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SOME COM~ARATIVE E,{PERIMENTS ON THE FIREPROOFING OF 

WOOD POL~ 

PURPOSE 

The purpose of these experiments was not to produce 

a pulv that was abeo1ute1y unaffected by fire . Nor was it tne 

aim of the writer to deve1.upe any one pulp to its maximum 

efficiency , but so1e1y to place upon a compara tive basis the 

fire-retardant actiun of difrerent concentrations of several 

substances with which the pulv may be treated to reduce its 

f 1ammab111 ty, and uvun this basis tiJ state the observed dif -

ferences and simii.arities of the pulp impregnated with these 

various chemica1s . 

INTRODUCTION 

( From Enclyclo~aedla Br1tanica,14t. Edition 1~2~, V.~, p.281) 

11 Fireproofing. This term is applied to metnods of 

making no1"1IlallY combustible materials fireproof as far as may 

be , but in practice, the most that can be done with tnem ls 

to subdue or retard inf1ammab111ty . The subJect is one of 

great importance, espec1a11y in connection witn tne construc

tion of theatres and other bui~dings where large numoers of 

peop1e are collected together and where special 1ituminat1on 

is required. The nature of or disposal of materials used in 

theatres hae become the subject of public regu1at1on in many 

countries, and it is usua1 tu provide that no combustib1e 
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scenery sha1l be employed un1ees it has been tr~ated with 

fire-retarding sotutions . The London County Council r egula

tions, for instance , provide that in theatres materials 

such as wood , canvas , textiles , etc. , must be rendered non

inflammable by impregnating them with solut1ons, and names 

the fol l owing as having oeen found suitabLe :- tlJ for 

scenary and coarse fabr i cs : a solution of l l b . of phosphate 

of ammoni a and two lb. chloride of ammonia sal ammoni ac/ 

in 1.~ gal . water ; (2) for del i cate fabric s and cotton wool: 

10 oz . borax and 8 oz . borac1c acid in 1 gal. of water . 

Stage wood - work must be thoroughly impregnated with phos 

phat e of ammonia . I t is , however , quite imposs1bLe to make 

wood- work rea11y fireproof and the council therefore lns l s ~ 

a s far as possible, upon the use of incombustible mate ria l s 

such a.s asbestos. " 

"United States.- The bu i l ding code rec ommended by 

the Na tional Board of Fire underwri ters 1s c ommonly used a s 

a basis in the prevaration of building ordinances or many 

cities . A solution which has been wide l y recognized for the 

fireproofing of fabrics is one made of tnree par t s of ammon-
¼ 

ium phosphat e , two parts of ammonium chlorate, and one part 

of ammonium sul pha t e , ~nd a bout 40 parts of water. Lumber 

impregnated with tire- retardant chemical s is termed •r1re

proof wood '. The industry had its beginni ng in the United 

States in 1895 . The principle market for fireproof wuod has 

been in New York city. its building code prohibits the use 

of wood for floors and interior tr i m f or buildings in excess 

of 150 f t . in height unless fireproofed in accordance wi th 



rules prescribed by the superintendent . The tr9at~ent of the 

wood is commonly done by impregnating it with fire-retardant 

chemicals in closed cy11nders under artificial pressure ." 

A great number of sotut1ons of fire-retardant 

chemicals have been patented for uae in and on wood, paper , 

cloth, ~nd synthetic wallboard. Among them are solutions of 

ammonium phosphate , ammoni um sulphate, ammonium bromide , 

zinc ammonium chloride , arsenious oxide , sodium tungstate , 

sodium sil i cate , ch1or1nated diphenyl , ch1orinated naphtha-

1ene, very many others , and various mixtures of th~se and 

others . For instance, United States patent numbe r 1, '(~j , 15'( 

claims: ~l. A composition for use i n connection with fibrous 

material to bind and impart a fi re resisting characteristic 

thereto and ror preserving such characteristic conaieting 

solely of ammonium phosph~te, boracic acid , dextrine and 

water, the propc3;,tion of the ammonium phosphate being greater 

than that oI the boracic acid , and the prop~lon 01 the dex

trine be ing greater than the ammonium phosphate . • • ·• " 

The need ror more ,vork and better coopera t1on 

along this line in well brought out by tne fact that the 

United ~tates is l ess 1n control of her flre 1osses tnan any 

other world power today . The annual fire losses in this 

count::-y Qer capita f or the vast five years shows neither 

a steady inorease nor decrease, wh11e tnat of Canada i s 

steadily growing smaller each year. The total fire losses 

in the United ~tates per year is steadily increasing, a1tho 

tnat of Canada is a ways decreasing at an aµpreciab l e rate. 



The total fire losses in the United states Ior 1930 were 

about ten per cent higher tnan those for 1~2~, tho there were 

fewer big fires in 19JO than i n 19~9. Fire losses in 1930 

a.mounted to approximately five hundred million dollars in 

this country . 

METHOD 

My method of testing the flammabili ty of wood pu lp 

was based upon the use of a standard flame and timing the 

peri od ue t ween the instant ot placing the ourner r lame direct

ly beneath the ball of pulp and the instant in which the pulp 

burst into flame . I always used the same burner , an ordinary 

Tyrrel . with a hexagonal base, and had two bl.ocks Iixed in the 

shape of a wide V to fit the shape of the burner base . hese 

blocks were gluea and bound in permanent position upon the 

upper surface of the flat base of an iron stand,and acted as 

stops , enabling me to quickly place the burner in standard 

position by thrusting the cast: ui' 1,ne ouc·ner into tnis V. 

