basis of the axamination of nu.norons coatingﬂ thia I.aboutory has-
drawn the follovinc conclusion.l regardinc certain t;mo! of 'Dret.aratiom

teated... 5 - . ; f§ Fek i -om iyt iserbiite, pfpeaputine
5 ML T RN g !»' e -"'-'f'.*.-.' R R o7 Tl Gl T
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Boru-l.inseo& 011 Iira-retardanz Painto Rhem oty Begeted ER

I-insaei o.tl has. puht: o:! goodr ﬁre-r‘hudiﬁg aff GC‘-K-‘«WEI‘ can -§e uﬁﬁb w 7
replacing an app eciadlo-portion of- the pigment with finely epoupd doram.
The percentage.of borax required varied with the kind of piement. The :-nmm
ing table gives four examples of,siugl¢ plgment foxmuletions; heavy coske- f. "
vhich were-found to provide suffigientfurotest te mp the final logy 1w

welght in the fire-tube test under 25 gersanty ¥ of b thick coays-or max-a ¥
imtoly b | gallon p-r 125 qqu.lrt feot agy. rmgﬁwr ‘1—*1'9'1.1.*—{-— A =
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Pigment ; __;I;‘_ormula:Formula:!‘ormla:i'orrn_ﬁa
. & Ko o@® B & G .x .0
_____________ ‘-..-_.._......._..-..____-_:_.._.._..._..:___'-_.._"_..__.._'_'-..__.'.......-..

Percent by welght

White leadl ......... svrews ool B0 3 ¢ . .8
Titanium-calcium .......... T e : 30.0 ¢ :
Lithopone ............ Mg b e : .. 24,0 :

BAND DAL o mis commnimgiocs s oy, g : : 21,0
BEERE cecesumsnimtis-sin sovhin ons con s 32,0 1735.0 : 39.5: 50.0
Raw 14ndesd 08) weevocvion mvas .3 . 22,8 : 3.8 : 32,3 : 2L.8
Turpentin® Lo s dios vesat 361 3.6 ¢ 3.6 3.5
JAPERTARTBP. w650 91 ais i, BE B 6 .6
1

=Basic carbenate white lead.

Water Solutions of s»Pire-retarding Chemicals

]

Sodium silicate

!

Sodium silicate is an excellent fire retardant when freshly applied. Very
gord prétection is furnished for a limited time by three coats of the com-
mercial viscous syrup (water glasa) diluted with a minimum quantity of water
necessary to ‘give a liquid cf suitable Wrushing consistency. . The addition.

of ‘a small quantity of liquid so'ap'or other wetting agent improves the wetting
provertics of the silicate solution. Moderate protection is furnished by: .

e coats, * - - - '- i om : o

Sodium ‘silicate is available 'in a numbey of grades based on the sodd-atlica .
ratio, The grades with a high silica rdtio are preferred for fire-retarding
coabtings.- The fire protection given bylsedium silicate is largely due to
its property of intumescence; that iz, $he coating swells when exposed .to
heat tm a frothy mass that hardens and thus insulates the wood against heat.

The serious weskness of both the straiglt godium silicate coatings and the
eilicate coatings containing zinc oxide, titanox, and ircn oxide, as so far
revealed in tegts is their instability. A series of tests on fire-tube
gspecimens coated with varlous silieate formulaticns and.exposed to-different
relative humidity conditions revealed the following: Exposure.to.relative. .
fumidities in excess of -65 percend cehads & serrous decrease in-effectiveness
after only 1 month and higher Bumidities cause the high silica-ratio coatings
%n check; erack, and peel. TUnder sinfl§r conditions, low.-ailica~rabio: com-
Insitions bedome soft and may-eve drip$ The. property:of intumescénse-is ..
tbgent' in silidate toatings expesed to! relative hunidit - Yo dFg oo
tituations) the effectiveness.cent ' over a much Innger period befng re=
balned tmder favoralie énidftiom For mire tham & yeary lub i dm-apiapme-.
that use gonditions are such thet high Jumidities are alweyw
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- plgmented sodium silicate preparatios for the protectiom of wood in attics .
 against incendiary bomb fires. The British formula-is: = ]

‘acid have fire-retarding properties shen applied to wood. These solutions;

~ Lnew type of ‘2ire-retarding costingideveloped st the Forest. pducte ahops - - f

. : (: :: (::*) ._(: :) (;l’)‘ : T :

explanation given for the decrease In effectiveness with time, esvecially
under high moisture conditions, i1# that the carbon dioxide of the air in the
rresence of moisture reacts with the sodium silicate to convert it to sodium
carbonate and silica. ~These compounds do not have the fire-retarding
effectiveness of sodium silicate..
.

