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THE DETERMINATION OF IGNITION TEMFERATURES
OF ORGANIC MATPFRIALS

INTRODUCTION

The ignition phenomenon has been the object of re-
search, study, and experimentation for over a century.
Investigators as early as 1813 (3) reported experiments
with the ignition of phosphorus, sulphur, end gunpowder,
while more recent work has been done on the ignition of
gases and of fuels such as coal and oil. As the danger
from dust explosions became apparent, the conditions
necessary for the explosion of &an alr and dust mixture
were investigated, and with the increasing importance
of plastics, tests are being made on the various types to
determine thelr ignition temperatures. Some tests have
been made on solid organic mmterials like paper, fabrics,
and wood, but ghara is much room for additional experimen=
tation.

Although an extenslive body of data has been acoumu~
lated, many of the resulte are inconclusive., PFlrst, there
is a wide divergence in the definitions of ignition as a
phenomenon and of the oritical temperature asscciated with
it, that is, the ignition temperature. Second, the
methods and apparatus used to determine the ignition tem-
perature have differed widely and have given widely diverw

siflied results. Third, there are always differences in



the materisls themselves, even in those of the same
general class.

A few of the various definitions of ignition
temperature, quoted by some authors, are as follows:
Beyersdorfer (2, p. £2568) states that it is an occure
rence which produces visible combustions Nernst (9, p.
773) says it is that temperature to which & part of the
system must be heated to cause combustion. Plenz (10, p.
478) defined it as the temperature at which fuel in cone
tact with air at the same temperature undergoes oxidation
et such a rate that marked temperature rise and produc~
tion of combustion result. Davis and Reynolds (4) stated
the definition simply as the temperature at which the
rate of generation of heat becomes greater than its rate
of &iaaip&tian under certalin fixed conditions. This
agrees fairly eieaeiy with the definition given by Brown
(3}s The ignition temperature is the temperature in the
combustible at which the rate of heat developed by the
reactions indueing lgnition just exceeds the rate at which
heat 1s dissipated by all causes, under the given condi-
~ tions. Deming (5, p. 24) defined the "kindling tempera-
ture” as thﬁ'tammawnturw at which oxidation becomes self-
supporting, and heat is given off fest enough to offset

the losses.
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The definition to be used in this peper agrees falrly
well with the last three mentioned. It cen be briefly
stated thus: The lgnition temperature is the temperature
at which the rate of heating in the substance being tested
exceeds the rate of heating induced by the external source
of heat applied, with combustion accompanied by glow or
flame as the ultimate result (the test being run under
certain fixed conditions). This implies that there is a

‘distinet difference between ignition ané inflarmability.
In fact, the factors which affect the inflammability or
ability of a substance to burn when once ignited may
affect the ignition temperature altogether differently
(12, p. 671). |

All of the above definitions assume that the require-
ments for ignition have been met. Brown (8) lists the re-
quirements for ignition, obtained from several references
(1, pe 153 7, ps 183 B, ps 6503 11, pe 136).

1) A combustible must be present. |

2) A source of oxygen, such as ailr, mnét be avﬁilw

able within certain concentrations relative to the
combustible.

7 3) Heat must be evolved as the net result of the
reaction, or reactions, producing active combustion.

4) The reactions must proceed more or less rapldly

over a certain temperature range.



5} The resction must be accelerated by a rise in
temperature.

6) A supply of energy, sufficient to ralse the
temperature of the reacting substances to the point

where the reaction becomes autogenous, 1s necessary.

Surveying these conditions, some of the pertinent veriables

become immediately evident. A few of these are: (1) Type
of combustible and preparation and size of sample; (2)
Condition of atmosphere and amount of air (if used) flowe
ing; (8) Heat radiation; (4) Place where temperature is
measured; (58) Method of designating ignition temperature;
(6) Heating rate imposed on sample and time of exposure.
For solid substences like paper, wood, and fabrics,
there iz avallable relatively little reliable data on
ignition temperatures. A few tests have been made, but
they do not begin to cover the wide fields In the interw
est of fire prevention as affecting public safety it is
desirable that more such reliable data be accumulated.
It was with thils thought in mind that Charles W, Harrison
(6) designed and built the apparetus which was used in the
determinations of ignition temperatures. The apparatus
was designed to give a wide varlety of conditions which
cculd be controlled easily and effectively to ﬁnyliaaﬁa
natural conditions in order to determine minimum possible

ignition temperatures.
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STATEMENT OF THE PROBLEM

Briefly stated, the problem was to obtain the igni-
tion temperatures of the classes of organic materials for
- which there was little data. For immediate tests, three
classes of materials were suggested: paper, wood, and
fabrics, all three being common combustible materials.
Emphasls was placed on an approach to values of minisum
poessible ignition temperatures rather than on the igni-
tion phenomenon itself, actual valuee being of more im-
mediate practical use., It was decided to vary the air
flow rate, sample weight, rate of temperature rise®, and
the composlition of samples for the first group of tests
as the apparatus was already set up for the control of
these variables, and 1t was determined from the avallable
literature that these factors probably affect the ignition
temperature the most, Alr of normal room temperature and
humidity, and alr dried samples were used throughout the

testes .

* The terms, heating rate and rate of temperature rise,

will be used interchangeably in this discuseion.
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EQUIFMERT

The apparatus ua#ﬁ consisted éf four primary ele-
ments: (1) The oven; (2) The temperature control; (3) The
air supplys (4) The pyrometer recorder.

The oven was made up of a double walled metal box
with insulation and electric strip heaters placed between
the walls (Figure 1). Extending harizsnﬁaiiy through this
box was a pyrex glass tube., Air was introduced into the
left end of the tube {Pigure 1), and the specimen was :
placed in the right end, just inside the oven. As th@-aiy
traveled almost the length of the box before reaching the
specimen, it was preheated to approximately oven temperae
ture, the exact temperature attained depending on the
amount of alr flowing.

The temperature control eénéiﬁteé of two separate
circuits (Figure 2) with separate sets of heaters. The
fixed circult heaters (No., 2) were contrelled solely by
the variae or auto-transformer (lo. 3). The current flowe
ing in this cirecult was constant as long &s the variac
setting remained the same and the main switch was closed.
An suxiliary switch was provided through mercoid relay No.
2.

The contrel eircuit heaters (No. 1) were @antguiibé
by the variac (No. 1) and also by the mercoid relay (No.
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2 Change Gears

3 Gear Shift Bracket
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Voltmeter

Ammeter

Mercoid Reloy (Circuit No 2)

Varniac (Circuit No 2)

Variable Resistance

Brown Recording Pyrometer
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Mercoid Relay (Circuit No. |)
Circulating Fan Motor

500 Waott Chromalox Heating Unit
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Synchvono;u Motor Clock

Cam

Bimetallic Spiral

Anticipatory Heater

Contact Arm

NOTE:

Circuit No. | used with reference to control circuit.
Gircuit No. 2 used with reference to fixed circuit.

Laboratory Girewt No 2 115V AC

Loboratory Gircut No 23 115y AC

S e

A.C. WIRING DIAGRAM
Flgure 2.




1) which was actuated by a pilot eireuit. The pilot
eircult consisted of a cam and arm contact and the secon-
dary coll in the mercold relay. When contact was made,
the relay was excited and the No. 2 heater circuit was
closed, The arm was attached to a bimetallic strip ther-
mostat which provided for a gradual temperature rise in
the oven when the cam was turned by clockwork. An entici-
patory heater was installed just below the bimetallia.
spiral to act as a damper on fluctuations of temperature
in the oven. By the use of different clock gear ratios
and different cam shapes, the rate of temperature rise
was controlled over a wide range, (See Figures 1, 2, 4,
5, and 6).

The alr flow was controlled by two hend valves and
a8 rotameter or flowmeter situated between the fan and
the oven (Flgure 6). Rates of air flow varying from zero
to one cuble foot per minute were used in the tests.

The pyrometer was a Brawn recording type with four
thermocouple attachments., The instrument recorded elec~
tronically and automatically the oven temperature, teme
perature behind the specimen, temperature in front of the
specimen, and the difference between the two specimen tem~
peratures (see Figures 7, B; and 9). With this arrange~

ment, the equi@mant could be run automatically for almost
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any length of time with a contlnual visual record of teme
peratures available. It was necessary to stop the recorder
only to change paper rolls,

For further details on the equipment, the thesis, "An
Apparatus for Determining the Ignition Temperatures of Opre
ganic Substences,” by Charles W. Harrison (6) may be con=
sulted.
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OFEBATION OF EQUIPMENT

The main points considered in operation of the equip-
ment were 8 few standard praéeduras and precautions ob-
served because of the nature.af the equipment and a few
precautions learned from aetuél operation,

Before operating the equipment on a set of tests, a
complete set of heating curves was recorded for vﬁrieuﬂ
settings of the two varilacs. These curves were taken
directly from the recording roll of the potentiometer and
are & plot of temperature against time., The curves, shown
in Appendix I, pages 95 to 102, were recorded for varisc
settings of 20 to 100 using increments of 20, The possible
maximum setting on each variac was 115 which means there
was sﬁma reserve for high temperatures and heating rates.
It was found that for any given combination of constant
variac settings the oven would approach its maximum teme
perature in approximately four hours.

From the tlimee-temperature curves, the heating rates or
rates of temperature rise were taken by measuring the slope
at various points along the curves, These heating rates
were plotted against temperature, the complete set of cur~
ves being shown in Appendix I, pages 103 to 110. The heat-
ing rate~temperature curves were useful in determining the

approximete settings and progressive changes of settings of
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the variacs for given temperatures and heating rates.
After some experimentation, it was discovered that a
rather high setting of the control circult variac (No.. 1)
with a setting of the constant circult variac (No. 2)
8lightly below the value given on the curve gave the best
results. large upward changes of varisc settings produced
higher heating rates for a short period of time after
which the heating rate settled back to that given by the
ﬁartiaﬁlar cam and clock gear ratio in uses Small in-
creases of varlae setting (2 or 3 pointe for lower heating
rates) gave the smooth, straight line heating curve which
was desired, :

There were no specilal precautions taken with the con-
tact arm-cam assembly other than to keep the contacts
clean and to watch the wires to the antieipatory heater
for short circuits and burned connections. The power cone
nections to this heater were renewed periodically as they
burned out.,

The air flow was regulated by two valves, one large
gate valve at the fan discharge and a smell "bleed off"
valve for fine adjustments, Care was taken to see that
the fan discharge valve was closed when the air supply wa#
first turned on to avold injury to the float in the rota-

meter from forced contact with the upper stop. It was
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found necessary to regulate the air flow periocdically as
it tended to decrease when the system heated up.

After the first few tests, the pyrometer recorder was
operated only when checking and at temperatures near the
ignition temperature, but it was necessary to make sure
that a sufficient length of curve was recorded to enable
the heating rate to be determined., The shifting clreult
was used primarily to keep the printing mechanism from
striking the lower stop when only one thermocouple was in
the glass tube, the tendency being to set up a negative
differential temperature whiéh caused the recorder to
attempt to print below zerc. The thermocouples and the
yeﬁsntmamatar were checked slmmltaneously Ewiue, once be=
fore and ana& after all the tests were run, with good re-
sults both times.

Several minor changes were made in the eqguipment dur-
ing its operation. The small fan on top of the oven was
eliminated because it was not needed, and a handle was
substituted. A variable resistance was put in parallel
with the cam and contact arm in the control pllot elreult
to help eliminate sparking at the contacts. The fan and
eir piping were lowered and made more compact to save
room; and the voltmeter and ammeter connections were
changed sc they read control circult emperes and volts
onlys
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PRELIMINARY TESTS

For & sample material during the preliminary tests,
ordinary yellow copy paper was used (see Appendix II).
This common paper was chosen because it was plentiful,
cheap, and readlly available, To hold the samples in the
center of the glass tube and allow free circulation of air
around them, twe sizes of wire racks were constructed.
These wire racks had inside diameters of approximately 1
inch and 5/8 inch and a length of approximately 2 inches
(see Figures 3 and 10). Being constructed of 1aeaa1y"
colled wire, they served as & sort of grate in which the
sample burned, allowed free circulation of air, and acted
gs a check on sample size. Satisfactory ignition was ob~
tained using the racks in preliminary tests.

