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THE INSTITUTE OF PAPER CHEMISTRY
Appleton, Wisconsin

DEVELOPMENT OF AN IMPROVED DIFFUSION BOARD MATERIAL

SUMMARY

This program was initiated to study improvements of diffusion board on
a laboratory and commercial basis.

Using pulps commercially available in the

insulation board industry, there seemed to be no difficulty in the laboratory in
producing boards with the desired density, diffusivity, and resistance to penetration of aerosols and with strength equivalent to normal practice in insulation
board.

Protection against toxic gases as represented by chloropicrin was also

obtained but protection against cyanogen chloride was more critical.

By utilizing

well-washed pulp and alkaline sizing materials, adequate resistance to cyanogen
chloride could be obtained.

Under desert aging conditions this protection was

fairly stable but under tropical aging conditions, the cyanogen chloride protection
deteriorated rapidly.

A pilot trial confirmed these results; when preliminary trials for a
production run were made, it was found that drying conditions were critical, both
with respect to fire hazard and with respect to preservation of adequate resistance to cyanogen chloride.

By maintaining maximum air circulation and a drying

temperature of approximately 300°F. a fairly successful production run was made
without fires.

This yielded a board with adequate resistance to cyanogen chloride

as well as the other characteristics desired, but still subject to deterioration
of the cyanogen chloride resistance when exposed to tropical aging.

U. S. Army Chemical Center Procurement Agency
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OBJECTIVE AND AUTHORIZATION

The objective of this program was the development of an improved diffusion
board material.

Before initiation of this contract, diffusion board had been pro-

duced commercially, on full-scale building board production equipment, which satisfactorily met the requirements of the Chemical Corps with respect to gas life,
aerosol penetration, and diffusional characteristics but was limited to indoor use
because it lacked weatherability and other physical properties necessary for field
use.

This contract proposed the development of a board capable of both indoor and

outdoor use by improving characteristics such as water resistance, scuff resistance,
bonding, mildew resistance, tensile strength, and durability without major detriment
to the protective characteristics of diffusion, aerosol penetration, and gas protection,

The scope of the contract initially proposed by the U. S. Army Chemical
Center Procurement Agency included three phases:

a process study of the present

diffusion board and of methods for improving this formulation and process, one or
more limited production runs on reduced scale equipment, and an agreement to negotiate in good faith for future production runs on full-scale equipment.

Because

of the lack of suitable equipment in their own facilities for making pilot-scale
or production runs, The Institute of Paper Chemistry proposed a program consisting
of the process study only, but including in this phase more consideration of
processing variables than might have been intended in the original definition of
the process study.

In accordance with a specific request from the U. S. Army

Chemical Center Procurement Agency, the Institute later agreed to assume the
responsibility of subcontracting with commercial organizations for one or two
limited production runs of 1,000 sq. ft. each on reduced scale equipment and one
or two production runs of 15,000 sq. ft. each on full-scale production equipment.
The initial contract incorporating these changes was signed effective October 4,
1960 for a one-year period.

U. S. Army Chemical Center Procurement Agency
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Page 3
Report Twenty-Four

The process study was initiated and showed sufficient promise so that a
pilot trial was made (at Bauer Bros. Company in Springfield, Ohio) and negotiations
were initiated for the production run.

These plans were suspended when it was dis-

covered that the satisfactory resistance to cyanogen chloride obtained in the
laboratory and pilot trial boards deteriorated rapidly when exposed to tropical
aging.

As a result of the delays and the extra laboratory work involved, it be-

came apparent that it would be impossible to complete the production trial within
the original contract time and budget.

Two alternate proposals for continuation

of the program were submitted, with the choice between them being based upon a reassessment of the importance of the factor which appeared to be most critical,
namely the ability of a board to retain its protection against cyanogen chloride
when exposed to tropical aging.

One proposal involved a production run to extend

to a commercial scale the approximate balance of properties obtained in the laboratory and pilot run.

The alternate proposal assumed a greater importance in retain-

ing CK protection under tropical aging and involved a research program aimed at
investigating the mechanism of CK protection and clarifying the factors which
control it before proceeding with additional development work.

After some dis-

cussion, a contract was signed in February, 1962 for a short extension of the
original process study and for supervising and subcontracting two commercial runs
aimed at obtaining the best physical properties with a minimum sacrifice of
presently available protective features.

This extension also included the prepara-

tion of a preliminary manufacturing directive after the first production trial and
a revision of this to final form as a result of the experience of the second
production trial.

After the approval of the contract extension, laboratory work was
resumed and negotiations for the first production trial were reopened.

At the

mill's suggestion and request, a preliminary trial was made in their plant on a
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former commercial machine, more recently used for research and development.

As a

result of a fire which occurred during this trial and of very poor gas life in the
board produced, additional laboratory investigations were required.

These finally

culminated in a second "preproduction" trial and finally in a trial on commercial
equipment.

As a result of these extra investigations and of the delay caused by

this factor and by the difficulty of scheduling of commercial equipment, the Army
Chemical Center Procurement Agency was notified in July, 1962 that it would not
be possible to complete two production trials within the time limitations and
budget limitations of the contract.

Instead of requesting at that time an exten-

sion of the contract for the second production trial the recommendation was made
that the contract be completed with one production trial and the preparation of a
preliminary manufacturing directive, and that a decision on further procedure be
reached on the basis of results at that stage.
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GENERAL APPROACH

Following the signing of the initial contract on this program, the general
background was reviewed through available reports and discussion with Army Chemical
Center personnel.

The requirements for the improved diffusion board were summarized

as retaining the protective properties of the previously produced board with as much
improvement in physical properties and permanence as possible.

Protective proper-

ties were defined as:
1.

measured as carbon dioxide

Adequate diffusion characteristics:

diffusivity and being as high as possible but not less than 0.02 sq. cm./sec.
2.

Resistance to aerosol penetration:

measured by the D.O.P. test

with a specification of not over 0.015% penetration under the test conditions
described.
5.

Minimum gas life of 20 minutes under the test conditions described

in the contract.

Previous work had indicated that quarter-inch board made with 90% insulation board groundwood and 10% paper mill groundwood at a density of 21 lb./cu.
ft. and a charcoal content of 5.0 g./100 sq. cm. gave good protective results, at
least by the test methods then in use.

Physical properties of interest included

tensile strength, both dry and after water exposure, and water repellency.

Various

test methods were discussed but it was agreed that methods would be chosen pertinent
to the needs as understood but also familiar to the insulation board industry.

One factor in permanence is resistance to mold growth in order to avoid
detrimental effects on diffusion and other board properties.

Preliminary screen-

ing could be done in the Institute laboratories and more promising materials could
be subjected to more extensive testing by the Army Chemical Center involving soil
burial and exposure in various standard conditions.

Another aspect of permanence

U. S. Army Chemical Center Procurement Agency
Project 2256
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would be retention of gas life under various conditions of exposure but this, as
well as all testing of gas life, was to be evaluated by the Army Chemical Center.

Following the general review of the background of the program, steps
were taken to provide in the Institute laboratories means for forming laboratory
boards and for conducting suitable tests.

Contacts were initiated with various

commercial producers of structural board who might be expected to have available
the raw materials and equipment suitable for producing diffusion board on a commercial scale.

Since the unsized diffusion board had already been produced on commer-

cial equipment it seemed probable that commercial production of an improved board
might be accomplished within the range of equipment and materials available in
this industry, thereby avoiding the high cost and delays of special developments.
However, a wide range of fibrous raw materials and processes are used for producing
insulation board.

In order to facilitate the later reduction to commercial practice

of any formulations or processes that might be developed, preference was given to
working with raw materials and processing conditions within the range of those
commercially available.

The development of a suitable formulation and process was approached stepwise, including the selection of a suitable pulp, the evaluation of the processing
conditions necessary with this pulp or pulps to yield a board of the desirable
physical structure (as evaluated by density, aerosol resistance, and diffusivity),
and a study of the process conditions and additive formulations suitable for developing the wet strength, water repellency, mildew resistance, or other characteristics
with minimum detriment to gas life.

It was found that, using pulps which would be

expected to be readily available in a commercial operation, there appeared to be
no problem in producing a board of suitable physical characteristics.
the major emphasis was placed on the chemical formulations.

Accordingly,

Likewise, it was found

that protection against cyanogen chloride was the most difficult property to maintain.

U. S. Army Chemical Center Procurement Agency
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The following report discusses the various pulps included in the program,
the processing conditions used, the sizing and wet-strength agents evaluated,
fungicides evaluated, and a general discussion of the various factors which were
found to influence gas life.

This report also includes a description of the pilot

run conducted at Bauer Bros. Co. in Springfield, Ohio and of the production run
(with preliminary trials) conducted at Wood Conversion Company, Cloquet, Minnesota.

U. S. Army Chemical Center Procurement Agency
Project 2256
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PROCESS STUDY

LABORATORY PROCEDURES AND TESTING

Boards were formed in a 14-1/2 by 14-1/2 inch Valley sheet mold on a
16-mesh bronze wire screen, pressed in a hydraulic press, and dried in a circulating
air oven.

After preliminary trials, a standard wet-pressing condition of 150 p.s.i.

(100 p.s.i. in the later phases of the program) and standard drying conditions of

3 hr. at 105°C. were used.
The boards were tested for the following properties:

caliper and density,

carbon dioxide diffusivity, D.O.P. smoke penetration, gas life, charcoal loading,
mildew resistance, water absorption, and strength; pulps used in this study were
tested for ash, water solubles, pH, freeness, and screen classification.

Details

specific to these procedures are listed in Appendix I.

The activated charcoal used throughout the program was furnished by the
government; it was designated ASC Grade 1, through 140 mesh, manufactured according
to spec. MIL-C-13724.

The laboratory supply of charcoal was drawn from a 250-lb.

barrel labeled Lot NY 5181-5, Pkg. No. 248, packaged in August, 1955.
PULPS

In the insulation board industry, the pulps used are normally produced
as needed by the mill in question rather than being drawn from conventional market
sources.

In the evaluation and selection of pulps for use in this program, con-

sideration was given to the later availability of any pulp in order to facilitate
a rapid translation of laboratory results into an existing commercial operation.
A number of pulps were obtained and evaluated with significant differences in
results as shown in Table I and discussed below.

These results give some indication

U. S. Army Chemical Center Procurement Agency
Project 2256
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of the types of pulps that might be reasonable for use, but the program did not
permit an extensive study of the effect of species or pulping conditions in producing the optimum pulp for the program.

Minnesota and Ontario Paper Co.

Because of their previous experience in a production run of the unsized
diffusion board, one of the first contacts was made with the Minnesota and Ontario
Paper Company.

In that run two materials had been used, one being represented by

their regular "white board" furnish (primarily aspen groundwood) and the other
being a small proportion (10%) of paper mill groundwood added to increase the
density to the necessary degree.

Samples of current production furnishes compar-

able to both of these components were requested and received.

However, the only

practical way the white board stock was available for shipping in any quantity was
as it came over their commercial machine after having had rosin size and alum added
to it, but before entering the drier.

A small quantity of a comparable fiber furnish

without size and alum was dewatered by hand and submitted for comparison with the
sized stock.

They also furnished a small sample of the board made commercially

from this same white board furnish.

Several boards without charcoal were made from the white board wet lap
and pressed at various wet pressures in order to determine what pressing conditions
in the laboratory might be expected to simulate those available on a commercial
operation and also what pressing conditions might be required to obtain the density
necessary in the diffusion board program.

Wet pressing at 50 p.s.i. gave a board

of approximately the same density as the commercial board.

In order to reach 21-lb.

density it was necessary to go to 100 lb./sq. in. wet pressing.

When charcoal was

added to the furnish it was found that the density was decreased somewhat and the
diffusivity increased when other conditions were held constant.
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The small sample of unsized white board stock was used to make several
boards for gas life evaluation.

A quantity of the sized wet lap was also washed

in an attempt to remove the size and alum sufficiently to consider this source of
pulp for laboratory use.

It was found that the presence of the size and alum had

a detrimental effect upon gas life.

This could be removed to a large extent by

washing but such a pulp would not represent a commercially available source and
also seemed to retain some residual sizing.

Accordingly, this sized wet lap was

used in some early studies but was replaced by other pulps for sizing studies when
these other pulps became available.

The groundwood pulp was made largely from spruce.

Its freeness was sub-

stantially lower than the range of other pulps studied in this program (68 cc.

Canadian Standard compared to 600 to 800 cc.), resulting in boards of high density
with consequently low diffusivity and limiting its use to that of a modifier for
other pulps.

From the standpoint of gas life this pulp appeared acceptable.

Armstrong Cork Company
Samples of groundwood made from pine and from willow had been submitted
to the Army Chemical Center by Armstrong Cork Company.

Evaluations at the Army

Chemical Center had shown significant differences in these two pulps with respect
to gas life.

In reply to an inquiry to Armstrong Cork Company, samples of both

pulps were furnished for our evaluation.

