
 
ABSTRACT 

 
 
LUMLEY, AMY CATHERINE ROBISON.  An Alternative Laundering Procedure 
to Predict the Durability of Flame Retardant Fabric.  (Under the direction of Dr. 
Peter Hauser.) 
 
 This project set out to determine an alternative laundering procedure to 

predict the durability of flame retardant fabrics while decreasing the overall cost 

and time involved for testing.  Fabric was washed using conventional methods to 

be used as standards.  These fabrics were characterized by burning 

characteristics, elemental analysis, fabric weight, percent weight change, 

shrinkage, color, and strength.  Then fabrics were washed using an alternative 

method and characterized in the same manner.  The alternative laundering 

procedure involved a programmable machine, Quickwash Plus.  Parameters on 

the machine were varied to simulate x number of washings using a conventional 

industrial wash. 
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Introduction 

 The durability of flame retardant fabrics is a very important concern in the 

textile industry.  Fabric must pass rigorous testing conditions to be labeled as 

flame retardant.  To ensure that a fabric lot will withstand these durability tests, 

manufacturers will routinely test fabric.  This is very time consuming.  For 

example, many companies perform a 100 industrial wash laundering test on their 

fabrics.  If each wash and dry cycle takes between 1 ½ and 2 hours, only 5 loads 

can be done in a single shift.  Therefore, it would take approximately 20 shifts to 

complete a single 100 launderings test.  Not only is this quite time consuming, it 

is also expensive once labor, chemical, water, and energy costs are considered.  

Many companies have developed accelerated tests, but no universally accepted 

standard exists.   

 The same situation exists for other factors in the textile industry, such as 

colorfastness and dimensional change.  Currently, accelerated testing methods 

for dimensional change and colorfastness to laundering are being explored using 

the Quickwash PlusTM system (QWP).  The QWP has gained widespread use 

due to several advantages, including savings in time, chemicals, labor, water, 

energy, and fabric.  A correlation of results between standard test methods and 

results using QWP has been shown for both dimensional change and 

colorfastness to laundering [1, 2].  Recently, AATCC TM 187-2000 Dimensional 

Changes of Fabrics:  Accelerated has been approved based on the QWP 

technology.  The QWP system could potentially reduce the amount of time 

required to test the durability of flame retardant fabrics by a drastic amount.  The 
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purpose of this study is to evaluate the possibility of using QWP for accelerated 

FR testing.   

Importance of accelerated testing  

 Ankeny points out that the textile industry operates in a business 

environment that mandates quick response.  Challenges facing the textile 

industry include shortened lead times from development to retail, short run 

production lots, and penalties for missed shipment dates.  Any tests that 

minimize the time required for evaluation of fabrics could potentially save money 

by shortening lead times [1].   

 Accelerated testing is very important.  Baitinger states that a major 

supplier of FR fabrics tests each lot of fabric for durability initially after being 

produced and after washing under standard procedures [3].  An accelerated 

wash procedure is used as it provides reliable data in a minimum amount of time 

(1-2 days versus 7-10 days for 50 home launderings).  The accelerated wash is 

generally more severe than home launderings and even industrial launderings to 

ensure that fabrics that pass wash durability test under accelerated wash 

conditions should pass under less severe conditions [4].  Any results that seem 

questionable or borderline may be retested using conventional methods.   

Testing considerations  

Soft vs. hard water 

 Hard water can reduce the efficiency of flame retardants.  Hard water 

contains calcium and magnesium, which may be picked up by the phosphorus 

moiety thru ion exchange.  During combustion, the calcium converts to calcium 
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phosphate and prevents the formation of P2O5 (phosphorus pentoxide), which is 

the acting flame retardant [5]. 

Detergent system  

 Laundering is the loosening and removal of soil from fabric.  The 

laundering bath must penetrate the fiber-soil interface to aid in the removal of the 

soil.  The soil must be emulsified (surrounded and removed from the surface) 

and then held in suspension until completely removed by rinsing.  Water is a very 

effective cleaning agent for most soils.  It has a solvent action in that it is able to 

dissolve a wide variety of soils and it acts as a wetting agent to penetrate the 

fabric and displace soil.  Water also carries chemical supplies to the fabric and 

carries soil away by suspending the soil into solution. 