The exact thermocouple placement was also fixed dure
ing the firet tests., As there was a slight temperature
gradient from one end of a sample to the other, depending
on how much air was flowing, and one end or the other
therefore tended to be the hottest point of the sample, it
seemed advisable to have a thermocouple placed at each end.
Runs waré made, however, with one thermocouple imbedded in
the sample as was done by Brown (3) in his tests, but with
this arrangement, curves were recorded which gave such n'

gradual change of the temperatures that 1t was almost
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impossible to judge the ignition temperature accurately
when lower heating rates were used. With thermocouples
located just outside the sample, a more abrupt temperature
rise was noted at ignition which made 1t easler to Jjudge
the ignition temperature. Also, from a fire prevention
stanépoint, the external temperature which could cause ig~
nition would be of the most practical use. The samples
were therefore all plamaa‘thwea inches from the oven wall
as shown in Pigure 3 with thermocouples approximately 1/8
inch from each end.

The form of paper sample to use was next determined.
Wads, loose rolle, and strips of paper permitted varying
amounts of air to flow in and around the sample with stan-
dardization of size and shape of the sample also made dif-
fieult. Tight rells of the paper allowed very little air
to flow thrnugh the sample and made for standard sizes of
samples of the same density; therefore, tight rolls inm-
serted into the wire racks were used as standard for both
paper and fabric samples (see Figure 10).

The welght of samples used was determined by trial
cutting, weighing, and rolling of the paper. Samples
weighing 10 grams @rllaaa were easlily prepared and were of
& slze which eliminated extremely long samples with accome=
panying high temperature difference between ends. Weights -

from % gram to 10 grams were used in the subsequent tests.
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For record of the tests, a data sheet was drewn up as
shown in Flgure 11, The items indicated were not all ene
tered fér every test, some being inecluded only for the in-
vestigator's own Information and others for extreme eénﬁi«
tions noted while tests were in progress. Notes were
taken of conditions not provided for, whiech inecluded pe=
culiar reactions, abnormal or erratic heating rates, and

apparatus faillures,
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TESTE OF PAPER

To secure initial data, a series of tests was made on
the yellow copy paper. This asccomplished two purposes; it
provided a series of ignition curves from which the basis
- for designating the ignition temperature was obtained, and
it indicated the alr flow, heating rate, and sample size
required to give approximete minimum ignition temperatures
for the other paper samples to be tested. Constant
(straight line) heating rates were used throughout.

Figures 7, 8, and 9 show typical ignition curves
taken from the recorder paper roll with the ignition teme
peratures indicated thereon. Attempis were made to take
the ignition temperature from the curve at a point of
definite upward break, but uniform results were obtained
only by use of the point of deviation from the straight
line temperature curve, Where the temperature curve from
the hotter end of the sample deviated from the straight
line, the wvalue of the temperature was noted and desig-
nated as the ignition temperature. This was in agreement
with the definition of ignition temperature given earlier,
The heating rate or rate of temperature rise was deter~
mined by measuring the slope of the time-temperature curve

taken from the recorder.
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The curves shown in Figures 12 and 13 gilve the major
resultant trends noted in the tests of yellow copy papers
The alr flow-temperature curve shows a definite trend
toward lower ignition temperatures at lower air flow rates.
The point of zero air flow sctually was not representative
as & small quantity of air was introduced just before ige
nition started. Tests of 10 grem samples (not shown on
curves) at zero air flow indicated that ignition would
start but would not go to completion because of lack of
oOXygen. ?harafara, a rate of alr flow which would give
Just enough oxygen to permit ignition seemed to be the op=
timum for e minimum ignition point. This rate was found
to be approximately 0.05 cubic feet of air per minute and
was used In the subsequent paper tests.

There are several possible reasons for the upward
trend of the ignition temperature with increased air flow
ag shown in Figure 12, As the sample waa‘heateé, it gave
off gases and vapors which were more or less combustible.
‘When the air was blown across the sémple,‘it naturally
took some of these gases with it, more of ﬁh& gases being
taken away at the higher air flow rab@é. It 1s conceivw
able that with a emaller amount of material prezent in-
cluding gases and vig&rs, the ignition reaction would be

slower starting. In addition, the more rapid air flow
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would conduct heat away from the sample more rapidly,
again delaying the ignition reaction.

The sample size~temperature curves (Figure 13) aﬁww
trends toward lower ignition temperatures for heavier sam= ‘
ples. This mﬁy be due to the t?aﬁyingAef more of the com=
bustible gases and vapors by larger samples and to the
slower heat loss from the interior of lasrger a&mylan, both
of which could saasaﬁlawav ignition temperatures. This
reasoning is supported by ﬁha fact that the effect of sam-
ple weight was much more noticeable at the higher air
flow rate of 1 cubiec foot of air per minute es compared to
that of 0.2 cuble feet of air per minute, the more rapld
alr flow conducting more heat and combustible vapors avaf
as a@ﬁl&a@& in the preceding paragraph. With the appara=
tus used, it was 1m§@éaihla to reach the absolute minimum
ignition temperature (if one exists) which would result
from much larger samples, as samples over IQ gvamé were
impracticable. |

- The heating rete or rate of temperature rise had tho‘
most pronounced effect on the ignition tem@aratara of the
yellow copy paper as shown in Figure 12. The results in#
dicate that the ignition reaction is dependent largely amh
tims in addition to temperature. A certain reaction range
was noticed in which the ignitlon reaction started and
finished, If the sample is subjected to temperatures in
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this range for a sufficient time, ignition will result,
with slower heating rates giving lower ignition tempera~
tures. Time in the range of temperatures below the reace
tion range has no affect on the ignition temperature.
This was illustrated by later tests in which the sample
temperature was raised quickly to 300° F. before the
slower heating rete was established, The lack of time in
the 70° P. to 300° F. range had no apparent affect on the
ignition temperature at the slowest heating rate available,
18° P, to 17° F, per hour, The ignition reaction started
at a temperature above 300° F, as evidenced by discolora-
tion of the sample and the smell of fumes at the exhaust
end of the glass tube., The slower heating rates allowed
more time for the ignition reaction to be éamglataﬂ at a
lower temperature, When the faster heating rates were
used, the time necessary for the reaction to take place
caused the ignition to be delayed until highay tempera-
tures were reached.

It is poseible that a minimum in the heating rate=~
temperature curve could be reached, as the slow heating
rates might ellow too much combustible materisl to escape
ag gases or vapors and thus raise the ignition tempera=-
ture., BSuch minimums were recorded by Brown (3) at a rate

of temperature rise of 67° F, to 200° F. per hour. No
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such minimum values, however, were noticed in the tests of
the yellow copy paper. Brown's apparatus was somewhat
different but operated on approximately the same princi-
ples as the apparatus used in the tests of the yellow copy
paper., The difference in results was probably accounted
for by differences in the paper tested, ﬁh& apparatus, and
its arrengement. Harrison (6, p. 29), in his preliminary
tests with the equipment, also noted such a minimum at a
heating rate of 60° ¥, to 180° F, per hour. He too was
testing a different type of paper with a dirrareﬁt are
rengement of the specimen and thermocouples.

It was decided to use 10 gram samples, an air flow
rste of 0,05 cuble feet per minute, and the lowest heating
rate available (13° F. to 17° F. rise per hour or No. 1
cam and 24~hour gear ratio) for the tests of the other
varieties of paper. A set of tests was made on news-
paper®, however, to check the yellow copy paper results.
The resultant curves are shown in Figures 14 and 15 with
the same trends noted as in the previous tests. ILater,
while wood specimens were being tested, & cam with 1/3 the
travel of Nos. 1 was constructed (see Figure 5) and news-
paper was tested at a 6° P, per hour heating rate. Ho

appreciable difference in the ignition temperature was

* Newsprint paper with printing on it.
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observed, indicating that the 13° F. to 17° F. per hour
heating rate was at the approximate minimum polint.

Table 1 gives the complete results of tests on yellow
copy paper and newspaper.

Samples of the other varieties of paper tested were
obtained from the manufacturers with sccompanying data as
shown on the data sheet, Figure 16, Samples of these
papers are contained in the Appendix II with data on each
given on the page preceding.

The object of the group of tests on paper samples was
to determine the ignition temperatures and to correlate
these temperatures with the compesition nné.mgnur&akuring
history of each sample, Two runs were made on each sample
at the previously determined conditions for minimum ignie-
tion temperature, and the temperatures were averaged., The
temperatures were read to 2° F. and estimated to 1° P,

The largest difference in temperatures recorded between
the two runs on one variety of paper was 5° F. while the
usual value was between 0° F, and 3° ¥, Thirty-five dif-
ferent samples were tested, each test taking between 12
and 18 hours, approximately.

The results of the tests on paper samples are shown
in Table 2 along with the data on each sample. The sam-
ples are arranged in order of ascending ignition tempera-
tures. Contrary to what might be surmised, it was found



TABLE 1,
Yellow Copy Paper

119

36

T “WE. of Aiv¥ Flow  HRate ol —ignition
o aam@1¢, Rate, Temp.Rise, gagp.,
_ Grams CusFt./Hin, ° B./Hr, Fa
1 2 0.2 47 485
2 4 0.2 37 464
3 ) 0.2 41 484
4 1 0.2 43 474
5 g 0.2 a7 467
6 5 0.2 45 458
7 3 0.2 45 461
8 e 0.6 36 470
9 2 1.0 36 480
10 5 1.0 35 515
il ¥ 1.0 35 482
14 8 1.0 36 464
186 1 1.0 36 484
17 5 1.0 33 458
18 e 0 until near 39 480
19 10 el 448
20 2 046 13.6 457
21 2 046 18 456
22 2 046 1030 576
23 2 046 90 476



k.

Yellow Copy Paper (Continued)

Bm WE. of  ALr Flow Hate of  ilgnition
Nos Sample, Rate, Temp.Rise, e
. Orams CusFta/Min, 9 P 23 ; v Fe
046 146 485
046 182 a0e
046 260 "
0.6 320
046
046

24
25
26
27
28
20
33
54
36

0.6 45 approx.
0,0 45 approx.
046 36 454"
51 0,0 L a4
52 0,05 25 440
83 10 " 04,05 20 442

0 0 W W W W W P WP

R
o O

¥ soaked with lubricating oile-no ignition,

#% Typewritten on one side.



Yellow Copy Paper (Continued)
Sheets of paper were folded and rolled tightly, lengthwise,

Blze . ai‘ Samples

Welght, ” B -f‘maw, - Tength,
Grams , —dniches , .nches

1/2 | BB
.5/8
- B/8

10 : L | - 21/




&9

Ram . WE, of ALy Flow Zhi tion
D orma’  ourt i, SEjm.  8F
30 2 046 455 480

5 046 550 490

32 046
36 046
37 0.2
38 048
39 1,0
4@ 1 046
a2 046
43 046
a4 046 451
45 046 461
46 046 161 467
n | 046 253 468
54 10 0,08 20 . 4g8
55 10 0,05 17 428
86 () 10 0,05 6 o7

461
452
456
470
436
452
489

BMOw W O n w n

o
AR EEEEEES.

B OW W W we




Newspaper {Continued)

Sheets of paper were folded and rolled tightly, lengthwise.