As received, these pulps contained some

undefibered chips and large fiber clumps which may have interfered with the formation of the boards.

Using these pulps without additional refining

resulted in

boards of densities lower than desired and gas lives that were not as good as
obtained with some other pulps.

No attempt was made to improve the performance of

these pulps by additional refining.

U. S. Army Chemical Center Procurement Agency
Project 2256
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Wood Conversion Company

Several pulps had been submitted to the Army Chemical Center by Wood
Conversion Company and had shown interesting but variable results.

In reply to

our inquiry they offered their co-operation and sent us a selection of pulps
identified as follows:

10-854 - Raw aspen "D" fiber, refined in a Sprout-Waldron refiner
to a mill freeness of 1350 cc.
10-890 - Medium-refined, cooked aspen.

Nondebarked aspen chips were

mixed with an equal amount of water and 2-1/4% sodium sulfite, and passed through-a continuous digester at 145 p.s.i.
with a transit time of 8 minutes.

They were then Bauer-

refined to a mill freeness of 700 cc.
10-855 - Slow, cooked aspen.

Same as 10-890, except refined in a

Bauer to a mill freeness of 500 cc.
10-853 - No. 3 machine stock, unsized, consisting of:

16% broke, 55%

10-890 stock, 19% 10-854 stock, and 10% 10-855 stock.

The

mill freeness of this blend was 700 cc.

Densities of boards formed from the above stocks under normal laboratory
conditions (150 p.s.i. wet pressing) ranged from 13.5 lb./cu. ft. with the freest
stock to 22+ lb./cu. ft. with the slower stocks.

With the exception of the "D"

fiber which gave a board of too low density, the gas life performance of these
boards was generally comparable to that of boards formed under similar conditions
from the Minnesota and Ontario pulps.

For the pilot trial (see below), Wood Conversion Co. dewatered, on a
commercial machine, stock blended from cooked aspen refined to 500 and to 700-cc.
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mill freeness (10-855 and 10-890) with a combined freeness of 675 cc., adding 1/8%
Dowicide G as a preservative.

Other stocks were obtained for laboratory studies in preparation for
the full-scale production trial (see details under "Refining").

These were samples

of the slow and free components of two other production furnishes and a stock
specially refined in a Sprout Waldron refiner.

Some variability was found in the

gas life performance of these stocks in comparison to the earlier stocks.

Investi-

gation indicated that, because of the method of collection and dewatering, these
later stocks contained higher percentages of water-soluble materials which were
shown to have a deleterious effect on gas life.

Repulped Newspapers
Another source of fiber used in some grades of board is repulped newspaper.

Since this represents a radically different source of fiber it seemed

worthwhile to evaluate it as a possibility.
newspaper under standard conditions.

Boards were formed from repulped

It was found that they tended to be some-

what denser than desirable, resulting in carbon dioxide diffusivities below the
acceptable level.

However, the gas lives of boards made with reprocessed news-

paper were very good, indicating that this material might be acceptable as a
modifier for other pulps.

Mosinee Paper Mills Company
Since soluble content of the pulps had been suggested as detrimental to
gas life, a small sample of a special, electrical-grade kraft pulp was obtained
for trial.

This pulp was purer than most commercial pulps in that it had low ash

and water-solubles contents.

The boards formed from it tended to be slightly denser

than boards formed from repulped newspaper.

The gas lives of these boards were

U. S. Army Chemical Center Procurement Agency
Project 2256
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superior to boards formed from any of the other pulps used in this program.

No

further work was done with it because of the small quantity on hand and its specialized nature.

SIZING AND WET STRENGTH

Most conventional sizing and wet-strength systems are used at a pH below
7, but available information suggested that the charcoal should be kept above 7.
Prior to the selection of specific candidate sizing systems, an investigation was
made of the effect of forming pH on gas life performance.
Affecting Gas Life.)

(See below under Factors

It was found that any acidic conditions occurring in the

stock system during or after the charcoal addition severely affected the cyanogen
chloride gas life, thus making operation in an alkaline condition mandatory.

This

narrowed the choice of available sizing and wet-strength additives to materials
that would perform under alkaline conditions.

(The possibility of sizing under

acid conditions followed by washing and alkalizing before the charcoal addition
was dismissed due to the impracticability of doing this with the existing flow
systems in most board mills.)

Two systems were studied, one based on the use of

Aquapel (Hercules Powder Company) and the other using Cyron (American Cyanamid
Company).

Water resistance was evaluated in accordance with a common industry
method and expressed as per cent increase on a volume basis after water immersion
for two hours and for twenty-four hours.

This test involves exposure to both

liquid water and to high humidity, but sizing cannot be expected to protect against
high humidity.

In order to estimate the minimum water absorption that could be

expected from a sizing treatment, moisture isotherms were determined for sized and
unsized board samples.

The moisture isotherms were determined by measuring the

increase in weight of samples which had been dried in an oven at 160°F. for 24 hours

U. S. Army Chemical Center Procurement Agency
Project 2256
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and then conditioned (at 73°F.) to 50% R.H., to 92% R.H., and to 97% R.H.
weeks were allowed for equilibration.

Three

Moisture contents of the specimens were

calculated on the basis of their dry weight at each relative humidity and found
to be 25% at 97% R.H.

Curves tended to be asymptotic but an attempt was made to

extrapolate to 100% R.H.

This extrapolation of moisture isotherms for both

Aquapel-Kymene sized samples and for unsized samples indicated that at equilibrium
either would absorb, as vapor, at least 28% water by weight, or 9-1/2% by volume
for a 21-lb./cu.

ft. board.

Aquapel

Aquapel is the designation by Hercules of a series of alkylketene dimers
manufactured from long-chain fatty acids.

Sizing is produced by a hydrophobic

"shell" surrounding the cellulose fibers as the result of bonds formed on the
fiber surfaces with the dimer.

These materials are most effective when they are

used in a pH range of 7.5 to 8.5, and it is recommended that they be used with a
retention aid such as a cationic starch or Kymene 557 (a water-soluble polyamide

resin manufactured by Hercules Powder Co. for use in a pH range of 6 to 10; it is
a wet-strength agent in addition to its usefulness as a retention aid).

Samples of Aquapel 364 (derived from a mixture of 45% stearic acid and
55% palmitic acid) in a powder form and in an emulsion form were obtained.

The

emulsion form, designated Aquapel 360, contained 6% of Aquapel 364 and 3% of
cationic starch.

The powder form, designated Aquapel 486, consisted of Aquapel

364 deposited on an equal weight of fine silica.

The use of the emulsion was

limited to headbox addition or surface applications due to its tendency to "break"
under mechanical stress; the powder form was intended for beater additions.
Hercules Powder Co. personnel expressed doubt of the effectiveness of Aquapel on
groundwood and/or in an insulation board drier and suggested that treated boards
be overdried (cured) at 250°F. for 15 to 20 minutes.
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The effects of Aquapel additions in various amounts and the use of Cato

8 (a cationic starch manufactured by National Starch Products, Inc.) and Kymene 557
as retention aids and wet-strength agents were studied using Wood Conversion Co.
pulps (10-853, 10-855, and 10-890) (see Tables II and III).

Typical curves show-

ing the effects of Aquapel on water absorption characteristics and on cyanogen
chloride gas life are shown in Fig. 1 through 4. Use of the emulsion produced
better sizing with less detriment to gas life than the powder.

The incorporation

of 0.2% Kymene 557 (based on ovendry fiber) enhanced the sizing effects of the
emulsion with little effect on gas life.

The promising results with 0.5% Aquapel and 0.2% Kymene were confirmed
in the pilot run.

With the extension of the contract, additional tests were made

on variations in these additions (Table IV).

Doubling the Aquapel addition re-

sulted in decreased water absorption and increased modulus of rupture with little
change in dry or wet tensile strength; doubling the addition level of Kymene
increased the strength properties and the resistance to water absorption.

All

of these runs had disappointingly low gas lives which were later found to be
caused by a higher level of water solubles in this batch of pulp (Wood Conversion
No. 2 slow stock).

Consequently, results were of questionable value for indicat-

ing the optimum level of additions with minimum loss in gas life.

Cyron

Cyron, a product of the American Cyanamid Company, is a thermoplastic,
water-dispersible, synthetic wax meant for use under alkaline conditions (pH 8.0
to 8.5).

Its use in the laboratory resulted in increased drainage time and a

reduction in strength, particularly when added after the charcoal.

Typical curves

showing the effects of this material on gas life and water absorption are shown in
Fig. 5 and 6. Further details are given in Table II and in the report of the
pilot trial.

U. S. Army Chemical Center Procurement Agency
Project 2256
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FUNGICIDES

The characteristics desired in the improved diffusion board included
resistance of the surface of the board to mildew and to the growth of similar
spore formations which would affect the efficiency of the material.

As with many

of the desired properties, no specific minimum level of performance could be set
and the evaluation of resistance was dependent upon the testing procedures or the
nature of the test.

A suggestion was received that initial testing be based on

the direct inoculation procedure outlined in Federal Specification CCC-T-191b,
Method 5751, and this procedure was used initially.

It was found to be too mild

a test to be useful in separating various treatments because no growth occurred
on the untreated samples; consequently, this method was made more drastic in
order to get some spread in results.

The description of the modified test is

given in Appendix I.

Sodium pentachlorophenate, copper pentachlorophenate (precipitated
from sodium pentachlorophenate), tributyltin oxide, and Cunilate 2419 (a copper
8-quinolinolate emulsion), were evaluated by comparing mildew resistance and gas
lives of boards containing these materials.

Test results showed that the Cunilate

produced the most effective resistance to mildew while the copper pentachlorophenate had the least effect on the gas life.

However, the gas life of Cunilate-

treated boards was very poor while the mildew resistance of the copper pentachlorophenate-treated boards was little better than that of untreated boards.

Even the

untreated boards were not highly susceptible to mold attack in this modified test,
showing only very slight mold growth after an incubation period of two weeks; in
comparison, Chaetomium globosum will generally completely overgrow untreated paper
and board samples in two weeks when evaluated by this method.

Therefore, the use

of a fungicide was eliminated until field experience or a more quantitative
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specification would show a definite need for more mildew resistance than that of
the untreated board.

SURFACE REMOVAL

The effect of removing surfaces of board with a planer was investigated
for two reasons:

1.

To determine whether this board possessed a surface condi-

tion in the form of a skin which might hamper the diffusion properties of the
board (the presence of such a skin was reported in previous work on the development of the unsized diffusion board at Forest Products Laboratories) and 2.

To

evaluate planing as a means for controlling thickness in laboratory work and in
production.

Planing was also used in studies of the effects of board thickness

and charcoal content on gas life and investigations of the possible stratification
of the charcoal in the board.

Charcoal content determinations and smoke penetration tests were run on
planed sections in comparison with unplaned sections of boards formed from Wood
Conversion Company pulps.

In the smoke penetration tests the change in pressure

drop across the board at 1 liter/minute flow was consistent with the caliper range,
indicating structural homogeneity and no gross skin effects in regard to diffusivity.

The charcoal contents of the sections indicated that the wire side of the

board might be slightly richer in charcoal than the top side, possibly due to
migration of the charcoal during drainage.

Gas life tests on planed and unplaned boards at various charcoal loadings were not conclusive.

However, the results seem to point to the possibility

that some gas life activity might be lost as a result of planing,possibly due to
exposure to charcoal-rich laminae located just below the surface, which are otherwise protected by charcoal-poor surface layers from the concentration of gases at
the interface between the board and the gases diffusing into the board.
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REFINING

Preliminary evaluations of additives were made on pulps as received from
commercial sources.

In preparing for the production trials, laboratory experi-

ments on the effects of refining were included for guidance in setting practical
A quantity of lightly refined

commercial conditions for the production runs.

pulp was requested for this purpose and received from the Wood Conversion Company;
portions of this pulp were refined in a laboratory Sprout Waldron refiner at
various refiner plate settings.

Boards were made from each pulp using additions

of Aquapel 360 (0.5% active material) and Kymene 557 (0.2% active material) and
evaluated with the results shown in Table V.

Gas life evaluations were not in-

cluded.

The following conclusions were drawn from comparisons and evaluations
of the test data:
1.

The charcoal content determinations indicated good retention of
the charcoal with no discernible variation resulting from
differences in refining.

2.

The diffusivity decreased, primarily as a function of increased
density, with possible secondary effects depending upon refining or other pulp characteristics.

3.

A small amount of refining beyond that of the stock as received
is required for satisfactory resistance to D.O.P. smoke penetration; in the smoke penetration test the pressure drop across
the board at a standard flow seemed to be related to both
density and refining.

4.

Water absorption data indicates a decrease in water absorption
with increased refining but with no large effects.
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5.
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Strength tests show that the predominant factor is density;
at a given degree of wet pressing, refining beyond a minimum
required to brush out the undefibered bundles has little
effect on strength at a given density and not a great effect
on density itself.