 Detergent aids in the laundering process.  Detergents are chemically 

structured to have a water loving (hydrophilic) and a water hating (hydrophobic) 

segment.  Detergents act as wetting agents to aid in the penetration of the fiber-

soil interface by lowering the cohesive forces between the oily soil and fabric.  

The hydrophobic end will surround the soil and aid in suspending the soil until it 

can be removed, as shown in Figure 1.  [6] 
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Figure 1.  Surfactant and Soil Removal [7]. 

 Traditionally, detergents were manufactured using phosphate builders.  

These were shown to have no effect on phosphorus based FR.  However, the 

use of phosphates in home detergent has been limited or banned due to 

environmental concerns [8].  While some industrial laundries still use phosphate 

detergents, home detergents are often made with carbonate builders.  These 

have been shown to decrease the efficiency of FR finishes [9, 10]. 

Souring 

 During laundering, rinses may increase the alkalinity of the fabric due to 

the alkalinity of the tap water used for the rinses and residual detergent.  

Residual alkalinity may cause chemical damage, yellowing of white fabrics; 
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fading or dulling of colors; skin irritations; and/or bad odors.  A souring agent 

helps to neutralize this residual alkalinity with the use of mild acids or acids salts 

such as ammonium silicofluoride and acetic acid [6]. This is extremely important 

as residual alkalinity may also reduce the effectiveness of flame retardant 

finishes.  The effectiveness of flame retardants may be “regained” by the use of 

an acid sour [3]. 

Life expectancy in real life vs. lab washing  

Another consideration in testing is life expectancy.  The life expectancy of 

a garment tested in the lab is quite different compared to one used in real life.  

Baitinger states that it is “garment wear out that actually controls use life” [4].  A 

garment used in the real world is exposed to certain conditions that a laboratory 

tested fabric would not be exposed to, mainly wear and soiling.  These conditions 

will significantly shorten the expected life of the garment.  Makinen points out that 

“wear and 3-4 launderings often changed the materials to the same extent as 50 

launderings in the laboratory” [11].  So, even if a fabric is certified to withstand 

100 launderings, it will most likely never reach that number of launderings in real 

life, as it will no longer be a functional garment. 

 Soiling can reduce the flame retardancy of the fabric.  This is influenced 

by the amount of soiling, type of soil, and the length of time between launderings.  

Soil, itself, can negate the flame resistance of the material.  Also, certain soils, 

such as oils and greases, are flammable themselves.  The negative effect that 

soiling has on flame retardancy must be counterbalanced by the additional wear 

of the fabrics that more frequent washings would have.  
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 The actual wear of the garment reduces both the flame resistance and life 

expectancy.  This would be difficult to replicate in the lab.  If the garment is 

expected to be exposed to a certain condition that directly influences the flame 

retardancy, Baitinger suggests that this be examined in the lab to determine the 

nature and extent of the suspected effect. 

 Baitinger concludes that the flame resistance characteristics of fabrics 

currently treated with flame retardants exceed the useful life of the garment. [4] 

Comparison of home vs. industrial laundering 

 There is a difference between the conditions used for industrial washings 

vs. home laundering.  Industrial launderings are much more severe, using higher 

temperatures, harsher chemicals, and longer wash times.  This is because home 

launderings simply cannot remove the heavy soil often found in items traditionally 

industrially laundered.  Items that are industrially laundered, such as uniforms, 

are commonly exposed to grease and oily soil.  The less severe home laundering 

can remove light soil, but not heavy soil and greasy stains.  Since industrial 

washings are more severe, there is a possibility that the durability of finishes may 

be reduced compared to home launderings [12]. 