Size of Samples

7@@‘;“

N 2 \“v>,’ i~ . :

Tlameter,
_Inches

Tength,
Inches

1/2

10

5/8
8/8

5/8

-3

1/4
11/8

2 1/4
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Engineering Experiment Station

Oregon State College

INVESTIGATION ON ICNITIOR TEMPERATURES OF ORGANIC MATERIALS
{Projeet No, 64)
Data on Sample

Common neame of sample

Supplied by

Address__

Date , Sample No. (Leave Blank)

Raw material

Pulp process

Sizing
Filler

Bleaching process

Surface or finish

Coloring

Special treatments, or remarks,

Figure 16




impossible to draw any general conclusions by comparing
ignition temperatures with the composition and manufactur-
ing history of each sample. The different processes and
additives used are shown to be well scattered throughout
the entire temperature range indicated. From the data
thus far obtained, it appears that the specific character-
istics of each individual paper determined the ignltion
temperature while general trends because of similarlities
of composition were not consistent.

There are, however, some general and specific results
which should be discussed further. All of the ignltion
temperatures of paper, with a few exceptions, fell within
the range 425° F, to 4756° F. which indicates that most
wood pulp papers, regardless of composition and manufac=
turing history, will ignite within a 50° F. temperature
range (see Figure 1?)f The ignition and color reactions
of the papers were also similar, The samples appeared
normal at 300° F,., normal to tan at 350° P., tan to brown
‘at 400° F., brown to black at 450° F. (if not ignited),
and black at 500° P, (if not yet ignited). The samples
consistently ignited at the hotter end first and burned
with a bright red glow. Small flames were noted at higher
air flow rates. The residue or ash varied some but tended
to be whiter the more complete the ultimate combustion ob-

tained., One exception, mimeograph paper (Sample No. 14),




TABLE 2. o
Data on Papers Tested

To. Tame Tegni=  Lxtra Size, Rate Thick-  WNolis= Wt., Pulp
tion Exother- Dia. & of Temp. ness, ture Grams Process
Temp., mi¢c Reac- Length, _Rise, Inches by Wt.,
® . tion, ° F. Inches ° F./Hr, 4

12 Iaminator Dust 405 Hone 1x2 14 ——— , 8.7 Eraft
Newspaper 428 None 1 x 2% 18 0.,0037 7.6 10 -
13 Bluewhite News- 432 None 1x 2% 17 0.0033 5.9 1o Sulphite
print & Ground=
| — o wood
21 Pulp Dust 434 None 1Xe2 16 — B 7+4 Sulphate
30 Wewsprint 435 None 1X2% 15 0,0035 === 10 3&%}3%1*&@
18
& Ground=
7 - S ‘ wood 82%
2 Oiled Frult Wrap 434 None 1X2: 16 0.0016 === 10 Sulphite
32 Corrugating Box 440 None 1 X 2% 15 0,010 7.3 10 Sulphite
Board & Ground=-
, » 1o o | wood
-= Yellow Copy 441 None 1 X 2% 22 0.0028 5.0 10 —
24 Waxed Paper 450 None 7/86 X 2% 15 0.0024 4.9 10 Sulphate

i
L]



TABLE 2. {Continued)

Thick~  Wols~ Wbtey Pulp

To. " Tame Igni=  Extra  Size, Rate
tion Exother- Dia. & of Temp. ness, ture Grams Process
Temps, mic Rege~ Length, Rise, 1Inches by Wi.,
© ¥, tion, ° ¥, Inches © F./Er. %z
27 Weat Wrap 452 None 1x2% 156 0.0037 5.6 10 8“%3%"“
& Ground-
£y | _ wood 10%
26 Tollet Tissue 452 None 1Xx 3% 20 0.0024 4.8 10 mlpgim
; 75
& Ground=
wood 25%
1 Paper Iust 452 None 1xe 14 e e §+2 BSulphlte
& Ground-
‘ L wood
28 Toweling 454 Hone 1 X3 15 0.0070 4.9 10 ﬁu}z;g%im
& Ground=
: - | wood
14 Mimeograph 458 Kone 1xet 14 0.,0037 b5.12 10  Sulphite
4 Croundwood Pulp 45¢ None 1X3 15 - - 8.2 Cround~
: : wood
2¢ Tollet Tissue 460 None 1xX3 = 0.,0028 5.3 10 sﬁ%ﬁ?“
& Ground= P

wood 25%



TABLE 2, (Continued)

TERT=

T gilze,

Thick=

Wols= Wt., Pulp

Yoo Fame Extra Rate
tion = Exother- Dia. & of Temp., ness, *ture Grams Process
Temp., mic Reac~ Length, Rlse, Inches by Wt.,
O ¥, tion, © ¥, Inches © Fr./Hr. _ |
11 Tollet Tissue 462 None 1XxXx3 15 0.0026 4.3 10 Sulphite
15 Bond 462 N¥one 1 X 2% 14 0.,0035 5.0 10 Sulphite
19 Envelope 462 None 1Xx2% 17 0.0039 4.7 10 Sulphite
6 EKraft Bag 462 None 1 X 2% 17 0.0041 5.3 10 Kraft
20 Bond 464 None 1 X 2% 20 0.,002¢ 5.3 10 Sulphite
18 EBond 465 None 1 X 2% 14 0,0032 5.5 10 Sulphite
23 Frult Wrap 465 ¥one 1 X 2% 13 0.0018 4.3 10 Sulphate
7 Paper Bag 466 None 1 X 2% 16 0.,0087 6.4 10 Sulphite
31 Fruit Wrap 468 None 1x2% 15 0.00168 6.8 10 sug%im
"s00d B
5 Sulphite Pulp 472 None 1 X 2% 15 15 Sulphite
22 Sulphate Pulp 474 None 1 X 2% 15 ——— - 7 Sulphate
10 waxed Kraft Paper 610 461 1X2% 15 0.,0038 === 10 Kraft &

<&




TABLE 2. (Continued)

ignl- Extre

Rate

WoTs=

Fo. Name Size, Thick~ WE.; Pulp
tion Exother- Dia. & of Temp. ness, ture Crams Process
Terps., mic Reac- Length, Rise, Inches by Wt.,
© F. tion, ® F. Inches © F./Hr. &
3 Oiled Frult Wrap 610 468 1xe2i 16 0.,0011 4.7 10 Sulphite
3% 0iled Frult Wrap 620 460 1x2% 25 0.0013 6.2 10 ﬁulpgiim
&8
& Oround-
i | ; wood 2%
-= Yellow Copy Paper 675 Fone 1X3 12 — - 10% ————
with Linseed 011 _ 7 ‘
16 Bleached Grease 679 None 1 X823 18 0.0019 6.2 10 Sulphite
Froof o »
17 Bleached Manifold 679 None 1Xxed 15 0.0020 6.5 10 Sulphite
Parchment
28 ‘Toweling with 699 Hone 1X3 13 - - 10¥  Ground=-
Linseed 01l wood
B Sulphite
] Hone 1xXeg 16 0.0087 2.4 10 Kraft

Laminated EKraft 700

* Weight of paper only.



TABLE 2. (Continued)

Special

No. Name 8lzing Filler Bleach Finish Coloring Prestments
12 Laminator  Rosin- None None Machine Anilines Dust from
Dust Alum, Slitters
& Saws
Asphalt
Laminator
HWSFRPQI‘ haedd - b B » w-r--“ - ﬁmm
13 Rluewhite None None Zine Hydro~ Machine Anilines Hone
©  Newsprint sulphite on
Groundwood pet
21  Pulp Dust Collects on dry end of paper machine dryers B%iﬁy &
Oily
30  Newsprint None Hone None Calendered Anilines None
2 (¢lled Pruit Rosin- Hene tone Machine Anilines White 011
Virap Alum.,
32 Corrugating None Hone ——— Calendered Bismark Brown None
Box Board Chorslodine
24 Waxed Paper 14#/1000# 20§#/1000 Hypochlorite Waxed Rodamine = Wax Added
: Resin T4 tanox 0.4 02/1000#
Blue R ’
0.25 02/1000§ ®



TABLE 2. {(Continued)

Special

No.  Name Sizing Filler Bleach - Finish = Coloring Treatments
27 HMeat Wrap 104 Paracol None - None Calendered Red Fibers None
3# Lime
55§ cSize
42# Alum.
per 1500# _ ‘
26 Tollet Hone None - Creped & Hone None
Tissue 1 o Embossed ; : ’
1l Paper Dust  None Kone Kone Hachine Anilines Waste from
Saws
28 Toweling None None Hone Creped Auromine None
: 2 oz/15004
Chrysiodine
_ = o 'y 1 1/8 02/1500#
14 Mimeograph  Rosin Clay Hypochlorite Regular - None
4 Croundwood  HNone Kone None — ——— -
Pulp V s i B = S3s
29 Tollet None Kone None Creped None None
Tissue _ “h : _
11 Toilet None None None Machine Anilines None

Tissue

8y



TABLE 2.(Continued)

Ko Name Sizing Filler Bleagh Pinish Coloring Tpeatments
15 Pond Rosin- Clay- Hypochlorite Regular ————" None
Starch Rayox _ ‘ ;
19 Envelope 24 size 5.5% Talc None —— Solar Blue ———
6 Eraft Bag Rosin-Alum,. None Yone Hachine Anilines Starch
2% size | ‘_ - | » Adhesive
20 Bond 2% Size 3% Tale  Hone None Solar Blue None
349% Alum. |
18 Bond 2% Size 8.,3% Tale None —— Solar Blue None
28 Pruit VWrap Hone lione None e None 25§ ¥in-
eral 01l
| &5 Per Ream
7 Paper Bag Rosin~Alum. None None Machine Anllines Starch
: 1 Adhesive
31 Fruit Wrap 7§ Size Hone Hone Calendered Anilines
2# Sodium
Carbonate
16§ Alum.
per 15004
Alr Dry

6%



TABLE 2. (Continued)

No « Name Sizing Filler Bleach Finish Coloring @E%ﬁiéﬁggs
& Sulphite None None None Machine None Dried by
Pulp Forming
e Y - » & Beating
22 Sulphate None None None - None Hone
Pulp . '
10 Waxed Kraft R@ainmaium; None None Machine Anilines Waxed on
Paper 7 T , } Machine
3 0Olled Fruit Rosin-Alum. None Hypochlorite liachine Anilines Oiled
Wrap _
33 Oiled Fruit 7# Size None None Calendered Anilines oiled
Wrap 2# Sodium :
Carbonate
15§ Alum.
per 185004
Air Dry
Yellow Copy Plus Linseéd 0il ;
16 Bleached  0.7% Size 2.3%  None - Solar Blue None
Greaseproof Alum.
1% Rayox ‘ v
17 Bleached 0.7% 8ize 2.3% ¥one - Solar Blue KNone
Manifold : Alum, Lemon Ochre
Parchment a



TABLE 2. (Continued)

Bpecial

No. Name ~ Sizing Filler Bleach Finish Coloring wies tuents
28 Toweling with None None None Creped Auromine Linseed
Linseed 01l , Chrysiodine 0il
¢ lLawminated Rosin- Kone None Machine Anilines Laminated
Eraft Alum. with
: Asphalt

18
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TABLE 2. (Continued)

Paper Data

General

Alr flow rate 0,05 cu, ft./min. Air veloclty past speci=
men and large wire rack at 0,05 cu. f£H./min.210.4 f£t./min.
Paper rolled tightly and placed in wire rack. Dust tamped
inte wire rack. Pulp cut into strips and put into rack,
except sulphite which was rolled.

Color Reactions Noted
300° P, -=- Normal

350° P, == Normal to Tan

400° F, «= Tan to Brown

450° F, == Brown to Black (if not ignited)
500° P, «~ Black (if not yet ignited)
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left a solid black ash which was probably the incombusti-
ble clay filler.

