- e

- -

SD433
JS

1019

U. S. Department of Agriculture, Forest Service

FOREST PRODUCTS LABORATORY

In cooperation with the University of Wisconsin

MADISON, WISCONSIN

EXPERIMENTS IN FIREPROOFING WQOD
Fourth Progress Report

By T. R. TRUAX
Senior Wood Technologist
C. A. HARRISON
Assistant Engineer
and
R. H. BAECHLER
Assistant Chemist

Published in
1933 Proceedings of the
AMERICAN WOOD PRESERVERS’ ASSOCIATION




EXPFRIMENTS IN FIREFROOFIKG WOOD-~FOURTH PROGRESS REPORT*

By

T« R. TRUAX, Senior Wood Technologist
Ce A. HARKISON, Assistant Engineer
and
R, H. BAECHELER, Assistant Chemist

The last three annual meetings of the American Wood-Preserv-
ers! Association have received reports of the continued studies, made
at the Forest Products Laboratory, in the fire-retardant properties of
various chemicals when impregnated into wood, Up to the present the re-
ports have dealt almost entirely with the effectiveness of single chenmi-
cals, Jalthough the work on single chemicals has been continued to some
extent, during the past year more attention has been given to coubinations
of chemicals,

The 1932 report sumnarized the results of preliminary tests on
61 single chemicals and more intensive tests on 7 single chemicals and
one mixture of chemicals, The present report describes the results of
preliminary tests on 6 additional single chemicals and 34 combinations of
chemicals, and more intensive tests on 7 combinations,.

The general method of treating wood and testing it for fire re—
sistance that was described in detail in the 1930 and 1931 papers has
been followed throughout; thus the results obtained from year to year are
comparable, In preliminary or extensive surveys the test specimens are
cut-from southern yellow pine boards before treatment, impregnated with
the chemical solutions under pressure, dried, and tested without resurfac-
ing. The specimens are treated with two concentrations of solutions of
each chemical, intended to give absorptions of approximately 1 pound and
5 pounds, respectively, of anhydrous chemical per cubic foot of wood, In
intensive surveys the wood is trecated in board form with five concentra-
tions of each chemicgl, intended to give absorptions of about 1, 2, 3, 5,
and 7 to 8 pounds, respectively, of anhydrous chemical per cubic foot of
waood, The boards are redried, surfaced lightly to uniform thickness, and
cut into test specimens., In both series the test specimens are conditioned
to approximately constant weight under controlled atmospheric conditions

*Presented at the Twenty-Ninth annual meeting of the american Wood-
Preservers! association held at the Hotel Sherman, Chicago, Ill.,,; on
January 24, 25, 26, 1933,
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that bring untreated wood to a moisture content of 6 to 7 percent, Mois-
ture-content determinations are made on samples cut immediately before
the fire tests,

The fire—~tube test: has been used as the measure of fire re-

' sistance in both series, In this test loss in weight of the specimen
and temperature at the top of the fire tube are the principal measures of
fire resistance., Since readings of both conditions are taken at regular
intervals the rate of burning, as well as the total loss in weight and
maximum temperature, can be computed., Observations are also made on the
tendency of the specimens to glow after the flame dies out,

Extensive Survey

Single Chemicals

Six additional single chemicals, namely, calcium arsenate, mono-
basic magnesium phosphate, monobasic zinc phosphate, monobasic sodium
phosphate, dibasic sodium phosphate, and dextrose, have been tested @uring
the past year, bringing the present total to 67. The results obtained
with these 6 chemicals are shown in Table 1, and those obtained with 5
other previously reported chemicals,; rcprescnting a wide range of cffec—
tiveness in reducing flaming, are shown in italics for couparison,

Of the 67 individual chemicals tested up to this time only 4
have shown a high degree of effectiveness in reducing both flaming and
glowing, They are dismmonium phosphate, monoammonium phosphate, phos-
phoric acid, and monobasic magnesium phosphate, Several others, such as
aluminum sulphate, ammonium bromide, and aumonium chloride, were effec-
tive in stopping combustien of both types when present in heavy absorp-
tions, but not when in light absorptions, Something lilke half of the
single chemicals tested have shown a distinct effect in reducing the ten-
dency of wood to burn by flaming and a somswhat smaller number the ten-
dency of wood to burn by glowing., In the specific coupounds tested the
following radicals, listed alphabetically, appear to have contributed