Above the burner , supported by an iron ring, was the wire 

gauze upon which I had piaced the ball of pulp prior to 

placing the burner l n position. This p1ain wire gauze was 

coarse and of open weave, permitting the !'ree passage of air 

currents and heat waves , and was 7 cm. above the top of the 

burner when in position . The ba11s of pulp which I used for 

testing were made by taking approximately 0. 1 gram of pulp 

and rolling it into a ball with my thumbs, index and middle 

(41 



fingers of each hand,compressing it s11gh~ly to about 1.0 cm. 

in dia.~eter. The sta.nctard f1ame tna.t I used was at first de

fined as that f1ame coming from burner "A"( the Tyrrel burner 

described above) when tne air and gas were so regulated as to 

give a column of unburned gas 1.5 cm. high when just enough 

air was admitted to d spel all traces of l uminous carbon 

flame . However, in preliminary practice I found that this was 

too broad a. definition, and on dit'I'erent ctays gave wide.Ly dif

ferent times of iguition for samples of pulp taken f rom the 

same batch. I attributed tn1s to 11uctuativns in the gas 

euvply, carburretted gasoline being the source of fuel . For 

t his reason, I reder1ned my standard r1ame to be hat flame 

coming trom uurner "A11 , which, when placed with the burner

top 7 cm. oeluw the wire gauze , ignited a standard bal l of 

raw pulp as received from the Masonite piant in an ave r age of 

between 11.0 and 12.0 seconds, f ive readings being taken . I 

found it quite difficult to produce this stana.ard f1a 1ne, but 

once so regu1ated I round it qu ite satisf~etory . 

"" At first, my procea,te was to p1ace the burner in 

pusition , then to place the wi re gauze con~aing tne pulp-ball 

in position above it, but tne reau1te varied wide.Ly . The 

method which f1na11y adopted was as follows: I regulated my 

fiame to standard by adjusting air anct gas and testing the 

ignition time of standard untreated pul p by the procedure 

wnich I am now descriuing : I maae the pulp uv into tue usual 

ball, placed it in the center of the wire gauze, slid the 

burner 1nto position be~ow it as rapidly as posibLe 1 ithout 

caus ing the rLame to waver, pressing the starter of a tenth -
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second SvOJ,J-watch tu!::3 instant 1.,nat the buruer reached position, 
I 

aua stopping the watch the instant that the pu1~ burst into a 

free r .Lame, s1,.1arks belng disregarued. The time recorded by tne 

stop- , atch I cat1ed the 1gnit1un time of the pu.1p. I round that 

to oota.1n tne correct ignition tiu,e or' any pul1-1 1 t was essen

tial t.c1at tne pulp-ball be p.1aced in exact position on the 

wire gauze so tnat tne not - air currents shou.10 oe ~ne same on 

aLl sides or the bai l . Furthermore , I found that , altho I 

carried out all experiments ln t.h.e hood, cLosed O!l three sict.es, 

it was necessary to have all nearby windows and doors closed 

and to st.a.nu uack away i't·ow the burner whd:le tirn1ng, so tnat 

my breath did not cause the fiame to waver . 

The above is a d~sur1ption or tne procect.ure whiuh I 

emplo.Yed in testing tne !'lammabilit.y 01 a11 loose pulp. I wa1:1 

unable to devise an accurate method ro~ t.lmtng the ignition of 

01ocks of iini sh.ed wallboard, etc . 

SOME .PRELIMINARY EX.PERIM-SNTS 

I made up a solution of 0 .100 gram of (NH4 )H2 P04 in 

200 Ml. of water and soaked 10 . 000 gr ams of dried pulp in it 

for five days. At the same time, I soaked 1 . ooo grams of 

dried pulp in 200 Ml . of pure water for five days . At the end 

of thi s time , I filtered each by suction anct. aried eacn in t ne 

oven at 115w c for two hours. I collected _.5 Ml . of the fil

trate rrom the treated pulp in a smal l test tube in another 

similar test tub~, I placed 2 . 5 Ml . of a solution or (NH4 )H2 P04 

identical wi tb. t t1a t into · which I na.d placed bhe pulp . To each 

test tube I added the same amount. or Magnes ia mixture and 
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ammonium hy~rox1de and let tne precipitate settle for 24 hour ~. 

At tne ena. of this time, tne votume or precipita t e was greater 

1n the test tube which nad con~a1ned tne r11tra te from the 

wooa pulp. Altho I am unable to a ccount I'or tne excess volume , 

it wa s evia.ent that the amount or ad sorpt ivn 01 tne ( NH 4 )H2 f'04 

by the wood pulp was negligib1e 1r a t all. 

I ti~ed tne i~nl~lon or 20 balls or pulp from ~ne 

oatch soaked ln l,ne (NH4 )H2Po. so1ut1on , 20 oa11s from tne 

batch soaked in pure wai..er, ana ~O oa11s Ir-um t ue ua tch o r 

plain pulp wnlch had. not oe en we t, but had been dri ed in the 

oven also at 115 °C for t wo hou rs. All three batches had been 

cooled i n de s s1catora . I used the same flame ror each oa tch, 

tho it was not my conventional standa rd . The results are 

displayed in the rol l ow1ng table s · 1n seconds : 

Ordinary pulp Soaked pulp Treated pu l p 

4 . 2 6 ,;, ·~ 5. 6 
8 . 1 4 . 2 ;.7 
4.6 4.9 3 . 9 
5.7 7.0 4 . 1 
5.4 3.6 4 . 8 
6.8 3.8 8 . 6 
4 . 6 7 . 8 7 . 7 
5.5 9.4 6. o 
4. /.j. 4 . ?. 4.2 

11.8 5. 7 9.4 
5.5 7.0 7 . 6 
7. 5 4.o 'I .? 
6 .4 4 .4 5 . 8 
5. 9 . 1 3 . 9 
5. 7 7. 9 4 . 0 
Y.O 5. 0 8 . 4 
7. 2 4.6 4.o 
4 .3 6 .? 4 . ~ 
5. 8 4 . 0 4 . 5 
3 . 9 3 . ts 5 . 0 

IA:e ans: 6 . 0 5. 6 5. 6 
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It is evident from these means that , if anything , soaking 

in such a dilute solution of ( NH4 )H2P04 makes the pulp 

still more flammable . 

I cut some "Structual I nsul at ion " into small 

blocks about three centimeters square , and treated them in 

the following ways : 

(1) - I left untr e at ed . 

( 2 )- I smeared a 36% solution of sodium silicate over 
a ll six sides , wetting them thoroly . 

(3)- I wet with a 36% so l ut ion of potass i um silicate . 

(4)- I we t with sodium silicate and sprayed with 
hydroc1loric acid . 

(5)- I sprayed with sodium silicate solution and wet 
with hydrochloric acid . 

(6) - I sprayed with sodium silicate solution . 

