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ABSTRACT

A preliminary experiment was undertaken towards the 

development of a combined preservative-fire retardant treatment for wood.

Formulations examined included the zinc-arsenic-additive (ZAA) wood preservative, ' 

the urea-dicyandiamide-formaldehyde-phosphoric acid (UDP) fire retardant, and several 

ammoniacal solutions of zinc phosphates and/or zinc borates. The ZAA preservative was 

modified by the addition of various fire retardant salts. In an attempt to increase 

the decay resistance of UDP treated wood, the fire retardant was modified by the ad-

dition of various levels of arsenic pentoxide. Since the wood preservative ZAA can-

not be considered as a fire retardant, addition of fire retardant salts generally 

improved upon its performance, although not to a substantial degree. The most promi-

sing results were obtained from an ammoniacal zinc borate solution, which offered a 

high degree of fire resistance and appeared to be relatively leach resistant. It 

appears that the ammoniacal zinc borate solution could be used in conjunction with the 

ZAA preservative to form a suitable wood preservative-fire retardant treatment. Addi-

tion of arsenic pentoxide did not aopear to increase the decay resistance of UDP 

treated wood. In addition to the experimental work, a review of relevant literature 

on preservative-fire retardant treatments for wood is included.



COMBINATION FIRE RETARDANT AND PRESERVATIVE 
FOR TREATING WOOD PRODUCTS

PART I - A REVIEW OF THE LITERATURE

INTRODUCTION

The very nature and the high concentrations of chemicals used in the 

traditional inorganic waterborne salt fire retardants impart a certain degree 

of toxicity to wood destroying fungi. The toxicity can be increased by the 

addition of wood preservatives. However, waterborne fire retardants are gene 

rally not leach resistant and cannot be used in wet environments. Some 

waterborne wood preservatives can be resistant to flaming combustion but can 

lead to eventual consumption of the wood through glowing combustion. Preser-

vatives in oil borne treatments tend to have little effect on thermal degrada-

tion patterns of v/ood.

There does not yet appear to be a treatment which can provide wood with 

adequate protection against both thermal attack and decay by microorganisms 

and meet the criteria of leach resistance, ease in application and low cost. 

This paper will examine some of the research that has been conducted in the 

development of dual-purpose fire retardants and wood preservatives.
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Waterborne treatments

The high frequency of bush fires in Australia has led to the develop-

ment of combined fire retardant - preservative formulations for use with fence 

posts and utility poles. Normally creosoted Eucalyptus telegraph poles were 

found, to offer a limited degree of fire retardance (Anon. 1953). It was postu-

lated that creosote volatilized and ignited at a temperature lower than that 

required to substantially damage the timber. The resultant dense smoke and 

deposition of free carbon on the wood surface acted as an insulator against 

further damage. A survey (Dale 1956) of hardwood and softwood posts treated 

with either chromated copper arsenate (CCA) or creosote preservatives showed 

that in fire situations, CCA preservative had a tendency to enhance smouldering 
of the wood. While creosoted material was very fire resistant, it was too 

costly for general use.

McCarthy et al (1972) examined methods of improving the fire resistance 

of fence posts treated with CCA preservatives. Posts treated with either 

copper sulphate, chromic oxide, sodium dichromate, chromic sulphate or sodium 

sulphate all displayed after glow while arsenic pentoxide did not promote 

after glow. Addition of simple salts such as zinc chloride, boric acid, or phos-

phoric acid inhibited afterglow. Substantial fixation of phosphorous in the wood 

occurred through the addition of zinc to optimum ratios of copper, chromium and 

arsenic in water soluble formulations. A preservative containing copper oxide (12.99%) 

chromic acid (20.84%), arsenic pentoxide (25.87%), zinc oxide (6.94%) and 85% phos-

phoric acid (24,36%) was found to offer adequate leach resistance, toxicity to fungi, 

fi.re retardance, and was low in cost. The authors found that the addition of zinc 

and phosphorus in modified Cu-Cr-As systems were very complex; for example in some 

formulations, phosphorus noticeably reduced the effectiveness of the preservative 

against decay. Da Costa (1973) showed that the toxicity of potassium arsenate had a 

wide variation among different fungi. However, toxicity was consistently reduced 

by the addition of large amounts of potassium phosphate. This counteracting effect of 

phosphate on arsenate occurred with each of a wide variety of organisms tested.
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Oil borne Treatments

As with creosote treated material, oilborne preservative treated wood 

will support flaming until the volatile fractions are either evaporated or 

consumed. Eventual char formation combined with the relatively large surface 

area of most material treated with these preservatives will insulate the 

remainder of the material from oxygen, thus ceasing flaming. Employing 

fire-tube and complete burn tests on oak, Bruce (1956) found that pentachloro- 

phenol (PCP) did not effect ignition time after the solvent had been evaporated 

and had no effect upon glowing after flaming had ceased. Oil not initially 

removed from the wood increased the danger of ignition and rapid spread of 
flame.

