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Chapter I 

INTRODUCTION 

The protection of consumers from fire hazards has been a con-

cern in the United States for many years. The Flammable Fabrics Act 

of 1953 was primarily the result of several fire catastrophes involving 

textiles which occurred during the 1940's and early 1950's (1). Public 

attention was focused on the existing problems and demands were made 

for action on the part of legislative bodies. Textile testing associa-

tions consequently increased their efforts in the area of fabric flam-

mability and developed flame resistance test methods to support the 

legislation. Several categories of textile products are presently 

covered by flammability standards, and several more are being considered 

for future regulation. 

The intended end result of a flammability standard is the removal 

from the market of products which present unreasonable risks to the con-

sumer (2). Data have been collected and analyzed by such systems as the 

National Bureau of Standards' Flammable Fabrics Accident Case and Test-

ing System (FFACTS), and patterns of hazardous situations which develop 

in typical fire accidents involving textiles have been identified (3). 

Children's sleepwear was one category which was found to have been 

involved in many fire situations. This led to the enactment of the 

DOC FF 3-71 flammability standard and later the DOC FF 5-74 standards. 

There have been indications that women's nightgowns and robes may be 

covered by a flammability standard in the future (4). 

1 
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The Standards for the Flammability of Children's Sleepwear 

DOC FF 3-71 and DOC FF 5-74 require that fabrics ·intended for this end-

use be able to pass the vertical flame test as they enter the market 

and after fifty launderings under specified conditions (5, 6). Several 

studies (7, 8, 9) have demonstrated, however, that contaminants which 

adhere to fabrics under certain laundering conditions can have severe 

detrimental effects on the flame resistance of these fabrics. As a 

result, laundering procedures are recommended so that consumers may 

maintain the fabrics' flam~ retardant properties. 

In use and care it seems inevitable that textile items will 

encounter various types of foreign matter. The effects of soiling and 

soil release were investigated in some detail after the introduction of 

resin treated cottons and synthetic fibers. These studies often dealt 

with the effects of soiling on appearance since graying was a common 

criticism of the new fabrics (10). When it was found that soap· and 

hard water deposits could reduce or destroy the flame retardance of some 

fabrics (6, 9) investigations were begun to determine the effects of 

various other contaminants on fabric flammability (11, 12, 13). 

A significant problem often encountered with studies involving 

soiling is the development of a procedure for the laboratory applica-

tion of the soil (14). This becomes particularly difficult when at-

tempting to apply a known amount of soil in a uniform manner. The 

initial treatment of the specimens should apply the soil as uniformly 

as possible, and subsequent handling and conditioning of the specimens 

should be such as to not alter this uniformity. The difficulties 
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encountered will depend, in part, on the soil being investigated, the 

attraction between the soil and the fiber, and the fabric construction. 

Whether a soil will alter the flame resistance of a fabric may 

depend on the amount of contaminant that is present. The "correct" 

combination of fuel, oxygen, and ignition source must be present for the 

substance to burn. Therefore, an important aspect of identifying 

hazards associated with contaminants is determining to what extent they 

must be present on the fabric for a potential hazard to exist. 

Another problem associated with soil studies is the selection 

of the soil. Soils found on used textile items can be divided into two 

main components: oily and particulate (15). The oily soil generally 

forms a sheath around the fiber to which the particulate soil adheres 

(16). The oil constituent of the soil is often considered to be the 

more critical in dealing with soiling and soil removal (17). 

Flammability standards are intended to protect the consumer 

against "unsafe" products appearing on the market; however, they do 

.not serve to protect the consumer from hazards which may exist after 

the item has been in use. When foreign matter can have a damaging ef-

fect on the flame retardancy of a fabric, then the potential hazards 

should be identified. Such information should be made available to the 

consumer who may then use it to insure the continued f larne retardancy 

of the i tern through its lifetime. 

The purpose of this research was to develop a method for apply-

ing an oily soil in known amounts to test for its effect on the flame 
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retardancy of two fabrics. The objectives of the research were as 

follows: 

1. To develop a procedure for uniformly applying a known 

amount of mineral oil to the fabric specimens. 

2. To develop a procedure for handling and conditioning 

the specimens which would maintain the uniformity of 

the treatment. 

3. To determine whether the calculated amount of oil add-on 

could be verified by extraction. 

4. To determine the effects of various amounts of mineral 

oil on the flammability of the test fabrics before and 

after laundering in hard water with an alkali built soap. 