L For a description of the fire-~tube test see "Fire resistance of wood
treated with zinc chloride and diammonium phosphate" by Geo, ifs Hunt,
T« R, Trusx, and C, 4, Harrison in the 1930 Froc. of the Amer, Wood
. L Preservers! Assn,, pages 130 to 159,
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substantially to fire resistance:

Basic Radicals Acid Radicals
aluminum arsenate or arsenite
ammonium borate
calcium bromide
cobalt chloride
copper molybdate
lithium phosphate
magnesium selsnite
manganese staunate
nickel tungstate
tin vanadate

zine

Anaylsis of the data on the various chemicals tested indicates
that no single compound is an ideal fire rctardant., None of the single
chemicals tested appear to possess in combination a hizh degree of fire
resistance, low cost, resistance to leaching, and frez.om from objsction—
able features, such as corrosion of metals, interference with gluing and
finishing, and injury to the strengih and other desirable propertiss of
the wood, The amuonium phosphates in conczentrations great enocugh to give
a high degree of fire resistance, for example, add too wmuch to¢ the cost of
wood for most uses, interfere to some extent with gluing, ars somevhat
corrosive to metals, and leach easily. Apparentiy, cheap, eifective,
permanent treatments that are not injuricus to the wood nor objectionable
in use can most easily be found in combinations of chemicals. Most of our
work during the past year has been in this field.

Combinations of Chemicals
The specific aims in working with combinations of chemicals are:

l, To find; if possible, treatments that bring greater fire
resistance,

24 To reduce the cost of treatment,

3« To develop treatments that do not injure the wood nor im-
part objectionable properties to it.

4, To develop a treatment resistant to leaching,

He To find a treatment that coubines fire resistance, decay
resistance, and nonleaching properties,

Of the possible combinations of the most effective radicals, am-
monium arsenate, ammonium borate, and diamsionium and monoammonium phos=—
phates werc tested and reported upon in the 1932 report to this Associa-
tion, The ammonium phosphates are among the most efiective single chemi—
cals thus far tested. Ammonium arsenate and amronium borate, while
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unusually effective, are somewhat less so than might be expected. Some
work has also begn done on zinc borate, showing that it has considerable
fire resistance,~

Many of the combinations of the more effective radicals pro-
duce compounds that are highly insoluble in water, For example, the
dibasic and tribasic phosphates of magnesium (1gd¥0) and Ug (POM)E) and
of zinc (ZnHPOu and Zn3 (FOy) ) are very low in solubility,” The same is
true of the arsenates of megnesium and zinc., Double phosphates and ar-
senates of magnesium and ammonium (MgNHuPOH and kg AsO)y) or of zine and
amnonivm (ZnVHyPO) and ZnNHyAsOy) also have this same characteristic,
These low-solubility compounds are obviously not suitable for treating
wood directly, although they may be formed in woed by indirect methods,
The monobasic or primary forms of phosphates and arsenates, however, are
sufficiently soluble in water to meke them practical from the standpoint
of wood impregnation and they may serve as the first step in the produc-
tion in the wood of compounds of low solubility,.

The 34 combinations of chemicals studied are included in Table 2.
Some of the treatments were made in a single impregnei.cn by combining the
chemicals in the treating solution, In others an gbsorption of solution
was followed by an ammonia-gas treatment, In still others the wood was
impregnated with one solution, dried, and then reimpregnatefl with a second
solution,

The first effort to utilize combinations of the more effective
acid and basic radicals that are usually insoluble in water consisted in
forming low-solubility compounds in the wood by treatments involving two
solutions, Troatments No., 15, 16, and 17 (Table 2) were made in this way.
In treatment No, 16 the wood was first impregnated with a solution of an
aluminum chloride, dried, and then reimpregnated with a solution of triso-
dium phosphate., When a solution of an aluninwa salt is mixed with a
solution of a tribasic phesphate, a precipitate of alwiinum phosphate
forms, The composition of the precipitate, that is, the ratio of A120
and P205, depends upon the temperature, concentration; and reaction of™ the
solution, For convenience it is assumed in Table 2 that in this trecat-
ment the products formed in the wood were neutral aluminum phosphate
(A1P0)) , a compound of very low solubility, and sodium chloride (NaCl),
Likewise, in treatment No. 17 the separate impregnations with barium
chloride and sodium sulphate theoretically formed barium sulphate (BaSOu),
also highly insoluble, and sodium chloride; in treatment o, 15 zinc
chloride and sodium stannate were used separately to form zinc stannate
(2nSn0z) and sodium chloride,