(7)- I sprayed with sodium s ilicate solution and wet 
with al coho 1 . 

(8) - I wet with alcohol , then with hydrochloric acid , 
and sprayed with sodium silicate so lut ion . 

( 9 ) - I sprayed with tt Ar aclor 1268 " ( a chlorinated di 
phenyl) solution in toluene , 200 grams of Araclor 
per liter of so l u tion . 

(10)- I sprayed with a solution of (NH4 )H2Po 4 , 250 grams 
per liter o f solution . 

I dried each thoroly in the oven at 115 degrees centigrade . 

(1 ) burned readily with a free flame , but when this was 
blown out , the live sparks soon died out . 

(2) had a hard , transparent , glossy surface , and could 
be ignited neither to a flame nor to a free spark , 
tho the combustible gasses were distilled out and 
burned when a flame ras held constantly below it 
for some time . 

(3) had a hard surface , dar ker than (1) , but not 
glossy , and acted toward a flame as did (2) . 
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(4) was l ight colored , ha~d and s tiff , but not g l ossy , 
having a uniforn coating inside t he s urface . I t 
burned readily with a f r e e flame , and when this was 
blown out , burned easily with a fre e spark . 

(5) had a rough , scaly coating , e asily r ubbed o ff . I t 
burned as did ( 4 ) . 

( 6 ) looked and acted toward a fl ame as did (2). 

(7) charred very e as ily and burned with a live s p ark , 
but would no t give a fr ee flame . 

(8) looked like ( 5) except t hat i t was badly sw e lled . 
I t burned as di d ( 4 ) . 

( 9 ) burned even more readi ly than (1) , and woul d not 
h old a live spark even momentarily . 

(10 ) would not g ive a fr ee flame , but soon cracked open 
and and burned comple t e ly inside by spark l eaving 
only the six black crusts th a t were the sides . 

I f ound the fo llowi ng to be some o f the physical 

prop ert i es of Araclor 1268 : 

Me lting p oint : 130°c to 200°c 

Boiling p oint : Above 360°c 

Solubility in water : Practically insoluble 

Solubility in alcohol : Practi cally insoluble 

So lubi l it y in ace tone : Ve ry s light ly solub l e 

So l ubi l ity in e t her : S lightly soluble 

So l ub ility in Benzene : S o l ub le 

So l ubility i n Toluene : Very s o luble 

So lubility in Paraffin oil : Solub le in all proportions in 
hot , but insolub l e in cold . 

The so l ubi lity in al l the above Organic s o lvent s i s in c r eased 

by heat ng , but the Arac l or is reprecip i tated on cooling . 

Ar aclor 1268 i s odor le ss and a l most colorless , melt i ng t o an 

amber-color~d :liquid which d arkens on f u r ther heating . 
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COMPARATIVE EXPERI MENTS 

Using a 36% solution of so dium sil i cate (Sp . Gr . 

= 1.385), I made up the f ollowi ng solutions , :p laced 1 . 00 

gram of dried pulp in each in a 50 ml . beaker bearing its 

number, and allowed to stand on my desk for several days 

until the volume of solution in each beaker had evaporated 

to about 15 ml . 

No . 

1 . 

2 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 

10 . 

11 . 

12 . 

13 . 

14 . 

15 . 

16 . 

Ml. of 
36% sol . 
added 

o.o9 

0 . 11 

0 . 13 

0 . 16 

0 . 18 

0.20 

0 . 22 

0 . 44 

0 . 67 

0 . 89 

1 . 11 

2 . 22 

o.oo 

Gm. of 
Na2Si03 
conte.ined 

0 . 01 

0 . 03 

0 . 04 

0 . 05 

0 . 06 

0 . 07 

0 . 08 

0 . 09 

0 . 10 

0 . 20 

0 . 30 

0 . 40 

0 . 50 

1 . 00 

o.oo 

Ml . of Approx . 
Water ml . sol . 
added at start 

25 25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

24 

24 

24 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

Gms . 
pulp 
added 

1.00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1.00 

1 . 00 

1 . 00 

1 . 00 

1.00 

1 . 00 

1 . 00 

1 . 00 

Appr ox . 
ml. sol . 
at end 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

I filter ed each by suction and dried each on its 

number ed watch - glass in the oven at 115°c for two hours . My 

fir s t attempt at timing the ignition of these samples wa s 
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disregarded because the pulp balls were not placed upon the 

wir e gauze with sufficient accuracy . However , I s till had 

enough of each sample l eft to repeat the tests using a mean 

of three bal ls instead of five as I h ad i ntended. Below is 

g i ven the time in seconds between the instant ef placing 

the burner and the instant at which a fr ee flame appeared 

on the pulp , i . e ., standard conditions (pages 4 and 5 of 

this thesis) : 

No . 

16 . 

1 . 

2. 

4 . 

5 . 

6 . 

7 . 

8. 

10. 

11. 

12 . 

13 . 

14. 

15 . 

Gms . Na2sio3 First Second Third Mean Relative 
per gm. pul~ ball ball ball time ' time 

o.oo 8.2 11 . 8 14 . 2 11.4 o.o 
0 . 01 12.0 10 . 0 13 . 4 11.8 0 . 4 

0 . 02 12 . 6 11 . 0 12 . 8 12.1 0 .7 

0.03 11.0 13 . 6 12 .4 12 . 3 0 . 9 

0 . 04 12 . 2 12.0 15 .4 13.2 1.8 

0 . 05 12 . 8 15.0 13.8 13 . 9 2.5 

0 . 06 11 . 0 18.2 14 . 4 14.5 3 . 1 

0 . 07 12.6 15 . 0 20 . 8 16 .1 4.7 

0 . 08 18 . 4 ( * ) 15. 6 l '7 . 0 5 . 6 

0.09 17 .8 20 . 2 15 . 0 17.7 6 . 3 

0 .16 18.8 20 . 4 16 . 2 18 . 5 7 .1 

0 . 20 (*) 25 . 0 21.0 23 . 0 11 . 6 

0.30 32 . 8 (*) (*) (*) (*) 

0 . 40 * * * * * 
0 . 50 * * * * * 
1 . 00 * * * * * 

Symbols : *= Caught a spark and burned comp lete ly without 
a flame at all 

() - Disregarded in the mean and relative time 
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I dissolved 20 . 000 grams of Araclor 1268 in tolu

ene and made the solution up t o 100~0 ml . As i n the preced

ing experiment , I made up the f ollowing solutions , placed 

one gr im. of pulp in each , and let the solution evaporate 

over a period of several days . 