Chapter II 

REVIEW OF LITERATURE 

Effects of Contaminants on Fabric Flammability 

The 1967 Amended Flammable Fabrics Act (18) directed the Secre-

tary of Commerce to issue mandatory standards for limiting the flam-

mability of fabrics, wearing apparel, and interior furnishings in areas 

where "unreasonable risk" was shown to exist. The Consumer Product 

Safety Act of 1972 (19) transferred these responsibilities to the Con-

sumer Product Safety Commission. Research efforts in the area of 

fabric flammability increased considerably after the enactment of 

these laws, and particularly after the passage of the children's sleep-

wear standards DOC FF 3-71 and DOC FF 5-74. More recently, interest has 

been growing in the effects of contaminants on the flammability of 

fabrics. 

Laundering was included in the children's sleepwear standards 

in order to insure that a flame retardant finish would be durable 

enough to last throughout the life of the garments. Several investi-

gations (7, 8, 9) revealed that under certain laundering conditions the 

flame retardancy of the fabric could be diminished or destroyed. The 

loss of fire resistance was not necessarily due to the removal of the 

flame retardant finish, but as a result of the build-up of residues on 

the fabric. 

Pacheco and Carfagno (7) found that a flame retardant (FR) 

treated cotton flannelette washed in hard water with carbonate based 

5 
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detergent or alkali built soap failed the vertical flame test after 25 

washes, whereas those samples washed with a phosphate based detergent 

maintained their fire retardant properties after 50 launderings. Ten 

washes in the carbonate base detergent and three washes in the alkali 

built soap resulted in the fabric losing its flame retardancy. The 

soap yielded deposits of calcium carbonate and calcium stearate, whereas 

the carbonate base detergent formed only calcium carbonate. After 10 

re-washes with a phosphate detergent, the flame retardancy was restored. 

The residues deposited on the test fabric were the result of the inter-

action between the laundry product and the calcium and magnesium 

cations present in hard water. 

DeFosse and Carfagno (9) investigated nirie flame retardant fabrics 

washed in four laundry products at three levels of water hardness. When 

laundered in soap and hard water most of the fabrics lost their flame 

retardancy. This loss was attributed to the deposition of flammable 

stearate salts on the fabrics. Under the scanning electron microscope, 

these deposits were shown to completely encase the fibers and in some. 

cases to form "grease balls," or large soap curd deposits. Carbonate-

based, nonphosphate detergent also had an adverse effect on flame re-

tardance due to the deposit of crystalline carbonate salts (9). Nei-

ther the high nor reduced phosphate detergents caused a significant 

reduction of flame retardancy even in very hard water (7, 9, 20). 

Investigations were made by Martin and Miller (13) to determine 

the mechanism by which calcium salts caused a loss of flame retardance. 

Initial tests indicated that the salt affected flammability during 



7 

combustion, that is, after ignition. When post ignition flammability 

characteristics were evaluated, it was found that a drastic reduction 

in oxygen sensitivity was induced by the presence of the calcium salts. 

When burning became less sensitive to oxygen concentration, extin-

guishability was decreased. Martin and Miller (13) concluded that, 

since it was likely that the localized oxygen content around a fabric 

burning upwards would drop slightly below normal level, a loss of 

oxygen sensitivity would allow a material to continue burning, whereas 

a fabric without the salt might extinguish. When Martin and Miller 

applied calcium carbonate directly to fabric from a slurry, oxygen 

sensitivity was not reduced. When it was formed in situ on the fabric, 

a drastic reduction occurred. The treatment with the ionic species 

approximated the situation that prevailed during laundering in carbonate-

based detergents, whereas direct application of calcium carbonate did 

not. 

When the oxygen index of a fabric (the lowest oxygen concentra-

tion which can sustain downward, candlelike burning of a material) was 

in an intermediate range, the fabric would sometimes pass and sometimes 

fail the DOC vertical flame test. The addition of certain inorganic 

salts changed the oxygen index in such a way that the fabric subsequently 

passed or failed depending on the salt applied (11). 

Weaver (12) investigated the effects of various salts on the 

flammability of fabrics with different flame retardant finishes and 

found that each finish responded differently to the presence of certain 
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salts. Antagonism was defined by Weaver as the interaction of a material 

with a flame retardant when ignition is attempted and the flame retar-

dant is rendered inactive. Flame retardant acetate was antagonized by 

sodium chloride and sodium bromide, but not by calcium carbonate. As 

several of the finishes were antggonized by small amounts of salts, it 

was suggested that some finishes might also be susceptible to inacti-

vation by "reasonable" amounts of soil or other foreign matter. 

Other studies (11) confirmed that inorganic salts were capable 

of altering the fire retardant properties of textiles, even when present 

· in small quantities. These salts could be either soluble in water and 

able to penetrate the fibers or insoluble deposits on the fiber sur-

faces. 