The inclusion of pigmenta in the silicate formlations img:raw_m the. appearance
-and brushing properties of the preparations, The British= recommend such a

Sodium silicate sblution ' - 112 1bs. .
(Sp. Gr. 1.41 to 1.42 T

Silica-soda ratio
3.2 to 3.4) - — - .. i
Kaolin . =150 1bs. "

Water - 100 1bs.

Three to 4 coats of this' preparation-are required to give gocd protection.
One gallon will cover approximately 100 square feet (4 coats).

- s e T -

Ammonium phosphate and other fire-retarding chemicals
. : ‘I._ e o % '-'J’ T “_". B -
Strong solutioms (25 percent or highgr) of such good fire-retarding.chemicals
aa monoammonium phosphate, diammoniug phosphate, a mixture of -amaniu?.suliate
and monoammonium phosphate, and a high-solubility mixture of berax and beric

however, are not syrupy, as is water glass, and the quantity of dry chemical.
that can be applied per cnat is so small that an unpractical number of coats
is necessary to build up the coating weight sufficiently to give protection .
comparable to that obtained with 3 te M coats of borax-linseed oil paint or,
2 tc 3 coats of sodinm silicate. Negpertheless, 3} coats of saturated solu- |
tions of godd fire-retarding chemicals do have definite, &lth_ougl; moderate,.
fire-retarding.effectiveneso, - Rl RN e B N T G B L B RS
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atory recently-comsists of finely greund fire-retardant, ‘ch,u;_c_q}_,c}.:lg_u_phq,-, '
and suspended id an aquecus: sodium of emmopium algihat# gel.. Tests; Bave . ..
shown this. type of preparation %o pogsess mll,!!ﬁ,ﬁff,!'-‘-tﬂ%t-sg:Mgf: s
alginates, mamfactured from sa.extzgctive ef kelp, are zoo&.-.‘_h"‘?.*mf: <o
agents.  Onex tc 2-percent aquecus spiubiops sre VOIy. viscous..gsipe., 3 8.
basis of percentake. by.weightisconcegtrations of amsonjum alginatg gels are-
more vistous than sedium algipate gels, = 1. P'M-.l"ﬂn_‘: AR
having approximately tbe same viscosjty.as ¢ 2-percect, Sectm
wos '.‘i'q- e £:5 },.-:';‘3'4 'fé.“‘f":'; ",',j;___.'._ 20T R j e Sy _',_:7 ’}_ ;
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The cost of the ammonium compound is, however, proportionately highsr. No
chemical reaction cccurs bétween these alginates and ammonium fire-retardant
salts. DBorax causes the gel to set, but boric acid and mixtures of boric acid
and borax are compatible with the gel. The best formulations thus far pre-
pared, considered from all angles, contain mcnoammenium phosphate, but fairly
satisfactorypreparations can be made from a mixture of: borax and boric acid.
The use of the alginate makes it possidle to incorporate in the rrevaration

a quantity of fire-retardant considerably in excess of that required to
saturate the goluticn., The undissolved portion is held in Bu.sﬂension. Pig—
ments may also be introduced 1nto nuch rrepa.ratiom. e 15 Rl i

Three methods have been used. for ma.king these preparations. Thése metho&a,
using typical ammopnium phosphate formulas, are described below:
Method. I

Parts bywaigit_.. Lo

Monoamcnium phosphate - . K o~ 0 .
Two percent sodium alginate gel 5N - - ,

1. Prepare the alginate gel by adding ¥ parts by weight of sodium alginate
te 98 parts of hot water, OStir until a uniform gel is obtained.