Overview of Quickwash Plus 

 The Quickwash PlusTM system (QWP) was introduced into the market in 

1997 by Raitech, Inc.  Currently, there are more than 200 units installed 

worldwide.  This system has been adopted by major companies in all aspects of 

textile production, from fabric manufacturers all the way to retail.  It was designed 

to wash, rinse, and dry fabric to simulate multiple launderings in a much shorter 
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time period.  The patented, proprietary method was originally used to determine 

the dimensional stability or shrinkage of fabric to repeated launderings.  QWP 

can result in significant savings in time, fabric, labor, water, and energy.  [13] 

 QWP has many money saving advantages, including: 

? Savings--Labor, fabric, water, electric, gas 

? Avoid material storage while awaiting test results 

? Avoid costly product returns by ensuring that all fabric is tested before 

shipment 

? Save money by testing quality of incoming goods 

? Identify problems during processing so re-runs and rejects are minimized 

? Maintain satisfied customer relations [14] 

? Requires minimal lab space due to compact tabletop design [15] 

 QWP can simulate multiple washings in a much shorter time period.  A 

customary 5 home laundries to test for shrinkage can take up to 8 ½ hours.  This 

laundering can be replicated using QWP in as little as 15 minutes.  Keyes notes 

that one QWP cycle can result in an 80% reduction in washing and drying time 

and a 77% reduction of water usage as compared to one AATCC Test Method 

135 cycle.  A typical home laundering replication according to AATCC 135 took 

60 minutes for total wash/dry time and a total of 50 gallons of water.  Using the 

QWP system, the total wash/dry time was reduced to 12 minutes and only 11.2 

gallons of water was used.  Additionally, no conditioning time was required 

before or after the test, and no detergent is needed when using QWP [2].  

Another source of savings is in the fact that samples prepared for QWP are 1/7 
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the size traditionally required [16]. Greater savings can be seen since ideally a 

single QWP cycle would replicate three to five cycles of laundering as described 

by AATCC 135.  This replication is dependent on the type and weight of fabric 

used [17]. 

 QWP does not replace conventional laundering procedures, but rather 

quickly screens.  QWP allows for 100% screening of production lots.  Lots that 

pass the severe accelerated test can be shipped immediately, thereby shortening 

total processing time (and keeping the customer happy).  Lots that failed or were 

borderline using this screening method can be retested using conventional 

methods before shipping to ensure quality standards. 

 Another advantage of QWP is the ability to quickly test fabrics while in the 

production stage.  If a problem is detected, it can be addressed immediately.  

Once a problem is detected using conventional methods that require more time 

to perform, much more fabric has been damaged.  QWP can efficiently monitor 

processes on the floor as it can detect a problem immediately rather than waiting 

hours (or even days) for usual determination using conventional methods. 

 Traditional methods indicate fabric performance after the fact due to the 

length of time required for the test.  QWP indicates how a fabric is performing as 

it is being produced due to its ability to quickly replicate multiple launderings.  

This allows for timely physical testing during processing, which is difficult, if not 

impossible, using traditional testing methods [18]. 

 Therefore, any current test method that uses multiple launderings may 

possibly benefit from the QWP technology. 
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 Currently, QWP is being widely adapted to test for colorfastness and 

shrinkage.  It has been shown to correlate well with AATCC TM 135 

“Dimensional Changes of Fabric after Automated Home Laundering.“  Recently, 

AATCC TM 187-2000 “Dimensional Changes of Fabric:  Accelerated” was 

approved to include guidelines for using the QWP system.  This will help ensure 

uniformity among users. [1, 2] 

Technical Description of QWP  

 The QWP system is a programmable, tabletop machine (Figure 2) capable 

of performing an accelerated laundering procedure.  It includes a perforated 

drum with four or five radially arranged chambers in which the fabric is placed, as 

shown in Figure 3.  The perforated drum is in an enclosed, heat insulated drum 

and covered by a safety lid.  A shaft drives the chambered drum in a high speed 

oscillating and spinning motion during the washing, rinsing, and extracting 

sequence.  Samples undergo a drying period due to a controlled flow of hot air, 

which causes a tumbling action.  An on-board micro-controller operates the 

system and allows the user to select the sequence and variables involved in 

washing, rinsing, extraction, and drying to replicate results obtained from 

traditional launderings. [14] 