LeBlanc and LeBlanc (20) tested for the effects of calcium 

deposits on a flame retardant cotton flannelette and a 100 percent 

Nome~ fabric. The conclusion was drawn that the fatty acid portion 

of a calcium soap, rather than the calcium cation, affected the fire 

retardance of the fabrics. The researchers also concluded that laun-

dering with soap in hard ~3ter would probably have a damaging effect 

on the fire retardance of both treated cotton and inherently flame 

retardant synthetic fabrics. 

Organic compounds can adversely affect burning by providing 

carbon as additional fuel (11). Salts of long chain fatty acids, such 

as calcium stearate, and oily soils are included in this category. 

Though many studies have been reported concerning the effects of cal-

cium soap deposits encountered in laundering, experiments concerning 

·the effects of oily soils on flammability have been less extensive. 
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Investigations have been made to determine the effects of a few 

contaminants which may be encountered in the use of textile items. 

Bullock and Carter (21) soiled FR-treated cotton flannelette with milk 

and synthetic urine and tested for their effects on the fabric flam-

mability as well as other textile properties. Little difference was 

found on the flame retardance of the fabrics with either of these soils. 

A cotton flannelette, a nylon tricot, and a polyester/FR 

acetate were soiled with glycerine, a hand lotion containing silicone, 

Vaselin~hand lotion, and baby oil, and then tested for flammability 

according to DOC FF 3-71 (22) • The fabrics were tested at three levels 

of add-on of the soils. Glycerine led to the failure of flame retardant 

cotton flannelette at 25 percent add-on. The hand lotion containing 

silicone caused failures of the nylon tricot at 15 percent. The Vaselin9D 

hand lotion caused no failures, -whereas contamination with baby oil 

caused the failure of all the fabrics. Cotton flannelette failed at 

7.6 percent baby oil, nylon tricot at 14.8 percent~ and the polyester/FR 

acetate at 15.1 percent. The baby oil was applied from a solution with 

petroleum ether as the solvent. The specimens were conditioned as 

specified by the DOC FF 3-71, which included heating the mounted specimen 

for 30 minutes at 105°C in a forced air draft oven and cooling in a 

desicator for 30 minutes. 

Mineral oil was used as a soiling agent and tested for its 

effect on the flammability of various carpet samples (23). The mineral 

oil was selected as representative of refined hydrocarbons which, as 

a group, are common soiling agents on carpets. The mineral oil 

®Registered trademark. 
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increased the flammability of all the carpet fibers tested, and led to 

total destruction of the polypropylene samples. These results were 

based on an analysis of both weight loss and greatest diameter of the 

charred area of the burned carpet samples. 

Investigations of Fabric Soiling 

Soiling has been examined often in relation to its effect on 

the appearance of fabrics (10, 14).- The interactions between soil and 

fabrics and fibers have been extensively studied in attempts to develop 

methods to promote soil resistance and soil release in fabrics. Soil 

on a textile fabric is contributed from the body of the wearer and 

from the proximal environment. It was found that the soil on worn 

garments consisted of two main components: a fluid part which was 

usually an oil or a grease, and a solid component made up of small 

particles (24). 

The type of soil to which a fabric is exposed is greatly depen-

dent upon the end-use of the fabrics. Kissa (15) separated textiles 

into four general end-use categories and determined the soiling mechan-

ism and type of soil that each usually encounters. He found that 

apparel is subjected to both dynamic and static soiling. Dynamic soil-

ing involves deposition of the soil by contact transfer, which subjects 

the fiber or fabric to mechanical actions. With stati~ soiling, gravity, 

air currents or electrostatic attraction transports the soil to the 

fiber surface. The types of dynamic soil found on apparel fabrics were 

particulate soil, with or without oil, and liquid soil with particulate 
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matter. The types of static soil were liquid soil, with or without 

particulate matter (15). 

The oily constituent of soils had been observed (16) to form 

a sheath surrounding fibers and accumulate at fiber-fiber junction 

points. The particulate soil was embedded in this layer of oil. 

This occlusion of particulate matter is termed oil bonding (17). In 

terms of soil release, removal of the oily phase would present the 

major problem. Kissa (15) observed that the interaction between the 

oily and particulate constituents of a soil was dependent on the 

amount and location of the oil. An oil film on the fiber increased 

soiling, whereas oil in the soil caused aggregation of particulate 

matter, which reduced its soiling power. 

One major factor which determines a fabric's susceptibility 

to soiling is whether the fibers are hydrophilic or oleophilic (10). 

Hoffman (25) compared the oil retention of cotton and polyester and 

found that polyester, an oleophilic fiber, retained 50 percent 

more vegetable oil than cotton. In photographs, the oil was seen to 

adhere to surface fibers and to be in excess throughout the yarn. The 

oil trayeled down the yarn by wicking or capillary action and was ob-

served deep inside the yarn between the fibers. 