No . 

17. 

18 . 

19 . 

20 . 

21 . 

22 . 

23 . 

24. 

25 

26 

27 

28 

29 

30 

31 

32 

Ml . of 
solut i on 
added 

o.oo 

o.o5 

0 .10 

0 . 15 

0 .20 

0 . 25 

0 . 30 

0.35 

0 . 40 

0 . 45 

0 . 50 

1 . 00 

1 . 50 

2 . 00 

2 . 50 

5 . 00 

Gm. of 
Araclor 
contained 

o.oo 

0 . 01 

0.02 

0 . 04 

0 . 05 

0 . 06 

0 .07 

o.os 

0 . 0 9 

0.10 

0 . 20 

0 . 30 

0 .40 

0 . 50 

1 . 00 

Ml . of 
Ac etone 
added 

25 

25 

25 

25 

25 

2 5 

25 

25 

25 

25 

24 

23 . 5 

23 

22 . 5 

20 

Approx. 
ml. sol . 
at start 

25 

25 

25 

25 

25 

25 

25 

2 5 

25 

25 

25 

25 

25 

2 5 

25 

25 

Gms. 
pulp 
added 

1.00 

1.00 

1.00 

1.00 

1 .00 

1.00 

1.00 

1 . 00 

1.00 

1.00 

1 .00 

1.00 

1 . 00 

1 . 00 

1.00 

1.00 

Approx. 
ml . sol . 
at end 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I dried each on its numbered watch-glass in the 

oven at 115°c for two hours , and made the fo llowing igni 

ti on t ests under standard condit ions . Time is in seconds : 

{ 13) 



First Second Third Fourth Fifth Me an Re l ative 
Uo . ball ball ball ball bal l time time 

17 . 15 . 4 13 . 0 11 . 4 10 . 0 8 . 4 11 . 6 oo .o 

18 . 11 . 4 11 . 0 13 . 8 12 . 6 10 . 2 11 .8 . 2 

19 . 11 . 6 13 . 2 14 . 2 10 . 6 11 . 0 12 . 1 . 5 

20 . 10 . 0 14 . 8 10 . 8 13 . 0 13 . 6 12 . 4 . 8 

21 . 11 . 2 13 . 8 14 . 0 10 . 6 14 . 0 12 . 7 1 .1 

22 . 14 . 8 13 . 8 14 . 0 12 . 8 12 . 8 13 . 4 1 . 8 

23 . 13 . 8 14 . 0 14 . 0 10 . 2 15 . 6 13 . 7 2 .1 

24 . 14 . 0 14 . 0 (24 . 0) 12 . 0 14 . 2 13 . 5 1 . 9 

25 . 13 . 8 15 . 0 13 . 0 14 . 2 14 . 0 14 . 0 2 .4 

26 . 14 . 4 14 . 0 13 . 0 14 . 0 16 . 2 14 . 3 2 . 7 

27 . 15 . 0 14 . 2 15 . 8 15 . 0 13 . 8 14 . 8 3 . 2 

28 . 15 . 0 16 . 0 20 . 0 18 . 6 16 . 0 17 . 1 5. 5 

29 . 16 .8 18 . 6 18 . 4 25 . 6 18 . 0 19 . 5 7 . 9 

30 . 16 . 2 20 . 8 22 . 0 24. 6 19 . 4 22 . 6 11 . 0 

31 . 24 . 2 28 . 6 20 . 2 26 .8 20 . 6 24 . 0 12 . 4 

32 . 45 . 6 59 . 2 37 . 2 45 . 8 44 . 2 46 . 5 34 . 9 

Symbol : ( : Disregarded in mean and relative time . 

I t i s a character istic of th i s pulp that it woul d 

never catch a live spark nor even darken unti l apparently 

all of the Araclor distilled out l eaving the untr eated 

pulp , which t h en burned with a free f l ame . This is in strong 

contrast with the pulp treated with sodium si l icate , which 

was easily charr 'ed and r eadily acquired a live spark . An

other feature of pulp treated with Araclor is that in all 

t he above samples except the last two , the pulp looks and 

f eels like untreat ed pulp . 
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Using the same 36% solution of sodium silicate 

that I used in samples 1 - 16, I made up the follow ng 

solutions (identica w th numbers 1 - 16J , and after adding 

1 . 00 gram of pulp to each , I stirred each and l eft them 

for several days until the volume of solution in each had 

evaporated to about 15 ml . : 

No . 

33 . 

34 . 

35 . 

36 . 

37 . 

38 . 

39 . 

40 . 

41 . 

42 . 

43 . 

44 . 

45 . 

46 . 

47 . 

48 . 

Ml . of 
36% sol . 
added 

o.oo 

0 . 02 

0 . 04 

0 . 07 

0 . 09 

0 . 11 

0 . 13 

0 . 16 

0 . 18 

0 . 20 

0 . 22 

0 . 44 

0 . 67 

0 . 89 

1 . 11 

2 . 22 

Gm. of 
Na Si03 
cofttained 

o.oo 

0 . 0 1 

0 . 02 

0 . 03 

o.o4 

0 . 05 

0 . 06 

0 . 07 

o.os 

0 . 09 

0 . 10 

0 . 20 

0 . 30 

0 . 40 

0 . 50 

1 . 00 

Ml . of 
water 
added 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

24 

24 

24 

23 

Approx . 
ml . sol . 
at start 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

Gms . 
pulp 
added 

1 . 00 

1 . 00 

1 . 00 

1. 00 

1 . 00 

1.00 

1.00 

1 . 00 

1.00 

1 . 00 

1 . 00 

1.00 

1.00 

1.00 

1 . 00 

1 .00 

Approx . 
ml . sol . 
at end 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

I filtered each by suction and replaced the samples 

in their beakers . I added 15 ml . of a very weak solution of 

HCl to each , st rred each well and let stand for four hours . 