 There are several variables that will affect results obtained with the QWP 

system.  Those having the greatest effect include: 

? Number of rinse and dry cycles 

? Temperature of water 

? Time interval from when the cycle is finished to the sample being measured 
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? Agitation time of wash and rinse cycles 

? Temperature of reservoir  

The most important variable is the number of rinse and dry cycles.  It is 

recommended to increase the number of cycles to minimize variability between 

chambers and cycles. The number of rinse and dry cycles should also be 

increased to increase shrinkage results.  [19] 

 

    

Figure 2.  Quickwash Plus EC-200 Figure 3.  Quickwash Plus Chambers 

Importance of FR Fabrics 

 FR fabrics are used for consumer protection, occupational safety, and 

military applications.  Baitinger states that flame resistant cotton fabrics are 

among the most used for protective clothing for secondary flame and thermal 

exposure in the industrial workplace [4].   

 Clothing was designed to offer protection to the wearer.  However, when 

the fabric ignites, the clothing that was designed to protect can burn and cause 

injury.  The extent of the burn injury can be reduced with a flame-retardant 

treated fabric.  This is especially relevant for occupations where exposure to 
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flame or thermal energy is common.  Examples include refineries, electrical 

utilities, military, and welding.  These businesses are concerned with decreasing 

accidents involving burn injuries [3]. 

 Ideally, FR fabrics must be comfortable, durable, and cost effective.  FR 

treated cotton has been shown to exhibit these qualities.  However, there are 

concerns about the durability of the FR finish under exposure to heavy soiling 

and at severe wash conditions.  This has severely restricted the market for FR 

treated cotton fabrics.  Indura is a FR treated cotton fabric that is guaranteed for 

the service life of the fabric [12]. 

Combustion Process  

 The combustion process is dependent on three ingredients:  oxygen, heat, 

and fuel.  The combustion process will continue until one of the ingredients is 

removed. 

 Fibers introduced to a source of heat will elevate their temperature to 

pyrolysis, which occurs at Tp, the temperature at which the fiber undergoes 

irreversible degradation.  The Tp is unique for each fiber type.  Byproducts of the 

pyrolysis include flammable gases, nonflammable materials (char and 

nonflammable gases), and liquid condensates.  Liquid condensates are low 

molecular weight compounds that further react to either produce nonflammable 

materials or flammable gases.  Levoglucosan is one of the major byproducts 

which will further react in the presence of heat and oxygen, thereby propagating 

the combustion cycle.  The formation of levoglucosan is shown is Figure 4.  The 

flammable gases are what actually burn, not the fiber.  The flammable gases 
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combust at Tc, again this temperature is unique for each fiber type.  The 

combustion produces heat that will be exposed either to the fiber to allow further 

degradation or the flammable gases causing them to combust.  This is a closed 

loop system that will continue until either the oxygen, heat, or fuel is removed.  A 

diagram of this cycle is shown in Figure 5.  [20] 
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Fig. 4.  Formation of Levoglucosan 

Feedback Mechanism of Combustion

Fiber

heatheat

Pyrolysis

Flammable GasesFlammable Gases

CharChar

Nonflammable gases
( CO2, H2O, NOx, SOx)
Nonflammable gases
( CO2, H2O, NOx, SOx)

Liquid condensatesLiquid condensates

COMBUSTION Nonflammable gasesNonflammable gases
heat

TPTP

TCTC

OxygenOxygen
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How FR finishes work  

 Flame retardants are chemicals that are applied to textile products to 

reduce the flammability.  Generally, they will not continue to burn once removed 

from the heat.  The chemicals will in some way interfere in the combustion cycle.  

The mechanism to produce flame retardancy may occur in two phases:  the 

condensed phase or the vapor phase.  Condensed phase mechanisms that 

involve chemical finishes include the removal of fuel (such as insulating the fiber) 

or changing the fiber so by-products will produce decreased flammable volatiles 

thereby enhancing char formation.  Vapor phase mechanisms involve changing 

the fiber to produce more nonflammable gas and less heat [20]. 