2

“Tests on the inflammability of untreated woed and of wood treated with
fire-retarding compounds by R, E., Prince, Hational Fire Protection Asso—
ciation Proceedings (1915), illus.
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The second general method of attack, using compounds of the
more effective radicals, involved the primary or monobasic form of
phosphate, arsenate, and so forth of various basic elements., Several
treatments were made involving this principle, Since the monobasic
form of these coipowds is cither not readily available in technical
grade or is expensive, most of the treatments werc made with other chem-
icals that produced the solvble wmonobasic form, In treatment Mo, 2 of
Table 2, for cxample, ditasic magnesium phosphate was dissolved in phos-
phoric acid, giving monobasic magnesium phosphate as follows:

MgHPOL, + H3PO_.__ Ma(E,POL),

A similar result was obtained more advantageously in treatment
Nos 6 of Table 2 by using magnesium oxide and phospaoric acid, The re-
action theoretically produced soluble monobasic magnesium phosphate,

Several other solutions containing the ma:nesium and phosphate
ions were used., Magnesium chloride served as the sovrce of megnesium in
maling combinations with various phosphates in treatmeats No. 1, 3, U,
and 5 of Table 2, When a solution of magnesium chloride is wmixed with a
solution of a monobasic phosphate, the resulting mixture rcmains clear,
since only soluble products arc formed by the reaction:

MgClo+2 NHLH,POY o y Mg(HoP0)) o+2 NH),C1

The four compounds are in chemical equilibrium in the treating solution
and in the treated wood., The most volatile of the four is armonium ™
chloride, and the reaction would therefore tend to go to completion as luis
compound volatilizes, a process that would be slow at ordinary temperatures
but faster at dry-kiln temveratures,

When sodium phosphate was used (treatments No, 3 and 5 of Table 2)
in place of monoammonium phosphate, sodium chloride replaced a chemically
equivalent amount of ammonium chloride in the products of reaction, In
treatment No, 1 microcosmic salt (NHhNaHPOu) and phosphoric acid were used
instead of monocammonium phosphate and half of the ammonium cnloride that
would have resulted was thus replaced by sodium chloride,

Similar chemical reactions occur when zinc compounds are used
in place of magnesium compounds, giving soluble monobasic zinc hydrogen
phosphate, 2Zinc chloride and wmonocamaonium phosphate were coubined in
treatment No, 7 of Table 2, zinc oxide and pnospuoric acid in No. 9,
and zinc chloride and monosodium phosphate in No, 8.

The chemistry of arsenic acid and the arsenates is similar to
the chemistry of phosphoric acid and the phosphates, Following the same
general procedure as with the phosphates, treatment No, 11 of Table 2
was made, using trisodium arsenate, arsenic acid, and magnesium chloride,
producing thereby primary magnesium arsenate and sodium chloride, which
are soluble,
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. Ammonia-Gas Treatments

A number of the treatments, involving a combination of chemi~
cals in one solution, were followed by a treatment witlh auronia gas.
The purposes of the ammonia-gas treatmsnt were to preduce in the wood
certain chemical compounds of low solubility that would be resistant to
leaching, to reduce the acidity of the treated wood, and to increase the
total fire-retardant effect by the chemical fixation of amsonia,

In most of the treatments involving the use of ammonia gas a
part of the wood, previously impregnated with chemicals, was treatsd with
the gas while still wet and a second part was dried end then so tranied.
A third part was tested without the gas treastment, In treatments Hu, 6
and 9 of Table 2 only the wet wood received the gas. hie general pro-
cedurc followed in the aumonia-gas treatments was as follows: The wood,
previously impregnated with chemicals, was placed in a treating cylinder,
Steam was applied until the temperature in the cylinder reached abtouvt
185° ¥, Ligquid amuonia was then released into the cylinder until a nressure
of 15 pounds per square inch was atiained. This apprcvimate pressive and
temperature were maintained for about 12 hours, after vwhich botia tie
steam and the liguid ammonia were turned off. The charge was released
at the end of 24 hours,