2. Grind in a pebble mill equal parts by weight of mcnoammenium phosphate
and alginate gel. A grinding pericd of 12 to 24 hours 1ip sufficient,

-
-

Method II
- Parte by weight
Monoammonium phesphate : Hi
China clay ‘ T BT L RE e
Two percent sodtum alginate gel Yo . A e
1. Prlrpus alginate g-el. _ )
2a Grind monomaniun phoaph:te and o ch)’ togethar in a pebble mil.l .

. wantdd tha merterial ig reduced to appr ately 200 mesh. .

. Wz 11! a b!ad.u mixer 60 parts by vefght of. the phouphn.ta-vcla.y pov:!ﬂ aﬁ
parts 'b: wight of the alcinat- gel unul a- uniform preparat,;on 1; obfalned.

The main purpo.-.e or the ching clay ig t% facilitaw gr!r,liing ot pmnt‘
lumping of the . ammonium: pholphp.h lxn‘ﬂﬂ'as*i rnelusiwe! tﬁ.w‘-

m.__. te- e T TN o
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" Method III C C : 4 o C,) O) S o
BT R S e T e S B m’ wb 3o e 4T S W T v s T E
PR Y I i :-;'T‘ .".:; i, ’.'. T T, Yy wel . ' : :
AT AT TR,
"Monoamcn&.w phoaphatc S e h-‘.;
Ching clay - S A ‘.‘-'—- 10,0 3
' Dry -mu-uzxmr "‘:’ VAR e, 1.5 i
1. Grind aodiun algimta m 325 MahL e i e .,___..,,'_: o
2.5 Grﬁul ‘the praacri‘bed qnantitiu ot monoa.imoni}hm phosphstc, c!rh& cIsy
and powdered scdium alginate untn tho particla uizo of the amonium phouphatc
is approximately 200 mesha~ . SN R ot e
: '..u ."_w-': : J-:ﬁ'"" _-..-.---- '.'-' Clas
The above procad.uro will prodnca ﬁovdar similar to caleinine or dry casein
paint, To prepare it for use, add 4 to 5 parts by weight of water to 6 parts
. by weight of the powder and stir until the powder is mixed thoroughly-with ™’
the water. Allow to stand for at least an hour and stir again until a smooth
mixture is obtained. : : “ s '
The same technique can be used to prepa.ra duah borax-borte scid formlationt
as the following: : s : .
'tl\n""a _s".'..-i 22 g I"_' o .-._'-" . O r =i K ' p&rt' by *dﬁ_'_ .:I .!
N l'ornmla 1 ?ornmla 2 ‘
Borax (RaaBuOT.mHgO)_" o . PR e 22.5 o
Boric acid 25 22.5 '
Two percent alginate gel 50 50 - .
China clay -— B R e
The properties of prcparsﬁnnt vith a mnomnint phoaphtu &gw ¥
summarized as follows: _ ﬁj_ e LD, = T8 fapeae L) ,
i e '..'.. e ! h;‘é;-"'.; =t ﬁ i
The paints Ea,n good bmhing pr pradncinl auot!r coats. - The uolict!«-___;.ﬂ.:‘
remain in suspénsion during a;pnc.t nnd; altheugh tHy sstble-affer > . . 0
standing for soms time, csn be “'Ca-snapension very: MB“IG‘&M- .
The preparatiens ere stable for an indefinite period ao fa: a8 1 m - e Bl
Selutiong of monoammonium phosphaté e coi’rosfll ﬁﬂ #ﬁ." v g e
paints are packaged in uncoated metal’ contdnm op are ﬁ?'ﬂ" & plisd &5
spray-gun, the addition of the mrzq,tqn mer s s
deairable, Two' £0. 3 percent of tha M t
The body of the propar.mwi. -usﬁi!m £475
be ‘applied in'2 oF 3 coati vé syl fid 188" P
loss in weight, as measur
_ of thede prevarations o toppll
-~ £s fouts 12
. 53 '
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The coatings on drying are flat white, resembling casein pa(ﬁta or calcimine, -
Theifr adherence to wood is good. - Relative humidities:up to 1. percent: have

no effect upon monoammonium pMosphate; bud at humidities higher tham this,: .

the phosphate takes on water, Under ordinary conditions, the fire-retarding
effeotiveness should be retained indefinitely.