Chemistry of FR finishes  

 There have been no new FR product classes in the past 2 decades.  

Current flame retardants are derivatives of earlier flame retardants with slightly 

modified molecular structure, generally larger molecules to limit bioavailibility 

[21]. 

 The most widely used durable flame retardants are phosphorus based.  In 

general, these are effective on a wide range of fibers, easy to use, compatible 

with other chemicals commonly used in the textile industry, and “regarded 

favorably from environmental and toxicological perspective.”  Phosphorus based 

FR have been used for more than 150 years, with the first patent in 1735 [22].   

 Phosphorus flame retardants work in the condensed phase by promoting 

nonflammable by products, such as carbon char [22].  Phosphorus based flame 
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retardants work by blocking the formation of levoglucosan in cellulose, thereby 

breaking the combustion cycle by reducing the amount of fuel available.  It also 

helps promote the cross-linking of cellulose [23].  Figure 6 shows the general 

reaction of phosphoric acid and cellulose to help prevent the further degradation 

of cellulose. 
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Fig. 6.  Reaction of Phosphoric Acid and Cellulose. 

 

The most widely used phosphorus based flame retardants in the US are 

variations of tetrakis hydroxymethyl phosphonium compounds with urea 

(THPX/urea).  This finish is extremely durable and will last the lifetime of the 

fabric.  It is not chemically bonded to the fabric.  Rather, the THPX/urea solution 

is impregnated onto the fabric and dried.  An inert polymer is formed when 

exposed to ammonia gas.  The polymer is physically trapped within the fiber and 

is insoluble in water and many other solvents.  This makes it very durable [22].   

THPX is formed by reacting phosphine, formaldehyde, and either 

hydrochloric or sulfuric acid.   

PH3 + 4 CH2O + HX ?  (HOCH2)4P+X- 
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The THPX is padded on with urea, as shown in Figure 7.  At this point, the finish 

is really not durable.  It is oxidized to change the P+3 to a P+5 state, which is 

more durable to launderings. 

 

 

 

 

 

 

 

 

 

 

Fig. 7.  Reaction of THPX and Urea 

The THPX/urea can also be padded on as a precondensate consisting of 

2 mol THPX and 1 mol urea.  The fabric is then exposed to ammonia vapor, as 

shown in Figure 8.  This causes the finish to be linked by NH instead of urea, 

making a less bulky structure.  It also undergoes oxidation to the P+5 state which 

makes it more durable.  This finish forms a three dimensional structure inside the 

fiber, making the finish not as stiff [20, 23]. A proprietary variation of the 

THPX/urea finish is trademarked Indura [24]. 
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Fig. 8.  Reaction of THPX/urea Precondensate 

 A synergistic effect increasing flame resistance occurs when a 

phosphorus based flame retardant is combined with either nitrogen or halogens.  

Nitrogen acts as a buffer to prevent the pH from becoming too low during 

combustion, which would cause damage to the fiber.  Halogens act in the vapor 

phase, as described later. 

 Hydrogen and hydroxyl radicals propagate the combustion cycle in a very 

exothermic chain reaction.   
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So, if these radicals are deactivated, the chain reaction mechanism will be 

broken.  To do this, a halogen is introduced to remove the H? and/or HO?. 

RX ?  R? + X? 

X? + RH ?  HX + R? 

H? + HX ?  H2 + X? 

HO? + HX ?  HOH + X? 

Since the X radical is a very stable radical, it does not effectively propagate the 

combustion cycle.  In general, bromine is more effective than chlorine.  Fluorine 

does not form a stable radical. 