The action of the amionia gas was similar in all treatments in
which the pnosphate or arsenate radical was present with either masnesium
or zinc, (Treatment No, 1 to 9 and 11 of Table 2,) In these treatuwents

here were formed insoluble compounds in which amaonium and the divalent
metal werc combined with a trivalent acid radicai, sucir for cxaumple as
magnesivm ammonium arsenate, zine am.onium phospuate, and so forth. In
addition to the insoluble compound there werc formed by-products, which
varied according to the compounds used in' the initial treatment of the
wood, Vhen the wood was treatcd with monobasic magncsium phosphato,
formed by thc action of phosphioric acid on either magnesium oxide or di-
basic magnesium phosphate, the ammonia-gas treatment produced magnesium
ammonium pihosphate and diammonium phosphate according to the reaction:

Vg (HpPOL) o+ 3z MglH)POL+ (NE))oHPOY

Mhen the source of magnesium was magnesium chloride, the reaction
products included some soluble chloride, and when sodium phosphate cone.
stituted the source of vhosphate, a soluble sodium salt was formed. Thus
in treatment No., 5 of Table 2, which involved the use of both magnesium
chloride and monosodium pnosphate, the reaction was as follows:

MgClp + NaHoPOY + 23\ Uig NEYFOY + NaCl + NHCl

A study of the reactions involved will show that the ammoniag
used is in excess of the amount required to form the insoluble double
phosphate., Accordingly the formation of the double phosphate or arsenate
is always accoupanied by the formation of the amnonium salt of the solu~-
bilizing acida in the treating solution,
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Zinc smmonium Phosphate in amusonium Eydroxide

Zine ammonium phosphate differs frow magnesium ammonium
phosphate in that it is soluble in an excess of arwoniun hydroxice,
When a zinec chloride solution is added to a solulion of a phosghate
containing sufficient ammoniwn hydroxide, no precipitare forns at
once, If the solution is allowed to stand, however, ammonia evaporates
from it and a precipitate of zinc ammuonium phosphiate forms. This phen-
omenon was made the basis of treatment No, 10 of Table 2. Tae wood was
treated with a solution containing the proper proportions of zine chloride
and disodium phosphate and enough aumonium hydroride to keep the liquid
clear. It was expected that, during the seasoning of the treated wood,
ammonia would escape and zinc ammonium phosphate would be precipitated in
the wood,

In making the treatiment the wood was placed in a pan and covered
with the treating solution, A vacuum was then created, followed by the
application of pressure. At the time of the treatment the assumotion was
made that the wood was impregnated with a solution of the desired concen-
tration, It now seems probatlie, however, tha% drawine the vacuam reduced
the amount of ammonia in the solution to the point where gine ammonium
phosphate was precipitated in the solution and that the absorption of
anhydrous chemical by the wood was less than the amount calculated, The
treatment will receive further attention.

Molybdate Treatments

In treatment No, 12 of Table 2 the solution contained magnesium
chloride and sodium molybdate, This was followed by a treatment with
ammonia gas., In treatment No, 13 the solubility of zinc salts in ammon-
ium hydroxide was utilized as in treatment No, 10 and a single treatment was
made with a solution containing zinc chloride, sodium imolybdate, and an
excess of ammonium hydroxide, No reference was found in the literature to
the reaction between sodium molybdate, ammonia, and the chloride of either
zinc or magnesium, Some basic molybdate may be formed, FPending an ex-
perimental study of the reactions the theoretical amount of ammonia chem-
ically fixed in the wood has been calculated on the basis of the reaction
between amuonium hydroxide and the metallic chloride to form ammonium
chloride and the hydroxide of the metal, (Treatments No, 12 and 13, Table 2.)

Summary of Combination Treatments in the Extensive Survey

In Table 2 are shown the kind and cuantity of chemicals uscd in
each treatment, probable compounds formed and their proportions, absorp-
tions of total anhydrous chemical, and results obtained in fire tests. The
absorptions of total chemicals in a number of the treatments were unusually
large, since the aim was to obtain about 1 and 5 pounds per cubic foot,
respectively, of the principal compound in each treatient. In other treat-
ments the absorption of all chemicals approximated 1 and 5 pounds per cubic
foot. To make coumparison of the effectiveness of the various treatments
easier the losses in weight of all treatments are plotted in Figure 1
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against absorption of total chemical., The curve for diammonium phos-
phate is placed on the graph for coiparctive purposes, It is apparent
that the majority of the treatments comparc rcosonably well with diam-
moniun phosphate in effectivencss, Few trecatments, howcver, can be con-
siderecd as effective as the amionium phosphctes (moncbasic or dibasic) s
pound for pound of total chemical used.