In laboratory and field tests, Gooch et al (1959) demonstrated that a 

phosphorous-halogen mixture added to an oilborne preservative reduced overall 

fire hazard. Phosphorous as triaryl phosphate contributed to reduction of 

fire hazard while halogen reduced flame spread. PCP and 2, 4, 6 - tribromoaniline 
appeared to have properties that made them suitable as halogen carriers.

Triaryl phosphate in 50:50 creosote - pretroleum with a retention of 0.1 lb/ft3 
of active phosphorous has been used by the Santa Fe Railway Company as a combined 

preservative - fire-retardant on timber trestles (Collister 1963). Laboratory 

tests indicated that chloroalkyl phosphate and a bromoalkyl phosphonate have 

three to five times the effectiveness of the triaryl phosphates but that the 

latter performed much better in harsher field tests. Phosphorous-halogen 

mixtures in the proper ratio to preservative solution increased fire control.

A solution consisting of, by weight, creosote (39.64%), petroleum (15.28%),

PCP (6.08%), borax (5.55%), boric acid (5.55%), water (25.94%), and marasperse 

(emulsifying agent) (1.96%) was developed by Sante Fe which showed improved 

fire performance. It was felt that the oil-based preservatives would tend to 

seal and retain the borates.

More recently, Kokocinski (1971) investigated a two-stage treatment 

in which Scots pine was initially impregnated by a hot oil or wax. The 

material was subsequently soaked in an aqueous solution of Silignit RM (a 

fire retardant not soluble in oil) at room temperature. Combustion tests 

showed that the fire-retardant improved the fire-resistance of the treated 

wood by 20 - 30% and of the untreated wood by 65%.
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Softwood building timbers treated with Pyrolith Plus and Celcure F (ACC) 
were found to be adequately protected against fire (Beesley et al 1974).

For hardwoods, the fire retardants had more effect on the spread of flame 

and the amount of heat developed than on the ignition index. Anomalous effects 

arouse from the addition of a small amount of boron-based preservative in the 

fire-retardant treated wood. Impregnation of timbers with a CCA preservative 

had benefits on early fire hazards. However, with increased retentions, there

was a tendency of smouldering after removal of the ignition source.

In Great Britain, the National Coal Board has it's own dual-purpose pre-

servative known as Fyreprufe and is rated as Class ! for use in mine timbers

(Jones 1975). The fire retardant is based on ammonium sulphate and ammonium 

phosphate (94%) and the preservatives sodium fluoride and sodium chromate (6%). 
Some problems occur with leaching and corrosivity of the formulation.

Jain and Cedercreutz (1961) developed and tested a combined fire-proofing 

and preservative consisting of copper sulphate, boric acid, zinc chloride, 

and sodium dichromate in the ratio 1 :3:5:6 and compared this formulation to 
the preservatives Ascu and Boliden K-33. The test fungi were Poria vaporaria, 

Coniophora cerebella, and Lentinus lepideus. Decay results of the combined 

fire retardant preservative were favourable in comparison to the commercial 

formulations.

Desai and Clarke (1972) showed that dip treatment of softwoods in an 

ammoniacal zinc-oxide solution (zinc oxide (5%), diammonium carbonate (6%) 
and ammonium hydroxide (6%)) resulted in a significant improvement in resis-

tance to both fungal attack and flame spread.

Lutomski (1971) treated Scots pine sapwood with either 1, 2, or 3 coats 

of fungicidal and fire retardant salts. The treating solutions were (1) a 5% 

solution of sodim fluoride and potassium dichromate; (2) solution (1 ) plus a 
30% solution of diammonium phosphate and diammonium sulphate; (3) solutions 

(1) and (2) plus a 15% solution of diammonium sulphate; and (4) a 30% solution 

of diammonium phosphate plus a 15% solution of diammonium sulphate. Combustion 

tests were made in Truax-Harrison tubes. The best results were obtained 

using solution (2) which gave an effect equal to that of solution (4) at 

higher retentions.
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Organic polymers

Leaching problems experienced with inorganic salt fire retardants has 

led to the successful development of permanent organic polymer fire retardants. 