Capillary action is a result of the attraction between a liquid 

and the fiber surface. Liquid columns rise either between fibers in a 

yarn or between the individual yarns of the fabric structure (17, 

25). Hoffman (25) tested capillary action in yarns and concluded 

that oil traveled up an oleophilic yarn farther than a yarn with an 
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acrylic type soil release finish. The oil penetrated into the yarn as 

a very thin film creeping through the capillary spaces. Hoffman 

also concluded that the yarn and fabric structure, which determined 

the number and size of the capillary spaces, affected soiling charac-

teristics. Dyed mineral oil was applied to polyester fibers to deter-

mine whether the oil was actually absorbed into the body of the poly-

ester fiber (25). After two weeks, there was no sign of any absorption 

taking place. 

Oily soils include vegetable oils, animal fats and greases, 

and various hydrocarbons. Brown (27) analyzed the oily constituent of 

dirt from several domestically soiled cotton fabrics and determined 

that hydrocarbons constituted approximately 21 percent of .the oily 

soils found on these fabrics. 

Some hydrocarbons are labeled as flammable liquids because of 

their low flash points--the minimum temperature at which the substance 

gives off sufficient vapor to form an ignitable mixture with the air 

near the surface of the liquid or within the vessel used (28). Buch-

binder's analysis of the data collected by FFACTS (29) indicated that 

approximately one-third of apparel fire accidents involved either flam-

mable liquids or flammable gases. Flammable liquids caused fire 

injuries as a direct result of flashback, as burning gasoline splashed 

or spilled on the victim, or by the ignition of gasoline or oil pre-

viously spilled on clothing (26). Contamination with a flammable 

liquid can completely obscure the flame retardant characteristics of 

a fabric. Buchbinder stated (29) that " •.• the presence of a 
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flammable liquid or gas will assure combustion with even a nonflammable 

fabric such as some fabrics made with 100 percent thermoplastic fibers." 

The National Fire Protection Association has developed a classi-

fication system for identifying the potential safety hazards of chemicals 

in terms of health, flammability and chemical stability. The chemical's 

susceptibility to burning is the basis for the flammability rating 

which ranges from 4, indicating a severe hazard, to O, indicating no 

special hazard. Mineral oil was listed with a flash point of 380°F, 

a boiling point of 680°F, and a flammability rating of 1, which meant 

that it required preheating before ignition could occur (28). 

Soiling Procedures 

A common problem associated with investigations of the soiling 

of textiles is selection of a soiling procedure. The two general 

methods for soiling are wear studies and laboratory applications. 

Venkatesh et al. (17) briefly summarized various soiling procedures 

commonly used in the laboratory application of soils. One such pro-

cedure, the pad-dry method, involved padding the fabric in an emulsion 

of oil and soil in an aqueous or nonaqueous medium and then squeezing 

to the desired pick-up. The pad-dry method of applying soils would be 

a simulation of soil redeposition which occurs during laundering pro-

cedures. 

Tomlinson et al. (16) observed the locations of soils on gar-

ments that were soiled in use and in laundering. The soil from wearing 

was concentrated on the fibers and yarns at the exposed surf ace of the 
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fabric. Redeposition during laundering distributed the soil throughout 

the fabric over each fiber and concentrated it at fiber-fiber junction 

points. The laboratory method of application would affect the location 

of a soil on the fabric and should be chosen to reflect the soiling 

conditions of concern. 



Chapter III 

PROCEDURE 

For this research, the effects of mineral oil on the flammability 

of two commercially prepared fabrics, before and after washing in hard 

water with an alkali built soap, were investigated. 

Description of Test Fabrics 

The two fabrics used for this research were brushed tricot 

and were selected as being typical of the fabrics used for women's 

sleepwear. One was a pink 100% polyester fabric weighing 2.41 oz. 

per square yard and having a construction of an average of 46.1 

courses and 45.0 wales per inch. The other, a blue-green 80% acetate/ 

20% polyester fabric, had a commercial flame retardant finish and 

weighed 2.52 oz. per square inch. It was constructed with an average 

of 59.6 courses and 39.2 wales per inch. 

Sampling Procedure 

Unwashed specimens: A length of each fabric as it came from 

the mill was cut into 10" x 3-1/2" specimens from the wale direction. 

Specimens were randomly selected in groups of five from the supply 

of pre-cut fabric for treatment with an oil solution. Forty-five 

unwashed 100% polyester and 55 unwashed 80% acetate/20% polyester FR 

specimens were treated with oil solutions. 