In the cxtensive survey of cowmbinations of chemicals it has
been impossible to arrive at a clear-cut classification of the various
treatments, However, taking into consideration the cuantity of chemicals
used and the effect of the various combinations of chemicals on the ten-
dency of the treated wood to flame and to glow the fellowing comzents seen
Justified,

Masnesiun Phosvhate Treatments

The treatuents that resulted in the formaticn of magnesiwa
phosphates with or without amuonium compounds in the wood were especially
effective in stopping both flaming and glowing. These treatments involved
the following combinations of chemicals: magnesium oxide and phosphoric
acid with and without: ammonia gas; dibasic mognesium phosphate and phospaod
phosphoric acid with and without ommonia gas; magnesium chloride, micro-
cosmic salt, and phosphoric acid with and without ammonia gas; and magnes-
ium chloride and monosmmonium phosphnte with and without amnmonia gas
(treatments Xo. bi, 6B, 24, 2B, 2C, 14, 1B, 1C, 4a, 4B, and YC of Tadle 2)
The use of chemicnls yielding considerable quantities of sodium compounds
in the wood along with magnesium and ammonium phosphates reduced the effec-
tivencss of the treatmeats somewhat (No. 34, 3%, 2C, 54, 5B, and 5C). In
general, final ommonia-gas treatments on either the wet or the dry wood
increased the effectiveness of the earlier treatments.

Zinc Phosphate Treatments

Treatments that produced phosvthates of zinc were somewhat less
effcctive than similar magnesium phosphate treatments, Of the zinc
puosphate treatments, zinc oxide and phosvhoric acid with aimonia gas and
zine chloride and monoarmionium phosphate with and without amaionia gas were
the most effective (No, 9B, TA; 7B, and 7C of Table 2,) Again the use of
chemicals yieldinz sodium compounds reduced the effectiveness (No. 8a,
8B, and 8C of Table 2) and the use of ammonia gas increased the effec-
tiveness of the treatments concerned., The treatment involving the use of
zinc chloride, disodium phosphate, and amnonium hydroxide (No., 10) showed
only a small degrec of effectiveness although, as already cxpleined, it
now secms doubdful that the results obtained arc an accurate indication of
the true effectivencss,
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Miscellancous Treatments

The use of magnesium chloride, trisodium arsenate, and arsenic
acid both with and without ammonia gas was I'ighly erffective in stopping
flaming, Without the amionis gas; howsver, the treaimesnt had comparatively
little e§fect on the tendeancy of the wood to glow (No, 114, 11B, and 11C of
Table 2.

The treatments involving the use of a molybdate (Xo. 124, 12B,
12C, and 12 of Table 2) were highly effective in reducing flaming but had
a comparatively small effectiveness on glowing, though the use of amuonia
gas on the wet treated wood did increase soiewhat the resictance to glowing.

The combination of zinc chloride and boric acid (treatwent No. 14
of Table 2) was effective in stopping both flaming and glowins, though
not so outstanding as some of the other treatments,.

None of the thrce treatments involving two golutions (¥o. 15,
16, and 17 of Table 2) were ouitstanding in their cffoctivencss, Tac
zinc chloride-sodium stannate treatment was moderately effective in reduc-
ing flaming but had little effect on gleowing, The other two treatlments
were relatively ineffective in stopping either flaming or glowing.

Intensive Survey

Certain combinations of chemicals, used in the extensive survey,
appear to offer sufficient prowmise to warrant more intensive study. Com-
pared with single chemicals a nwuber of the coubinations appear to possess
one or more advantages such as a reduction of cost, elinination of objec-
tionable properties of tke wood in use, and a combination of fire resis-
tance with decay resistance and slow leaching proverties,