6.

Assuming that wet pressing would be available on a commercial
scale comparable to 50-100 p.s.i. laboratory pressing, refining
in the general range used should be adequate to attain the
density desired.

Subsequent discussions with Wood Conversion Co. personnel indicated that
Bauer refiners would be used in the production trial and that they could be expected
to yield a different type of action.

In order to develop data more directly appli-

cable to the planned production trial, four small samples of pulps representing a
range of commercial refining were obtained from the Wood Conversion Company.

These

pulps were tested for freeness and were formed into sized boards and tested for
density and carbon dioxide diffusivity with results shown in Table VI.

As expected,

board density was found to increase with decreasing freeness while the carbon
dioxide diffusivity decreased with decreasing freeness.
density, the slowest of the four stocks is required.

To attain the desired

Boards were also made in

the laboratory without charcoal for possible use as a basis of comparison with
commercial production.

The Wood Conversion Co. mill freeness test (Table V) provides a much
greater sensitivity for pulps of this sort than either the Canadian Standard or
Green freeness tests.

This test was developed and is used by the Wood Conversion

Co. at their mill; a description of the method of test is presented in Appendix I.
The Bauer-McNett fiber classification (IPC Method 415) shows (Table VII) the
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reduction in screen size with increased refining with both the laboratory and the
commercial refiners; however, at comparable freenesses, the laboratory refiner
(Sprout Waldron) left more coarse fraction than did the commercial Bauer refiner.
Different refiners will be expected to yield differences in board properties such
as density, diffusivity, and strength, but these were not investigated further.
Based on these tests a quantity of the No. 2 slow stock was requested for use in
subsequent tests.

DRYING AND FLAMMABILITY

Laboratory drying had been conducted in a constant-temperature circulatingair oven without difficulty.

Shortly after the pilot trials at the Bauer Bros.

Company, a brief study was initiated in order to determine whether the temperature
that would occur in a hot-air production scale drier would be detrimental to the
gas life performance of the board, and whether there would be any specific limitations imposed by the presence of the charcoal as to the danger of fire.

Studies

carried out in a circulating air oven indicated that a drying condition causing
internal temperatures as high as 220°F. and surface temperatures as high as 320°F.
could be tolerated with no detriment to the gas life performance of the board.
These studies also showed that dry charcoal-loaded (20% by weight) boards would
0
ignite after one minute in the oven at 430 F. (or char badly after 5 minutes at

410°F.) while boards without charcoal required 3 minutes in the oven at 500°F. for
ignition.

This work was based on the assumption that the greatest fire hazard
would occur after the board became dry and no longer had the cooling effect of
evaporating water.

In the first preproduction trial at the Wood Conversion Co.

(see below for details) the occurrence of fires in the wet end of the drier showed
this premise to be fallacious.

The fires

prompted a more critical look at the
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effects of drying at temperatures in excess of 300°F. on single boards and stacks
of boards.

It was found that stacks of board tended to become thermally unstable

when drying in the temperature range between 300 and 335°F.

Stacks of 4 layers of

charcoal-loaded board ignited upon approaching dryness at an oven temperature of
F
535° .; the internal temperature of single and double layers of wet board sur-

passed the oven temperature (335°F.) by 10 to 15 degrees before becoming equilibrated to the oven temperature without igniting.

These studies suggested the occurrence of exothermic reactions in the
board; these could result in self-heating and, in some cases, ignition.

Self-

heating and ignition will depend upon the relative rates of generation of heat
in the board and heat transfer both to and from the board.

In turn, the latter

will depend to a large extent on rate of evaporation as influenced by the condition of the board and the humidity and rate of movement of the surrounding air.

Some indication of the burning properties of charcoal-loaded boards
after possible ignition as compared to noncharcoal-loaded boards was obtained by
means of the inclined panel flame test outlined in the ASTM specification C-209-60
"Testing Structural Insulating Board made from Vegetable Fiber. "

In these tests

°
the specimen, 12 by 12 inches, is supported at an angle of 45 in a draft-free

hood and ignited by burning 1 ml. of anhydrous ethyl alcohol at a point 1 inch
below the bottom surface of the supported specimen and 3 inches in, centered, from
the lowered edge measured along the bottom surface of the specimen.

Burning or

glowing boards were extinguished one minute after exhaustion of the fuel by placing
them in a container of gaseous carbon dioxide.

Results of the tests were reported

as the area of char, computed from the area of an ellipse having major and minor
axes equal to the maximum length and width of the charred area.
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Tests on charcoal-loaded specimens resulted in charred areas of approximately 30 square inches.

These specimens tended to glow rather than flame.

The

noncharcoal-loaded specimens tended to flame and no glow was observed; the charred
areas for these specimens were approximately 40 square inches.

Apparently, the

addition of charcoal reduces the ignition temperature and produces a tendency for
glow rather than flame.

THICKNESS AND CHARCOAL LOADING

The original design of the diffusion board was based on one-quarter inch
thickness and an addition of charcoal equal to 25% of the fiber weight.

It was

assumed that increases in thickness or in charcoal loading would result in improved
gas life with sacrifices in diffusion or strength.

With the extension of the

contract, a few tests were made to develop a more quantitative basis for possible
future changes of this type (see Table VIII).

These tests were made with the Wood Conversion Co. No. 2 slow stock
later found to have an undesirably high water-soluble content; thus, gas lives
were all disappointingly low.

Within this limitation, however, the effect of in-

creasing the charcoal addition from 25 to 45% resulted in increased gas life from
7 to 91 min. and reductions in wet tensile strength from 57 to 23 p.s.i. and in
dry tensile strength from 196 to 166 p.s.i.

Modest increases in caliper resulted

in very little change in diffusivity; (thus, the diffusion of the gas from one
side of the board to the other would be inversely proportional to the thickness).
The minutes of CK and PS gas protection increased with the increasing caliper,
probably due primarily to the increased charcoal loading.

FACTORS AFFECTING GAS LIFE
Gas life, in particular protection against cyanogen chloride, was the
most critical factor in the development of additives systems, in the selection and
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treatment of pulps, and in the development of production processes, while adequate
diffusion and protection against aerosols and chloropicrin were comparatively easy
to achieve.

Consequently, most of the work concerned with the enhancement and

preservation of gas life was carried out in terms of the cyanogen chloride (CK)
life.

Because of its critical nature, various factors affecting gas life are

discussed here as a separate section.

Effect of pH

Forming pH was found to have considerable effect on CK gas life and no
discernible effect on chloropicrin (PS)

life (Table IX).

A series of boards

formed with Minnesota & Ontario pulp at various pH levels showed a marked drop
in CK life as the forming pH became acid.

The same effect on CK life was noticed

in boards formed with repulped newspaper under acid and alkaline conditions.

The

PS lives of the boards were unaffected.

The Critical Bed Concept

When comparing pulps, additives or processing conditions, it is difficult
to know what adjustment should be made for uncontrolled variations
content.

A typical plot of CK life vs.

in charcoal

charcoal loading is shown in Fig. 7.

This

plot consists of a curve developing into a straight line at a loading of approximately 3 g./lO0 sq. cm.

The intercept of this straight-line section at zero minutes

gas life was called the critical bed.

A series of plots of CK life vs. charcoal loading for board samples of
various levels of effectiveness (as caused by aging, additives, etc.)
for samples having CK lives greater than 20 minutes,

showed that,

the effect of increasing or

decreasing charcoal loading on CK life was approximately constant, regardless of
the deteriorating conditions.

Consequently,

it

appeared that boards varying in
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TABLE IX
EFFECT OF pH ON GAS LIFE

Sample
2256-

Forming
pH

Charcoal
Loading,
g./100 sq.cm.

PS Gas
Life
min.

CK Gas Life
Critical Bed,
min. g./100 sq.cm.

Minnesota and Ontario Insulite Groundwood--Hot Water Washed
-26-1,2

8.6

6.4

45

71

3.4

-41-1

7.5

5.2

36

46

3.5

-41-2

6.2a

5.6

34

30

4.5

-41-3

5.2a

5.4

38

6

5.2

-41-4

a

5.1

31

2

5.1

4.1

Repulped Newspaper

-33-3

>77.6

6.4

43

78

3.5

-33-5

>77.6

6.4

50

60

4.1

-37-2B

5.0

b

6.4

42

9

6.1

-37-3A

5.0a

5.4

45

8

5.1

apH adjusted with alum.
pH adjusted with sulfuric acid.
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LOADING,

G./100 SQ. CM.

Figure 7.
Plot of Charcoal Loading Versus
Gas Life for Unaged, Unpoisoned Charcoal
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charcoal loading could be compared by extrapolating the CK life at a given charcoal loading along a straight line having a slope of 26.5 min./g./100 sq. cm.
zero minutes of CK life.

to

This intercept was referred to as the critical bed and

this concept was used in subsequent evaluations.

Aging

Early work on this project was directed toward the general objective of
producing a suitable board, with no emphasis on any specific aspect.

Testing of

gas life (by Chemical Center personnel) was based primarily on resistance to
cyanogen chloride, and promising results were obtained.

Some of these satisfactory

results were on tests made three or four weeks after the preparation of the boards
so that there was an implication that short-time aging was not particularly serious.
Later, because of a greater delay in testing of some boards, and perhaps because
of a change in seasons and higher ambient relative humidity, suspiciously low
resistance to cyanogen chloride began to appear in some of the testing.

Old

samples were then retested and it was found that, in general, all of them had
deteriorated but by varying amounts.

A planned program of accelerated aging was then initiated, using sized
and unsized boards, formed from repulped newspaper, unwashed Wood Conversion
Company pilot run pulp, and washed Wood Conversion Company pilot run pulp (Table
X).

For tropical aging, the specimens were equilibrated to 80% relative humidity

at 80 F.,

sealed and then stored for one week at 113°F.

This is admittedly a

drastic condition of exposure, but it was found that a serious loss of resistance
to cyanogen chloride occurred in the one week.

The amount of loss appeared to

vary with pulp characteristics and with the presence of sizing but was of significant magnitude even in unsized board, suggesting that this same lack of stability
had probably been characteristic to a greater or lesser extent of all products of
this type which had been made.
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Samples of these same boards were also aged at desert conditions by
conditioning to less than 1% moisture, sealing and storing for two weeks at 160°F.

As discussed above, critical beds were calculated as a method of comparison with a minimum critical bed being desirable.

Considering the initial critical

bed of the board before aging the best values were obtained for unsized board made
with washed Wood Conversion Company pulp.

Unsized boards made with repulped news-

paper had slightly higher initial critical beds and unsized boards from the unwashed
pulp were still

higher.

Initial critical beds for the sized boards were generally

higher than those for unsized boards made with the same pulp.

Aging in desert conditions did not result in any consistent changes in
critical bed.

On tropical aging the smallest change was found in the unsized re-

pulped newspaper board.

Drastic deterioration of CK life (and increase in critical

bed) was found on tropical aging of sized and unsized boards made with either
washed or unwashed pilot run pulp and in the sized board formed from repulped newspaper.

This suggests that the presence of moisture is one of the major, if not

the major, contributing factor in the aging process.

The drastic effect of sizing

upon the stability of the repulped newspaper boards indicates the importance of
interactions between pulp and sizing agents.

These scanty data suggest that re-

pulped newspaper might be a more suitable fiber from the standpoint of aging than
are the other pulps studied.

However, when the Aquapel-Kymene sizing system is

introduced, it is possible that a larger amount of "free" Aquapel results and this
is available for deterioration of the charcoal.

In other words, the optimum con-

centration, or possibly even the optimum material, for sizing repulped newspaper
boards may be different than it is for another fiber system.

Another series of boards was made specifically for evaluation of aging
as a function of several variables

(Table XI).

As before,

each board was dried
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conditions used, Aquapel 360 seemed to have a more serious effect on stability of
CK life and the effect of the Kymene 557 was relatively slight.

In combination,

the effects seemed to be additive.

Washing has appeared to be beneficial in improving both initial critical
bed and aging stability.

In an attempt to increase the removal of "impurities"

from the pulp a sample of pilot run pulp was treated with Igepal CO-630 in combination with hot water washing.

Results of this test are shown in Table XII.

These

results indicate that hot water washing is beneficial and that the use of a "deresinating" material may have a slight additional benefit.

A study was made of the effect of CK deterioration on board pH in order
to determine whether development of acidity was responsible for the deterioration.
pH's of the cold water extracts of boards which showed a marked decrease in CK
activity were measured and compared to pH levels at which the boards were formed.
Each of the boards had a slightly lower pH after aging; however, the pH in each
case was still greater than 7.

Chloropicrin gas life tests were run on several board samples aged in
tropical conditions and on a group of samples formed from the Wood Conversion
Company 10-890 pulp which was originally intended for aging studies and CK evaluation but not used because of low initial CK life.

Since single specimens were

used for the aged samples and no unaged PS life data is available for these samples
with the exception of the 10-890 samples, these tests are not conclusive.