Washed specimens: Lengths of each fabric were laundered 

according to the procedure which is described later in this chapter. 

15 
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After laundering, theselengths were cut into 10" x 3-1/2" specimens 

in the wale direction and set aside. A total of 35 washed specimens 

of each fabric were randomly selected in groups of five and treated 

with oil solutions. 

Procedure for Applying Oil 

1. Trichloroethylene was used as the solvent for a light weight 

laboratory grade mineral oil of Saybolt Viscosity 125/135. Solutions 

were prepared by percent volume based on an expected wet pick-up rate 

of 100%. The solution ratio was adjusted on occasion to allow for 

varied wet pick-up rates. 

2. A group of five fabric specimens was selected and weighed 

as a unit. 

3. The fabric specimens were plqced together in a beaker with 

the solution, stirred for one minute and removed. Excess solution 

was hand squeezed from the specimens, which were then laid flat with 

the napped side up on a wire mesh screen and allowed to dry for one 

hour. 

4. The specimens were re-weighed and the percent add-on of 

oil calculated according to Equation 1: 

weight after treatment and drying - original weight x 100 (l) 
original weight 

It was assumed that each of the five specimens had equal amounts of 

oil spread uniformly throughout the fabric. 
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Method for Increasing the Water Hardness Level 

1. The water in this research was determined to have an 

* initial hardness of approximately 40 ppm as Caco3 • 

2. With the volume of water used in the wash and rinse cycles 

of the laundering procedure, it was calculated that 2.5 grams o~ 

CaC1 2 would increase the water hardness to approximately 135 ppm as 

3. Cac12 was added manually to the wash and rinse water in 

aliquot portions of a previously prepared solution. 

Laundering Procedure 

1. The laundering was done in a Sears Kenmore Model 70 agitator 

type washing machine. 

2. The machine was set for a low level, cold water wash and 

rinse. The water temperature was approximately 74°F . 

. 3. One cup of an alkali built soap was added to the hardened 

wash water. The test fabrics were allowed to agitate for eight minutes, 

after which they were removed and spun in a centrifugal extractor for 

30 seconds. The fabrics were then agitated in the prepared rinse 

water for five minutes, removed and spun i~ the centrifugal extractor. 

The wash load was removed from the washing machine and spun in the 

centrifugal extractor because the hardness of the water could not be 

controlled during the spray action of the spin cycle. 

* As reported by the Blacksburg-Christiansburg & VPI Water 
Authority. 
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4. The test fabrics were dried in a Maytag electric tumble 

dryer at the "Air Fluff" setting for five minutes. 

Extraction Procedure 

1. For the extraction procedure, six specimens of each fabric 

were randomly selected from the supply of pre-cut unwashed fabric 

and weighed. 

2. Four snechnens of each fabric were treated with an oil 

solution, allowed to dry, and then re-weighed. The' amount of oil 

add-on was calculated according to Equation 1. 

3. The specimens were subjected to six soxhlet extraction 

cycles with trichloroethylene, then removed from the cellulose cups 

and allowed to dry. The extracted specimens were re-weighed and the 

percent weight change calculated according to Equation 2. 

Weight of specimen 
oil treatment 

Weight of 

after Weight of sample 
after extraction 

sample after extraction x 100 

4. Extractions were also performed on two specimens of each 

fabric without oil treatment. The weight changes of these control 

(2) 

samples were used to adjust for the removal of dyes and other extractable 

materials that might have been present on the fabrics before treatment 

with the oil. 

Flammability Test Procedure 

1. The Vertical Flame Tester was used to evaluate the flam-

mability of these fabrics. 
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2. The five specimens for each treatment were conditioned over-

night at 65 + 2% relative humidity and 70 + 2°F. The specimens were 

laid flat in a single layer on a mesh screen during conditioning. The 

samples were mounted in the test holders and placed in plastic bags 

to maintain their conditioned state. Testing occurred within 10 

seconds after each specimen was removed from the bag. 

3. The specimens were submitted to a three-second ignition 

time using 98% methane gas as the fuel source for the flame. The 

char length was recorded for each specimen and an average was calcu-

lated for each treatment. 



Chapter IV 

RESULTS AND DISCUSSION 

Data for the following were obtained according to the procedures 

described in Chapter III. Percent oil on weight of fabric and char 

length were the values recorded. The following sections describe ob-

servations recorded prior to and during testing. 