The borate coatings do not have so good fire-retarding effectiveness as the

phosphate coatings on an equal weight basis so that it is necessary to use

them in stightly heavisr coats to obtaein the same effectiveness. The borate -
coatings, especially those with a high vercentage of boric acid, withstand . ~
high relative humidities better than do the ammonium phosphate coatings. . _

The formulations given are t1lustrative of moderately heavy-bodied preparations.
If still heavier-bodded paints saitadle for trowelling or coarse spray are
desired, they can be prepared by increasing the percentage of selids. If-.
thinner mixtures are desired, they can be made by decreasing the: peroentage
of solids or using a lesa viscous alginate gel. Likewise, if colored paints
are desired, they can be made by substituting suitable pigments for the china
clay. : S e _.-__‘ R - E ’

Al

S _ * ' Whitewash

b
r
[

Whitewash is generally regarded as having fire-rebarding prorerties. Sig- . .
nificant effectivenesa cannot, Howsver, e obtained with a l-coat apolication. 3
The following two whitewash formulations that were tested gave moderate pro- ,
tection when three coats were applied: ¥ ' L :

Fational Fire Protection Handbook (8th edition) formula - page 424.

Mix together 10 pdrts olakgd Iime; 1 part of Portland
cement, and sufficient salt water to give a mixture
of rather gtiff consistemcy,

¥t

= r BT P R

" Formls 9 (Bulletin ¥o, 304-D - et ional Lime Asseciation). ...

Eape.:i_ﬁ:_' = 5 1ves - T ? s PR T e o
BERARS " U R e R SR e T e et SR
' " 1ime pas oali - ' ime
; : . Lime pagte 8 gals. (Appréximately 8. gellons of stiff 1 an
[t " . 7 paste are produced by slskimg 25 pounds of quicklimg withi . .
" 10 ga¥lens of water, or Wy sogking 50 pounds of hydrated - _
" lime iy’ 6"gallous OT water. Y mou (R TULEER iR ¢

i - N . " ; : L o Rl &(E{%“,ﬁh g Ztasi i g ',,.'_
' * ‘Directions as given by therassockabiont -"goak the cssein inm-
5.0, 4 gallons of hét-water usitil theroughly sof tened (about 2.~

- hoursYF
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So far as' is known, no detailed study has deen made of the. effect of moistume -
and time on the retention of the fire-retarding effectiveness of whitewash,

- e

Cagsein Paints
- a, s A y - YRR oy

Casein painte possess moderate fira-r;f;arding affectiva-ii‘-enu ii’ ;i...ls'é.s‘t‘“ 33‘
coats are applied. The effectiveneas is increased if borax is introduced
into the’ formula. i :

-

It is to be noted that the degree of fire protection provided by 3 coats of
vhitewash or casein paint is by no means comparable with phaf provided by
3 coats of borax-linseed o0il paint, szodium gilicate, or the phosphate-
alginate preparations. L _ . e -
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Synthetic-resin Far mulations

Preparations of urea-formaldehyde resins containing ammonium rhosphate provide
good protection. This type of resin also intumesces when exposed to heat,

and the frothy mass chars to form a protective coating of combustion resist-
ant carbon. The formulations that haver been tested tend toward urittleness .
and serious checking which, in some: csses, caused the coating to chip or )
scale from the wood. While this type of coating is still .in the experimental
stage, the initial work done holds sufficient promise tc indicate that
additional research may remove the objectionable features. )

W

Loose-texture (ompositions

‘e

Certain compositions applied by spray gun in a thickness of 1/2 to 1 inch ere
in use for heat ‘insulation purposes.. ;These coatings contain such materials
as mineral wool, asbestos, or shredded cellulosic materials treated with
fire-retarding chemicals, with only sufficient binder to hold the mass loosely
together. Such coatings have good fire-retarding propertia__s and are useful
where ‘s combination heat-insulating,-fire-retarding preparation is desirod.
Coatings. of sueh compositiyns thinnep than those necessary for heat insula~-
tion purposes would possess sufficiest fire retardbnce %o be useful for fire
protection only. The soft, spongy nature of these coatings would limit ;
their use for fire protectiom to such applications as ¢eilings and atties,
or other places where resistance to wear is not required. The adherence of

certain types of this material to laboratory-sise specimens of wood was nu;
good, especially under fire conditloss, tuj howy serious this deleos g
on large installations under fire coaditions is not. nf_"“" R 2 i
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