The

results of these tests are listed in Table XIII; based on previous PS life tests
with other pulps there appears to be no basis for believing that tropical aging
has materially affected PS life.
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range of density was slightly lower than specified.

The water absorption character-

istics of the sized board were slightly better than expected on the basis of work
in the laboratory.

For the most part, the strength properties of the board sur-

passed the minimum specifications for Class E sheathing board (outlined in Federal
Specification LLL-I-535 "Federal Specification for Insulating Fiberboard") which
was used as a guide to the properties which might be required for the board.

This

specification requires a dry tensile strength of 150 p.s.i. and a minimum transverse loading strength of 12.5 lb. total load on a 12-inch span, 3 inches wide and
1/2-inch thick specimen (equal to TAPPI Standard Modulus of Rupture of 300 p.s.i. ).

The effect of sizing on strength was a substantial improvement in wet
strength and some improvement in the dry strength, with Cyron producing the least
effect, and with the Aquapel-Kymene system producing the greatest effect on wet
strength.

In general, the boards sized with Aquapel 360 and Kymene 557 (Run 3) had
the best gas life and physical characteristics.

The gas lives of the boards pro-

duced in Run 2 were lower than the gas lives of boards produced in Run 3 and in
most cases the strength of boards produced in Runs 2 and 4 were lower than those
in Run 3.
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Because of the inherent variation in gas life testing and in the production of boards for evaluation, analysis of the available results to determine the
significant factors in controlling deterioration is inconclusive.

Numerous factors

in the composition of the pulps selected, in the amount and type of additives, in
the method of their addition, in the processing conditions, and in the type of
aging can influence the results.

A study of the effect of all these factors would

be extremely complex and time-consuming; trials of single variables without some
understanding of the mechanisms involved would have limited probability of success.

Mechanism of CK Protection

Toward the end of the first year of the contract declassified reports
were received from the Office of Scientific Research and Development.

These

reports described the impregnation procedure for the production of ASC charcoal,
studies of the conditions and causes for deterioration, and the mechanism by which
cyanogen chloride is adsorbed.

According to the report, both copper and hexavalent

chromium are necessary for CK protection.

These materials react with the cyanogen

chloride to break it down into adsorbable materials by means of the following reactions, postulated in the report:
1.

5 CHCl + 5 H0O

2.

2 HC

+ C-

--

CU C,

3.

3 HCi

+ Cr'

--

3/2 C

Here the Cr

5 HOCN + 5 HC1
+H O
Cr

3

+
+3 H

acts as a hydrolysis catalyst and then reacts with the hydrochloric

acid in Step 3.

In the deterioration studies described in the report it was found

that the deterioration of ASC charcoal stored in atmospheres of carbon dioxide and
ammonia was greater in the carbon dioxide atmosphere.

This was attributed to the

effect of carbon dioxide on pH, the increased hydrogen ion concentration causing
the hexavalent chromium to be reduced to the trivalent state.
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Use of Stabilizers

A review of the mechanism of CK protection suggested that the following
materials might enhance the stability of the board:
carbonate,

3. copper oxide,

4. triethanolamine.

1. zinc oxide,

2. calcium

Testing of boards formed with

additions of these materials ranging from 0.5 to 10% of the dry fiber weight indicated that triethanolamine and calcium carbonate did not improve CK stability,
while zinc oxide (U.S.P.) and cupric oxide additions resulted in decreased critical
beds, both before and after aging tests.

Stability did not seem to increase

further, however, with zinc oxide additions above 1% or cupric oxide additions
above 2%, but seemed to decrease in comparison to the effects of smaller additions.

Since it is available in a number of commercial forms, it was decided to
pursue this study further using a commercially available grade of zinc oxide (Kadox
15, New Jersey Zinc Co.).

At additions of 0.5 to 2.5%, no significant improvements

were noted; however, it was discovered that the pulp used for this series (Wood
Conversion No. 2 slow stock) contained a more than normal amount of water-soluble
material and produced boards with very poor gas life, thereby masking the effects
of the zinc oxide.

It was indicated, however, that zinc oxide additions above a

level of 0.5% of the dry fiber seemed to have a deleterious effect on the waterabsorption properties of sized boards.

Effect of Hot-Water Solubles in Pulp on Gas Life

After the extension of the contract and the resumption of laboratory
work, new batches of pulp were obtained and none of these yielded boards with gas
lives equivalent to the boards produced previously, using pulps cooked in the same
manner.

Tests of these pulps showed that the fresh pulps contained a greater amount

of water-soluble material than the older supplies; this was found to have resulted

Page 49
Report Twenty-Four

U. S. Army Chemical Center Procurement Agency
Project 2256

from the method of collection at the mill.

Subsequently, hot water solubility

data and gas life data for boards prepared in the laboratory from the various
Wood Conversion Company pulps used during the course of the program were collected
and semilog plots made of the critical bed charcoal loadings vs. hot water solubles
for boards containing additions of 0.5% Aquapel 360 as active material and 0.2%
Kymene 557 (active material).
data suggest

The plot of these data is

shown in Fig. 8.

These

a straight line up to a critical bed of approximately 5.0 g./l00 sq.

cm.; the relationship to CK gas life of the charcoal loading becomes nonlinear
as the gas life becomes less than 20 minutes.

Deviation from this straight line

would be expected as the critical bed approaches charcoal loadings used in the
boards (5 to 6 g./100 sq. cm.).

A semilog plot of PS life of these boards vs. hot water solubility of
the pulps used also indicated a definite relationship between the two variables
with most of the data falling along the straight line.

A plot of these data is

shown in Fig. 9.

These plots indicate that the lower CK and PS lives obtained with the
later pulps are related to the hot water-soluble materials.

Similar plots for

pulps from other sources did not necessarily fall on the same line; data available for such comparisons are scanty.

Thus, it may be concluded that, while the

effect may vary with the history and nature of the pulp, the relationship of the
hot-water solubility to gas life could possibly be used as a criteria for pulp
control and treatment within a given pulp type.
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10.0

Wood Conversion Pilot Run Pulp
(April 17, 1962)
A Wood Conversion No. 2 Slow
Stock (1962)
O Wood Conversion Pulp Refined
in Laboratory (1962)
O Wood Conversion Pulp, Bauer
Bros. Pilot Run (May, 1961)
*

Figure 8.
Relation Between Hot Water Solubles and Critical Bed
for Sized Boards Made with Wood Conv. Co. Pulps
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Figure 9. Effect of Water Solubles on PS Life, in
Sized Boards Formed from Wood Conversion Pulps

U. S. Army Chemical Center Procurement Agency
Project 2256

Page 52
Report Twenty-Four

PILOT TRIALS

A series of pilot trials was conducted at the Bauer Bros.
Springfield,

Ohio on May 15 through May 17,

The trials were made with

1961.

stock obtained from the Wood Conversion Company,

Company,

consisting of a blend of two

Part of the stock was further refined at Bauer Bros.

separately refined stocks.

and blended with the "as received" stock to yield the desired density on the
Oliver forming machine.

Runs were made with the following additions made on the

basis of the ovendry fiber:

Run

Additions

1

25% charcoal, no sizing

2

25% charcoal followed by 0.5% (active
material) Aquapel 360

3

25% charcoal followed by 0.5% (active
material) Aquapel 360 followed by
0.2% (active material) Kymene 557

4

0.5% (active material) Aquapel 486
followed by 25% charcoal followed
by 1.0% Cato 8 starch

5

25% charcoal followed by 1.0% Cyron

Samples of the boards produced in these trials were tested at the
Institute for carbon dioxide diffusivity, water absorption, ash, smoke penetration, and strength and at the Army Chemical Center for gas life.

A copy of the

Bauer Bros. report is included in Appendix II and a complete tabulation of the
test results is presented in Table XIV.

The ash contents of the boards were high and inspection of pulp samples
sent to the Institute showed the presence of some glassy material in the pulp,
possibly mineral fiber contamination from a previous run at Wood Conversion Co.
The protective properties,

as defined by the contract,

were adequate,

while the
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PRODUCTION TRIALS

INQUIRIES AND SELECTION OF MILL

Inquiries were addressed to a number of companies producing insulation
board to determine which companies might be interested in co-operating in a production run of. 15,000 sq. ft. of board.

Several companies indicated that they would

be unable to co-operate because of fiber and/or equipment limitations but others
indicated ability and willingness to participate.

The Minnesota and Ontario Paper Company indicated that they would cooperate in a production run, using their regular insulation-grade groundwood pulp
but could not provide additional washing.

The Wood Conversion Company offered to co-operate in such a run utilizing
their lightly cooked aspen fiber (similar to the fiber furnished for the Bauer Bros.
pilot trial), suitably refined, with additional washing if desired.

They expressed

a preference to run at a thickness of 3/8 inch and also suggested a preliminary
trial of 1,000 sq. ft. on an available machine which was full scale but lacking
in drier capacity for full-scale production operation.

The preliminary trial would

minimize the necessity for adjustments during the more expensive commercial run.

The Simpson Timber Company indicated that they would be willing to cooperate.

They described their equipment, which includes a pilot machine without

a drier.

The fibers most easily available in their operation are softwoods con-

sisting of Douglas-fir and western hemlock.

Of these companies, the Wood Conversion Company was chosen because of
previous experience with their pulp, geographical proximity, apparent greater
flexibility in the choice of refining and washing facilities, and inclusion of a
preliminary trial at no greater cost than the other estimates received.
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PREPRODUCTION TRIALS

The first preproduction trial was planned in order to provide the mill
personnel some familiarity with the handling characteristics of the formulation
involved and to anticipate and solve as far as possible any specific production
problems before a full-scale run.

The occurrence of fires in the drier during

this first trial and the poor gas life of the product made a second run necessary
in order to resolve the responsible factors before proceeding to the full-scale
operation.

Some special laboratory tests were also made.

First Preproduction Trial

A preliminary production trial was conducted at the Wood Conversion
Company in Cloquet, Minnesota on April 17, 1962.

This trial was run on Wood

Conversion's No. 2 machine, which is a full-scale machine no longer used in
commercial production, equipped with limited drying facilities.

Two thousand

square feet of board containing 25% charcoal, 0.5% active Aquapel 360, and 0.2%
active Kymene 557, based on dry fiber content were produced.

Pulp was cooked the day before the trial using fresh water and green
undebarked aspenwood.

It was refined to a Wood Conversion mill freeness of 400

cc. and washed by pumping the stock over the machine and back into the machine
chest.

Stock was run over the machine for approximately 45 minutes at an estimated

rate of 46 lb./min.

to effect washing of the approximately 2400 lb. of stock present

in the machine chest.

The sample of stock taken from the grinder chest before wash-

ing showed a pH of 4.8; a sample of the washed stock in the machine chest after the
addition of the Aquapel and Kymene showed a pH of 7.0.

Two hundred pounds of

Aquapel 360 and 48 lb. of Kymene 557 were added slowly to the machine
good agitation.

chest with

The charcoal was weighed out and dispersed in water with a

Lightnin' mixer to a slurry having a concentration of 3 lb. of charcoal/gallon.
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A Moyno pump was then adjusted for a delivery rate of 4 gallons per minute, corresponding to an addition of 12 lb. of charcoal/minute; this slurry was pumped into
the headbox of the machine.

The run was made at a stock flow of 46 lb. of stock/

minute (ovendry basis) for a period of 20 minutes.

The total production run into

the drier consisted of 14 cuts, 16 feet long and 8 feet wide.

The drying facilities consisted of one 60-foot section of a 7-deck Coe
hot air drier using steam coils to heat the air.

The boards were placed in the

drier and left there rather than progressing continuously through the drier.
Maximum temperature of the air in the drier was set at 350°F.

Approximately one

hour after the last board had entered the drier a fire was discovered, resulting
in the destruction of a number of boards by fire and by the water used to extinguish
it.

According to the air temperature chart, the air temperature had risen to 350°F.

only 10 to 15 minutes before the fire started.

The fire originated, however, in

samples of the board which had entered the drier last and presumably had the highest moisture content.
300°F.

Accordingly, the maximum air temperature was reduced to

Approximately 1-1/2 hours later another fire was discovered in the center

of the drier; as the boards were removed from the drier it was noted that the fire
seemed to be on the leading edges of the boards.

The boards seemed dry; the fires

were extinguished without water and the boards were saved as samples.

Fires in

such driers are not unknown; however, the nature of the fires in this run and their
recurrence after the air temperature had been lowered caused the Wood Conversion
Company personnel to postpone scheduling of any production run until further information could be obtained on the extent of this hazard.

Samples of the boards were tested for density, diffusivity, water absorption, strength, and gas life (Table XV).

In water absorption, wet strength, and

gas life properties, this board was inferior to the product of the pilot trials at
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the Bauer Bros.

Company.
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Samples of pulp taken at different stages in

the prepara-

tion process were tested for hot-water solubles and were also formed into boards
in the laboratory.