The recorded time-temperature curves (Figures 7, 8,
and 9) show the phenomencn of igﬁitiﬁn to be the result of
an exothermic reaction which may or may not generate
sufficient heat to carry the process to eamyletion;' The
temperature at the beginning of this exothermic reaction
has been designated as the ignition temperature (if com-
bustion results). The results of using this temperature
have thus faf been consistent.

?ﬁlloking are examples of the more interesting and
unpredictable results obtained. Oiled fruit wraps (Sam-
ples Nos. 3 and 33) and waxed kraft paper (Semple No. 10)
showed marked exothermic reactions at temperatures between
460° ¥, and 470° F,, but the ultimate ignition reaction
took place at temperatures slightly above 600° P, Eviden-
tly the oil or wax in the papers caused them to char or
blacken with heat given off but not to ignite until a much
higher temperature was reached. However, to illustrate the
inconsistency, olled fruit wrap (Sample No. 2), laminator
dust which contained asphalt (Sample No. 12), and waxed
paper (Sample No. 24) all ignited between 400° F. and 4850°
Fe Ee reason for the difference was apparent except that

the laminstor dust was finely divided which may have
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caused its low ignition temperature., This effect was also
noted with the dirty, oily sulphate pulp dust (Semple No.
21) which 1gnit§d et a temperature 40 degrees lower than
the solld sulphate pulp. An insufficlent number of tests
was run, however, to draw any definite conclusions on the
effect of finely dividing the paper tested. Some of the
papers, bleached manifold parchment (Sample No. 1),
bleached greaseproof (Sample No. 16), kraft paper lami«
nated with asphalt (Semple No. 9), toweling socaked in line
seed oll (Semple No. £8), and yellow copy paper soaked in
linseed oil, turned black without a definite exothermic
reaction between 450° F, and 500° F. but did not ignite
until temperatures close te 700° ¥, were reached.

As can be geen from Table £, small differencea in
molsture content made little difference in the ignition
temperature. The reaction range was noted to be over 300°
-~ Fa} consequently, most of the sé&p&ea were probably come
pletely dry before the reaction leading to ignition bee
guﬂ“. The normal changes in the humiéity'ef the alr
used also apparently hed little effect on the ignition

* fhese reactions mentioned are the more rapid ones noted
in these experiments., Slower reactions take place ordis

narily, even at room temperatures.



temperature as shown by Table 6, The small dlfferences
noted could have been due to small changes in heating rate
or to inhomogeneities in the samples themselves. Exhaus~
tive tests with intentional large changes in humidity
would be necessary if the trends present, 1f any, wsra'ts
be found. If relative humidity is to be a pertinent face
tor, it is difficult to perceive how 1t could affect reace
tions at 400° P, unless excess moisture were introduced at
the higher temperature, possibly in the form of super=
heated steem, Alr seaturated at 100° P, would have a rela=-
tive humidity of only 0.38 percent if the temperature were
raised to 400° F,

Summerizing, most papers ignite within a given tem~
'p@vatute range, other conditions being equal, the indivie
dual ignltion temperatures depending on the individual
paper characteristies, The ignition phenomenon was the
pesult of an exothermic reaction with the critical or ig-
nition temperature designated at tbm beginning of this
reaction., The ignition temperature so designated showed
consistent varistion with air flow rate, heating rate, and
sample welght while the effect of humidity, molsture con-
tent, and thickness appeared to be negligible under normal
conditionss The technique of testing gave satisfactory

results and was used further on wood and fabric samples.



 yII.
TESTS OF WOOD



TESTS OF WOCD

The procedure with wood as with paper was to run a
more or less complete set of tests on one particular same-
ple in order to find the approximate conditions for minie
mam ignition temperatures of all woods. It was found,
however, that this was not a reliable procedure.

Fonderosa pine (sapwood) was chosen for the first
tests because it was common and plentiful, The samples
were prepared by cutting the waaﬁ into pleces slighﬁXy
larger in diameter than matches and 2% inches long and
stacking them into a large wire rack (see Figure 10).
With this arrangement, there wes sufficient alr flow to
permit ignition and 1t was possible to standardize the
sample. One solld ecylinder was tried for possible use as
a sample, but ignition did not proceed to completion.
There was an exothermic reaction, and the wood charred,
blackened, and shrunk in volume but did net ignite.

Curves were plotted from the data as shown in Figures
18 and 19. The trend as with newspaper and yellow copy
paper was toward higher ignition temperatures at higher
alr flow rates, but the curve was of a slightly different
form than that obtained from the paper experiments. Minie
mum ignition temperatures were noticed at rates of air flow

ranging from 0.05 to 0.4 cubic feet per minute with little
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change noticeable below 0.4 cubic feet ﬁﬁr minute,

The lowest ignition temperatures were again observed
at low heating rates, but no minimum point on the curve
was noted even at rates as low as 4° P, per hour, At fast
heating rates, a considerable volume of combustible gases
wae given off Jjust before ignition. These gases ignited
readily when s flame was applied.

When testing for the effect of sample size on igni~
tion temperature, some interesting results were rﬁeaﬁénd
which clearly indicated the interdependence of sample
welght, alr flow rate, and heating rate in the determine=-
tion of the ignition temperature. The lowest temperatures
were noticed, as usual, with the heaviest samples (10
grems), but the smaller samples ignited only with diffi-
culty and sometimes not at all, At an air flow rate of
0,05 cubic feet per minute, a 2§ gram sample ignited while
& 1 gram sample did not but merely appeared to slowly turn
“black and evaporate, At an air flow rate of 0,2 cubie
feet per minute or more a 24 gram sample would not ignite.
These tests were at slow heating rates close to 14° p, per
hour. The heating rate was inereased to 43° P, per hour,
and the 24 gram semple lgnited when 0.2 cublic feet of air
per minute was useds This indicated that samples of
smaller mass, tested at slow heating rates and high air

flow rates, permitted an excessive amount of combustible
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material to escape into the air with the result that in-
stead of ignition a slow gasification and carbonization
took place. The faster heating rate gave less time for
combustible vapors and gases to escape while lower aip
flow rates carried less away. When the larger samples
were used, there was enough material presént to cause ig-
nition even at low heating rates and high air flow rates.

Table 3 gives the tabulated results on ponderosa
pine.

For & comparison wieh‘papag, the other wood samples
were tested at 0,05 cublic feet per minute alr flow rate
and & 13% P, to 17° F. per hour rate of temperature rise
~ unless a higher rate was required. The sample aize was
held constant at 1 inch dismeter and 2% inches length, the
weight varying with the density of the wood. The distri-
bution chart (Figure 17) shows that most of the woods ig-
nited between 450° F, and 500° F. which is slightly higher
than for paper. The actual ignition temperatures and the
condltions of test are given in Table 4, The hard woods,
which actually burn more slowly because of their greater
density, tended to have lower ignition temperatures than
the soft woods,

. Some of the specific tests require special comment aav
several of the woods deviated from the supposedly general

results obtained from ponderosa pine (sapwood). As with



TABLE 8.

Pondercsa Pine (sapwood)

Run WE. of Air Flow Fate o S EAL
No. Sample, Rate, Temp Bise, Termp.,
Grams Cu.Fba/lin, Po/Hr, Fa
133 10 0405 13 470
134 10 0,06 13 471
136 10 0.2 17 470
136 10 Oud 12 470
137 10 046 17 476
138 10 0.8 14 469%
139 10 1.0 15 494
140 2% 0,06 12 484
141 5 0.05 12 ave
142 2% 0.6 14 approx. "%
143 2% 0.6 14 approx. ¥
144 1 0,08 14 approx. W
145 10 0,06 1000
146 10 0405 400
147 10 0,05 235
148 2% 0ut 14 approx.
149 2% 0.2 14 approx. ¥

# Reason for lower temperature unknown--see Run No. 157.
¥ No ignition.

##% No ignition up to 560%--specimen charred and shrunk,



Ponderosa Pine (continued)

Run gﬁﬁ oF Aly Flow Hate of Tenition

Eéa ample, Rate, Temp .Rise, Tempes
Crams Cu.Pt./liin, e ﬁg&g %y
150 10 0405 62 (7) 470
151 2% 0.2 43 496
152 10 0408 20 470
154 10 0,05 11 462
155 10 0.05 6 459
156 10 0,08 4 457
167 10 0.8 15 4e1*
158 -l 0.05 17 e
162 0,05 40 475

le4 10 0.06 130 490

# Retest of Run No. 138.
#% 80l1id cylinder.
44 No ignition up to 500° P,

Preparetion of Sample

Sticks slightly larger than mateh sticks put intc wire
rack, Sigze of samplest £ 1/4 inches length X 1 inch
diameter, Pine was thoroughly air dried, less than 7

percent molsture present.



TABLE 4.
Data on Woods Tested

Yame — Class Ignition Welght, Rate of  ALr Flow, Wolsture tize,

Temp.,°F. Grams Temp.Rise, Cu.Ft./Min. by Wt., Dia.ilength,

, _ Op./Hr. ‘ % Inches
Oregon Big Hard 423 10 16 0.05 Less than % 1X2%
Leaf Naple
Tan Bark Oak  Hard 448 12 15 0,06 less than 7 1 X 2%
Oregon Ash Hard 450 13 13 0.06  TLess then 7 1 X2}
Red Alder Hard 450 10 16 0.05 Leas than 7 1 X 2%
Ponderosa Pine Soft 457 10 & 0.05 7 1 X 2%
{ Sapwood) :
Redwood Soft 467 8 18 0.05 R 1x2%
Western Red Soft 468 4 17 0.05 Less than 7 1X 2%
Cedar , : .
Ponderosa Pine Soft 470 10 1s™ 0.05 Less than 7 1 X 2%
{Sapwood) |
lodge Pole Soft 475 9 19 0,086 Less than 7 1X2%

Pine

#* gyo different heating rates used.




TABLE 4. (Continued)

“Fame Tlass 1ignition Welght, FRate of  ALr Flow, MNolsture

Size,

Temp.,°F. Grams Temp.Rise, Cu.Ft./Min. by Wt., Dia.klength,

, ' “ OF./Hr. % Inches
Western Hem= Soft 477 10 16 - 008 Less than 7 1Xx2%
lock ' ’ | |
Western White  Soft 479 10 12 0.05 ILess than 7 1X23
Pine (2nd
growth) : ; |
Sitka Spruce  Soft 482 16 0.06  Less than 7 1 X 23
Sugar Pine Soft 482 18 0.05 Less than 7 1Xx2%
True Fir Soft 485 | 18 0.05 Less than 7 1 X 2§
Douglas Fir Soft 489 10 16 0.05 7 1X2%
Western White Soft 490 8% 25 0.20 Less than 7 1x2}
Pine (0ld
growth) , , .
Ponderosa Pine Soft 500 8 24 0.06  Less than 7 1x2%
{ Heartwood) 7 i . :
oregon Oak Herd 500 13 30 0.05 Less than 7 1 X 2%
Western White Soft 508 15 28 0.05 Less than 7 1x2%
Pine (Pitchy
2nd growth)

&



TABLE 4. (Continued)

Tame TTass Tgoitlon Welght, Rate of ~ AILr Flow, Molsture ETze,
| Temp.,°F. Grams Temp.Rise, Cu.Ft J/¥in. by Wt., Dia.dlength,
Western ILarch  Soft 570 11 26 0.2 Less than 7 1 X 8%

99




67

TABLE S.