 While phosphorus based flame retardants are the most common, 

halogen/antimony based flame retardants are also available.  The halogen is 

generally bromine that is applied as an insoluble white pigment with a binder.  A 

chalky white appearance often results.  The binder may adversely affect the 

flexibility and hand.  The antimony provides a synergistic effect for the halogen 

by reacting with the halogen radicals to form SbOX and SbX3. [20, 23, 25]  

History of FR finishes  

 Reducing the flammability of materials has been a concern since ancient 

times.  Egyptians soaked wood in a solution of alum.  Romans used a bath of 

clay and vinegar to dip housing materials and war vessels [26].  The earliest 

documented treatment for flame retardancy of textiles was in 1638 AD when a 

mixture of clay and plaster of Paris was used on canvas.  This was in response 

to a pamphlet written by Nicolas Sabatini over the need for flame retardant 

finishes for the decorations and scenery in theaters.  In 1735, Obadiah Wyld 
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received a patent for the non-durable flame retardant mixture for theater curtains 

[27].   

 The earliest report of a government authority taking interest in flame 

retardancy was King Louis XVII of France in the early 1800s [26].  He 

commissioned Gay-Lussac to research possible ways to reduce the flammability 

of linen and jute.  The result was a non-durable finish of ammonium phosphate, 

ammonium chloride, and borax [27]. 

The first durable to laundering flame retardant finish to be marketed was in 

the early 1900’s.  William Henry Perkins developed the nonFlam process which 

was an improvement of a stannic oxide based flame retardant developed by 

Versmann and Oppenheim in 1859 [27].   

 Significant research of flame retardant finishes occurred during World War 

II due to the need for fire resistant uniforms and tenting.  Much of the research 

was focused towards multifunctional finishes that would result in several 

desirable traits, such as resistance to both water and fire or mildew and weather.  

During this time, a finish known as FWWMR was developed that is still used 

today for military applications.  This is a multifunctional finish that resists fire, 

water, weather, mildew, and rot.  However, due to its high add-on which alters 

the hand of the fabric, it is not suitable for clothing [27]. 

 During the Korean conflict, research was performed on flame retardants 

based on phosphorus, which would chemically combine with the cellulose 

molecule.  In 1953, tetrakis (hydroxymethyl) phosphonium chloride (THPC) was 

made.  Today, many flame retardants are based on this chemistry [27].   
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    Flame retardants for other fibers were examined, especially polyester, due 

to it popularity for apparel.   Finishes based on bromine were found to be 

effective in controlling both melt drip and flaming.  In the early 1970’s, tris (2,3-

dibromopropyl) phosphate was marketed.  More commonly know as TRIS, this 

flame retardant was later discovered to be carcinogenic.  This caused public 

concern over FR and companies became hesitant to produce fabrics that may 

later be found in litigation [27].  

Legislation History [27] 

 In 1942, 492 people were killed in a fire at Coconut Grove nightclub in 

Boston.  Fabric covering the walls and ceiling were contributors to the large 

number of deaths.  In 1945, brushed rayon “cowboy chaps” were blamed for at 

least 3 deaths and several injuries due to the high flammability of this fabric.  In 

1951, more deaths were reported due to rayon “torch sweaters”.   

 In response to public outcry, Congress passed the Flammable Fabrics Act 

in 1953 to remove “any dangerously flammable clothing textiles.”  This act was 

amended in 1967 to broaden its scope by granting the ability to change existing 

standards and providing extensive research into the relationship between textile 

products to burn injuries.  It was discovered that the most likely to be injured 

were children under the age of 6.  So, in 1972, the DOC FF 3-71 Standard for the 

Flammability of Children’s Sleepwear became effective, under the responsibility 

of the newly formed CPSC (Consumer Protection Safety Commission).  This was 

so successful that in 1976 the National Bureau of Standards submitted a 

proposal to regulate all wearing apparel. 
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 This is when a problem arose.  In March of 1976, the Environmental 

Defense Fund petitioned the CPSC to take “immediate action to reduce the 

exposure of children and other persons to sleepwear treated with the flame 

retardant tris (2,3-dibromopropyl) phosphate”.  This concern was based on 

studies done by Dr. Bruce Ames, which indicated that TRIS was a mutagen.  