Gas life tests on sized boards formed from these pulps and the

hot-water solubles of the pulps are listed in Table XVI and suggest that the difficulty was not in the pulp used.

Ash tests run on the pulp samples were inconsis-

tent and ranged from 1.6% for the unwashed pulp to between 5.5 and 8% for the
washed pulp samples; it

is probable that this was the result of contamination with

mineral fiber as the pulp was pumped from the grinder chest to the machine chest.

TABLE XVI
GAS LIFE OF BOARDS FORMED IN THE INSTITUTE LABORATORY
WITH PULP FROM FIRST PREPRODUCTION TRIAL

Hot-Water
Solubles, %

min.

CK Life,
Critical Bed,
g./100 sq.cm.
5.3

21

Pulp
Sample

2256-

Origin of
Sample

2085-52-1

Grinder chest

7.2

7

2085-52-2

After 20 min.
washing

3.4

44

3.9

27

After 45 min.
washing

2.7

49

3.8

31

51

3.8

2085-52-3

PR-1,2-127

Bauer Bros. Pilot
Trial, May, 1961

PS Life,
min.

Second Preproduction Trial

After discussion of fire hazards and drying problems, a second trial
was scheduled and made on June 6, 1962 and included two runs.

The first run was

made with stock that had passed over a washer to simulate continuous production
operation.

For the second run the remaining washed stock was recycled over the

machine without additives and back to the machine chest for a period of 1-1/2 hours
to produce a more completely washed stock.
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The stock used was Wood Conversion's aspen furnish consisting of moderately green, undebarked aspen chips which were cooked with 2-1/4% sulfite at 145
p.s.i. and refined to different degrees in three Bauer refiners and blended.
(This is common practice in the insulation board industry and is reputed to yield
a better strength board.)

The mill freenesses of the component stocks ranged from

280 to 920 cc. while the blend ranged from 400 to 460 cc.

The pH of the stock

after passing over the washer was raised from 5.75 to 8.1 with additions of caustic
soda.

The charcoal and sizing additions were metered into the headbox on the
basis of a forming rate of 45.5 lb. of ovendry fiber/minute.

The charcoal was

added at a rate of 11.5 lb./minute in a slurry containing 3 lb. of charcoal/gallon.
The Aquapel 360 was added at a rate of 0.23 lb. of active solids/minute, corresponding to one gallon per minute of Aquapel 360 diluted to a concentration of
2.75% active solids.

The Kymene 557 was added at a rate of 0.091 lb. of active

solids, corresponding to a rate of three-quarters of a gallon per minute Kymene
diluted to 1.27% active solids.

The first run lasted for 10 minutes, producing

five boards which filled to capacity the section of the drier with air circulation.
The stock flowed onto the machine at a consistency of 2.3% and a mill freeness of
560 cc.

Cold water was used for dilution so that the stock temperature as it

onto the wire was probably between 105 and 110°F.
8.2.

flowed

The pH of the white water was

The forming rate was 10 feet per minute and the wet caliper of the board was

0.400 inch with the No. 3 (last) press roll set to a clearance of 0.230 inch.

In order to avoid fires, the steam pressure in the heating coils of the
drier was held to a maximum of 100 p.s.i. and no boards were placed in the section
of the drier outside the air circulation pattern.
maximum available air flow and discharge.

The dampers were opened to give

After 3-1/2 hours the boards were removed
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in order to start the second run.
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Temperatures indicated by thermocouples embedded

in various boards had indicated that they were dry; however, they were found to
contain numerous wet spots.

Sections of board were taken from the machine before

entering the drier and dried in a laboratory oven.

After the completion of the first run, the stock remaining in the No. 2
machine chest was run over the machine and back into the chest.

Only hot fresh

water was available for dilution, and consequently the washing was halted after
one hour because the stock temperature became higher than desired.
of washing the temperature of the stock in the chest was 128°F.,

After one hour

the freeness was

560 cc., and the temperature of the stock as it flowed onto the machine was 122°F.
The pH of the stock after washing was 7.;' this was raised to 7.9 by the addition
of caustic soda.

The machine settings for the second run were unchanged from the first
run.

The consistency of the stock as it flowed onto the machine was 2.1% and the

wet caliper ranged from 0.410 to 0.470 inch.

Five boards were produced in this

run.

After 4-1/2 hours the boards were removed from the drier and all but one
of the boards appeared to be dry.

These boards were broken into 4 by 8 foot pieces

and stacked on a skid; more than 4 hours later smoke was noticed and the wet board
was found to have ignited.

Little damage was done but the occurrence indicated the

danger of fires in stacking hot boards, particularly if somewhat moist.

The boards were tested for ash content, tensile strength, density, and
gas life (Table XVII).

Calipers and densities of the samples tested showed sub-

stantial variations, indicating that the run did not proceed for enough time for
the stock flow to become stable.

The dry tensile strength compared favorably to
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the strength of the Bauer pilot trial board and the first preproduction trial
board and the ash tests indicated good charcoal retention.

The gas lives of the

boards were poor, especially for CK.

Evaluation of the pulps is shown in Table XVIII and of boards made in
the Institute laboratories from these pulps in Table XIX.
of the washed board stocks was approximately 2.1%.
in both the washed pulps was less than 3%.

The ash content of both

The hot water-soluble material

As before, production boards had poor

gas life but boards made in the laboratory from the same pulp had acceptable gas
life.

This trial did convince Wood Conversion Co. personnel that there was a

reasonable probability of a production trial without a fire.

Special Laboratory Tests

Subsequent to the second preproduction trial a series of boards was made
at the Wood Conversion Company laboratory in Cloquet, Minnesota in an effort to
clarify the factors responsible for the poor gas life performance of the preproduction trial products.

Boards were formed from stock similar to the preproduction

trial stock with a furnish consisting of 25% charcoal, 0. 5

active Aquapel 360,

and 0.2% active Kymene 557 (on the basis of ovendry fiber) and with just the charcoal addition.

They were formed in hot and cold river water with and without pH

adjustments and in city water using charcoal from the preproduction trial supply
and from the Institute's laboratory supply, both in dry form additions and slurry
additions.

Forming conditions and test results are tabulated in Table XX.

This

work indicated that the water supply (river vs. city water) did not substantially
affect gas life and, as long as the systems were alkaline, no pH adjustments were
necessary.

The effects of leaching (resulting from adding the charcoal in slurry

form) were masked by variations in the charcoal contents of the board specimens
which, in turn, resulted from settling during the addition of this charcoal slurry
to the fiber suspension system.
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As the result of difficulties in obtaining good gas life in these trials,
there was some interest in the possibility of upgrading the gas life of board by
incorporating repulped newspaper in the stock; boards were formed in a laboratory
using repulped newspaper blended in varying proportions with a Wood Conversion
Company pulp.

These boards were wet-pressed at 25, 50, and 100 p.s.i. and tested

for density and carbon dioxide diffusivity in order to determine proportions in
which the newspaper could be incorporated with the Wood Conversion Company pulp.
The results of the study indicated that repulped newspaper could be blended with
the stock providing that production operations could be adjusted to compensate
for the increased density and decreased diffusivity that would result.

The relation-

ships between diffusivity, density and newsprint content derived from this work are
shown in Fig. 10 and 11.

PRODUCTION TRIAL

On October 15, 1962 a production trial was made at Wood Conversion Company,
Cloquet, Minnesota, using full-scale equipment.

At the request of the Contract

Project Officer, this trial was divided into two runs, the product of the first
run being unsized diffusion board and the product of the second run being sized
diffusion board.

Preparations

On the weekend preceding the trial the machine was shut down for clean-up.
All the chests were drained and cleaned and the entire stock handling system was
flushed and purged.

The part of the clay coating system which was to be used for

charcoal slurry make-up and handling was drained, purged with a clay slip, and
flushed.

The fourdrinier wires were cleaned and the steam coils and carrying rolls

in the Coe drier were scraped and cleaned.

It was felt that the thorough cleaning
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of the system was necessary to prevent the possibility of contamination with
materials from previous operations which could be detrimental to the performance
of the diffusion board.

While the drier was being cleaned, thermocouples connected

to a six-point temperature recorder were installed in the drier; a thermocouple was
placed in the air stream on either side of the drier at the hot-air manifold of
the first zone, and thermocouples were attached to steam coils in the centers of
the second, third, fourth, and fifth zones.

Stock Preparation

Moderately green, unsorted, undebarked, aspenwood chips from Wood
Conversion Company's normal wood supply were cooked in an American Defibrator
continuous cooker at a pressure of 145 p.s.i. with 2% Santosite (93% sodium sulfite), based on dry weight of the wood, with a retention time of 8 minutes.

The

unwashed stock was refined at different settings in the No. 22, No. 23, and No.
25 Bauer refiners (Models 410 and 411) at a consistency of 8%; stock from each
refiner was pumped to the east chest and blended.

Mill freenesses of the compon-

ent and blended stocks taken during the course of the trials are given in Table
XXI.

Stock was diluted to a nominal consistency of 3.5%, pumped to the north
chest, and passed over an IMPCO washer.

The stock was diluted to 0.8 to 1.0%

consistency in the washer and doctored off the roll at 10 to 12% consistency into
the south chest.

In the south chest it was diluted to a nominal consistency of

3.5% and the pH was raised from approximately 5.5 to 7+ with additions of flake
caustic.

Washing and all dilutions up to a consistency regulator were done with

fresh, hot river water.

Fresh cold river water was used at the consistency regu-

lator and the machine headbox.

The stock flowed onto the machine at an average

consistency of 2.8% and a rate of 138 lb. of dry fiber/minute.
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TABLE XXI
LOG OF MILL FREENESS (WOOD CONVERSION) MEASUREMENTS
TAKEN DURING PRODUCTION TRIAL

No. 25
(Center)

Time

Bauer
No. 23
(South)

No. 22
(North)

Regulator
Box

East
Chest

South
Chest

8:00 A.M.

350

750

250

400

9:00 A.M.

420

820

310

430

10:00 A.M.

310

800

280

440

420

11:00 A.M.

440

420

12:00 N.

450

Run 1

460

1:00 P.M.
Run 2
4:00 P.M.

490

490

5:00 P.M.

480

520

530

510

6:00 P.M.

435

Preparation and Addition of Sizing Materials

It was known that the Aquapel (procured originally for the preproduction
trials) has limited shelf life; however,

the date for this trial

was set on rather

short notice after long postponements and there was not much opportunity to procure
a fresh supply through normal channels.
the trial

it

In a check of the materials to be added in

was found that the Aquapel 360 emulsion had "broken."

this material consisted of two 50-gallon drums; the Aquapel in

The supply of

one drum had some-

what the consistency of cottage cheese,

while the other drum did not look as bad

but had obviously begun to break down.

Telephone calls to Hercules sales offices

and a nearby paper mill indicated that there would be little
any fresh Aquapel before the trial.

It

possibility of getting

had been decided earlier that the trial
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would be in two runs, one of sized board and the other of unsized board; this would
require the use of one drum of Aquapel.

The better drum of Aquapel was tested by

tub-sizing a paper towel in a sample of the material so diluted that 0.5% of
"active Aquapel" (assuming no deterioration) would be picked up by the towel.

The

"sized" towel was dried and its wettability tested under a faucet against that of
an unsized towel; the sized towel did not wet, meaning that the emulsion had not
completely deteriorated.

Consequently, it was decided that the better drum of

Aquapel could be used with some assurance that it would produce sizing in the board.

The Aquapel 360 emulsion was diluted to 5% active solids in a 55-gallon
drum and pumped at a rate of 0.69 lb. active solids/minute into the consistency
regulator.

Pumping was effected with the gear pump driven by a varidrive adjusted

to a rate of 13.9 lb./minute.

The Kymene 557, which gave no visual indication of

having deteriorated, was diluted to 3% solids in a 55-gallon drum and pumped into
the consistency regulator at a rate of 0.276 lb. of active Kymene (solids)/minute
with a gear pump operating at a rate of 9.2 lb./minute.

Preparation and Addition of Charcoal
The charcoal was slurried at a consistency of 3 lb./gallon in a 600gallon capacity Cowles disperser.

Six drums of charcoal (250 lb. each) were dumped

into the disperser tank (which was half-filled with water) without agitation, using
a plastic sleeve to cover the ends of the drums and prevent dusting.

The material

was agitated sufficiently to wet all the particles of charcoal after the addition
of charcoal.

When the charcoal additions were complete, the slurry was diluted to

500 gallons (the pH of this slurry was 8.4) and pumped to holding tanks on the No.
1 coating deck.

Slurry was metered at a rate of 11.67 gallons (35 lb.)/minute into

the consistency regulator; a period of two hours was arbitrarily selected as a
maximum holding time for the charcoal; therefore, after any shutdown for a duration
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longer than 2 hours, it was assumed that the charcoal had deteriorated and it
dumped.

was

(An exception to this was the start-up of the sized board run; the first

15 minute part was made with the remainder of the charcoal slurry prepared four
hours earlier and with poorer quality Aquapel and used for adjustment of machine
conditions but without saving the board produced.)