Borax-lonoamnonium FPhosohate

A combination of borax and monoamuonium phosvinate appears to
offer possibilities in recducing the cost of treatment, in eliminating
certain objectionable properties of the treated wood, and in adding a
certain degree of decay resistunce to the wood, Although the cost of
monoaxmonium phosphate has beon substantially rcduced in recent years there
is still the possibility of producing a cheagper treatment by the use of a
certain amount of borax or other cheaper chewical in coubination with the
amoniwa ghosphate, Preliminary tests were therefore made to determine the
proportion of borax and moncamuonium phosphate that would show zood effec—
tiveness in stopping both flaming and glOwing. The results of those tests,
included in the 19%2 report to this association, indicated that a mixture
of 70 parts of borax and 30 parts monocammoniwn paosphate (based on anhydrous
chemical) was effective in stopping both flaming and glowing with an absorp-
tion of 5 to 6 pounds of anhydrous chemical per cubic foot of wood, Higher
relative proporticns of the borax in this approxiuate absorption were not
so egfective in stopping glowing.
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4 series of tests on five absorptions, ranging from avproximately
1 to 8 pounds of anhydrous chemical per cubic foot of wood, was then made
using a ratio of 2 parts of borax to 1 part of monoammonium phosphate., The
results of the tests are shown in Table 3 and are plotied in Figure 2 in
comparison with diammonium prosphate, The coubinction vas effective, es-
pecially in the higher absorptions; the treatments were not only effective
in stopping flaming and glowing but added little excess moisture to the wood.

A mixture of the two chemicals obviously gives a treatment that
is less alkaline than the borax and less acid than the monoaumonium phos-
phate and hence is freer from objectionable chrracteristics than either
chemical alone, The best proportion of the two ~hemicals from a neutrality
standpoint, however, has not been determined, though sime work has Dbeen
started along this line, In the first place the ideai degree of acidity
or alkalinity, considered from all viewpoints, i¢ not xaown, The question
is further complicated by the fact that the proportions of the %wo chemicals
that give a neutral reaction vary with temperature, with different concen-
trations of solution; and in the seasoned wood with mocisture content,
Preliminary tests indicate that a 12—1/2 percent solution containing 55
parts of monoamuonium phosphate and 45 parts of borax is approximately
neutral, but these proportions in other strengths of solution or in dry
wood would not be neutral, Some further work is necessary before definite
proportions of the chemicals can be recommended,

Borax in sufficient concentrations is toxic to wood destroying
:f“lmgi.--i In the relatively large absorptions necessary to obtain a uigh
degree of effectiveness as a fire retardant the borax-uonocamnonium phos-
phate treatment should give protection against decay as well as fire. The
protection would not be permancnt under conditions favoring leaching, how-
ever, because of the solubility of both chemicals.

Magnesium Phosphate Treatments

Four combinations of chemicals, used in the extensive survey and
involving the use of magnesium and phosphate radicals, were selected for
more intensive study., They were megnesium chloride and monoammonium pios-
phate with and without ammonia-gas treatment and uagnesium chloride and
monosodium phosrhate with and without ammonia~gas treatment,

The two salts of each treatment were combined in amounts propor-
tional to their molecular weights. With thc armonia-gas treatuents it
was necessary to use an excess of ammonia to make certain that the chemical
reaction was completes The proportion of the chuuicals used in the treating

ESOme experiments on the toxicity of some inorganic salts by E. Bateman
and R, H. Baechler, Amcrican Wood Prescrvers' aAssociation, 1927 Pro-
ceedings, pages 4l to 46,
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solution and of ammonia gas required to complete the chemical reaction are
shown in Table 3. With the treatments that did not include armonia gas
the extent to which the chewical reaction is completed is not known, hence
the proportions of comp~und present in the wood are nci given. With the
treatments in which amnsnia gas was used, the proyortions of compounds
formed can be calculated with some degree of certainty and hence are shown
in the table.

The records of absorptions, moisture content of the treated wood
when tested, and data on fire resistance are also given in Table 3. In
Figures 3 and 4 the loss in weight during flaming and the maximum tempera-
ture are plotted against absorptions and the curve for diammonium phos-
phate is shown for comparison, The four treatments rate in effectiveness
in the following order from the most to the least effective:

1. Magnesium chloride, monoammonium phosphate, and ammonia gas,
2. Magnesium chloride, monosodium phogphate, and amuaonia gas,
3e lMagnesium chloride and monoammonium phospante,

4, lagnesium chloride and monosodium phosphate,

The ammonia-gos treatment added considerable effectiveness to
both combinations of salts. In both treatments with amuonia gas the pro-
portion of magnesium amnoniuvm phosphate to other compounds precsent in the
wood was closely the samc, The kind and amounts of by-products, namely,
ammonium chloride and sodium chloride, formed were also factors in deter-
mining the effectiveness of the treatment, Since ammonium chlorides is more
fire retardant than sodium chloride the treatments in which ammonium chlor-
ide was formed as a by-product would logically be expected to be more
effective than those in which sodium chloride was formed,