Effect of Relative Humidity of the Air on
Ignition Temperature

e ignition Relative Humidity
banpan Temp,,OF, _ at End of Test, %
Paper
Hewspaper 428 5044
* ' 428 45,0
Mimeograph 460 43,0
* 45% 43 tﬁ
White Bond (No. 15) 460 26.4
% 468 38 .8
White Bond (No. 18) 465 43,2
3 s 2.2 ‘ ‘ ‘ 465 37 «8
0iled Fruit Wrap (No. 2) 434 5347
® 4356 32.6
| ¥ood
S8itks S8pruce 483 4345
% 481 48 .5
Western Red Cedar 466 59.0
% 470 ; 49 .5
True Fir 484 4046
- 486 42,6
Sugar Pine 484 48,5
&* 480 3948

% same conditions of test for comparison,




TABLE 5. (Continued)

68

—ignition
_Temps,°F,

Helative Humidity
at End of Test, %

Wood {Continued)

Lodge Pole Pine 480
* ‘ 470
Western White Pine 480
& 478

.

495

4548
40,7

% Same conditions of test for comparison,

Note: No attempt was made to produce large variations of

humldity, Normal humidity changes produced no eahsiatant

vapiation of the ignition temperature as noted abeave.
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paper, several of the woods exhibited extra exothermic ree~
actions which did not lead to ignition, but this should
have been expected, for exothermic reactions are common in
the destructive distillation of wood. At a slow rate of
temperature rise (13° P, to 17° F. per hour), pondercsa
pine (heartwood) showed a slight exothermic reaction with
accompanying fumes and blackening of the specimen at a
temperature just below 500° F., but no ignitien at that
temperature. The rate of temperature rise was increased
with the thought that ignition close to Fe might be
posslible if the exothermie reaction wéya boosted slightly
with oven heat and the volatile gases had less time to es-
cape. At a heating rate of 24° P, per hour, the wood ig-
nited at 500° P, and burned. This indicates that with
certain woods there is a distinet minimum heating rate at
which lgnition can be obtained or at which a low ignition
temperature can be obtained. The same result was obtained
with western white pine (old growth) which reacted exo-
thermically at 500° F. when the 13° F, to 17° F. per hour
heating rate was employed. The heating rete was increased
to 28° F. per hour and ignition took place at 490° », &
series of tests on these woods would probably give a heate
ing rate~temperature curve with a distinct minimum peint

Or TANZe.



lodge pole pine and Douglas fir gave quite similar
but erratic results., Approximately half the tests of
these woods (15° P, to 20° P, per hour end 0,05 cublic feet
per minute) gave ignition temperatures from 470° ¥, to
- 490° ¥, while the other half yielded a light exothermie
reaction just below 500° P. and much higher ignition tem=
peratures, There was no lmmediately apparent reason for
the difference in the tests. The conditions for a low ige
nition temperature for those woods were evidently very
eritical,

Figure 19 shows the curve cbtained rram $estu of
- Oregon oak, This 1s the best example obtained so far of a
minimum range in the heating rate~temperature curve. The
ignition temperature was slightly higher than for other
woods and was minimum at & heating rate of 30° ¥, to 50°
P+ per hours Testing of western larch showed the same
effect with the minimum ignition temperature of s70° p.
coming at a heating rate of 26° F. per hour. The tempera-
ture, 570° FPep was the highest value of minimum ignition
temperature obtained from the woods t@a%ad;

A small quantity of pitchy western white pine (2nd
growth) was available, This was tested but gave inconslis~
tent results. One ignition (no exothermic reaction no-~

ticed) was ocbtained at 660° P, while another was obtained
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508° P, when gases at the end of the tube were ignited
with a flame., This indicates that it would be possible to
obtalin definite flash and fire points for some of the
woods simllar to those obtained with petroleum products.

Summing up the results of the testes of wood, the ig-

nition temperature was again seen to be an individual
property of the specific material, even more so than with
the paper. One particular wood was seen to be not whﬂily
representative of the entire class of material. lore exw
haustive tests (which time 6id not permit) of a#ah specie
men would undoubtedly show more clearly the trends
effected by changes in the conditions of test. ‘Eavawthm&
less, most of the woods ignitgﬁ within a certain temparﬁ#
ture range sc that results, in general, were similar,
Variations with air flow rate, heating rate, and sample
welght were noted similar to those obtained with paper,
but some individual woods had distinot minimums in their
heating rate~temperature curves., Humidity of the air and
molsture content of the specimens sgain had no apparent
conslstent affect on the ignition temperatures obtained.

(8ee Tables 4 and 5).



VIII.
TESTS OF FABRICS



TESTS OF FABRICS

The procedure used in testing fabriecs was somewhat
more abbreviated than that used in testing paper and wood.
This was due to the lack of time, the small amount of some
samples available, and the relatively great area of fabe-
rics reguired to make a large sample 1 inch in diameter
and 2} inches long. Small samples approximately 5/8 ine
ches in diameter and 1% inches long were used for prelim-
inary tests of each major type of fabriec. The effect of
alr flow rate and rate of temperature rise on the small
samples was noted and a larger sample was tested at the
conditions indlcated for a minimum ignition temperature.
By this method, an approach to the minimum was accom=
plished with a saving in time and meterial. 8Single runs
were mede on other specimens of the same major types‘af
fabric after the general trends and conditions for a miniw
mum were found,

Pable 6 and Figures 20, 21, 22, and 23 give the com=
plete results of the fabric testa, The results on each
major type of fabrie will be described separately.

¥hite cotton flannel, which was probably as nearly
pure cellulose as any sample tested, showed trends very
mach like yellow copy paper and ponderosa pine (Figure

20). The ignition temperature decreased with increase of
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TABLE &,

Dats From Fabric T¢sts

Rate of  Color Extra

Run ¥aterial Sample Rate ol Tgnition
No. Wt., Air Flow, Temp.Rise,’ Exother-  Temp.,°F.
Grams Cu.Ft./Min. °F./Hr. mic Reac-

‘ _ 4 tion, Fe i
242 Acetate Rayon 3415 0.05 360 White None 630
243 " 3.15 0.05 238 . o 620
244 . 3.3 0.05 205 . . 591
245 - B 0 .-;Qﬁ 127 . 580 None
246 . 33 0.08 80 » 546 ”
247 . 3.3 0.4 83 * 545 .
248 . 3.3 0.8 74 . None "
249 “ 13.88 0.4 110 . * 560
252 "  14u5 0.4 89 > " 555
259 Cotton Canvas Awning 10.85 0.08 18 White & Green - 459
217 Cotton Cordurcy 6.32 0.05 17 Blue " 489
211 Cotton Flannel 1.52 0.05 15 White " 500
212 * 1.43 0.4 13 " » 500 4



TABLE 6. (Continued)

Run . Naterial Bample Rate of  Rate of  Color Extra Tenition

Ko #it., Alr Plow, Temp.Rise, Exother- Temp.,°F.
' Grams Cu.Ft./Min. ©9F./Hr. : mic Reac- |
_ ANy tion, P,
213 Cotton Flannel 1.6 0.8 iﬁ §h1ta - HNone 510 7
214 " 1.45  0.05 20 K " 516
214a " 1.456 0405 70 . " 5.47
215 " 4.59  0.05 14 B " 494
216 "o 4.45  0.05 5 . " 465
261 Cotton Mesh Curtain 7.0 0.06 12 . " 484
256 Cotton and Silk 12.3 0.05 12 Green " 455
258 " 10.0 0.05 12 Red & White " 478
g2 " 10.57  0.05 14 Mereon & White " 460
232 Linen 2.82  0.05 16  Light Blue " a3
234 " 2.71 0.4 18 " SR 473
235 " 2.76  0.05 40 " " 488
236 " 2.7 0.05 110 " " 508

gay | 2.78 0.8 19 " " 474 g



TABLE 6, {Continued)

Hate of Color

BXtre Tenition

Ruz Sample Hate of
No. Wt., Alr Flow, Temp.Rise, Exother-  Temp.,°F.
Grams Cu.Ft./Min. °F./Hr. mic Reac=
R : tion,%F. |

238 Linen 10.11 0,05 11  Light Blue  None 445
239 " 10.33 0.03 11 - . 441
256 % 13.6 0.05 15  Unbleached ” 463
265 " 18.15 0.05 15 White . 482
2564 HNylon Hose } 9.0 9,95 ie T 461 Rone
266 Regenerated Rayon = 10.71 0.05 15% Blue & White None Below 440
267 Regenerated Rayon 11.47 0.05 i 4 Tan » 460

Hose Ny | PP | &
257 Rug Material (Jute, 11.22 0.056 15 Cotton-White » 470

Wool, and Cotton) Jute-Tan

_ § elbe - ~ Wool-Grey ‘

250 silk 2.6 0.05 13 GOreen & White " 468
261 » 9.8 0.05 14 » . 431

» Approximately.

G4




TABLE 6.(Continued)

Run Waterial Sample Rate of  Rate of  Color Extra  lgnition
Noa Wt., Alr Flow, Temp.Rise, Exother~ Temp.,°F.
Greme Cu.Ft./¥Min. °F./Hr. mic Reace
, IS : tion,°F.
263 Pure Dye Silk 8460 0.05 B 1 White None 425
264 Weighted Silk 4.45  0.05 12 " " None
218 Wool 2,06 005 15 (1) Blue " None up
, o . $o. 600
219 * 2.0 0.05 600 " " 800
220 * 2.0 0.05 30% " " None up
3 | to 650
221 " 2.0 0.05 156 . . 498
222 " 2.0 0.05 138 " » 494
g2z ° 2.0 0.05 69 . . 479
22¢ " 2.0 0.05 45 » " 474
225 " 2.0 0.05 . %0 ’ * 473
eg6 " 2.0 0.05 20 " " None up
| to 630

® Approximately.




TABLE 6, (Continued)

i Waterial Bample Rate of  Rate of  Color Txtra Tenition

Yo Wt., Alr Flow, Temp.Rise, Exother=  Tempa,CF.
Grams Cu.Ft./¥in, COF./Er. mic Reac-
, , tion,®F.
228 Vool 2.0 0.4 37 {#1) Blue Hone 469
229 " 2.0 0.8 32 - » an
231 " 7078 0.4 28 o " 447
233 " 9.23 0.4 33 White 43 None
253 " . w42 0.4 18 (#2) Blue  Wome 431
260 Wool and Cotton 4.24  0.05 14 White " 482

18
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- sample welght, decrease of air flow, and decresse of heat-
ing rate., No absolute minimum was reached in any of the
curves although very little change was noted with air flow
changes from 0,05 cubie feet per minute to 0.4 cubic feet
per minute, ?&o use of No, 1/3 cem {haaﬁiag rate 5° ¥,
per hour) Fr@ﬁﬁﬁaﬁ an ignition temperature 30° ¥, lower
then that obtained with No. 1 (heating rate 14° F. per
hour). Qkis was a mﬁrs‘markaﬁ decrease than noted before
under ﬁﬁa same #@ﬁdiﬁi&ﬂﬁ; Blue cotton corduroy and white
mesh é@t%an eurtain hed ignition temperatures within 10
degrees of the lgnition t&ﬁpar&tara of the flannel while
ﬁhé cotton awning eaﬁv&s ignited at a'%@ﬁgerature 35 de~
grees lower, Evidently the dye or gaiﬁt in the aénvas
caused the ignition to proceed to completion at a lower
temperature, ﬁaApaauliﬁr reaatians were noted with
aéttan fabrics.

Wool, the first animal fiber tested, gave slightly
different results, Ignition wes obtained at heating rates
of 30° ¥, per hour and over, but not at lower rates. At
the rates below 30° F, per hour, the wool samples appeared
to char and shrink with a relatively incombustible pellet
left as the residue, The pellet was of & black honeyeomb

structure inside indicating thet some sort of a resetion

had teken plece. No definite exothermie ruaetiéﬁ was
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noted, however, With increase of the heating rate above
the lower iimit, the ignition temperature inecreased as
noted before (Figure 21).