I then filtered each again by suction and dried them n the 

( 16) 



oven at 115°c for two hours . The samples were now so brit 

tle that they fell to a powder when I tried to make balls 

out of them for the ignition tests . I wet some of the pulp 

and made a ball of it. but after drying , it could not be 

picked up without falling to a oowder . Thus, ignition tests 

were impossible . 

I repeated the above identically except that 

instead of filtering the pulp from the 15 ml . of Na2Si03 

solution and then adding HCl to the pulp , I added just 

enough HCl to the 15 ml . of solution containing the pulp 

to make it ac d to litmus . I stirred each and left them 

standing fofour hours . I then tested each again with litmus 

and found them still acid ; so I filtered them by suction 

and dried them in the oven at 115°0 for two hours on their 

watch- glasses numbered 33 - 48 , inclusive . The pulp was now 

veTy brittle , but not t ~o brittle for me to make balls o f 

it . Using standard flame and method , I obtained the fol

lowing ignition times in seconds : 

First Second Third Fourth Fifth Mean Relative 
No . ball bal l ball ball ball time time 

33. 12 . 5 12.0 11 . 0 11 . 3 12 . 2 11 . 8 oo .o 
34 . 10 . 2 11.3 12 . 4 13 . 0 12 . 5 11 . 9 . 1 

35 . 11 . 7 12 .3 12 . 2 10 . 6 11 . 8 11 . 7 - • • 1 

3 6 . 10 • 2 11. 4 13 • 0 11 . 4 12 • 0 11 . 6 - • 2 

37 . 13 . 1 11 . 9 11 . 7 10 . 2 12.4 11 . 9 . 1 

38 . 11 . 9 12 . 4 13 . 1 11 . 8 11 . 3 12 . 1 . 3 

(Continued on the next page) 
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(Continued from previous page ) 

First Second Third Fourth Fifth Mean Relative 
No . ball ball ball ball ball time time 

39 . 14 . 0 11 . 1 12 . 6 12 . 7 11 . 0 12 . 3 . 5 

40 . 12 . 8 13 . 0 10 . 7 15 . l 11 . l 12 . 5 . 7 

41 . 11. 4 11 . 3 12 . 4 12 . 9 16 . 0 12 . 8 1 . 0 

42 . 11 . 7 12 . 0 15 . 2 14 . 3 10 . 4 12 . 7 . 9 

43 . 12 . 3 10 . 0 13.3 12 . 6 16 . 3 12 . 9 1 . 1 

44 . 15 . 7 14 . 0 11 . 3 16 . 6 15 . 7 14 . 7 2 . 9 

45 . 16 . 3 15 . 9 16 . 2 13 . 6 17 . 2 15 . 2 3 . 4 

46 . 17 . 3 17 . 0 17 . 2 14 . 3 16 . 7 16 . 5 4 . 7 

47 . 13 . 5 19 . 3 18 . 7 17 . 0 14 . 0 17 . 7 5 . 9 

48 . 18 . 5 16 . 3 14 . 3 19 . 6 21 . 8 18 . 6 6 . 8 

• Only in sample 48 was the silicic acid visible, 

as a white incrustation . Al l samples charred easily , he l d 

a live s oark easily , and as the above table shows , burned 

with a free flame easily , tho not as readi ly as the un

treated pulp in most samples . The negative values in the 

"Relative time " column are probably due to experimental 

error . A gr aphic representation of the flammability of 

numbers 33 - 48 is shown on p age 19 of this thesis . 

I made up an aqueous solution of (NH4 )H2Po4 

containing 25 . 000 grams of (NH4 )H2Po4 in 100 . 0 ml . of 

solution . From this solution , I measured out the following 

amounts of (NH4)H2P04 in a series of beakers numbered 49 -

65 , number 64 being of a concentration hitherto omitted 

from the series . I adde 1 •. 00 gram of dried pulp to each 

( 18) 
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beaker , stirred each thoroly , and left standing for se~eral 

days until the volume of solution in each beaker had evapo

rated to about 15 ml .: 

No . 

49 . 

50 . 

51 . 

52 . 

53 . 

54 . 

55 . 

56 . 

57 . 

58 . 

59 . 

60. 

61 . 

62 . 

63 . 

64 . 

65 . 

Ml . of 
so l . 

added 

o.oo 
o.o4 

o.os 

0 . 12 

0 . 16 

0 . 20 

0 . 24 

0 . 28 

0 . 32 

0 . 36 

0 . 40 

0 . 80 

1 . 20 

1 . 60 

2 . 00 

3 . 00 

4 . 00 

Gm. of 
(NH4 )H2P04 
contained 

o.oo 

0 . 01 

0 . 02 

0 . 03 

0 . 04 

0 . 05 

0 . 06 

o.os 
0 . 09 

0 . 10 

0 . 20 

0.30 

0 . 40 

0 . 50 

0 . 75 

1 . 00 

Ml . of Approx . 
water ml . sol . 
added at start 

25 25 

25 25 

25 25 

25 25 

25 25 

25 25 

25 25 

25 25 

25 25 

25 25 

25 25 

24 25 

24 85 

23 25 

23 25 

22 25 

21 25 

Gms . 
pulp 
added 

1 . 00 

1 . 00 

1 . 00 

1.00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1~00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

Approx . 
ml . sol . 
at end 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

I filtered each by suction and dried tnem on their 

numbered watch-glasses in the oven at 115°c for two hours . 