Kenaga (1966) reported the use of tris (1 - aziridinyl) phosphine oxide (APO) 

as a fire-retardant and preservative for wood. This chemical was originally 

used as a fire retardant for textiles. Fire-retardant effectiveness on wood, 

as determined by weight loss after the ASTM crib test, increased with increas-

ing polymer retentions. At a polymer retention of about 1.7 #/ft3, weight 

loss was 67% compared to only 30% at a retention of about 9.5 #/ft3. About 

12% retention of APO polymer inhibited growth of Lenzites trabea, a brown-rot 

fungus, on ponderosa pine. Several advantages of this treatment were that 

it was permanent, nonhygroscopic, nonleachable, and could impart dimensional 

stability to the v/ood.

Juneja and Shields (1973) found that a leach-resistant fire-retardant . 

solution consisting of urea, dicyandiamide, formaldehyde, and 0-phosphoric 
acid in a mole ratio of 1 :3:8:4 offered decay resistance to yellow birch strips 
against Lenzites trabea when the retention of the fire retardant was 14.2 per-

cent. The effect of decay resistance was attributed to a cross-linkage of 

the urea-formaldehyde system with cellulose and to the toxicity of the for-

maldehyde. Reduced ph was considered to be of secondary importance in impar-

ting decay resistance.

A similar fire-retardant, "Non-Com" Exterior, was shown to offer decay 

resistance to Scots pine against Coniophora puteana, Poria monticola, and 

Lenzites trabea at retentions lower than required to meet standard fire 

tests (Brooks and Lewis, 1979). Treated exterior ground contact stakes, although 

improving the life expectancy by a factor of four, showed that the fire-retar-

dant was not an effective preservative for ground contât use. Initial tests 

with "Non-Com" compared its effectiveness as a preservative to that of Wolman 

FCAP preservative (St. Clair 1971). In large scale fire testing of railway 

ties, "Non-Com" treated material outperformed samples treated with a creosote- 

fire-retardant solution.
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Other Combined Effect Treatments

Recently growing interest has been placed on the development of single 

treatment combined fire-retardant preservatives, much of the work originating 
in Europe and the Soviet Union.

Mikowski et al (1958) and Sarnecki (.1950) reported on the potentials of 

chlorinated lignin-sulphonic acid as a combined fire retardant and fungicide 

for mine timbers. The formulation was relatively leach resistant,comparable 

to that of (NH1J 2 HOP4 at 25 percent less cost.

Vintila (1970) reported on an industrial process used in Rumania to 

protect roof shingles of spruce and silver fir against both decay and fire.

The solutions consisted of Cu-Cr-B formulations and provided effective fire 

retardance with an estimated service life of 25 years.

Misiga (1975) listed and reported on the use of 21 preservatives and 8 
combined preservative-fire proofing agents that are officially approved for 

use in Czechoslovakia. All of the combined treatmentsvere of domestic manu-
facture.

Korotkiya and Berzins (1977) treated hardwoods with solutions containing 

borax and boric acid. Samples were then treated with gaseous ammonia, com-

pressed, and dried by superheated steam to form a plasticized wood with com-

bined fire retardant-preservative properties for use in interior conditions. 

The preservative effectiveness was judged after exposure to Coniophora cere- 

bell a and the fire retardance determined by a flame-tube method.

Kiosseff (1978) tested 6 fire proofing formulations available in the 
Soviet Union; two were found to be also bioresistant to pests and fungi. Thes 

were BBD-112 (borax/boric acid/diammonium phosphate, 1:1:2 respectively), and 

NBB-225 (Na-PCP/borax/boric acid, 2:2:5 respectively).

Sosin et al (1979) used a combined fire retardant-preservative treatment

which consisted of CCIt* (50 - 90%) and tris (chlorethyl) phosphate (10 - 50'-' 

The formulation was described as relatively permanent.

