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INTRODUCTION

The last Arab-Israeli war brought a major change to the world.

With the accompanying oil embargo and subsequent chain reaction 

of energy price increases, the era of cheap energy came to an 

abrupt halt. The era of energy conservation started. For the 

average Canadian homeowner this era brought the demand for large 

amounts of thermal insulation. For the retro-fit market - materials 

suitable for installation in older established homes - 

this demand for insulation was directed towards loose fill cellulose 

insulation (CFI).

Manufactured from gound up old newspaDer to which certain chemicals 

are added, CFI is highly effective as thermal insulation and can be 

easily blown into wall cavities and blown or poured into attic spaces. 

In order to negate the combustible nature of this cellulose based 

product and prevent it from rotting or becoming a refuge for vermin, 

chemicals are added to the paper during manufacture. The present



State of the art for manufacture of CFI includes the addition 

of borax, boric acid and frequently aluminum sulfate. A 

typical CFI product contains:

80 parts ground newspaper

10 parts borax (penta hydrate) /

6.6 parts boric acid 

3.4 parts aluminum sulfate

Within Canada, CFI is listed under the "Hazardous Products Act" 

and as such no CFI product may be advertised, sold or imported 

unless it meets specific standards for flame spread classification, 

smolder resistance, chemical separation and corrosiveness.

Canada Mortgage and Housing Corporation has adopted Canadian 

Government Specifications Board "Standard for Thermal Insulation, 

Cellulose Fiber, Loose Fill - 51GP-60M" for acceptance of any CFI 

product. This standard includes a battery of tests for a variety 

of properties such as thermal resistance, odour, corrosion, flame 

and smolder retardancy, moisture absorption, fungal resistance, 

and applied density. Of all of these tests, those for flame and 

smolder retardancy as well as corrosiveness are the most critical. 

For any CFI product to be acceptable under the Hazardous Products 

Act, it must contain sufficient chemicals to provide flame and 

smolder retardancy but not so much so as to make the material 

excessively corrosive. Boric acid has long been used as a smolder



retardant for cotton batting products and has now been adopted 

by the CFI manufacturers for this same use. However, boric 

acid provides minimal retardancy against flame spread. This 

property has been added to CFI by inclusion of borax to the 

mixture. Even though the sodium ions present in the borax have 

a deterious role in retarding smoldering and greatly increases 

corrosiveness, the excellent flame spread retardancy of borax 

has necessitated its inclusion. In order to minimize the amounts 

of borax, many CFI manufacturers include aluminum sulfate or alum 

in their products. These chemicals aid flame and smolder retardancy

but they adversely affect corrosiveness. Thus only small amounts are 

included.

Because of the fine balance of chemicals that can be used and the 

difficulty o1 maintaining this balance during oroduction of CFI, 

many manufacturers occasionally experience problems with their 

products. Therefore, Forintek Canada Corp. has tried to assess 

the effectiveness of other fire retardants that could be used for 

CFI. Since previous research ( 3) has demonstrated 

that such common fire retarding chemicals as ammonium phosphate, 

ammonium sulfate, sodium phosphate cannot be used, we decided to 

concentrate our efforts on a new group of chemicals. Specifically, 

we have looked at chemicals manufactured by mixing various amines



and amides (melamine, dicyandianide, urea, etc.) with 

phosphoric acid.

As a preliminary phase, a review of the literature about these 

amino and amido phosphates was performed.

Melamine-Phosphates

In their lengthy review of intumescent fire retardant coatings,

Kay and Price (1) discussed this group of chemicals. Because 

these chemicals are made by simply mixing a suspension of melamine 

with phosphoric acid and filtering, they found a considerable 

variation in both empirical formulae and crystal structures among 

the various melamine phosphates. Moreover, the existance of 

several different hydrates further increases the range of possible 

variations. Melamine metaphosphate (C^NgHg HPO^ xH^O) is water 

soluble and extremely hygroscopic. These are both properties that 

would make the chemical unsuitable for use with CFI. Melamine 

pyrophosphate (CgNgPIg H^PgO xf^O) however, has a very low 

solubility level and is not hygroscopic. Melamine orthophosphate 

(C^NgHg H^PO^ H^O) is substantially insoluble and is relatively 

non-hygroscopic. Heat treatment of the melamine orthophosphate 

(5h at 210°C0) further improved the properties of water insolubility 

and low hygroscopicity.



Guanyl Urea Phosphate and Urea Phosphate

In 1932 a procedure for making this chemical was reported by 

the French Academy of Sciences (2). At about the same time a 

similar procedure was developed for manufacture of urea phosphate. 

However, both of these amido-phosphates are much more soluble in 

water and hygroscopic than the melamine phosphates.

EXPERIMENTAL 

Fire Retardants

1. Pyrol Phosphate Melamine - Manufactured by Cyanimid Canada Inc.

2. Melamine Phosphate

126 g melamine, 2 L water and 173 g phosphoric acid (85% H^PO^) 

were mixed together at room temperature for 30 minutes. Melamine 

phosphate was then filtered off, washed with water and dried 

at 105°C for 18 hours.