After allowing them to cool , I obtained the following igni

tion times for the samples . I used the standard flame and 

method , and recorded the time n seconds : 

(20) 



First Second Third Fourth Fifth Mean Relative 
No . ball ball ball ball ball time time 

49 . 12 . 4 12 . 4 10 . 2 11 . 0 11 . 6 11 . 5 oo .o 
50 . 9 . 8 15 . 6 9 . 0 11 . 4 11 . 6 11 . 7 . 2 

51. 11 . 0 12 . 5 11 . 2 10 . 8 12 . 0 11 . 5 .o 
52 . 11 . 9 9 .6 14.8 14 . 2 10.0 12 . 1 .6 

53 . 20 . 3 16.4 11 . 0 15 . 1 9 . 5 14 . 5 3 . 0 

54 . 15 . 9 11 . 4 14 . 8 16 . 7 15 . 6 14 . 9 ~ . 4 

55 . 10 . 0 16 . 4 11 . 8 18 . 8 18 . 0 14 . 8 3 . 3 

56 . 15.4 19 . 3 17 . 7 11 . 5 14 . 0 15.6 4 . 1 

57 . 12 . 5 15 . 0 17 . 3 16 . 2 17 . 0 15 . 6 4 .1 

58 . 14 . 3 17 . 3 15 . 4 14. 8 15 . 5 15 . 5 4 . 0 

59 . 18 . 3 19 . 0 10.2 16 . 5 17 . 0 16 . 2 4 . 7 

60 . 17 . 5 15 . 5 16 . 4 16 . 6 16 . 5 16 . 5 5 . 0 

61 . 19 . 4 22 . 7 30 . 2 25 . 0 22 . 4 23 . 9 12 . 4 

62 . 22 . 0 25 . 2 25 . 0 24 . 0 24 . 3 24 . 0 12 . 5 

63 . 23 . 0 26 . 2 (*) 25 . 0 25 . 2 24 . 8 13 . 3 

64 . 29 . 6 (*) (*) 30 . 2 (*) 29 . 9 18 . 4 

65 . * * * * * * * 
Symbols : 

I 
*=Burned completely by spark without any 

flame . 

(): Di sregarded in me an and relative time . 

As indicated above , these samples showed a ten-

dency to catch a live spark when the amount of Ammonium 

phosphate was too much to permit a free flame . This was 

not as marked as with the samples t reated with sodium 

silicate , however . 

( 21 ) 
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I measur ed out accurately 17 . 20 ml. of an 85% 

solution of H3P04 (Sp. Gr .= 1 . 710) and diluted it with 

water to exactiy 100 . 0 ml . of solution . This gives a solu

tion of 25 . 0 grams of H3P04 in 100 . 0 ml . of solution . 

Into beakers numbered -66 - 82 , I measured out the 

following amounts of R3P04 , diluted t o 25 ml . each , added 

1.ee gram of dried pulp , and left standing for several 

days until the volume of solution in each beaker had evap -

orated to about 15 ml .: 

No . 

66 . 

67 • 

68 . 

69 . 

70 . 

71 . 

72 . 

73 . 

74 . 

75 . 

76 . 

77 . 

78 . 

79 . 

80 . 

81 . 

82 . 

Ml . of 
85% sol . 
added 

00 . 00 

0 . 04 

0 . 08 

0 . 12 

0 . 16 

0 . 20 

0 . 24 

0 . 28 

0 . 32 

0 . 36 

0 . 40 

0 . 80 

1 . 20 

1.60 

2.00 

3 . 00 

4 . 00 

Gm . of Ml . of 
H3P04 water 
contained added 

00 . 00 25 

0 . 01 25 

0 . 02 25 

0 . 03 25 

0 . 04 25 

0 . 05 25 

0 . 06 25 

0 . 07 25 

o.os 25 

o.o9 25 

0 . 10 25 

0 . 20 24 

0 . 30 24 

0 . 40 23 

0 . 50 23 

o . 75 22 

1 . 00 21 

(23) 

Approx . 
ml . sol . 
at start 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

2 5 

25 

25 

25 

25 

25 

25 

Gms . 
pulp 
added 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1.00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

Approx . 
ml . sol . 
at end 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 



I filtered each by suction , dried them in the 

oven at 115°c for two hours , and under standard conditions 

obtained the following ignition times in seconds : 

First Second Third Fourth Fifth Mean Relative 
No . ball ball ball ball ball t me time 

66 . 11 . 0 10 . 6 12 . 0 12 . 2 12 . 8 11 . 7 oo .o 
67 . 12 . 8 10 . 5 12 . 2 12 . 6 11 . 4 11 . 9 . 2 

68 . 10 . 0 13 . 4 13 . 0 12 .0 11 . 5 12 . 0 . 3 

69 . 13 . 0 12 . 4 12 . 0 11 . 6 11 . 6 12 . 1 . 4 

70 . 11 . 2 14 . 0 13 . 3 12 .0 11 . 12 . 4 . 7 

71 . 14 . 3 11 .0 12 . 4 13 . 3 13.2 12 . 8 1 . 1 

72 . 14 . l 14 . 9 11 . 2 12 . 2 14 . 7 13 . 3 1 . 6 

73 . 12 . 0 16 . 1 15 . 0 13 . 7 13 . 2 14 . 0 2 . 3 

74 . 11 . 2 19 .0 16 . 2 14 . 6 12 . 5 14 . 7 3 . 0 

75 . 15 . 3 16 . 8 16 . 2 12 . 2 17 . 3 15 . 5 3 . 8 

76 . 16 .0 22 . 2 13 . 0 14 . 2 16 . 5 16 . 4 4 . 7 

77 . 13 . 2 29 . 3 18 . 4 22 . 0 17 . 3 20 . 0 8 .3 

78 . 29 . 5 28 . 2 (*) (*) 29 . 0 28 . 9 17 . 2 

79 . (*) (* 39 . 3 (*) (*) 39 .3 27 . 6 

80 . * * * * * * * 
81 . * * * * * * * 
82 . * • * * * * * 
Symbols : * - charred completely without flame 

() - Disregarded in mean and relative time 

Because of the dehydrating action of concentrated H3Po4 , 

the last five samples were slightly charred while drying , 

and all of them more quickly than normal while being tested. 