The alr flow-temperature curve showed a definite,
although slight, minimum at O.4 cubic feet per minute,
Such slight minimums were noted by Brown (3) in some of
his experiments., A larger sample was tested at 0.4 cubie
feet per minute and approximately 30° 7. per hour with a
resulting lower ignition temperature of 447° F. Two other
wool specimens were then tested. One ignited at 431° Fo
while the other exhliblted a marked excthermic reaction at
ééla Fasy but ignition di& not proceed to completion.
Specimens of the same major type of fabric did not all
show qulte the same ignition characteristiecs.

The curves obtained from the linen tests were well
defined and very similar to those obtalned from the yellow
copy paper and ponderosa pine tests. (Bee Figure 22).
Higher ignition temperatures were experienced with in-
creases in air flow and heating rate and decreases in same
ple size. The average ignition temperature obtained at a
heating rate of gl pér hour and 0,05 cubie feet per
minute air flow rate was 442° ¥, Two other speclmens were
tested with resulting ignitions at 482° P, and 468° F. at
a heating rate of 15° r, per hour. The composition of the
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specimens undoubtedly caused the wide variation in results
as the slight increase in heating rate could not cause
much change in the ignition temperature.

Acetate rayon was the last major type of fabric on
which a8 set of curves was obteined. The information on
the reactions obtained was more individuamlistic than that
obtained from any of the other materials, the rayon being
actually a type of plastic. There was a distinect chaln
of different reactions. At a temperature of 428° P, to
475° Fuy the specimens shrunk and dearkened in color with
ne exothermlc or endothermic reaction apparent. At a tem-
perature above 500° F., strong acetic acid fumes were
given off and the specimen turned black and swelled to
approximately 1ts original size. At the point of swelling,
a slight endothermic reaction was noticed with the larger
specimens. The inside of the specimens appeared honey~
combed and porous. At some time after the swelling took
place, an exothermic reaction began which, with larger
specimens and faster heating rates, resulted in an actual
ignition, With smaller samples at the slower heating
rates, the reactions were not vigorous enough to cause
actual ignition and in some ceses falled to show any change
in the recorded t&mparaturﬁ‘aurvaw A slight minimum was

again noticed in the alr flow-temperature curve at 0.4
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cubie feet per minute. At 0.8 cuble feet per minute, no
ignition or exothermic reaction took place, The lowest
ignition temperature obtained was 555° F. with a sample
welght of 14.5 grams, a heating rate of 89° P. per hour,
and an air flow rate of 0.4 cubic feet per minute.

The remaining specimens were avallable in smaii
guantities only, and the results are of one or two runs
only. Table 6 gives the conditions of the tests.

Regenerated rayon acted more like the vegetable
cellulose base materials, It ignited readily end appars
ently with no complicated chain of reactions as expe~
rienced with acetate rayon. One specimen ignited at 460°
F, while the other ignited below 440° F. (the exact tem=
perature was not obtained).

Three samples of ailk were tested. Two of these,
which were ordinery pure silk, ignited at ¢31° ¥, and
428° P, The other sample was a weighted silk (metalliec
weighting). It ignited with difficulty if a‘fiams was
applied, but the burning stopped when the flame was taken
away. In the oven, the specimen turned black, but no exo-
thermic reaction was recorded. |

The one sample of nylon hose tested ylelded no igni=
tion. There was & slight exothermic reaction at 461° ¥,
Above that temperature, the specimen merely turned black
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and appeared to melt. No ignition was noted up to 800°
F., although heavy gases were given off which could be
ignited with a flame,

Several combinstion materials were tested. Three
combination cotton and silk specimens ignited at 488° F.,
478° ¥., and 460° F, These temperatures were approxi=-
metely half way between those ylelded by pure cotton and
pure silk under the same condltions. One wool and cotton
combination was tried. It ignited at 482° F, which was
closer to the ignition temperature for cotton than that
for wool, This should be expected, however, as the con=-
ditions of the test were those ideal for cotton and not
for wool., A combination jute, cotton, and wool rug
material ignited at 470° F, which again seems to be near
the center of the most common ignition range.

The tests of fabrics gave the widest variation of
results of any of the major classes of materlials, but the
variation in the materials themselves also was wide.
Nevertheless, the mejority of the ignition temperatures
were in the range 425° P, to 500° F, which is approxi-
mately the same as the range for paper and wocod. MNost of
the values (Figure 17) tended to group themselves in this
one range, even though some of the materials were animal,

some vegetable, and some plastic., As with paper and wood,
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marked variations of ignition temperatures with air flow
rate, sample welght, and rate of temperature rise were
noticed although the individual amounts and direction of
variation were not all the same.,

It was impossible in the short time available to
cover &ll fabric pessib&lities, The magnitude of such
possibilities is indicated partially by the amount of

variation experienced in this abbreviated set of tests.




I1X.,
CONCLUSIONS
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CONCLUSIONS

It has been found impossible to cover the field of
organic materials completely in the amount of time that
could be spent in these experiments. There are many aitu
ferent materials available; materials of even the same
class may have different ignition characteristicsj each
test took approximately 12 to 18 hours to complete; and
rinallﬁ, the conditions of the tests may be varied over
& very large range. With some materlals, as much as two
months could be spent on one single specimen in order to
get complete curves and data. Consequently, the attempt
has been made to approach values of minimum ignition teme
peratures for the materials tested by noting trends and
by testing the materials under the most favorable condi-
tions possible with the equipment used., The conditions
which were thought to have the most effect on the igni-
tions temperature were varied. These were: air flow rate,
sample weight, rate of temperature rise, end composition
of sample, General trends of varlation were established
and are shown in the accompanying tables and curves.
Values close to minimum ignition temperatures under
natural conditions have been found and should prove useful
in safety and fire prevention work.

The ignition phenomenon has been seen to be the
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result of an exothermic reaction which may or-may not
cause ignition, depending on the amount of heat evolved
and the nature of the masterial. Although the exact point
of ignition is diffieult to designate, the definition used
in this thesis (page 5), that of the temperature at the
beginning of the exothermic reaction, has given consistent
results, _

Probably the most useful conclusion which can be
drawn frwm these tests is this: The spproximate @&a&mﬁm
ignition tsa@&zatuéa of the majority of papers, woods, and
febrics falls within a definite temperature range. ¥ith
the apparatus and conditions used in hha#e %aaks* this
range covered temperatures from 400° F. to 500° F, with
the peak coming close to 460° F, Some materials have ige
nition temperatures outside of this range, but thaza'ﬁﬁm;
peratures tend te be higher rather thag lower. Discolora=
tion of samples, indicating some initial reactions taking
place, began st temperatures between 300° F, and 400° ¥, |

The variation of 1gnition temperature with sample
welght, in all cases recorded, showed a decrease iith an
increase of sample waighﬁ; o optimum sige or weigﬁ% gf
éamgle was reached as the dimensions of the equipment
limited the weight of samples which could be tested, The
curves obtalned were in general afJa concave upward form

(see curve sheets).
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The variation of ignition temperature with alr flow
rate was also consistent when tightly packed or rolled
samples were used., As long as sufficient sir to support
ignition was supplied, the ignition temperature increased
in general with increass in air flow. At the lower air
flow rates, the curves showed a distinet flattening and in
gome cases & slight minimum. The curves were again of
general concave upward form.

The variation of ignition temperature with rate of
temperature rise yielded a varlety of different forms of
curves, There were three prominent curve forms: (1) Con=-
cave downward with no minimum point or range'(Figuraa ig,
18, 20, 22, and 23); (2) Concave upward with no minimmum
point or range (Figure 21); (3) Concave upward with a
definite minimom point or range (Figure 19).

Absolute minimum ignition temperatures were not obe
tained in all the tests, There were two reasons for this.
One, the sample weight was limited by apparatus dimen~
sions, aa mentioned before, Two, heating rates lower than
8% P, to 16° F. per hour were impractical with the equip~
ment used, Tests of newspaper at a heating rate of RVQ e
per hour produced ignition at 428° F, while a test at a
heating rate of 6° r. per hour prﬁdaaed ignition at 427°
Fo 1If this is considered representative, the ignition
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temperatures of paper closely apprroached the minimum.
Ponderosa pine showed a difference of 13° F. in ignitien
temperature when the heating rate was decreased from 13°
P. to 4° F, per hour. With cotton flennel, the ignition
temperature decreased 29 degrees when the heating rate ’
was decreased from 14° P, to 5° P, per hour. With some
of the other materisls (oak, wool, acetate rayon), the
minimum ignition temperature apparently was reached. In
spite of this dlscorepancy, it is believed that the values
cbtained approach the minimum with useful accuracy, for
it is doubtful 1if the most 1deal conditions for ignition
would sver be attained under natural or normel condltions
of storage of the combustible meteriala. The type of miﬁw
imums recorded varied some also. Some were shown as actu=-
al minimums of the curves, as indicated above, while others
were minimom heating rates at which ignition was possible
and below which only a slow oxidation and evaporation re-
sulted., The general trend was toward higher ignitien
temperatures at higher heating ratess This showed dis~
tinctly the dependence of ignition temperature on time and
that the phenomenon was not merely en event in time.

The compesition of the samples caused the ignition
temperature to vary throughout the distribution range.

The ma jority of the samples tested were of a vegetable or
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cellulose base end would be expected to fall within a
general range, but some of the other materisls which were
not of a vegetable cellulose nature also had ignition
temperatures in this renge. The composition of most of
the samples was complicated enough to discourage any
attempt at correlating ignition temperature with compoe
sition. 'he ignition temperature is distinetly sn indi-
vidual characteristic.

The tests made by Brown (3) yielded values which do
not all agree with these experiments, Some of his values
are 487° P, for filter paper and 448° F. for absorbent
cotton which are within the range shown in this thesis.
However, he recorded some values as low as 378° P, for
western red cedar and 363° P, for newsprint which are much
lower than the values indicated herein., These values were
obtained at heating rates above 100° ¥. per hour which are
much higher than the heating rates at minimums indicated
in Tables I, III, and VI, Undoubtedly, the exact condi-
tions of test, arrangement of the equipment, and the com=
position of specimens made the differences. This again
stresses the importance of standardization of method and
equipment and the need for more complete investigation of
the whole ignition question.
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There is much room for additional original investiga-

tions whiech could include:

1) Hore complete tests of materials already tested.

2) Tests of building materiels.

3) Tests of fireproofed and other specially treated
materials. ‘ ,

4) Tests with changes in atmosphere and relative
humidity of the atmosphere used,

6) Investigation of ignition phenomenon by use of
analyses of specimena at various points in the reace
tion range.

It is hoped that this set of tests may prove useful

in the fire prevention field and may form the basis for

further experiments as suggested above,
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Unable to scan samples. Please contact
the OSU Library to view a physical copy of
this thesis.

XII.
APPENDIX II =~ PAPER SAMPLES


blackp
Text Box
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Data on ?&gar Sample
an
Conditions and Results of Test

Common name of sample Pulp. (Sample not included)
Sample Nos___ 22

Raw material Hemlock,

Pulp process_ Sulphate.

Sizing Hone .
. Piller None «

Bleaching process None.

Surface or finish ____None.

Coloring None.,

Special treatments, or remarks xenQ,

Percent molsture by welight Undetermined.

Thickness_ Undetermined.
Rate of temperature rise 18° F./nour.
Size of sample 1 X 2% inches.
- Weight of sample 7 _grams.
Rate of air flow 0,05 cuble feet/minute.
Extra exothermic reaction None.

Ignition temperature 474” Fs
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Data on Paper Sample
and
Conditions and Results of Test

Common name of sample Groundwood Pulp.(Sample not included)

Sample o 4

Raw material Wiood fibre.
Pulp process Groundwood .
Sizing None .
Filler None «
Bleaching process None «
Surface or finish None «
Coloring ‘Rana;

Special treatments, or remarks None.