Gorshin and Maksimemko (1977) fire proofed and decay-protected wood by 

impregnating with a mixture containing actinium hydroxide (1 - 15%), copper 
sulphate (4 - 25%), sodium bromate (4 - 25%), borax (2 - 24%), and boric acid 

(20 - 75%. The formulation v/as reported to have improved penetration propert ■
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Zuk et al (1974). used a solution consisting of magnesium chloride (17%), 

ammonium chloride (6%), zinc chloride (3%), boric acid (2%) and diammonium 

sulphate (2%) as a combined fire retardant-preservative agent.

Ermus et al (1973) developed a boron-containing preparation to protect 

wood from both decay and fire. The solution consisted of copper sulphate 

(0.7 - 1.0%), ammonium carbonate (1,4 - 2.0%), borax (1.1 - 1.6%), and water 

(96.8 - 95.4%). When 1.9% of the preservative was present, the growth of 

Coniophora cerebellas was inhibited. The preservative was not easily extrac-

ted from wood by water or alkaline solutions at less than 60°C.

Krotkija and Berzins (1973) impregnated birch with a solution consisting 

of ammonia, borax, boric acid, and water. The treatment improved the plas-

ticity, workability, and fungal and fire resistance of the wood. A preser-

vative containing ammonium sulphate, diammonium phosphate, sodium fluoride, and 

water was less satisfactory.

Impregnation of wood with the preservative MB-1, consisting of copper 

sulphate (3.1%), borax (6.1%), diammonium sulphate (4.5%) and boric acid (3.9%) 

provided wood protection from both rot and fire (Ermus et al 1977). The 

treatment was claimed to be leach resistant due to the formation of copper- 

borates.

A solution consisting of x-phenylvinyl-phosphoric acid (5 - 20%) and water 

(80 - 95%) was described as an effective preservative-fire proofing composition 

for wood (Sosin et al 1978).

Addition of sodium hydroxide (0.4 - 0.6%) and vat residues of fatty acids 

(0.4 - 0.5%) to a fire retardant-preservative solution containing sodium fluoride 

(2 - 3%), diammonium phosphate (15 - 16%), and H20 (81.1 - 82.2%) resulted in im-

proved leach resistance (Sosin et al 1978).

Recently, attention has been directed towards the use of quaternary am-

monium compounds as wood preservatives (Butcher et al 1977a, Butcher et al 1977b) 

Some quaternary ammonium compounds have also been used in the development of 

combined fire retardant-preservatives. Miller and Stephenson (1977) used a 

mixture containing ammonium polyphosphate, urea, polyethylene glycol, monolauryl 

ether phosphate, alkidimethylammonium chloride, and (BU3 SN)20 as a combined 
preservative-fire retardant. At a retention of about 0.53 lb/ft3 the treated 

v/ood had a flame spread rating of 25 mm (British Standards 476).
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COMBINATION FIRE RETARDANT AND PRESERVATIVE 
_______ FOR TREATING WOOD PRODUCTS___________

PART II - EXPERIMENTAL

INTRODUCTION

Forintek has developed a leach resistant wood preservative system 

based upon ammoniacal solutions of copper, zinc, and arsenic. Although these 

are effective preservatives, they do not impart substantial fire retardant proper-

ties to the treated wood.

Forintek has also developed a system of leach resistant fire retardants 

consisting of urea (or melamine), dicyandiamide, formaldehyde, and phosphoric acid. 

Although these are highly effective fire retardants, they cannot be viewed as equally 

suitable wood preservatives.

The purpose of this research is to:

1. Evaluate and improve the fire retardant properties of the 

ammoniacal zinc-arsenic-additive (ZAA) wood preservative, and

2. Evaluate and improve the preservative effectiveness of the 
urea-dicyandiami de-formaldehyde-phosphoric acid (UDP) fire 

retardant.

EXPERIMENTAL

Chemical formulations

The chemical formulations examined in this study are outlined in the 

appendix. Formulations 1-5 are based upon the zinc-arsenic-additive (ZAA) wood preser-

vative. Modification of the standard ZAA formula included the incorporation of either 

diammonium phosphate, ammonium sulfamate, zinc phosphate, or tribasic sodium phosphate. 

Formulations 7-8 are simple aqueous solutions of aluminum chloride, tribasic sodium 

phosphate, and arsenic pentoxide. Formulations 9-13 are based upon the fire retardant.

UDP modified by either the addition of three levels of arsenic pentoxide or one single 

level of cupric carbonate. Formulations 14-17 are ammoniacal solutions of zinc phosphates 

and/or zinc borates.