Forming Operations--First Run

The first run was made without sizing additions at a forming rate of
30 feet/minute and a final press roll setting of 0.200 inch which was increased
to 0.220 inch after the nineteenth cut of board.

The charcoal distribution in

the first 19 cuts of board was poor because the charcoal was being introduced at
the headbox and did not become dispersed in the stock before flow onto the wire;
the condition was rectified by moving the point of charcoal addition back to the
consistency regulator and the color of the board made after Cut 20 indicated good
distribution.

A total of 42 cuts were made in this run; the wet calipers of Cuts

19 through 42 ranged from 0.455 to 0.480 inch and they entered the drier at
approximately 40% dryness.

Because instability could occur in a run of such short

duration as a result of white water recirculation, the white water was flushed
directly into the sewer.

Forming Operations--Second Run
The second run was made with additions of Aquapel and Kymene to the
consistency regulator along with the charcoal.

The forming rate was maintained

at 30 feet/minute and the final press roll setting at the start of the run was
0.240 inch and 0.260 inch after Cut 99.

The wet caliper of the board was main-

tained in a range of 0.455 to 0.470 inch and it entered the drier at approximately
33% dryness.

Cuts 43 through 71 contained charcoal which had been made up in
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slurry form during Run 1 and the poorer quality Aquapel, but these were not used
for testing.

The remainder of the run (Cuts 72 through 130) contained charcoal

from a freshly made slurry and the better quality Aquapel.

As in Run 1, the white

water was flushed directly into the sewer.

Drying

In both runs the drier was operated at maximum available air circulation
and exhaust, holding a maximum steam coil temperature of 300 ° during drying; this
was done in order to minimize the danger of fire.

This drier was a standard 8-deck

Coe hot-air drier with five zones, heated with steam coils located between decks
and in reheaters; additional heating was available but not used, in the first zone
by means of a gas-fired heater and a cooling zone was located in the drier and
trimmer.

The drying time per 8 by 16-foot cut of board was 105 minutes, resulting

in an indicated moisture content of 3% or less on a capacitance-type moisture
recorder located at the end of the drier.

Thermocouples attached to steam coils

in the center of the drying zones indicated temperatures ranging from 200-365°F.,
the lower temperatures occurring in zones with the heaviest drying loads and the
higher temperatures occurring in the wet-end zones when they did not contain board.

Packaging and Storage

After the boards emerged from the drier and were cut into 4 by 8-foot
sections, they were piled in groups of 8 sections with each group separated by onehalf inch strips of building board.

Thermocouples were inserted into the stacks,

and the stacks were allowed to cool for two hours until the stack temperature was
below 120°F. so that there would be no danger of fires occurring in the stacks after
they had been packaged.

The boards were wrapped, 8 boards per bundle, with rein-

forced, latex-laminated kraft paper coated on one side with 9.6 lb. of polyethylene/
ream (2/3 mil thickness), the coated side facing inside, and sealed, after overlapping
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all joints, with regular tape.

The water-vapor permeability of the paper was

tested after creasing and found to average 20 grams of water vapor/24 hours/square
meter, when tested at 100°F. with relative humidities of 20 and 90%.

Evaluation

Samples from the sized and unsized runs were shipped to the Army Chemical
Center and to The Institute of Paper Chemistry for testing of gas life and physical
properties.

The results are shown in Table XXII.

The unsized board had a density higher than desired.

The mill personnel

had had no previous experience with the unsized formulation and had no opportunity
to adjust machine conditions on such a very short run.
the diffusivity was fairly good.
was quite high.

Considering the density,

Charcoal content, as determined by the ash test,

Here again, conditions apparently were not properly adjusted for

the start and there was no opportunity for allowing the system to stabilize.

The

higher-than-theoretical content may have been the result of settling in the charcoal slurry, allowing the first portion to be fed to the stock at a higher than
average concentration.

As a result of the high density and the high percentage

content, the charcoal content per unit area was quite high and the gas life not
as good as would have been expected for this charcoal content.
probably primarily as a result of the high density.

Strength was good,

Water absorption was lower

(more sizing) than would have been expected.

The sized board had a density slightly lower than was desired originally.
The mill personnel had had the benefit of working with this formulation on the
preproduction trials but again the run itself was so short that there was no
opportunity for any adjustment of machine conditions based on tests of the product.
Diffusivity was good and the percentage charcoal content was a little

lower than
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desired, possibly due to poorer retention of the charcoal by this low-density
board or to inaccuracies in feeding.
as good as that of the pilot run.

Gas life was fairly good although not quite

In comparison to the charcoal contents, gas

life of the sized board was much better than that of the unsized run.

Strength was disappointingly low.

Relative to previous runs at this

mill, the drop in strength may have been caused by the lower density and possibly
by deterioration of the Aquapel.

As compared to the runs in the pilot trial at

approximately this density, the lower strength may have been caused by the Aquapel
condition or by other refining or machine conditions.

It seems obvious from

previous work that better strength is possible and should be obtained.

Pulp samples from this run were tested as in previous cases with results
as shown in Table XXIII.

Ash content was somewhat high, again suggesting possible

contamination by mineral fiber from the mill system in spite of the careful cleanup.

Washing did not reduce this ash content, indicating that it was not caused by

soluble cooking chemical.

Water-soluble content and pH are consistent with previous

experience.

TABLE XXIII
RESULTS OF TESTS ON PULP SAMPLES
FROM PRODUCTION TRIAL
Hot-water solubles, %

2.2

pH of hot-water extract

6.1

Ash, as received, %

3.4

Ash, after washing stock with an equal
volume of water, %

3.8
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GENERAL DISCUSSION AND RECOMMENDATIONS

From the results reported here, it appears that there should be no
difficulty producing on a commercial scale a diffusion board which will meet the
tentative requirements for diffusivity, resistance to aerosol permeation, and
resistance to the penetration of those toxic gases represented by chloropicrin.
Strength and water resistance equivalent to Federal Specifications for structural
fiber insulating board should be possible, although the properties of the production trial material were not as good as those obtained previously.

Resistance to

mildew is difficult to evaluate; by the method originally proposed, even those
boards having no special fungicides showed very little susceptibility to fungus
growth.

Strength and resistance to aerosols will be improved by increases in
density but at a sacrifice of diffusivity.

If the thickness is increased to

three eighths of an inch, a corresponding increase in diffusivity will be required
in order to maintain the same diffusion.

This will limit density also.

It has

not been possible under this contract to determine the optimum balance of density,
diffusivity, aerosol resistance, strength, and gas life obtainable or to determine
which wood species, pulping and refining conditions are suitable or preferred.
However, it appears that there should be little problem with most of the commercially used pulps and processing conditions in obtaining these properties if the
pulps are well washed and provision is made for thorough cleaning of the mill system.

The critical feature of production of diffusion board is the development
of satisfactory resistance to cyanogen chloride and the retention of this resistance under conditions of tropical aging.

Operation on the alkaline side of

neutral seems essential, thereby severely limiting the choice of sizing agents or
other additives.

Variations in pulp quality and drying conditions are also
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troublesome.
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Resistance to cyanogen chloride is not affected seriously by accel-

erated aging under desert conditions but is severely reduced by tropical aging.
From the information available, the stability of ASC charcoal itself appears to
be limited in the presence of moisture.

The addition of wood pulp, sizing agents,

wet-strength additives, and other organic materials further complicates the problem.

It is recommended that the importance of resistance to cyanogen chloride
in this product be re-examined.

If of continued importance, then a more basic

study of the mechanism of CK protection should be initiated in order to provide
a sounder basis for future developments.

If resistance to cyanogen chloride can

be eliminated from this product, the production of a board having the other
characteristics can be greatly simplified.

Pulp quality and processing conditions

will be less critical, a much wider variety of sizing agents and other additives
can be considered and a more economical board with better levels of these other
properties could be developed.

Further laboratory investigations of the board as presently specified
should be co-ordinated with one or more specific production facilities.

Results

obtained commercially have been somewhat disappointing in comparison with results
obtained in the laboratory and pilot trials using pulp which was presumed to be the
same.

In addition to differences in operating conditions which are difficult to

simulate in an isolated laboratory (such as water supply, the method of forming,
and the Coe driers) the pulp may have been different because of opportunity for
diffusion of solubles or oxidation in the pulp shipped in comparison to the fresh
pulp used commercially.

Investigation of this point would be of interest.

If other commercial operations are considered as suppliers, then laboratory investigations using their pulps would be desirable.

Further studies on

refining, preferably by or in co-operation with a potential commercial producer,
should yield better strength properties.
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There are other possibilities for production of diffusion board.

In

addition to the use of other wood species and/or pulping processes which might
yield better strength (such as longer fibered softwoods or cold soda pulp), mineral
fiber could be substituted for the wood pulp and would be expected to be more inert.
However, a weaker, lower density board would result; this would require re-design
with respect to the balance of density, diffusivity, thickness, strength, and
aerosol resistance.

Likewise, a dry process of board formation might result in

a more stable charcoal but would also require re-assessment of the balance of
these properties.

THE INSTITUTE OF PAPER CHEMISTRY

L. E. Leporte, Research Aide

T. A. Howells, Chief,
Special Processes Section
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APPENDIX I
LABORATORY PROCEDURES AND TEST METHODS

FORMING OF BOARDS IN THE LABORATORY

Boards were formed in a 14-1/2 by 14-1/2-inch Valley sheet mold on a
16-mesh bronze wire screen.

The standard procedure for draining the mold was to

drain through a water-leg of approximately 3 feet until the forming water level
was even with the upper surface of the formed board and then apply a 20-25 inch
Hg vacuum to complete the drainage.

The procedure for producing a board was to:
1.

Slurry enough fiber for one. board at a consistency of 4% with a

Lightnin' mixer.
2.

Add charcoal and other additives (some sizing materials were added

in the deckle box; however, these deviations from procedure were noted), note pH
and adjust, if necessary.
3. Pour slurry into the deckle box, dilute to 0.7%, stir, note pH and
adjust if necessary, and form.
4. Remove the pad and screen and press for ten minutes in hydraulic
press at pressure required to produce 20 to 21 lb./cu. ft. board, usually 150 p.s.i.
5. Place in circulating air electric oven set at 105°C. for two hours.

In making additions to the pulp slurries, a period of five minutes was
allowed between additions in order to insure good mixing.

Twenty-five + 5 minutes

was allowed between the addition of charcoal and pressing in order to mitigate any
variant effects on the activity of the charcoal due to leaching.
addition of charcoal used was 25% based on ovendry fiber.

The standard
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CALIPER AND DENSITY

Caliper values were reported as the average of ten individual measurements taken with a Cady automatic micrometer recorded to the nearest thousandth
of an inch.

Densities were determined under ambient conditions from the average of
three length and three width determinations taken to the nearest 1/32 of an inch
and the weight of the specimen to the nearest 0.1 gram.

CARBON DIOXIDE DIFFUSIVITY

The diffusivity was calculated from the change in concentration of carbon
dioxide from an initial concentration of 30 to 40% over a period of 20 minutes as
the result of diffusion through a 12 by 12-inch area of a board specimen.

The

apparatus was designed and constructed on the basis of information received from
the Army Chemical Center and consisted of a 12 by 12 by 12-inch (inside dimensions)
sheet metal box with an open bottom and a suitable clamp for holding a 14 by 14-inch

board specimen.

A 12 inch by 12 inch piece of sheet metal with a rubber gasket on

'one side was attached to a frame and hinged so that it would cover the area of the
specimen exposed to the atmosphere; this served as a means of starting and stopping
the diffusion process.

An Orsat apparatus was used to measure the carbon dioxide

concentration of samples drawn from inside the box by means of a fitting on the top
of the box.

The test of a specimen was conducted in the following steps:
1. Determine the thickness of a 14 by 14-inch specimen to the nearest
0.01 centimeter as the converted average of ten measurements made with a Cady
automatic micrometer.
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2.
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Cover edges of specimen with 1-1/4 inch strips of aluminum foil

and transparent tape and clamp over diffusion box opening (the specimen must be
clamped so that the seal between the specimen and the box is gas tight).

Close

sheet metal cover.
3.

With the box vented to the atmosphere, introduce enough carbon

dioxide from a pressure cylinder to raise the concentration to 30 to 40%.
4.

Close vent and allow ten minutes for gases in box to come to

equilibrium.
5.

Determine the initial carbon dioxide concentration being careful

to purge sampling system before sampling.

Read buret to nearest 0.1 ml.

6.

Open cover exposing specimen to atmosphere.

Start timer.

7.

After 20 minutes close cover, record exposure time in seconds, and

determine final carbon dioxide concentration.
8.

Calculate the carbon dioxide diffusivity from the following equation:

D=t

(70.1)(1)(log C1 /C2 )

where:
D

=

diffusivity in sq. cm./sec.