Percent moisture by weight Undetermined.

Thickness Undetermined o

Rate of temperature rise_  15° F./hour.

Size of sample 1 X3 inches,
Welght of sample B2 grams. '
Rate of air flow 0.05_cubie feet/minute,

Extra exothermiec reaction None

Ignition temperature 459° F,
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Data on Paper Sample
and
Conditions and Results of Test

Common name of sample_ Pulp dust. (Semple not included)

Sample Noe 21

kaw material : Hemlock, spruce, and red fir,
Pulp process__ Sulphate .

8izing None s

Filler Hone s

Bleaching process None .

éurraae or finish None s

Qalar&ng __None.,

Special treatments, or remarks This is composed of fibers
and is undoubtedly the greatest cause of our fires in the
aper machine dryers: It settles loosely on all parts of
he dry end; and when oil treatment 1s being made on
galenders, it mixes in with this toos To prevent fires,
$his dust 1s removed by means of air pressure %o th '
side of the machine and hosed with water into the sewers.

Percent molisture by weight_ Undetermined.

Thickness Undetermined.

Rate of temperature rise 16° F./hour.

Size of sample ‘ 1 X 2 inches,

Weight of sample 7+4 grams.

Rate of alr flow 0,05 cublec feet/minute.

Extra exothermic reaction None.

Ignition temperature 434° p,
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Data on Paper Sample
and
Conditions and Results of Test

Common name of sample Laminator peper ﬁust.ﬁﬁam le not in-

i cluded)
Sample MNo. 12 7
Raw material ‘¢ellu1@ae fibre.
Pulp praeeah Kraft,
Sizing Rosin-alum.
Piller | None .
Bleaching péee&aa None «
Burface or finish Machine Finish.
Coloring Anilines.

Special treatments, or remarks Dust from slitters and

saws used in converting laminated kraft paper.

Percent moisture by weight Undetermined,

Thickness _Undetermined.
Rate of temperature rise 14° F./hour,
8lze of sample v 1 X2 inches.
Welght of sample_ 8,7 grams, -

Rate of air flow

Extra exothermic reaction None,
Ignition temperature 405° ¥,
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Data on Paper Sample
and
Conditions and Results of Test

Common name of sample Paper dust from converting plant,

{(Sample no
Sample YNo. 1
Raw material Wood .
Pulp process _Sulphite-groundwood.
Sizing None »
Filler one .,
Bieaehing process None .
Surface or finish Machine finish,
ﬁalar&ng ’ Anilines.

Special treatments, or ramnrké Waste from cut-off and

trim saws in converting plant, Saws were running on blue

white toilet tissue when sampled.

Percent moisture by welght__Undetermined,
Thickness . Undetermined.
Rate of temperature rise 14° F,./hour.

8ize of sample 7 1l X2 inches,
Weight of sample 5.2 pgrams. |
Rate of air flow __0,05 cuble feet/minute,

Extra exothermic resction None .,

Ignition temperature 452° 7,
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Data on Paper Sample
and
Conditions and Results of Test

Common name of sample Frult wrap. (Sample not included)

Sample No.__ 23

Raw material Spruce.
Pulp process Sulphate.
S8izing None .
Piller None .
Bleaching process _None,

Surface or finish Mineral oil 2.5§/ream.

Coloring None .

8pecial traatmenta, or remarks None.

Percent molsture by welght_ 4,3 percent.

Thickness_ , 0,0018 inches.

Rate of temperature rise 13° P./hour,

Size of sample 1 X 2§ inches.

Weight of sample 10 grams.

Rate of air flow 0.056 cublc feet/minute.

Extra exothermlie resction None s

Ignition temperature 468° ¥,
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Data on Paper Sample

and

Conditions and Results of Test

Common name of sample

Wax paper.
Sample No. _24
Raw material Red fir,
Pulp process
Sizing /1000 stoeck resin,
Filler § titanox/1000# stoek.

Bleaching process

aurfaaavar finish

Single stage hypochlorite,

Waxed,

Coloring

sy¢e1a1 treatments, or remarks

Wax added 4 to 5 pounds/ream,

Percent molsture by weight 449 percent,

%h&aknaaa_

0.0084 inchese

Rate of temperature rise

Size of sample

_1&@ P«/hour.

Weight of sample

7/8 X 2% inches.

10 grams.

Rate of alr flow

0.,06 cublie faat/higuﬁsg

Extra exothermic reaction  None.

Ignition ﬁamp@rature;

450° P,
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Data on Paper Sample

and

Conditions and Results of Test

Common name of sample Tollet tissue.

Sample No.

Al

Raw material

Cellulose flbre.

Pulp process Sulphite.
Sizing _None.

Filler None.
Bleaching process None .

Surface or finish Mechine finish,
Coloring Anllines.

SBpecial treatments, or remarks lNone.

Percent moisture by welght_ 4.3 percent.

Thickness

0.,0026 inches.

Rate of temperature rise_ 15° ¥,/hour.

Size of sample

1 X 3 inches,

Welght of sample

10 grams o

Rate of air flow

0.056 cubic feet/minute,

Extra excthermic reaction None .

Ignition temperature

462° 7,
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Data on Paper Sample
and
Conditions and Results of Test
Common neme of sample Olled Canary Citrus (frult wrap).
Sample No. 3

Raw material Cellulose fibre.
Pulp process Sulphite.,

Sizing ) Rosin-alum,
Filler » None .

Bleaching process _Hypochlorite.

Surface or finish Machine finish,

Coloring el Anilines. .
Special treatments, or remarks Oiled with paraffin oll on

the calender stack.

Percent moisture by weight 4,7 percent,

Thickness 0.0011 inches,

Rate of temperature rise 16° F./hour,

Size of sample ’ _1 X 2% inches,

Weight of sample 10 grams.

Rate of air flow 0.05 cubic feet/minute.
Extra exothermic reaction 468° ¥,

ignition temperature 610° F,
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Data on Paper Sample
and
Conditions and Results of Test

Common name of sample Lemon Crownolil Fruit (fruit wrap).

Sample No. 2

Raw material , Cellulose filbre.
Pulp prﬁaeaa Sulphite.,

Sizing e v Rosin-alum,
Piller Hone

Bleaching process _'ﬁana. ,
Surface or finish Machine finish,.
Coloring ‘ Anllines.

Speclal treatments, or remarks Oliled with paraffin

(white oil) on the calender stacks

- Percent molsture by weight Undetermined.

Thickness_ 00,0016 inches.

Rate of temperature rise !.18° F./h@nr.

Size of sample 1 X 2% 1n@heu.

Welght of sample 10 grama.

Rate of alr flow 0.05_cubie rnt/uzmm.
Extra exothermic reactlion_ ﬂbﬂ@o

ignition temperature 434° P,
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Data on ?ager Sample
an
Conditions and Raaulﬁa of Test

Common name of sample Waxed kraft peper.

Sample No. 10 :

Raw material Cellulose fibre~paraffin.
Pulp process ___ _Kraft.

S8iszling Rosin-alum,

Piller None,

Bleaching process None. }

Surface or finish Mechine finish,

Coloring Anilines,

Speclal treatments, or remerks _Waxed on 8 special

machine to a total ream welght of thirty-elght pounds.

Percent molsture by weight Undetermined.

Thickness : _ 0.0038 inches,

Rate of temperature rise 18° F./hour.

Size of sample 1 X 2} inches,

Welght of sample 10 grems.

Rete of air flow_ 0,06 cubic feet/minute.

Extra exothermic reaction  461° P,

Ignition temperature 610° P,




Data on Paper Sauple

and

Conditions and Results of Test

Common name of sample

Laminated kraft.

samyla Nos_ g

Raw material Cellulose fibre-asphalt,
Pulp precéaa Eraft.

Sizing | Rosinwalum,

Filler ‘ None.

Bleaching process Nones

:8urfsae or finish

Machine finish,

‘knilinaa‘

Coloring

Special treatments, or remarks_Two sheets of 30§

paper, laminated with enough asphelt to bring the total

ream weight (500 eagg&) to 112 pounds,

Percent moisture by weight 2.4 percent,

Thickness

040087 inchess

Rate of temperature rise_ 16° Fg{hﬁﬁ%g

Bige of sample

1 Xg inchea,

Welght of sample

30 grams,

Rate of air {low

0,05 cublc feet/minute.

Extra exothermic reaction None.

Ignition temperature

700° B,
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Data on Paper Sample
and
Conditions and Results of Test

Common name of sample _ Golden Gate Bag (paper bag).

Sample No. 7

Raw material Cellulose fibre.

Pulp process___ Sulphite.
Sizing : Rosin-alum,
Filler . Jone.

Bleaching process None . =
Surface or finish Machine finish,
Coloring , Anilines.

Special treatments, or remarks Sterch adhesives used in

manufacture of bags.

Percent molsture by weight Bs4 percent,

Thickness 0,0087 inches.

Rate of temperature rise _16° P./nour,

Size of sample_ 1 X 2& inches,

Welght of sample 30 grems,

Rate of air flow ; 0.05 cubie feet/minute.
Extra exothermic reaction None .

Ignition temperature 466° »,




Data on Paper Sample

and

Conditions and Results of Test

Common name of sample

White Columbiair Bond 9#.

Sample Ed, 20

Raw material

Pulp process Sulphite.

8lzing 2 percent.

Filler 3% talc and 3.9% alum.
Bleaching process Hone «

Surface or finish Hone s

Coloring Solar blue.

Special treatments, or remarks None .

Percent molsture by weight__

Thickness

5.8 percent.

0.,0024 inches.

Rate of temperature rise

20° F./hour,

S8igze of sample

1 X 2% inches.

Welght of sample

10 grams,

Rate of air flow

0,05 cubic feet/minute.

Extra exothermic reaction

~_Hone .

Ignition temperature

464° p,
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Data on Pagar Sample
an
Conditions and Results of Test

Common name of sample_ White Bond 16§,

Sample No.. ___18

Raw material

Pulp process Sulphite.

Sizing 2 percent.

Piller B.3% tale and 3.9% alum.
rﬁlaaehing process__ None .

Surface or finish None .

Coloring .‘ Solar blue.

Special treatments, or remarks None,

Percent moisture by weilght 5.3 percent,

Thickness 0,0032 inches.

Rate of temperature rise 14° F./hour,

8ize of sample 1 X 2% inches,

Weight of sample 10 grams.,

Rate of air flow _ 0,05 cubie feet/minute.
Extra exothermic reaction None.

Ignition temperature _468° ¥,




Data on Paper Sample
and
Conditions and Results of Test

Common name of sample  White Wove Envelope 247.

Sample No. | 19

Raw material :

Pulp process Sulphite.

8izing 2 percent.

Filler 5.5% tale and 3.6% alum.
Bleaching process None .

Surface or finish None s

Coloring : Solar blue,

Speclal treatments, or remarks___ None,

Percent moisture by welight 4.7 percent.

Thickness 00,0039 inches.

Rate of temperature rise 17° F./hour,

Size of sample 1 X 24 inches.

Welght of sample 10 grams, ‘
Rate of air flow 0.05 cubic feet/minute.

Extra exothermice reaction None .

Ignition temperature 462° 7,
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Data on Paper Sample
and
Conditions and Results of Test

Common name of sample Bleached lanifold Parchment 18#.
Bample No. i 17

Raw materisl

Pulp process : __Sulphite.

Sigzing +7 percent.,

Filler_ | __2.,3% alum,

Bleaching process None .

Surface or finish _ None.

Coloring Solar blue and lemon ochre.

Speclal treatments, or remarks None.