Preparation of the ZAA formulation was done following the methods outlined 

by Rak (1975). The UDP fire retardant resin was manufactured by the procedures summarizec 

by Fung et al (1976). Arsenic pentoxide was added to the UDP in the form of aqueous 
arsenic acid (57% arsenic pentoxide) during the final dilution stage of the fire retar-
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dant. Copper was added to the UDP in the form of cupric carbonate, dissolved in 

phosphoric acid. Initial trails at dissolving either solid copper pellets or cupric 

carbonate in nitric acid resulted in floculation when added to the fire retardant. To 

date, it appears that the addition of cupric carbonate has no effect upon the pot life of 

the UDP fire retardant. The ammoniacal solutions of zinc compounds were prepared by first 

dissolving zinc chloride in water and then adding an aqueous solution of either dibasic 

sodium phosphate, tribasic sodium phosphate, sodium borate, or a combination of tribasic 

sodium phosphate and sodium borate. The resulting precipitate was kept in solution by the 

addition of ammonium hydroxide.

MATERIAL PREPARATION AMD TEST METHODS

The solutions were applied to red pine samples under pressure using a full- 

cell process with an initial vacuum of 560 mm of mercury. Pressure was applied for H  

hours at 0.9 MPa. Before impregnation, all samples were conditioned to an equilibrium 

moisture content (emc) of 7.5 percent and weighed. Representative moisture content sam-

ples were oven-dried for 24 hours and weighed to estimate over-dry mass of the material. 

After pressure treatment, all material was air-dried for about one week prior to oven-

drying. Retentions of chemical were expressed as a percentage of the initial oven-dry 

mass. Material treated with aluminum chloride was retreated with either a trisodium 

phosphate or ZAA-trisodium phosphate solution and remeasured. These double treatments were 

expected to result in the formation of water insoluble aluminum phosphate. Prior to final 

testing, all samples were stored to reach equilibrium in conditions of 7.5 percent emc.

All chemical formulations were evaluated for fire retardant properties according 

to the crib test as described by standards of ASTM (1970). Three replications were con-

ducted for each treatment. A variation in the standard method involved monitoring tempe-

rature development above the sample during the test.

The UDP, UDP-arsenic, and arsenic solutions were evaluated for smoke genera-

ting properties by the MBS smoke chamber method (NFPA, 1976). This test measures the trans-

mittance of a light beam in an enclosed chamber containing a sample exposed to a source of 

radiant or flaming heat. Transmittance is converted to specific optical density (Ds) 

mathematically. Some smoke parameters measured during the test include:

1. Ds(16) - corresponds to 75 percent of the clear transmittance in the cham-

ber. The measure of time to reach this point is indicative of the early 
smoke generating chracteristies of the material.
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2. Dm - is the maximum specific optical density (lowest transmittance value) 

developed in the chamber.

3. Dm (corr) - is the maximum specific optical density corrected to account 

for solid particles accumulating and obstructing the light path.

4. 0.9 Dm - allows a more accurate basis of comparing end-points between dif-

ferent samples, since Dm is a rather indistinct value.

5. MOD - or mass optical density related the specific optical density to 

the mass loss at the same instance. It is considered to be a more compa-

rative index of smoke obscuration than specific optical density.

Three replications of the smoke chamber test were conducted for each treat-

ment. Sample thickness was about 13 mm and a radiant source of heating was used for each 

test.

The UDP, UDP-arsenic, arsenic, and standard ZAA formulations were evaluated 

for fungal resistance according to the Soil Block Test method outlined in AVIPA (1977). 

Eight samples were used for each treatment, half of which were leached in water for 

three weeks. The test fungus utilized was Lentinus lepideus (EFPL A-380), a typical 

brown rot fungus. The material was exposed to the fungus for 12 weeks. Samples were 

then cleaned of fungal mycelia, air-dried for one week and finally oven-dried for 24 

hours and weighed. Mass loss was expressed as a percentage change from the oven-dry, 

treated condition.

RESULTS AMD DISCUSSION 

Crib Tests

The crib test results are summarized in Table 1. The ZAA preservative itself 

did not offer substantial fire retardant properties to the wood. Of the modified ZAA 

formulations, the ZAA-ammonium sulfamate formulation was the most effective in improving 

fire resistance properties. Mass loss for this treatment was only 54 percent, compared 

to 95 percent for the untreated and 85 percent for the standard ZAA preservative.