The magnesium chloride-monoammonium phosphate-ammonia gas treat-
ment, the most effective of the group, appears to possess one or two ad-
vantages over a straight amwonium phosphate treatment, liore than half
of the cliemical in the wood is highly insoluble and therefore should be
more peruanent under service conditions favoring leaching. It is also
possible that the combination of chemicals would be cheaper than either
monoammonium or diammonium phosphate alone,

Zinc Phosphate Treatments

The zinc chloride and monoammonium phosphate (with and without
ammonia-gas treatment) combinations appeared in the extensive survey to
warrant more careful study. Two series of absorptions were therefore made
and tested, one with ammonia-gas treatment and the other without. The
zinc chloride and monoammonium phosphate were again used in amounts pro-
portional to their molecular weights., The proportions of the chemicals
used and of those theoretically formed in the wood, absorptions, and other
test data are also shown in Table 3,
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The losses in weight during flaming and moaximum temperaturcs
obtained arc plotted in Figure 5 against absorptions, Compored with
diammonium phosphate the coubination of zine chloride and monoairmonium
phosphate was ncarly as cffective as in the heovy absorptions. In the
lighter cbsorptions the coubination was distinctiy less effective.
Treatment with ammonia zas did not increase the effectiveness as much as
in the masnesium phosphate treatments.

According to the literature zinc amuonivm shosphate is still
more insoluble and thus less subject to leaching than mognesium aivioniuvm
phosphate, It also represents & scmewhat largcr proportion of the total
chemical in the wood than is true of magnesium phospuate trcatments. Con-
scquently, more of the firc-retardant eoffectivencss of the zinc am.ionium
phosphate trcatment should be relatively permoncnt under conditions that
favor leaching,

The zinc ammonium phosphate treatient (with ammonia gas) should
not be expected to give protection against cecey, sinuce the zinc compound
is not sufficiently soluble in water to give a toxic concentration, The
zinc chloride and wonoamionium phosphate (without amssonia g&s) combination,
however, would give protection against decay, since the zinc, combined with
either radical (chloride or mounobasic phosphate), is sufficiently soluble
to be toxic to wood-destroying fungi, Furthermore, the two chemicals uscd
in the trecatment may be combined in all proportions and still obtain a
clear treating solution, thus permitting the selection of a mixture that
will give more or less protection against fire and decay, respectively,
as desired, The principal disadvantage of the treatment would be the
tendency of the coupounds to leach under damp conditions, since both
cnemicals are readily soluble,

Other Promising Methods of Producing the Insoluble Phosvhates

The combinations of chemicals usced in the maznesium phosphate
and zinc phosphate treaiments may not give the lowest cost nor the
greatest fire-rctardant cffcet. In fact, since the starting of intensive
tests on these compounds extensive tcsts havo heen made with the oxides
of magnesium and zine, e.ch in combination with phosphoric acid (No. 6 and
9, Table 2.) The results indicate that a greater fire-retardant effect
and lower costs are obtained per pound of chemical used than when the
chlorides of magnesium or zinc are combined with monczmaonium phosphate.
The use of the oxides of the metals with acids has the further advantage
of avoiding the formation of chlorides, which might be objectionable in
use, With the zinc phosphate-ammonium hydroxide trcatment (No. 10, Table
2) the use of the oxide of zinc and phosphoric acid will theoretically
yield only the highly insoluble zinc ammornium phosphate in the wood., These
lines of investigation will be followed further,
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Yhen the tests involving oxides were wade it was assumed&
that, in the solution strength necessary to sive an absorntion of 5
pounds of chewmical per cubic foot of wood, the ratio of paosphoric
acid to mognesiua oxide must be sufficient to form umonobasic mognesiwm
phosvhate., Subsequent tests indicated that a clear solwtioa could be
obtained when & considerebly larger proportion of magncsiur oxide was
used, a proccdurc that results in the formation of iore nmognesiun
ammoniwi phosphate in peoportion to diammoniwm phosphate upon trcatment
with ammonia. Actually the proportions of chemicals reguired theoretic-
ally by the balenced eguations need not be strictly adhiered to in practice,
A treating solution containing either the zinc or the magnesium radical
in the presence of either the phosphiate or the arsenate radical must be
sufficiontly acidic to preveat the precipitation of the dibasic phosphate
or arsenate of the metal, but asice from this limitation the proportions
of the various components may be varied at will, In most of the treat-
ments described in this paper the proportions of chemicals chosen werc
those that would give the smallest number of vroducsts and at the same
time the highest possible ratio of irsoluble to soluble, thus facilitating
the evaluation of the insoluble compounds as fire retardants. It is re-
cognized that these propostions are not necessarily the ideal ones from the
standpoint of cost and practical value,