Use of an Oil Solvent 

The use of an oil solvent, such as trichloroethylene, pre-

sented problems in handling. The squeeze rolls available in the 

laboratory padder could not be used because the solvent would have 

damaged the rubber rollers by causing them to soften arid swell. It 

was for this reason that hand squeezing was used to remove the excess 

solution from the specimens. The researcher attempted to squeeze the 

specimens as consistently as possible, but there were obvious draw-

backs to this method. The assumption had to be made that the treat-

ment was uniform over the five specimens treated together. Rubber 

gloves were used to prevent the solvent from coming in contact with 

the skin. The specimens were treated for only one minute in the 

trichloroethylene solution so that a significant amount of dye would 

not be extracted off. 

Calculation of the Percent Add-On of Oil 

One objective of this research was to develop a quantitative 

method for applying oil to the fabric specimens. Because of 

20 



21 

inconsistent wet pick-up rates, the decision was made to weigh each 

group of samples and determine the amount of oil on the fabric by 

weight differences, rather than attempting to make assumptions about 

the amount of add-on based on wet pick-up calculations. In this way, 

evaluations could· be made relating char length to known amounts of 

applied oil. 

Uniformity of Oil Treatment 

The observation was made that, when mounted specimens were 

heated in the oven, the oil migrated towards the edges of the speci-

men where the heated metal holder was in contact with the fabric. 

This movement was attributed to the decreased viscosity of the oil 

when heated, and to the tendency of liquids to move toward heated 

surfaces. Subsequently specimens used in this research were not 

heated prior to burning in order to prevent this oil migration from 

occurring. In addition, the specimens were retained in a flat, 

horizontal position during drying and conditioning to prevent movement 

of the oil towards the ends of the specimen. 

Laundering Process 

One of the intents of this research was to evaluate the 

synergistic effect of the oil and calcium deuosits on flammability. 

It was desired, therefore, that the build-up of calcium deposits 

would not be sufficient to, in itself, cause the fabric to lose its 

flame resistant properties. As reported in the review of literature, 
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enough calcium stearate was accumulated on some fabrics in only three 

washes in an alkali built soap to destroy the fabric's flame re-

tardancy. It was decided that one wash would deposit an adequate 

amount of calcium stearate for the purposes of this research. A 

quantitative determination of the amount of calcium on the fabrics 

was, however, not made. 

Burning of Oil on Glass Fabric 

To verify that the mineral oil used in this research would 

indeed burn, a 4% add-on of oil was applied to a 10" x 3 1/2" piece 

of glass fabric. When ignited, a large flame rapidly engulfed the 

entire sample and continued to burn for approximately 30 seconds. 

When the flame extinguished, the glass fabric was left intact, indi-

cating that the oil acted as the fuel source on the fabric substrate. 

It was noted that, during ignition, the 100% polyester and 80% 

acetate/20% polyester fabric specimens would quickly shrink away from 

the flame. Because of this tendency to shrink away, it is possible 

that the oil was not kept in contact with the flame long enough to be 

able to reach its ignition temperature and therefore did not burn. 

This could have been one explanation for why the treated specimens did 

not support combustion until the add-on of oil was approximately 25% as 

compared to the 4% on the glass fabric. 

Analysis of Extraction Data 

For each fabric, two control and four oil treated samples were 

extracted using trichlorethylene as the solvent. The weights of the 
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specimens initially, after treatment with oil, and after extraction were 

recorded and the percent weight changes calculated. These values are 

presented in Tables 1, 2 and 3. 

The extraction data indicated that oil-treated specimens of 

both fabrics experienced a net weight loss. Referring to Table 2, 

the values listed in column B represent the total weight loss due to 

the extraction procedure. Of these amounts, 4.85% could be accounted 

for as being the extraction of dyes and other soluble material which 

was on the fabric as it came from the manufacturer. The values in 

column C were obtained by subtracting out this· control factor. In 

theory, the values in columns A and C should have been equal for each 

sample, however there was a discrepancy of from 2.1-3.0% weight loss 

which could not be accounted for except as the limit of reproducibility. 

One possible explanation for this discrepancy might be that the mineral 

oil acted as a solvent for substances on the fabric which were not 

soluble in trichloroethylene. This combined solvent effect could 

possibly result in an additional weight loss. 

The extractions of the control samples of the 100% polyester 

fabric yielded confusing results in that a weight gain occurred even 

though there was an observable loss of dye. The controls gained an 

average of 3.3%; because there was a known dye loss, however, the 

actual gain in weight was probably higher than indicated by the data. 