The material receiving a double treatment of aluminum chloride and ZAA- 

trisodium phosphate exhibited much lower temperature development during the crib indica-

ting some degree of fire retardanc.y. However, the effectiveness of this particular 

treatment is difficult to assess, since initial impregnation with aluminum chloride
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resulted in extremely low retentions (approximately 0.7%), minimizing the amount of 

aluminum phosphate formed during the second treatment.

Addition of either 2, 4, or 6 percent arsenic pentoxide to the UDP did 
not produce adverse effects upon the fire retardant properties of the resin. Wood 

treated with just arsenic pentoxide similarly did not display increased flaming or glo-

wing problems. Addition of copper to the UDP also did not effect the fire resistance 

performance of the resin.

Of the other zinc-ammoniacal compounds (non-ZAA), the zinc borate solution 

offered a high degree of fire retardancy. Mass loss was only about 42 percent after 

the crib test. The zinc phosphate formulations were not as effective and displayed a 

definite glowing problem. The zinc phosphate/borate treatment offered a high degree 

of fire retardancy, although not as effectively as the zinc borate alone. Preliminary 

examination of wood samples treated with the ammoniacal zinc borate solution also indi-

cates a relatively high degree of leach resistance in v/ater.

NBS Smoke Chamber Tests

The results of the NBS smoke chamber tests are summarized in Table 2.

The time to reach Ds(16) was substantially higher for the untreated, arsenic, and ZAA 

treated material than for samples treated with the UDP formulations. This was due 

to the early intumescence in the UDP treated material.

Maximum specific optical density (Dm) was highest for the untreated and 

the arsenic treated material, UDP treated samples produced the lowest Dm value. Addi-

tion of arsenic to the UDP did not appear to have any substantial effects UDon the deve-

lopment of smoke. The ZAA treated material produced low Dm values, indicating that the 

preservative reduces the amount of smoke formed during fire conditions.

Final mass optical density (MOD) values were highest for untreated and 

arsenic treated material. Final MOD of the ZAA treated material was similar to that of 

the UDP treated samples.
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Soil Block Tests

The soil block test data are summarized in Table 3. Fungal growth was 

generally confined to the feeder strips in all cases except for the control and the 

leached arsenic pentoxide treated material. Visible degradation was not apparent on 

any of the unleached treated material.

Mass loss for the untreated material was approximately 36 percent and the sam-

ples exhibited very little of their initial structural integrity. Overall, the ZAA 

leached material displayed the lowest degree of mass loss after the soil block test, 

amounting to about 0.2 percent. Unleached, mass loss for the ZAA material was about 

3 percent, as a result of wood extractive removal during the test. Unleached, arsenic 

pentoxide alone was very effective in inhibiting growth of Lentinus lepideus .

For all leached UPD and UDP-arsenic treated material, the cross-sections 

which had been in contact with the feeder strips displayed an intense brown stain, 

indicative of wood degradation or secondary reactions. Some of the leached samples 

exhibited advanced decay in these contact areas. Of the leached UDP and UDP-arsenic 

treated material, only the composition containing 6 percent arsenic pentoxide resulted 
in samples with consistenly low mass loss values after the soil block test. However, 

in view of the high concentrations of arsenic pentoxide utilized, and the instability 

of the chemical itself, this treatment does not appear to be of practical importance. 

For the unleached UDP and UDP-arsenic material, mass loss after the soil block test 

increased with increased initial concentrations of arsenic, illustrating its non-fixa- 

bility with the UDP fire retardant.
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Red pine samples were pressure impregnated with various modified 

formulations of the wood preservative ZAA, the fire retardant UDP, and several 

non-ZAA ammoniacal solutions of zinc compounds. Analysis of the fire 

retardancy of all formulations was conducted by the standard fire crib test.

Smoke evolution properties of the UDP formulations were evaluated by the NBS 

smoke chamber method. The UDP formulations were also evaluated as wood 

preservatives by the standard soil block test method. From the data, the 

following conclusions can be drawn:

1. Although unmodified ZAA cannot be considered as a fire retardant, 

it does not promote flaming or glowing combustion when compared to 

untreated wood. Also, ZAA treated material appears to evolve 

substantially less smoke than untreated material when exposed to a 

radiant source of heat.

2 Ammonium sulfamate, v/hen added to the ZAA as a partial substitute 

ammonium bicarbonate, offered the most fire retardancy of the ZAA 

formulations examined.