(24) 
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I weighed out 25 .00 grams of (NH4) 2co3 •H20 and 

immediately dissolved it in cold water , making the solution 

up to 250 ml . Using this solution , I made up the following 

solutions in beakers numbered 83 - 99 . To each solution , I 

added 1 . 00 gram of dried wood pulp , stirred thoroly , and 

left on my desk :t!or several days until the volume of 

solution in each beaker had evaporated to about 15 m • . . 
Ml. of Gm . of 1 . of Approx . Gms . Approx. 

sol . (NH4 ~co~ •H20 water ml . sol . pulp ml . sol . 
No . edded conta ne added at start added at end 

83 . 00 . 00 00 . 00 25 25 1.00 15 

84 . 0 . 10 0 . 01 25 25 1 . 00 15 

85 . 0 . 20 0 . 02 25 25 1 . 00 15 

86 . 0 . 30 0 . 03 25 25 1.00 15 

87 . 0 . 40 0 . 04 25 25 1 . 00 15 

88 . 0 . 50 0 . 05 24 . 5 25 1 . 00 15 

89 . 0 . 60 0 . 06 24 25 1 . 00 15 

90 . 0 . 70 0 . 07 24 25 1 . 00 15 

91 . 0 . 80 0 . 08 24 25 1 . 00 15 

92 . o . 90 0 . 09 24 25 1 . 00 15 

93 . 1 . 00 o . 10 24 25 1 . 00 15 

94 . 2 . 00 0 . 20 23 25 1 . 00 15 

95 . 3 . 00 0 . 30 22 25 1 .. 00 15 

96 . 4 . 00 0 . 40 21 25 1 . 00 15 

97 . 5 . 00 0 . 50 20 25 1.00 15 

98 . 7 . 50 0 . 75 17 . 5 25 1 . 00 15 

99. 10 . 00 1 . 00 15 25 1 . 00 15 

I filtered each by suction , dried them in the 

( 26) 



oven at 115°c for two hours, and under standard conditions , 

obtained the following ignition times i n seconds : 

First Second Third Fourth Fifth Mean Relative 
No . ball ball ball ball ball time time 

83 . 11.5 12 .0 11 . 6 11 . 2 11 . 3 11 . 5 oo.o 

84 . 11.0 10 .8 11 . 8 10 . 9 11 . 6 11 . 2 - . 3 

85 . 11 . 3 11 . 7 11 . 6 11 . 8 10.8 11 . 4 -.1 

86 . 11.2 10.9 12 . 0 11 . 5 11 . 8 11.5 o.o 
87 . 12 . 5 12 . 0 11 . 3 11 . 1 10 . 0 11.4 - . 1 

88 . 11.1 11 . 2 10 . 9 12.1 11 . 1 11 . 3 - . 2 

89 . 11. 8 11 . 5 11 . 6 10 . 8 12 . 3 11 . 6 . 1 

90 . 12 . 2 11 . 6 10 . 1 11 . 3 11. 5 11 . 5 o.o 
91 . 11 . 0 11 . 4 11 . 6 10.6 10 . 7 11 . 3 -. 2 

92 . 12 . 1 11 . 9 11 . 2 12 . 0 10 . 7 11 . 6 . 1 

93 . 11 . 5 11 . 7 11 .1 12 .0 12 . 4 11 . 7 .2 

94 . 11 . 4 11 . 8 11 . 6 12 . 3 12 . 4 11 . 9 . • 4 

95 . 13 . 0 12 . 8 12 . 9 12 . 1 11 . 6 12 . 5 1 . 0 

96 . 13 . 2 12 . 5 12.9 11.8 13 .2 12 . 7 1 . 2 

97 . 12 . 3 14 . 0 11 . 9 12 . 8 13 . 5 12 . 9 1 . 4 

98 . 13 . 3 13 . 5 13 . 3 13 . 4 13 . 8 13 . 5 2 . 0 

99 . 16 . 0 14 . 8 13 . 2 14 . 8 15.9 14 . 9 3 . 4 

The negative figures were probably due to exper

imental error and to the fact that a large amount of the 

Ammonium carbonate had already decomposed in the oven 

while being dried . The pulp was odorless, and looked like 

untreated pulp . Except for th e slight difference in time , 

it burned like untreated pulp . 

(27) 
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I we i ghed out 5 . 000 grams of Na2W04 • 2H2o, dissol

ved it in water, and made up to exactly 50 . 0 ml . of solu

tion . Using this solution, I made up the following in 

beakers numbered 100 - 116 . To each solution , I added 1 . 00 

gram of dried pulp , stirred thoroly , and left on my desk 

for several days until the volume of solution in each 

beaker had evaporated to about 15 ml .: 

No . 

100 . 

101 . 

102 . 

103 . 

104 . 

105 . 

106 . 

107 . 

108 . 

109 . 

110 . 

111. 

112 . 

113 . 

114 . 

115 . 

116 . 

Ml. of 
sol . 

added 

o.oo 
0 . 10 

0 . 20 

0 . 30 

0 . 40 

0 . 50 

0 . 60 

0 . 70 

o.ao 

0 . 90 

1 . 00 

2 . 00 

3 . 00 

4 . 00 

5 . 00 

7 . 50 

10 . 00 

o.oo 

0 . 01 

0 . 02 

0 . 03 

0 . 04 

0 . 05 

0 . 06 

0 . 07 

o.os 

0 . 09 

0 . 10 

0 . 20 

0 . 30 

0 . 40 

0 . 50 

0 . 75 

1 . 00 

Ml . of 
water 
added 

25 

25 

25 

25 

25 

24 . 5 

24 

24 

24 

24 

24 

23 

22 

21 

20 

17 . 5 

15 

Approx . 
ml . sol . 
at start 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

Grns . 
pulp 
added 

1 . 00 

1 . 00 

1 . 00 

1 . 0 0 

1 . 00 

1 . 00 

1 . 0 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

.1 . 00 

1 . 00 

1 . 00 

1 . 00 

1 . 00 

Approx . 
ml . sol . 
at end 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

I filtered each by suction , dried them in the 
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oven at 115°C for two hours , and under standard conditions 

obtained the following ignition times in seconds : 

First Second Third Fourth Fifth Mean Relative 
No . ball ball ball ball ball time time 

100 . 10 . 2 13 . 3 10 . 3 11 . 6 12 . 2 11 . 5 o.oo 
101 . 10 . 8 11 . 0 13 . 2 12 . 0 11 . 1 11 . 6 . • 1 