One possible explanation for this weight gain was that the polyester 

fibers absorbed and retained the solvent. The trichloroethylene-



Fabric 

80% Acetate/ 
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Table 1 

Percent Weight Change of Control Samples 

After Extraction with Trichloroethylene 

Sample 
No. % Weight Change 

1 -4.9 
20% Polyester FR 

2 -4.8 

Average = -4.85 

100% Polyester 1 +3.4 

2 +3.2 

Average +3.3 



Sample 
Number 

1 

2 

3 

4 
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Table 2 

Percent Weight Change After Treatment with Oil and 

After Extraction with Trichloroethylene 

80% Acetate/20% Polyester FR 

% Weight Gain 
After Oil Treatment 

A 

18.3 

14.5 

29.0 

29.8 

% Weight Loss 
After Extraction 

B 

25.4 

21.5 

36.8 

37.6 

Adjusted 
Weight Loss 

C A-C 

20.6 -2.3 

16.6 -2.1 

32.0 -3.0 

32.8 -3.0 



Sample 
·Number 

1 

2 

3 

4 
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Table 3 

Percent Weight Change After Treatment with Oil and 

After Extraction with Trichloroethylene 

% Weight Gain 
After Oil Treatment 

A 

14.9 

14.6 

20.0 

25.9 

100% Polyester 

% Weight Loss 
After Extraction 

B 

15.5 

15.2 

20.6 

26.5 

Adiusted 
Weight Loss 

C A-C 

18.8 -3.9 

18.5 -3.9 

23.9 -3.9 

29.9 -4.0 
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extracted specimens were dried briefly in a forced-air oven in an 

attempt to drive out the solvent, but this did not reduce the weight 

increase. 

Because the polyester controls demonstrated a weight gain, 

rather than the expected loss, the average weight increase of 3.3% 

was added to the total weight change due to extraction in order to 

account for this factor in the weight changes of the treated speci-

mens. As shown in Table 3, the polyester samples exhibited a dis-

crepancy in weight loss of approximately 3.9% between the gain after 

oil treatment and the loss after extraction. The combined-solvent 

theory could possibly explain at least a portion of this discrepancy. 

The data from the extraction procedure indicated that the method 

for applying mineral oil to the fabric has not beeen perfected. The 

weight losses and gains that were unaccounted for demonstrated that 

using calculations based on weight differences may not have been the 

most reliable method for applying the oil quantitatively. The dis-

crepancies in the extraction data cannot, however, be directly related 

to the procedure used in this research for applying the oil to the 

flammability test samples because those specimens were only in contact 

with the cold solvent for one minute, as opposed to approximately 30 

minutes in the heated solvent during the extraction process. 

Analysis of Flammability Data 

The char lengths of five specimens at each level of oil add-on 

were recorded and the average char length· calculated. When at least 
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one of the specimens burned the entire 10" length, an average was not 

calculated but was reported as BEL. Tables 4, 5, 6 and 7 show the 

information about the char lengths for the treated samples. The 

variance of char length within each treatment group was too great to 

allow for involved statistical analysis, consequently, the evaluation 

of the char lengths in relation to oil add-on was restricted to 

identifying general trends in the data. 

For both fabrics, no observable increase in flammability 

occurred until approximately 25% oil on weight of fabric was applied. 

Below this level, all of the average char lengths were considerably 

below the seven inch failure criteria cited in the DOC F' 33-71 and 

DOC FF 5-74 standards. Above this level, specimens began to burn the 

entire 10" length. Compared to the 100% polyester samples the unwashed 

80% acetate/20% polyester FR appeared to be affected to a more serious 

degree above the 25% add-on level based on the number of specimens which 

burned the entire length. 

The char lengths of the washed control specimens indicated that 

the washing, in itself, did not affect the flammability of either of 

the fabrics. The washed 100% polyester gave no indication of any 

synergistic effect between the oil and calcium deposits since there 

was no significant change in char length up through the 22.8% add-on 

level. 

A marked increase in flammability at the 17.2% add-on level 

indicated the possibility of some interaction between the oil and 
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Table 4 

Percent Add-on of Oil and Average Char Length of the 

Unwashed 80% Acetate/20% Polyester Samples 

% Oil Add-on Average Char Length/Inches 

Control 3.6 

8.3 4.1 

9.4 4.5 

9.7 3.3 

12.2 4.2 

15.9 5.0 

* (3) ** 23.0 BEL 

26.7 BEL (4) 

27.2 BEL (1) 

31.0 BEL (3) 

79.9 BEL (5) 

* Burned entire length 

** Indicates the number of specimens which burned the 
entire length. 
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Table 5 