3. Addition of arsenic pentoxide did not generate adverse effects 

upon the fire retardancy or smoke generating characteristics of the

UDP fire retardant.

4. The UDP fire retardant offered wood protection against Lentinus 

lepideus when the samples were not initially leached. When leached, 

advanced decay was present in confined areas of some of the samples. 

Subsequently, UDP alone cannot be considered as an effective 

preservative for ground contact use. Addition of arsenic pentoxide 

to the UDP fire retardant did not substantially improve upon its 

preservative qualities.
5. Addition of cupric carbonate to the UDP fire retardant did not have

any effect upon its fire retardant properties. Similarly, at the 

level tested, it did not appear to affect the pot life of the fire

retardant resin.

6 An ammoniacal solution of zinc borate offered the wood a high degree 

of fire retardancy, resistant to the leaching effects of water.
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From these conclusions, it is recommended that:

1. Further investigations should be undertaken to improve upon the 

preservative effectiveness of the UDP fire retardant by the addition 

of copper or zinc cations. This area of study should be concerned 

with determining the specific cation level necessary in the UDP

to eliminate decay in ground contact environments without adversely 

affecting fire retardant properties.

2. The ammoniacal zinc borate formulation should be further examined so 

that it could be used in conjunction with the ZAA preservative. The 

area of first concern would be v/ith the fixation of the zinc borate 

in the wood.
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TABLE 1. Results of ASTM El60 crib tests

Samp!e 
(See

appendix 
for code)

Chemical 
retention 

[% of untreated) 
oven-dry mass

Final mass 
loss

(% of treated 
conditioned mass)

Maximum 
temperature 
developed 

above sample (°C)

Duration of 
flaming after 
pilot flame 

removed (sec.)

Duration of 
glowing after 
pilot flame 

removed (sec.)

Control - 95.0 490.7 180 >420

ZAA 10.2 86.3 408.9 113 >420

ZAA-DAP 13.4 76.9 469.6 113 >420

ZAA-ZP 1 1 .2 83.2 453.5 93 >420

ZAA-AS 14.3 54.0 283.7 176 >420

Al C-TP 1 .8 94.9 . 432.0 87 . >420

Al C-ZAA-TP 10.3 84.0 335.9 141 >420

UDP 20.8 30.8 193.5 67 67

UDP-2A 23.6 28.3 149.1 24 24

UDP-4A 26.9 26.2 136.3 7 26

UDP-6A 30.1 23.8 133.1 0 27

4A 5.5 93.7 388.9 95 >420

UDP-Cu M 25.7 181.1 14 14

ZAP 15.9 71.9 379.2 107 >420

ZATP 17.8 80.1 359.7 121 >420

ZABTP 21.3 49.0 322.8 77 >420

ZAB 19.8 42.2 298.3 68 420

Chemical retention = mean value of 90 observations 

Other values = mean of 3 observations



TABLE 2. Results of NBS smoke chamber tests

Sample
see appendix 
for code)

Chemical 
retention 

[% of untreated) 
oven-dry mass

Time to 
reach DS(16) 

(sec.)

Final mass 
loss (% 

of treated 
conditioned

mass)

Time to
Dm reach 0.9 Dm Final

(corr.) (sec.) MOD

Control ' “

4A 4.7

ZAA 4.2

UDP 16.0

UDP-2A 18.3

UDP-4A 23.3

UDP-6A 24.5

135 47.4 583

135 46.5 578

134 52.3 370

79 37.7 298

76 36.5 387

89 34.9 324

84 32.1 306

582 920 1623

573 890 1459

368 920 873

296 940 881

383 955 1119

320 950 961

301 935 936

Each value = mean of 3 observations



TABLE 3. Results of AWPA soil block

Sample
(see appendix 
. for code)

Initial 
chemical 
retention 

[% of untreated 
oven-dry mass)

*Loss of 
chemical upon 

leaching [% of 
initial unleached 

chemical retention)

Mass loss after 
soil block test 
(% of treated 

oven-dry mass)

Control - U - - 35.9

4A - U 6.3 - 4.2

4A - L 5.9 146.7 24.6

ZAA - U 5.8 - 3.1

ZAA - L 5.6 80.0 0.2

UDP - U 19.2 - 9.7

UDP - L 18.1 63.3 7.9

UDP - 2A - U 22.5 - 12.5

UDP - 2A - L 22.3 68.7 3.1

UDP - 4A - U 27.6 _ 16.4

UDP - 4A - L 26.1 77.6 5.5

UDP - 6A - U 28.3 _ 15.2

UDP - 6A - L 29.6 85.4 1.3

Each value = mean of 4 observations.
U - unleached, L = leached.
*, values not corrected for loss of extractives.

tests.