1

=

thickness of specimen in cm.

C, =

NOTE:

9.

initial carbon dioxide concentration as % by volume

C

=

final carbon dioxide concentration as % by volume

t
t

=
=

diffusion time in seconds.
diffusion time in seconds.

Constant 70.1 is for a one cubic foot box and a diffusion
area of one square foot.

Report the carbon dioxide diffusivity of a specimen as the average

of three tests.
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D..O.P. SMOKE PENETRATION

Smoke penetration was determined with the Naval Research Lab.'s Dioctyl
Phthalate smoke penetration apparatus in accordance with procedures outlined by
the Army Chemical Center.

Results were reported as the per cent of smoke passing

through a specimen at a flow rate of one liter per minute.

GAS LIFE

Gas life determinations were run at the Army Chemical Center with two
gases:

cyanogen chloride and chloropicrin.

Test results were reported as the

number of minutes of protection given by 100 sq. cm. of sample against a cyanogen
chloride concentration of 4 mg. per liter at a test flow of one liter per minute
and the minutes of protection given by 100 sq. cm. of sample against a chloropicrin
concentration of 50 mg. per liter at a test flow of one liter per minute.

A method of comparing the gas lives of boards with different charcoal
loadings was devised on the basis of critical bed depth values.

The critical bed

value was defined as the zero gas life intercept in a plot of cyanogen chloride
gas life versus charcoal loading at a slope of 26.5 min./g./100 sq. cm.

CHARCOAL CONTENT--ASH METHOD

The charcoal content of the board was computed from the ash contents of
the board and its components.

The ash contents were determined on an ovendry basis

according to TAPPI Method T 211 m-58 .

The charcoal content was determined in the

following manner:
1.

Determine the ash content of the charcoal filtered from a 25%

slurry one-half hour after dispersion.
2.

This ash content was found to be 23.6%.

Determine the ash content of a sample of pulp taken after washing

and before the charcoal addition.
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3. Determine the ash content of the board.
4. Calculate the charcoal content from the following equation:

% charcoal =

b

-a

c- a

where:
a = ash content of stock, %
b = ash content of sample, %
c = ash content of charcoal, %.
MILDEW RESISTANCE

Mildew resistance was evaluated' by the following method:
1. Submerge 2-in. square specimens in a mineral salts solution at a
ratio of 66 ml. of solution per square for 1-1/2 hours.

The mineral salts solution

should have the following composition:
Ammonium nitrate

3.0 g.

Potassium phosphate, dibasic

1.0 g.

Potassium chloride

0.25 g.

Magnesium sulfate (hydrated)

0.25 g.

Distilled water

1000 ml.

2. Place test specimens in sterile Petri dishes, add 25 ml. of sterile
mineral salts agar (above salts solution plus 2.0% agar) and allow agar to solidify.
3. Prepare a spore suspension of Chaetomium globosum by washing the
growth from a 14-day culture (grown on a 0.5 by 3-inch strip of blotter paper
according to TAPPI Method T 205 m-50) on salts agar.

Suspend growth in 50 ml. of

sterile distilled water and disperse spore clumps by shaking with glass beads.
4.

Innoculate test specimens with 1 ml. each of the spore suspension

and incubate at 28°C.

Examine periodically for fungus development.
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5.

Drying may occur during incubation.
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Add sterile water to specimens

when needed--usually 5 ml. per specimen.
6.

Report mildew resistance as number of days or weeks of incubation

before mold growth can be detected on a specimen.

This test is a modification of the test outlined in Federal Specification
Number CCC-T-191b, Method 5751 "Mildew Resistance of Cloth; Direct Innoculation,
Pure Culture, Non-Sterile Specimen Method."

WATER ABSORPTION TEST

The water absorption properties of a board sample were evaluated by
determining the volume of water absorbed by a specimen as a percentage of the dry
volume of the specimen after 2 and 24 hours' submersion

under a one-inch head of

water at 70 + 5°F.

References for this test were Federal Specification LLL-I-535, "Federal
Specification for Insulating Fiberboard" and ASTM D 1037-60T,

"Tentative Methods

of Test for Evaluating the Properties of Wood-Base Fiber and Particle Panel
Materials."

Specimens, 6 by 6 inches, were used for the tests and were tested according to the following procedure:
1.

Cut specimens to 6.0 by 6.0 inches square.

2.

Dry specimens for 24 hours at 160°F. in a circulating air oven,

cool to room temperature in a desiccator.
3. Weigh each specimen rapidly to the nearest 0.001 g. on a beam balance.
4. Determine caliper to the nearest 0.001 inch as average of 5 measurements with a Cady automatic micrometer.
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5. Submerge under one inch of distilled water maintained at 70 + 5°F.
for two hours (keep specimens from floating to surface with 2 mesh weighted
screens).
6. Remove specimens from water, stand on edge and allow to drain for
10 minutes, blot with blotting paper and weigh.
7. Resubmerge for 22 hours and repeat draining and weighing procedure.
8. Determine the weight of the water absorbed at the end of 2 hours'
and 24 hours' submersion and calculate the volume absorbed in each case from the
equation:

V = 27.7

W

453.6

where:
W = weight of water absorbed in grams
V = volume of water absorbed in cubic inches.
9. Report the water absorption as the volume per cent of water absorbed
on the basis of the dry specimen volume.

STRENGTH TESTS
Tensile strength and transverse loading tests were run according to the
procedures outlined in ASTM C-209-60 "Testing Structural Insulating Board Made
From Vegetable Fibers."

Tests were reported in the machine direction and in the

cross-machine direction as the average of three tests in each direction.

Tensile tests were run on dumbbell-shaped specimens, 10 inches in overall length, 2 inches in maximum width, necked down to 1-1/2 inches minimum width
along 2-inch flats in the centers of the specimens.

Rate of jaw separation was

set at 0.5 inch per minute (ASTM specifies 2 inches per minute which was found to
be too rapid for the response of the machine).

Specimens breaking within 1/2 inch

U. S. Army Chemical Center Procurement Agency
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of the jaws were discarded.
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The cross-sectional area at the point of the break of

a specimen was determined and the maximum tensile strength was reported in p.s.i.
as the breaking load divided by the cross-sectional area.

Dry tensile tests were

run on specimens conditioned to 50 + 5% relative humidity, 72 + 2°F.

Wet tensile

tests were run on specimens after 2 hours' soaking and after 24 hours' soaking under
1 inch of distilled water at 72 + 2°F.

Transverse strength tests were run on 3 by 15-inch specimens loaded at
mid-span on bearings with 3/8-inch radii located 12 inches apart.
applied at a rate of 5 in./min. until failure was observed.

Loading was

Results were reported

as maximum load deflection, breaking load, and modulus of rupture.

The modulus of

rupture was computed according to the formula given in the TAPPI standard T 1003
sm-55 "Flexural Resistance and Deflection of Insulating Fiberboard":

1.5 P L
W (t)

2

where:
R = modulus of rupture in p.s.i.
P = loading in pounds
L = span length in inches
W = width in inches
t = thickness in inches.

WATER SOLUBLES AND pH

The hot-water solubles were reported as the averaged result of two tests
to the nearest 0.1%.

The tests were conducted according to TAPPI T 207 m-54.

The

pH was determined on the hot water extract of the hot water-solubles test with a
glass electrode and reported to the nearest 0.1.
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CANADIAN AND GREEN FREENESS

Canadian Standard Freeness was determined with a Canadian Standard Freeness testing apparatus using a 3-gram (ovendry basis) sample.

The Green Freeness

was determined with a Green Freeness testing apparatus using a 5 gram (ovendry
basis) sample.

Results of both tests were reported in cubic centimeters of water.

WOOD CONVERSION COMPANY MILL FREENESS TEST

The following is

a copy of the mill freeness test method set up and

used by the Wood Conversion Co.:

Numerical Classification of Test Method. ..........

TM-WC-506-3

General Classification of Test Method. ...........

Board

Title of Test Method:

References:

WS-WC-506-1

Date Developed:

Scope:

Mill Freeness of Fiber Suspensions

9/27/44

This test method shall cover material of a fibrous nature
and generally considered as board-forming stock for which
it is desired to indicate the rate at which the fiber suspension will deliver water through a screen.

Apparatus:

Mill freeness tester designed and made by W. C. Co. for
use on board stocks.

See SK-506-1-1.

It consists of

an elongated cylinder of 4 liters capacity with a perforated false bottom and a second quick-opening bottom to
hold the stock suspension at the start of a test.

The

false bottom consists of a thin metal plate perforated
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with 0.018-inch diameter holes, 600 to the square inch.
The cylinder is allowed to drain into a divided orifice
cone funnel.

A small orifice is situated at the bottom

of the funnel and a larger orifice on the side.

The

overflow collected through the side orifice and expressed
in cubic centimeters is called the freeness of the stock.

Sampling:

At least 4 representative samples (fiber in moist condition)
shall be taken for testing.

Procedure:

The following procedure shall be known as "mill freeness
by laboratory technique":
1.

Select 20 grams of fiber ovendry weight basis and
thoroughly disperse in 4 liters of water at 70°F.
(this is approximately the city tap water temperature).

2.

Pour the stock suspension into the cylinder
(bottom closed),

3.

Open bottom immediately allowing the water to drain
from the fiber into the cone funnel.

4.

Collect the overflow (side orifice) of the divided
cone funnel in a graduated cylinder and record result
in cubic centimeters of water.

In routine control work in the mill the test is performed
by an alternate method with respect to the selection of
the proper weight of fiber.

To avoid drying of the fiber

to determine its consistency, one liter of stock at consistency of process is formed into a mat in a sheet mold.
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The consistency of this mat is approximately 11% and
178 grams are taken for test to give approximately
20 grams of dry fiber.

Subsequent operations are

similar to those described above.

Report:

Report freeness by laboratory technique as cubic centimeters
of water.

SCREEN CLASSIFICATION

Screen classification was determined with a Bauer-McNett Fiber Classifier
using 12, 28, 48, and 100-mesh screens according to I.P.C. Method 415.

Results

were reported as the per cent of the total ovendry fiber charge retained and passing
through each screen, or the cumulated per cent of the total ovendry fiber charge
retained on each screen.
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Fiber Products Laboratory
SPRINGFIELD, OHIO

LABORATORY REPORT
TEST No

3732

CLIENT.

The Institute of Paper Chem.
Appleton, Wisconsin

CONFIDENTIAL

June 6, 1961
DATE.
Test Run May 15 - 19, 1961

Witnesses:
G. C. Condon, Jr.
Dr. T.A.Howells
L. E. LePorte

E. Jones
SUBJECT.

Board Forming Demonstration

MATERIAL:

See Table No. I

OBJECTIVE:

To develop Improved Diffusion board for U. S. Army Chemical
Center Procurement Agency.

SUMMARY & CONCLUSIONS:

This test was made as directed by the client from fiber which
was made by Wood Conversion. Formulations and procedures were
determined by the client to enable evaluations of toxic gas
absorbtion properties of the resulting board. Such evaluations
were to be made elsewhere since Bauer was not equipped to handle
this phase of the work.
Formation of boards was satisfactorily performed, but other conclusions must necessarily be determined by others.

U. S. Army Chemical Center Procurement Agency
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TSST NO:

3732

PROCEDUREs

The material to be tested was received, marked, and retained in
storage until the testing date. The fiber as received was shredded
and labeled 01. The material identification and analysis, along
with the letter identification, may be found in Table No. I.
Five refiner runs (A-l through A-5) were made on the 01 material
using the Bauer No. 410, 40" double revolving disc refiner with
the A-400 X plates. For each run, a refining consistency of 8%
was used. The energy applied for each run respectively was 7.32,
7.32, 7.33, 7.33 and 7.21 HPD/ADT. For refiner data, see Table
No. II.
A composite, combining the pulp from each refiner run with the 01
material in varying proportions was used as the feed for each
board run.
C-l was a mixture of 50% - 01 and 50% - Al and was used for board
run B-l.Charcoal (25% on O.D. wood) was mixed into the C-1
material for this run. From the B-l furnish, TAPPI boards W-l,
W-2 and W-3 were made with the board formation data listed in
Table No. IIIA.
C-2 was a composite of 25% - 01 and 75% - A-2 and was used for

board run B-2. The additives mixed with the C-2 stock for this
run were 25.0% charcoal and 0.5% Aquapel 360. It was necessary
to adjust the pH with NaOH for this particular run.
The third composite (C-3) was a combination of 25% - 01 and 75% A-3 and was used for board run B-3. The additives for this run,
mixed with C-3 stock was 25.0% charcoal, 0.5% Aquapel 360 and 0.2%
Kymene 557.
Composite C-4 was a combination of 25% - 01 and 75% - A-4 and

was used for board run B-4. The additives for this run was 25.0%
charcoal, 0.5% Aquapel 486 and 1.0% Cato - 8.
C-5 was a combination of 25% - 01 and 75% - A-5 and this composite became the feed for board run B-5. The additives mixed
with the C-5 stock were 25.0% charcoal and 1.0% Cyron.
Board run B-l was dried in the Coe dryer at 250°F.
B-2 through B-5 were dried at 350°F.