Percent moisture by welght 6.5 percent,

Thickness 00,0020 inches,
Rate of temperature rise_ _ 186° F./hour,
Size of sample 1 X 2} inches,
VW@ight of sample 10 grems. ‘
Rate of air flow 0.05 cubic feet/minutes

Extra exothermic reaction None.s

 Ignition temperature 679° F.




189

Data ontPapar Sample
and
Conditions and Results of Test

Common name of sample Bleached Greaseproof 25§,

Sample No. 16

Raw material

Pulp process . Sulphite.

Siging A : «7 percent.

Filler ‘ __2.3% alum and 1% rayox,
Bleaching process flone «

Surface or finish None,

Coloring __Solar blues

Speecial treatments, or remarks None «

Percent moisture by weight 6,2 percent,

Thickness : 0,0019 inches,

Rate of temperature rise 12° r./hour.

Size of sample_ 1 X 2% inches,

Weight of sample _ 10 grams,

Rate of air flow_ 0,056 cubie feet/minute,

Extra exothermic reaction None .

Ignition temperature 679° P,




Data on Paper Sample
and
Conditions and Results of Test
Common rame of sample_ Purple olled frult wrap.

Sample No. 30

Raw material Sulphite 98% end groundwood 2%.

Pulp process

Sizing

Filler

Bleaching process Hone . :
Surface or finish Calendered.
Coloring__ Seme as unolled,

‘Special treatments, or remarks_ Weight 12,.5§ with about

2.,2§ of white oil per ream,

Percent moisture by welght___ 6.2 percent,

Thickness S : 040013 inches.

Rate of temperature rise 25° F./hour,

Sige of sample 1 X 2% inches.

Welght of sample_ _ 10 grams. ,

Rate of air flow 0,06 cublec feet/minute,

Extrs exothermic resction 46@° Fe

Ignition temperature 620° Fs_
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Data on Paper Sample
and
Conditlons and Results of Test

Common name of sample Newsprint.

Sample No. 30

Raw material Wood. _ , ‘

Pulp process Sulphite 18% and groundwood 82%.
Sizing _ Hone .

Filler _ . None,

Bleaching process None

Surface or finish _ Calendered,

Coloring Practically none 1/16 oz./ton ethyl violet.

Special treatments, or remarks__ Weight 35f.

Percent molsture by weight Undetermined.

Thickness 0.,0035 inches.

Rate of temperature rise 15° »,/hour.

Size of sample , 1 X 2% inches,

Weight of sample 10 grams., :
Rate of air flow | 0.05 cubic feet/minute,

Extra exothermic reaction None .

Ignition temperature &359 Fo




Data on ng@r Sample
and
Conditions and Results of Test
Common name of sample Purple unoiled frult wrap.

Sample HNos = 0

Raw material _Wood (spruce end hemlock).

Pulp process Sulphite and groundwood.
Sizing T# _size, 24 sadinm aawbongtch anﬁ

Dl

Filler ‘ Hone .
Bleaching process Hone .
Surface or finish  Calendered.

Coloring et violet DXX &gg safranine Y
oZ. (péer - AD) .

Special treatments, or remarks

Unbleached sulphite 98%.

Groundwood ; 24,
Weight 12,54 per ream (50O count).
Percent moisture by weight 6.8 percent,
Thickness 0.,0016 inchess,
Rate of temperature rise 15° P./hour.
Size of sample 1 x 2} inches.
Welght of sample 10 grems,
Rate of air flow __ 0,06 cubic feet/minute,
Extra exothermlc reaction Haaa.‘

Ignition temperature 468° 7,




Data on Paper Sample
and
Conditions and Results of Test

Common name of sample Toilet tissue.

Sample No. | 29 ik

Raw material Sulphite 76% and groundwood 25%.
Pulp process

Sizing Hone ,

Filler XNone,

Bleaching process None .

Surface or finish Creped.

Coloring None .

Special treatments, or remarks_ Weight 12.5§.

Percent moisture by weight 5.3 percent,

Thickness__ 0.,0025 inches.

Rate of temperature rise 12° F./hour.

Size of sample R 1 X 3 inches.

Welght of sample 10 grams, , .
Rate of air flow 04086 cubie feet/minute,
Extra excthermic reaction None s

Ignition temperature 460° Fe
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Data on Paper Sample

and

Conditions and Results of Test

|
Cormmon neme of sample__ Embossed tollet tissue.

Sample Hos_ } 26

Raw material Sulphite 756% and groundwood 25%.
Pulp process

8izing ' None .

Filler A Hone .

Bleaching process_ None .

Surface or finish _Creped and embossed,

Coloring Practically none,

Speclal treatments, or remarks

None .

Peréent molisture by welght 448 percents

Thickness

_0,0024 inches,

Rate of temperature rise

20°_F./nour,

8ige of sample

1 X 3% inches,

Welght of sample

Rate of alr flow

_0.05 euble feet/minute.

Extra exothermic reasction

lone .

Ignition temperature

4589315
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Data on Pﬁger Sample
; an
&en&iti@a& and Results of Test

Common name of sample _ Slerra toweling,

Sample No. 28 ,

Raw material Sulphite 30% and groundwood 70%.
Pulp process

Sizing ; :7 None.
Filler , : None .

Bleaching process None .

‘Surface or finish _Creped,
Coloring 2 oz, nurom#nﬂl,‘

chrysoldl pe
Special treatments, or remarks___ Weight 54nﬁfg

Percent molsture by weight 4,7 percent.

Thickness : 0.,0070 inches.

Rate of temperature rise 18° F./hour.

S8ize of sample : 1 X 3 inchess

Welght of sample 10 grams.

Rate of air flow ____ 0,05 cubic feet/minute.
Extra exothermlic reaction None .

Ignition temperature 454° ¥,




Data on Fagar Sample
an
Conditions and Results of Test

Common name of sample Corrugating boxboard.

Sample No. 52 : ;

Raw material Groundwood and sulphite screen=
ings ang Som6 Droke s

Pulp process : ; - , o .

Silging = Hone .

Filler . None,

Bleaching process None .

Surface or finish ___Calendered, , ,

Coloring 25 oz+ bismark brown and 80 oz.

chorsiodine Y (per 3
Special treatments, or remarks None.

Percent molisture by weight___ 7.5 percent.

Thickness_ : ; 04,010 inches,

Rete of tempersture rise_ 15° ?g{hﬁﬂ?n

Size of sample 1 X 2% inches,

Weight of sample __10 grems,

Rate of air flow_ _ _ 0.06 cubic feet/minute.
Extra exothermic reasction lone «

Ignition temperature_ 440° ¥,
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Data on Paper Sample
and
Conditions and Results of Test

\

Common nawme of sample Cheviot meat wrap,

Sample Noa : B 1 ‘ 5
Raw material Sulphite 90% and groundwood 10%. _
Pulp process
Sizing
Filler ,
- Bleaching process None.
Surface or finish _Calendered. o
Coloring _115¢ red fibers per 1500§ AD.

Special treatments, or results__ Weight 40f.

Percent moisture by weight 5.6 percent.

Thickness oo ST 04,0087 inches.

Rate of temperature rise_ 18° F,/hour,

Size of sample 1 X 2} inches,

Weight of semple 210 greme,

Rate of air flow_ 008 cubie feet/minute,
Extra exothermic reaction None » ‘

Ignition temperature 462° ¥,




Pata on Paper Sample
and
Conditions and Results of Test

Common neme of sample Bond papers.

Sample MNo. 7 15

Raw material Hemlock chips,
Pulp process_ | Sulphite,
Siging Rosin-starch.
Filler Clay-rayox.
Bleaching process Hypochlorite,
Surface or finish Regular,
Coloring__ White.

Special treatments, or remarks lone..

Percent moisture by welght 5.0 percent,

Thickness : . 0s0085 inches,

Rate of temperatuve rise 14° Fo/hour,

Size of sample , 1 X 2% inches.

Weight of sample L 10 grams,

Rate of air flow 0,05 cubic feet/minute.
Extra excthermic reaction___  None,

Ignition temperature 462° ¥,




Data on Paper Sample

Conditions

Common name of sample

and
and Results of Test

NMimeograph paper,

139

Sample Ho.

14

Rew material

Hemlock chips.

Puly process Sulphite,
8izing Rosin,
Filler ; Clay.
Bleaching process Hypochlorite,
Surface or finish Regular,
Coloring White

Special treatments, or remarks None.

Percent molsture by welght 5,12 percent.

Thickness

ﬁ,ﬁﬁ%? in@h&sg

Rate of temperature rise

14° F,/hour.

S8ize of sample

1 X 2% inches.

Welght of sample

10 grams,

Rate of air flow

0.05 cubic feet/minute,

Extra exothermic raaatiaﬁ

None .

Ignition temperature

4580 ¥,
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Data on Paper Sample
and
Conditions and Results of Test

Common name of sample_ Bluewhite newsprint 384,

Sample No. | 13 7 G ,

Raw material Sulphite and groundwood pulps.
Pulp process_ Sulphite and groundwood.

Sizing 7 _ JNone.,

Filler None . il
Bleaching process Zinec hydrosulphite on groundwood.
Surface or finish lMachine finish,

Coloring Methyl violet and ethyl violet

“aniline dyes.
Special treatments, or remarks_ None.

Percent moisture by welght 5.9 percent,

Thickness 0.,0083 inches.

Rate of temperature rise 17° P./hour.

Size of sample 1 X 2% inches,

Weight of sample 10 grams.

Rate of air flow 0.05 cuble feet/minute.
Extra exothermic reaction lone s |

Ignition temperature , 432° F,
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Data on zggar Sample
ﬁanditianakaﬁd Results of Test

Conmon name of sample lMachine dried unblsached anl‘&&te

pulp, (Semple not includ
Semple No. i &
Raw material » ' Cellulose fibre,
Pulp process —Bulphite,
Sizing : None s
Filler Hone .
Eleiﬁhing process None .
Surface or finish Machine finish,
Coloring _ _None,

Special treatments, or remarks_ Sulphite pulp dried by

forming, presging, and beating on 8 special machine.

Percent moisture by weight Undetermined,

Thickness e . Undetermined.

Rate of temperature rise_ 15° F./hour,

8ize of sample e 1 X 2% inches,

Welght of sample 15 grams. ,
Rate of air flow 0.05 cuble feet/minute.

Extra exothermic reaction None,

Ignition temperature a72° p,
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Date on Paper Sample
and
Conditions and Results of Test

Common name of sample_ Newspaper,

Sample Noas , Unknown .
Raw materiel Unknown,
Pulp process Unknown.
Sizging s Unknown .
Filler Unknown .
Bleaching process Unknown ,
Surface or finish Unknown.
Colering ﬁngn@*ﬁ:

Special treatments, or remarks _ Unknown.

rercent molsture by weight 7.8 percent,

Thickness 040087 inches,

Rate of temperature rise_  18° ¥./hour,

Size of sample __ 1 x 2% inchess

Welght of sample 10 grams, :

Rate of alr flow , 0,05 cublc feet/minute,
Extra exothermic reaction None

Ignition temperature 43§° Fe
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Data on Paper Sample

and

Conditions and Results of Test

 Common name of semple__Yellow copy paper.

Sample Fo._ _ Unknown,
Raw material -Enkn@wn.'
Pulp process

. Blzing

Filler

Bleaching process

Surface or finish

Coloring

'3p@eial treatments, or remarks Unknown «

Percent molsture by welght

Thickness

5.0 percent,

0.0028 inches,

Rate of temperature rise

ﬁﬁarsgjhanrg

Size of sample

Welght of sample

1 X 2% inches.

Rate of air flow

lﬁ_ﬁ?ﬁﬂﬁg
0406 cubic feet/minute.

Extra exothermic reaction

None .

- Ignition temperature

441° ¥,