Magnesium Arsenate Treatment

In the extensive survey a combination of trisodium arsenate,
arsenic acid, and magnesium chloride, with and without amaonia gas, was
used (treatment No. 11, Table 2). The chemical reaction, when ammonia gas
is used, would theorctically form magnesium ammonium arsenate (MeNH: Asou),
ammonium arsenate, and sodium chloride. These coupounds were satisfactory
in stopping flaming though ther had less effect on glowing., The magnes-
lum ammonium arsenate, comprising about 50 percent of the corwounds formed
in the wood, is gite insoluble, It is inherentl; extremely toxic, and a
saturated solution, although it contains only a small amount of the chemi-
cal, is toxic to the wood-destiroying fungus Fomss annogvs. It is there-
fore one of those rare compounds that are cuite insdluble but at the same
time toxic,

Considering its unusual coibination of fire resistance, low
solubility, and toxicit:r to fungi, the magnesium aiauonium arsenate treat-
ment justifies more intensive investigation.

ESol‘ubilities of inorganic and organic compounds. atherton Seidell. Sec—
ond edition, page 395.
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Gluing Tests on Fire-Resistent Vood

Laboratory tests have been made on the gluing properties of
wood treated with six different chemicals, amucnium chi ricde, ammonium
sulphate; diamaoniun phosphete. monoemaonivm phosphate, zinc chloride,
and a mixture of zbout 40 perccnt borax and 60 percent boric acid.

Birch lumber 1 inch in nem:nal thickmess; selected for density and
freedom from defects, was cut into pieces; 12 inckes in length, which
were carefully matched so that wood of similar gquality was used in all
treatments and as unireated controls, The pizces wers then treated with
concentrations of soluticus that gave cbsorpiicns of dry chemicals Irom
3.4 pounds per cubic foot of wnod for diamronivm phosyhate to 5.6 pounds
for ammonium sulphate; these abzorptions hud been found sufficient in
the firc-tube to keep thc loss in weight of spesimens dowa to about 25
percent, The wood was dricd and conditioned slowly after treatment
under circumstances that bring untroated wood t: 6 or 7 percent moisture
content, Tae trecated prcces were thaen surfaced, glued: reconditioned,
cut into test spocimens, and the joints tested in shear, The gluing was
done with animal, casein, and vegctable (starch) glues, under a range of
gluing conditions normal in good factory opcrations and known from lab-
oratory test to give good joints on untrcated woods

The cxtent to which the various fire-retardant chemicals
affected the gluing of the treated wood varied with the different glues,
The most interference occurred with casein glues, All the ammonia salts
and the zinec chloride (in the heavy concentrations used) reduced the
joint strengths to a considerable extent, especially with a casein glue
of low alkalinity. With animal and vegetable glues the interference of
the fire-retardant chemicals was less obvious. Au.monium chloride, how-
ever, showed some interference with the malding of good animal glue joints
and amuonium sulphate and monoammonivm phosphate interfercd somewhat with
vegetable glue joints when considerable time clapsed betweern sprcading the
glue and pressing. No pronounced interference from the borasx and boric-
acid mixture could be found with any of the glues, tvheugh there was appar-
ently slight interference with casein and vegetable glucs., The effects
described were found on newly made joints and consequently do not indicate
the effect of the chemicals on the permanence or durability of the joints
over a long period of time,

Further Work

The work on coumbinations of chemicals has developed a number
of promising leads, which future investigations should follow up. In
addition to the combinations specifically described in this report,
others of equal promise can be suggested, Some of the treatments worlked
with in the extensive survey should have more careful study; particular
attention should be given to treatments of low cost that give to the wood
a combination of desirable properties, such as resistance to fire and to
decay. Finally, it will be necessary to study carefully the various pro-
perties of the treated wood that are important from a use standpoint,
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Filgure 4—~Fire resistance of magnesium chloride-monosodivm
phosphnte mixtores compared with dinmmonium phosphate In inten-
sive survey,
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Figure S.—Fire resintnnee of zinc chlorid
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