Visible appearance after soil block test

Dark grey to brown, excessive advanced decay 
and collapse.

No apparent visible change.

Advanced decay and collapse.

No apparent visible change.

No apparent visible change.

Mo apparent visible change.
Samples stained dark brown where previously 
in contact with feeder strip. Advanced decay 
in 2 samples.
No apparent visible change.

Samples stained 
in contact with 
in 1 sample.

No apparent visi

Samples stained 
in contact with 
in 4 samples.

No apparent visi

Samples stained 
in contact with 
advanced decay.

dark brown where previously 
feeder strip. Advanced decay

ble change.

dark brown where previously 
feeder strip. Advanced decay

ble change.

dark brown where previously 
feeder strip. Mo discernible
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Appendix

Chemical Formulations

Formulation 1. (ZAA)

Arsenic pentoxide 35.5 g
Zinc oxide 89.2 g
Ammonium bicarbonate 103.0 g
Ammonium hydroxide 500.0 ml
H20 to final volume of 2500 ml

Formulation 2. (ZAA-DAP)

Arsenic pentoxide 35.5 g
Zinc oxide 89.2 g
Diammonium phosphate 85.0 g
Ammonium hydroxide 500.0 ml
H20 to final volume of 2500 ml

Formulation 3. (ZAA-AS)

Arsenic pentoxide 35.5 g
Zinc oxide 89.2 g
Ammonium sulfamate 103.0 g
Ammonium bicarbonate 50.0 g
Ammonium hydroxide 500.0 ml
H20 to final volume of 2500 ml

Formulation 4. (ZAA-ZP)

Arsenic pentoxide 35.5 g
Zinc oxide 89.2 g
Zinc phosphate 25.0 g
Ammonium bicarbonate 123.0 g
Ammonium hydroxide 750.0 ml
H20 to final volume of 2500 ml

Formulation 5. (ALC)

Aluminum chloride 72.1 g
H20 2500 ml



Tri sodium phosphate 
H20

Formulation 6 . (ALC-TP)

Formulation 7. (ALC-ZAA-TP)

Arsenic pentoxide 
Zinc oxide
Ammonium bicarbonate 
Ammonium hydroxide 
Tri sodium phosphate 
H20 to final volume of

Formulation 8. (UDP)

UDP fire retardant (58.4%
solids)

H20

Formulation 9. (UDP-2A)

UDP fire retardant (58.4%
sol ids)

Arsenic pentoxide 
H20

Formulation 10. (UDP-4A)

UDP fire retardant (58.4%
solids)

Arsenic pentoxide 
H20

Formulation 11. (UDP-6A)

UDP fire retardant (58.4%
solids)

Arsenic pentoxide 
H20

Formulation 12. (4A)

Arsenic pentoxide 
H20

69.0 g 
2500 ml

35.5 g 
89.2 g 

103.0 g 
500 ml 
69 g 

s 2500 ml

1200 g 
4600 ml

1200 g 
116 g 

4484 ml

1200 g 
232 g 

4368 ml

1200 g 
348 g 

4252 ml

100 g 
2500 ml



UDP fire retardant (58.4%
solids) 821.9 g

Cupric carbonate 153.77 g
H20 2659.86 ml
Phosphoric acid (85%) 384.4 g

i

Formulation 14. (ZAP)

Zinc chloride 
Di sodium phosphate 
Ammonium hydroxide 
H20

Formulation 15, (ZATP)

Zinc chloride 
Trisodium phosphate 
Ammonium hydroxide 
H20

Formulation 13. (UDP-Cu)

Formulation 16. (ZABTP)

Zinc chloride 166.7 g 
Trisodium phosphate 80.0 g 
Sodium borate 80.0 g 
Ammonium hydroxide 500.0 ml 
H20 1600.0 ml

166.7 g
160.0 g V
500.0 ml 

1600.0 ml

261.0 g 
271.8 g

1200.0 ml
2200.0 ml

Formulation 17. (ZAB)

Zinc chloride 
Sodium borate 
Ammonium hydroxide 
H20

165.7 g
160.0 g
500.0 ml 

1600.0 ml