Percent Add-on of Oil and Average Char Length of the 

Washed 80% Acetate/20% Polyester FR Samples 

% Oil Add-On Average Char Lengthf Inches 

Washed Control 3.6 

4.7 3.7 

10. 5 4.0 

17.2 BEL* (1) ** 

17.5 BEL (1) 

19.7 5.3 

26.2 BEL (4) 

* Burned entire length 

** Indicates the number of specimens which burned the entire 
length. 



31 

Table 6 

Percent Add-on of Oil and Average Char Length of the 

Unwashed 100% Polyester Samples 

% Oil Add-On Average Char Length/Inches 

Control 3.8 

9.2 3.2 

10.0 3.5 

10.3 3.6 

25.0 4.0 

25.1 4.8 
)'( (l)** 26.6 BEL 

40.8 BEL (2) 

83.3 BEL (5) 

* Burned entire length 

** Indicates the number of specimens which burned the 
entire length. 
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Table 7 

Percent Add-on of Oil and Average Char Length of the 

Washed 100% Polyester Samples 

% Oil Add-on Average Char Lengthflnches 

Washed Control 3.5 

4.5 3.4 

16.3 3.6 

19.4 3.8 

22.8 3.8 

38.7 BEL* (3) ** 

50.1 BEL (3) 

* Burned entire length 

** Indicates the number of specimens which burned the 
entire length. 
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calcium deposits on the flammability of the washed 80% acetate/20% 

polyester FR fabric. This level was considerably below the 23.0% 

add-on of oil which was necessary to affect the unwashed fabric. 

The unwashed fabric, however, was not tested at a comparable level of 

oil add-on. It is possible that if the unwashed samples had been 

treated at the 17% add-on level, a significant increase in char 

length could have occurred, thereby negating any indication of inter-

action. 



Chapter V 

SUMMARY AND CONCLUSIONS 

The objectives of this research were to develop a procedure 

for the quantitative application of mineral oil on fabric specimens; 

to develop a procedure for handling and conditioning the specimens 

in order that the uniformity of the oil treatment would be maintained; 

to verify by extraction the calculated percent add-on of oil; and to 

determine the effects of mineral oil on the flammability of the test 

fabrics before and after washing in hard water with an alkali built 

soap. 

The percent oil add-on was calculated based on weight differ-

ences of the fabric samples before and after treatment. Soxhlet ex-

tractions were run on treated and untreated samples of each fabric, 

and percent weight changes recorded. Flammability data were ob-

tained by using a Vertical Flame Tester with five specimens per treat-

ment level. Char length was used for the analysis of fabric flam-

mability. 

Results and analysis indicated the following major findings: 

1. The mineral oil had a marked effect on the fabric flam-

mability at approximately 25% and above add-on levels. This indicated 

that the contamination of a fabric similar to either of the two used 

in this research might have to be relatively high for a flammnhllity 

hazard to exist. 

34 
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2. A definite synergistic effect between the mineral oil 

and calcium deposits on fabric flammability could not be identified, 

although there was an indication of the possibility of interaction 

on the washed 80% acetate/20% polyester FR fabric. 

3. A procedure for handling and conditioning the treated 

specimens was used to minimize the migration of the oil to the edges 

of the specimens. By drying the specimens flat on a porous screen, 

not heating them in an oven, and not hanging them in a vertical 

position, the initial degree of uniformity of treatment was main-

tained. Front-to-back migration could not, however, be controlled. 

4. A reproducible difference was found between oil contents 

determined by extraction and those determined by weighing after 

treatment. The extraction data, thus, did not exactly coincide with 

the calculated percent add-on of oil. The 2-4% discrepancies of 

weight change may be related to the limitation of the extraction pro-

cedure, or to a combined solvent effect, but this could not be deter-

mined from this research. 
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THE QUANTITATIVE APPLICATION OF MINERAL OIL AND ITS EFFECT 

ON THE FLAMMABILITY OF POLYESTER AND ACETATE/POLYESTER FR 

FABRICS USED FOR WOMEN'S NIGHTGOWNS 

by 

Mary Lynne Dehnbostel 

(ABSTRACT) 

Two brushed tricot fabrics, a 100% polyester and an 80% 

acetate/20% polyester FR, were used to pursue the following objec-

tives: 1) to develop a procedure for uniformly applying a known 

amount of mineral oil to the fabric specimens; 2) to develop a pro-

cedure for handling and conditioning the specimens which would main-

tain the uniformity of the treatment; 3) to determine whether the 

calculated amount of oil add-on could be verified by extraction; and 

4) to determine the effects of mineral oil on fabric flammability 

before and after laundering in hard water with an alkali built soap. 

Major findings of the research included the following: 1) an 

oil-solvent system was selected for applying the oil to the fabric 

specimens; 2) a system to reduce the migration of oil on the treated 

specimens was developed; 3) mineral oil increased flammability at 

approximately 25% and above add-on levels; 4) a synergistic effect on 

fabric flammability between oil and calcium deposits could not be 

identified; and 5) a reproducible difference was found between oil 

contents determined by extraction and those determined by weighing 

after treatment. 
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