102 . 11 . 6 11 . 9 12 . 3 11 . 2 11 . 9 11 . 8 . 3 

103 . 12.0 12 . 1 11 . 6 11.5 11 . 3 11 . 7 . 2 

104 . 11 . 6 12 . 7 11 . 8 12 . 1 11.1 11 . 9 . 4 

105 . 11. 6 12 . 1 12 . 7 11 . 9 12 . 8 12 . 2 . 7 

106 . 12 . 0 11 . 8 11 . 9 12 . 9 14 . 6 12 . 6 1 . 1 

107 . 14 . 1 13 . 4 12 . 8 13 . 2 11 . 5 13 . 0 1 . 5 

108 . 13 . l 13 . 8 13 . 2 14 . 6 12.6 13 . 5 2.0 

109 . 13 . 9 13.8 13 . 2 13 . 6 13 . 9 13 . 7 2 . 2 

110 . 13 . 7 13 . 6 13 . 7 14 . 2 14 . 3 13 . 9 2 . 4 

111 . 15 . 2 15 . 0 15 . 2 16 . l 16 . 2 15 . 7 4 . 2 

112 . 18 . 0 18 . 3 17 . 0 17 . 5 17 . 8 17 . 7 6 . 2 

113 . 20 . 0 19 . 2 17 . 4 20 . 6 80 . 1 19 . 5 8 . 0 

114 . 22.0 24 . 5 19 . 0 19 . 4 (*) 21 . 2 9 . 7 

115. 23 . 5 22 . 9 (*) 23 . 0 24 . 1 23 . 3 11 . 8 

116 . (*) 28 . 0 30 . 7 28 . 3 (*) 29 . 0 17 . 5 

Symbols : * - Burned entirely by spark without flame . 

() : D sregarded in mean and relative time . 

This pulp was odorles s, and felt like untreated 

pulp, but shaded off from the normal tan color to an even 

olive green in number 116 . Except for the difference in 

time, it burnes as does untreated pulp . 

(30) 
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CONCLUSIONS 

An examination of the graphic summary shows that 

Sodium silicate is the most effect ive fireproof ng agent 

encountered during these experiments. Such a conclusion as 

that, however, is recognized as unsound and false when we 

recall that,of all the samples tested , the pulp treated with 

sodium silicate caught a live spark most readily and burned 

most easily without a free flame . As a flameproofing agent , 

Sodium silicate is without doubt the most effective of all 

those tried , but for the purpose of making the pulp less 

combustible , it is far from the best when added to the 

loose pulp . Sodium silicate must not be condemned , however , 

as useless for fireproofing , for "s tructual Insulation', 

coated with a layer of Sodium silicate or potassium silicate , 

was as incombustible as brick) excep t for the gasses which 

d stilled out of it when heated for a long time . As a 

coating , Sodium and Potassium silicates gave almost perfect 

results , but showed up poorly as a fireproofing agent in 

loose pulp . 

Phosphoric acid shows up second best in the 

graphic summary, but is probably more use less than nothing 

at all , for it reacts with the pulp , makes it brittle , and 

chars it even at 115°c . Its action upon the pulp resembles 

that of concentrated sulfuric acid . 

Leaving the next three in the order of the graphic 

summary until last, let us look at the last two for a mom

ent : Silicic acid (Na2sio3 + HCl) , and Ammonium carbonate . 

(33) 



It will be recalled that I had considerable dif

ficulty getting a pulp treated with silicic acid which 

could be made into balls for testing . It was the most brit

tle of all the samples , being reduced to a powder by the 

fingers . As the graph shows , the flame-retarding action of 

the silicic acid is not very great , and it shares with 

sodium silicate the property of holding a live spark in 

the fibers of the wood . The silicic acid is probably dehy

drated to silica at the temperature necessary for combustion . 

Ammonium carbonate is out of the question as a 

permanent fireproofing agent because it is not stable even 

at room temperature . It is probably all driven out as NH3 , 

co2 , and water before the temperature has reached the 

ignition temperature of unt reated pulp except when there 

is a large amount of the Ammonium carbonate present . 

Mono - ammonium phosphate , as well as I can inter 

pret its graph , shows up very favorably in compar i son with 

all the others mentioned so far . It will be remembered that 

Ammonium phosphate is mentioned and recommended by both the 

London County Council and by the National Board of Fire 

Underwriters of this country . My tests show that pulp 

treated with Mono-Ammonium phosphate has a slight tendenc 

to acquire a live spark , tho this may not be any more 

marked than in untreated pulp . The appear ce and physical 

condition of the treated pulp is normal , and as the graph 

shows , the flame-retardant action of the phosphate is 
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very noticeable . It is recommended by the writer as a very 

good , tho not the best, fireproofing agent-for loose pulp . 

The appearance and physical condition of pulp 

treated with Sodium tungstate is n al except that the 

color tends toward a beautiful olive green instead of the 

normal tan-buff . Altho its flame-retardant cti6n is not 

as strong as that of Ammonium phosphate , it is less prone 

to catch a live spark on being heated , tho it sometime 

does . I ts type of action as a fireproofing agent is very 

probably different from that of Ammonium phosphate . Ammon

iun phosphate s e ems to fireproof by giving off NH3 gas. 

Sodium tungstate , too , gives off a gas , H20 , at 100°0 . , 

but this probably helps very little . However , at 98°0 

Sodium t ungstate melt s, giving a film of non- reacting 

salt about the fibers . The residue from Ammomium phosphate 

is Phosphoric acid , whose act ion upon pulp has already 

been described . Sodium tungstate i s recommended by the 

wr ter as equal in value as a fireproofing agent to Ammon

ium phosphate . 

Araclor 1268 stands out from the foregoing tests 

as the best all-round fireproofing agent used in the tests . 

As a flameproofing agent , it ties with Ammonium phosphate , 

and has the advantage over Ammonium phosphate in that i t 

neither chars nor is in any other way affected by fire 

unti l all of the Araclor has distilled out . It even retains 

its normal color fo r a time notic e ably longer than pulp 
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treated with any other chemical used in these experiments . 

It will not catch a live spark even for an appreciable 

instant , if at all. After the pulp was treated with the 

Araclor , in those samples containing as much as 0 . 5 gram 

of Araclor per gram of pulp the Araclor was visible as a 

white wax on the pulp . However , when this pulp was heated , 

the pulp absorbed the excess Araclor, which did not re

appear after cooling . Pulp treated with Araclor 1268 , 

heated and cooled; has the normal color and appearance of 

untreated pulp. Contrary to being made more brittle , it is 

softened slightly. 

In vlew of the above facts , the writer recommends 

Araclor 1268 as the best all-round fireproofing agent of 

all the substances emp·loyed in these experiments . 
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