Board runs

All board formation data may be found in Table No. III.
Samples were cut from each board run and the board data from
these cut samples may be found in Table No. IV.
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3732

Page 3

Insulation boards B-l through B-5, two drums of 01 pulp, one
bag of Cyron, one bag of Cato-8, one drum of Aquapel 486, ten
pounds of charcoal and the white water from B-2 was sent prepaid
by truck to:
Institute of Paper Chemistry
Appleton, Wisconsin
ATTENTION: Dr. T. A. Howells
one pound of Cyron, one pound of Aquapel 486 and two quarts of
Aquapel 360 was sent prepaid by express tot
Protective Dev. Div.
U. S. Army Chem. Res. & Dev. Labs.
Army Chemical Center, Maryland
ATTN: Grover C. Condon, Jr.
Oscar Wiegel,
Assistant Director of Laboratories

Ben W. Perks,
Director of Laboratories
OW/BWP/lp
CC:

T. A. Howells (5)
Institute of Paper Chemistry
Appleton, Wisconsin
Grover C. Condon, Jr. (1)
Protective Dev. Div.
U. S. Army Chem. Res. & Dev. Labs.
Army Chemical Center, Md.
J. C. S.
Goodwin
Lab
Library
Corres.
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APPENDIX
EXPLANATION OF DATA
1. Material Identification
The following is an explanation of the letter identification of material used in this laboratory.
The letters are used in combination with numbers which serve to identify various runs, operations, and/or materials produced under a given letter classification.
A: Refiner
B: Insulating Board
C: Composite
D: Structural-Type Board Made on Hand Board Former
E: Machine Made Hardboard
H: Bauer Cleaner
H-F. Feed
H-A. Accepts
H-R. Rejects
L: Laboratory Mill No. 148-IE
M: Mead Mill No. 405-1
N: Biffar Screen
O: Original
P: Pressafiner
R: Research
S: Bark Separation
V: Valley Beater
2. Brake Horsepower Days per Air Dry Ton
This figure was chosen because most mills determine capacity in Air Dry Tons per Day, and
motors are rated in Brake Horsepower. The BHP Days per Air Dry Ton figure is based on the
motor output.
KWH used
used
xF
SKWH
BHP Days/Ton=
- LBS (O.D.) used
Efficiency of Motor x 2000 x 0.90
0.746 x 24
F=91.5 when ordinary motors, with 91% mechanical efficiency are used.
F=82.4 when specially wound, multiple speed motors, with a mechanical efficiency of 82%, are
used for test.
Where:
2000 equal pounds per ton.
0.900 is conversion factor from oven dry to air dry.
0.746 is conversion factor from KW to HP.
24 equals hours per day.
Brake HP Days per ton x 20= Metered KWH per Ton (approximate) assuming a motor efficiency
of 90%.
3. Daily Capacity in Air Dry Tons per Day
This value is derived by dividing the rated capacity (in HP) of the main motors of the refiner by
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the HP Days per Air Dry Ton. The figure expressed is the tonage per day if the refiner were
fully loaded at all times. A more practical figure for commercial operations would be 90% of the
figures given.
4. Actual Feed Rate
This is the actual feed rate to the refiner. This rate is generally predetermined and controlled by
means of a variable speed drive which operates the belt feed of the refiner.
5. Formation of Handsheets
Handsheets, for observation and inspection, are made in the laboratory with an 8' x 8" Williams
Sheet Mold. A sufficient amount of slurry, consistent with the weight requirements of the ream,
is poured into the mold, and de-watered to form a handsheet. Three blotters are put on the wet
sheet which is then couched off. A steel plate is placed on the wire side of the sheet and two additional blotters on the felt side. The sheet is pressed in a hydraulic press for five minutes at 40
psig, then removed and the blotters replaced with one new blotter. The sheet is again pressed,
this time for two minutes at 40 psig, after which the sheet is air dried on the steel plate without
a covering blotter.
In the Fiber Products Laboratory, handsheets are made in three ream weights: 300 Ibs., and 80
lbs., and 40 lbs. per ream (24 x 36-500). A ream weight of 300 lbs. is used when the pulps produced are to be used for insulating board; etc.
A ream weight of 80 lbs. is used for .009 point furnishes.
A ream weight of 40 lbs. is otherwise generally used.
6. Formation of Handsheets for Physical Tests of Pulp
Test sheets are made in accordance with procedures described in TAPPI Standard T205 M-53
in all respects except sheet weight. The above TAPPI Standard calls for a 60g/sq m sheet or, on
our basis, a 36.8 Ibs/ream (24 x 36-500) sheet. This has been altered to obtained a 40 lb/ream
(24 x 36-500) sheet.
7. Physical Testing of Pulp Handsheets
This laboratory tests pulp handsheets for strength and other physical properties, excepting optical properties, in accordance with TAPPI Standard T 220m-53 in all essential details. The breaking width in the tensile test is taken as 0.5 inches rather than 15mm. Basis weight is expressed in
lbs/ream (24 x 36-500). The most common strength tests are calculated as follows:
a. Mullen Test (Bursting Strength):
% Mullen= Average Burst Reading x 100
Basis Weight (O.D)
This value may be converted to the TAPPI burst factor by multiplying the percent Mullen
by 0.432.
b. Tear Test: The tear strength is determined with an Elmendorf Tear Tester.
Total readings x 16 x 100
%earNumber of tears x Basis Weight (O.D.)
This value may be converted to the TAPPI Tear Factor by multiplying the per cent tear by
0.614.
c. Tensile Test: The tensile strength is determined with a Louis Schopper Tensile Tester.
%Tensile

Total of Tensile Readings x 2 x 100
Number of Strips Tested x Basis Weight (O.D.)
This value may be converted to the TAPPI Breaking Length by multiplying the per cent tensile by 110.
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8. Freeness Tests
a. The freeness of pulp is obtained by following the procedure described in TAPPI Standard
T 227m-50. The Canadian Standard Freeness Tester is used.
b. When desired, the New Green Freeness Tester is used. For a Freeness test, a 3 gram sample
is generally used, although a 6 gram sample is used for insulation or hard board.
c. The freeness of insulation or hard board stock, in seconds, is obtained using an Oliver Freeness Test. For the test, a 150 gram sample is used.
9. Handsheets for Optical Tests of Pulp
The formation of handsheets for optical tests is done in accordance with TAPPI Standard
T 218m-48.
10. Brightness of Pulp and Paper
The method used by this laboratory to measure the brightness of paper samples and pulp handsheets is designed to yield results in agreement with TAPPI Standard T 217m-48 and T 452m-48.
The Photovolt Reflection Meter, Model 610 is used.
11. Yield of Pulp
At present, two methods are used in this laboratory for the yield determination.
Method No. 1 is followed when an unwashed yield is desired.
When a washed yield is desired, Method No. 2 is employed.
Method 1: The weight of the material (oven dry basis) from the digester is determined. This
weight expressed as a per cent of the weight (oven dry basis) of the initial charge to
the digester is the unwashed yield.
Method 2: An accurately weighed portion of the cooked material is refined on the Laboratory 8
inch mill, care being exercised not to lose any material. The refined material is washed
and then dried to a constant weight. From the per cent solids content thus obtained,
the O.D. weight of the washed material from the digester is determined. This weight
expressed as a percent of the O.D. weight of the initial charge to the digester is the
washed yield.
12. Chemical Analysis
The chemical analysis on various type liquors are performed in accordance with TAPPI Standard
procedures. For liquors requiring procedures not listed in TAPPI Standards, generally accepted
methods are employed.
13. Permanganate Number of Pulp
The permanganate number of pulp is determined according to TAPPI Standard T 214m-50. For
highly lignified pulps the procedure outlined under TAPPI Routine Control Method 242 is
followed.
14. Chlorine Number
The chlorine number is determined in this laboratory according to TAPPI Standard T 202m-45.
15. Board Test Data
All test data for hard-pressed, structural fiberboard is obtained following procedures outlined in
Federal Specifications LLL-F-311. Insulating fiberboard is tested according to Federal Specifications LLL-F-321b.
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MATERIAL IDENTIFICATION
AND ANALYSIS
TABLE NO. I
Test No. 3732

Sample No.

Date

% O.D. Solids

Species

June 6,

Tappi Drainiage
Time (Sec.)

01

Fiber As Received
Thru Shredder

32.0

23.3

02

Guide Sample #853

-

19.7

03

Guide Sample #855

-

30.7

04

Guide Sample #890

-

18.3

C1

50%-01 And 50%-Al

-

31.0

02

25%-01 And 75%-A2

-

28.3

03

25%-01 And 75%-A3

-

31.7

C4

25%-01 And 75%-A4

-

28.6

C5

25%-01 And 75%-A5

-

36.0

LETTER IDENTIFICATION
A-=Refiner Runs
a-f-Composlt e
B-Board Run Number
-0_OriginalMaterial

1961

U. S. Army, Chemical Center Procurement Agency
Project 2256

U. S. Army Chemical Center Procurement Agency
Project 2256
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BOARD DATA
TABLE NO. IV
Test Nc.

Board
! Run
No.
.... __._._..._.._.

... I.-~L

%

,I Cs

I
I

i~~~~~~~~~~
1

I

1

!

5
6
i

!

2

,

0.320
0.360

_

18.7
22.3

0.12.70,

22.7

0. 2ALO

20.0

7

0.220

1

_-I-

0.300

2

0.280

0.235

16.1

0.340
_0.380

0.280
0. 305

17.7
119,7

0.310

24.4

,--,

3
,...4
.

_-

-___*---;
_

.0.410
....
6

_ ,90__

.

-

i

16.8
'

16.8

,^--_

-.

16.9
i

19.0
19,3
18.3

_12._88

.I 18

!t1n

E

I 1It
p

0.420

0.320

23.8

19.

t3

0.400i
.

0.325

18.7

18l7

4

0.100

0.360

00
.

17.5

5

0.370

0.335

9.5
,17.3

6

0..410 _. _l-...

f'

2

) nn

--.

18.
17.4;

r% I~rr

1

1

O.L10
-

4

j.

0.260
0.280

I

_,_
f

340.3--___12.L._- . .-..
1L-.7

0.-50
_,

,

:

..l
18.8
--*

__.,

I

2

0.400

0.380

5.0

16.8

3~

O.L0O

0..3Q90

9.*3

16.9

L4 0.,420

0.360

14J.3

18.9

5,

O0.420

0.340

1

19,1

6
7

o.42Q
0.670

0.355i
0.600

15
10.4

i

1 .3
18.1

0.6775
0.685

10.0
15.L
17. 3

18&.0
i 17.0
16.7

-.. _8___ 0.750
9
0. 810
10
0.750

0.620

i

_

-
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BOARD DATA
TABLE NO. IV A
Date

Test No. 3732
Board"
No.

Sample

wet
Dry
Thioknes8 Thioknese

.No.: i'
. II . 'I From

Press .,

I

1

o.' .L0

2

0.430

3

5

*9

8 1:

.3fid«b420-

0.690

:0.60
or, 60Q
9.40

From'

Juae 5, 1961

ShrinkagI
.1-

-

Dryer
' o.360

3
350

'"'

10.0

18.6

0.3570

15
2117.

.
0O9 , .1. .L
O 1.o

0.61o

.11

.OMO2

0. 580

II..

.
178
' 176

.

9.

0o.640

Cu. yFt.,

. ".

0 LA80

lo

':-Per- . '

4.7-1.6:
n.

S...:

16

164. :
-17'. Q-;

U. S. Army Chemical Center Procurement Agency
Project 2256
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GRAPHIC SUMMARY
CHART A
Date

Test No. 3732

_rd f-__ ____

a
Material

Refine
HPD/ADT

Composite

8( card
RH
iun

7.32

;

;

Cyron

Cato-8

Kymene
557

Aquapel
4 86

_

i

C1

- nmnl

i

A1

Aquapel
360

Charooal

Nco.

June 6, 1961

_ADDITIVS-.% ON O.D. _ OOD_

I.

81
B_

'- L 25.0

Ia-

- ---

, ---

L a- -- -------- M.

-

-

;k,

50-A1

i

|

,A2

7.32

C2
25%-01

_

j -- B2 --

f25.0--

i0.5----

- -----

75'%-A2

R

Thru

Shrad

\\

-

+-iA3|01
0eived .

25-01 ---75%-A4

-B3---25.0-

--

'

-0.5--

i

,

;

'
iC3

7.33

-

7.21

\

-~-A5

j

---25%-01

-1.0

I

-

..

j

75.-A.5I

_8

B5

-

25.0-

---

~---

i
The Bl-Furnish Was Used

Maete Taipi 3ocrdsa

*.0
A,

_
.

I.

1l, W2,

Ad Y13.

I