3. Urea-phosphate

120 g urea, 0.1 L water and 254 g phosphoric acid were mixed at 

room temperature for 1 hour. The solution was allowed to stand 

for 72 hours and then the crystals of urea phosphate were 

collected and washed with acetone.

4. 150 g dicyandiamide, 1.5 L water and 412 g phosphoric acid were 

mixed together and heated for 20 minutes at 70°C. After the



solution had been allowed to stand for three days, the 

crystals of guanyl urea phosphate were collected and washed 

with methanol.
J

5. Pyroset P.B.: - manufactured by Cyanamid Canada Inc.

6. Mono-Ammonium Phosphate (NH^H^PO^)

Monsanto Chemicals technical grade

7. Borax Na2B^0-,. lOHgO

Fisher Scientific certified ACS

8. Boric Acid H^BO^

Fisher Scientific certified ACS

9. Aluminum Sulfate A^SO^)^. lSH^O 

Fisher Scientific certified ACS

10. Zinc Phosphate

Fisher Scientific purified powder

11. Guanyl urea Phosphate mp. 196°C 

Matheson Coleman & Bell laboratory grade

All fire retardants were ground with a mortar and pestle to pass 

through a 100 Tyler mesh seive prior to use.

Cellulose Fiber

Bed-Ex, a recycled wood fibre (newspaper) product manufactured by 

Thermo-Cell Ltd. in Ottawa from ground recycled newspaper was used in

this work.



Manufacture of CFI Droducts

Appropriate quantities of Bed-Ex and the fire retardant chemicals 

were mixed in a cyclone mixer described by Sprague and Shen (3).

Smolder Test

The cigarette smolder test (4) was used to evaluate smolder 

resistance of the various mixtures.

Corrosivity Test

The pH test (5) was used to evaluate corrosivity of the various 

mixtures.

RESULTS AND DISCUSSION

Table 1 lists the formulations tested. Table 2 shows the results 

of the smolder resistance tests.



Formulation 2 is typical of those mixtures presently in use by 

manufacturers of CFI and it offered adequate smolder resistance 

to the cellulose. The mass losses sustained by mixtures containing 

formulations 3, 4, and 5 indicate the reason boric acid is included 

in most CFI products.

None of the amino-phosphate compounds that were tested provided 

sufficient smolder resistance. However, some combinations of 

boric acid and melamine phosphate did provide the necessary smolder 

resistance.

Table 3 presents data showing the acidity (pH) of some of the 

formulations tested. This test is routinely used by manufacturers 

of CFI to evaluate the potential corrosivity of their products. It 

involves measurement of the oH of the fire retardant additives 

extracted by boiling water from the CFI. Formulations which are too 

acidic (low pH) or too caustic (high pH) are considered unacceptably 

corrosive. As is seen in Table 3, formulations containing melamine 

phosphate alone or in combination with boric acid should be no more 

corrosive than present formulations being used by the industry or by 

paper containing no chemical additives.



CONCLUSIONS

Melamine phosohate and the other amino-phosphates evaluated did 

not provide sufficient smolder resistance to cellulose fiber 

although it did not adversely affect corrosivity of the material. 

Since phosphates are well recognized flame retardants, it should 

be possible to replace borax and aluminum sulfate used in CFI with 

amino phosphates but boric acid must be included in the formulation 

for adequate smolder resistance.
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TABLE 1

Formulations Evaluated

No. Chemical Add On Fire Retardant Chemicals

JL

1. ni! ' ni!
2 . 25 borax:boric acid: aluminum sulfate 

(50:33:17)
3. 25 borax
4. 25 boric acid
5. 25 aluminum sulfate
6 . 5 )
7. 10 )

)
) - melamine phosphate 
)
)
)

8 . 15
9. 20

10. 25

n. 25 pyrol phosphate
12. 25 urea phosphate
13. 25 guanyl urea phosphate
14. 25 pyroset P.B.
15. 25 ) 4:1

| melamine 3:2 
j ” phosphate: boric acid 2*3

16. 25

17. 25
18. 25 ) 1:4
19. 25 mono ammonium phosphate
20. 25 zinc phosphate



TABLE 2

Smolder Resistance

No. Pass/Fai1 Hass Loss 1

%

1. F 77

2. P 2

3. F 70

4. P 1

5. F 50

6 . F 66

7. F 67

8. F 66

9. F 65

10. F 64

11. F 68

12. F 61

13. F 66

14. F 61

15. F 34

16. F 33

17. F 27

18. P 14

19. F 60

20. F 54
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TABLE 3

Acidity (pH) of CFI Formulations

No. oH

1. 4.

2 . 8 .

3. 9.

4. 4.

5. 3.

10. 4.

15. 4.

16. 4.

17. 4.

18. 4.

2

3

0

9

4

8

5

5

5

,6