Other studies indicated that TRIS might cause sterility of young males who wore 

the pajamas.  This prompted the CPSC to ban the sale of all garments containing 

TRIS in early 1977.  Public fear became wide spread and the public became 

negative to all topical FR finishes.  Manufacturers were forced to carry the 

financial burden, estimated at $70 million to producers.  They became skeptical 

about FR finishes and unwilling to take risk on fabric that was not 100% safe 

from future bans.  They also did not want to have to pay for extensive testing to 

determine the safety of FR finishes [27]. 

Current flammability standards  

 There are many flammability tests available, with little consistency among 

them.  Damant gives a thorough overview of the flammability and testing 

properties that can influence the end results.  The end result of the test depends 

on the testing condition and may not accurately test the fabric for the intended 

end use.  In fact, fabric may fail under one set of testing conditions, but could 

easily pass under a different set of testing conditions.  This may indicate that the 

fabric is safer or more dangerous depending on the test conditions than it really 

is [28]. 
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 Flammability standards occur on local, state, and federal level.  There are 

also many voluntary standards.  Standards will change in response to public 

pressure, market pressures, and litigation [22]. 

Overview of Project 

 This project set out to determine an alternative laundering procedure to 

predict the durability of flame retardant fabrics while decreasing the overall cost 

and time involved for testing.  Fabric was washed using conventional methods to 

be used as standards.  These fabrics were characterized by burning 

characteristics, elemental analysis, fabric weight, percent weight change, 

shrinkage, color, and strength.  Then fabrics were washed using an alternative 

method and characterized in the same manner.  The alternative laundering 

procedure involved a programmable machine, Quickwash PlusTM.  Parameters 

on the machine were varied to simulate x number of washings using a 

conventional industrial wash. 
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Experimental Procedure 

Fabrics 

 Seven commercially available fabrics were used for this experiment.  Fiber 

content, weight, and type of flame retardant were evaluated.  Six of the fabrics 

were 100% cotton.  They represented three different weights (7-8 oz/yd2, 9 

oz/yd2, and 12-14 oz/yd2) and two flame retardant finishes (Indura—ammonia 

treated and FR8—antimony finish).  The Indura fabrics are certified durable for 

the life of the garment when washed under standard conditions, while the FR8 

has a 25 wash certificate for industrial launderings (50 wash certificated for home 

launderings).  The different weights represented a shirting fabric, pants, and 

denim. Also, a 27/73 polyester/cotton fabric was tested.  The warp yarns of this 

fabric were 50/50 polyester/cotton while the filling yarns were 100% cotton.  This 

fabric was treated with a phosphorus based flame retardant finish.   

 Samples were exposed to 100 industrial launderings.  Samples were 

removed after 0, 1, 5, 10, 25, 50, 75, and 100 launderings.  A laundering 

consisted of a wash and dry cycle as described in the next section. 

Laundering Procedure (Traditional) 

 An industrial laundering procedure was used instead of a home laundering 

procedure to simulate actual industrial use.    A commercially available detergent, 

Alert, was used.  This detergent is a moderately alkaline, “one-shot” detergent, 

which contains phosphates.  All components, except the sour, were included in 

the formulation.  Carbo-Brite, another commercially available product, was used 
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as the launder sour.  Samples were laundered in a Washex (model 3618TDXL) 

using the procedure listed in Table 1.   

Table 1.  Conventional Industrial Laundering Procedure 

Step Procedure Temp (?F) Time (min) 

1 Add water / add Alert 140 18 

2 Carryover 140 9 

3 Drain   

4 Rinse 125 2 

5 Drain   

6 Rinse 120 2 

7 Drain   

8 Rinse 100 2 

9 Drain   

10 Add water / Add souring agent 90 4 

11 Drain   

12 High Speed Extract   

 

 The samples were extracted in a Bock centrifugal extractor (model 205) to 

remove excess water.  The samples were dried for 25 minutes at 160?F with a 5 

minute cool down in an ADC American Dryer (model ADS50).  Samples were 

promptly removed to minimize wrinkling. 
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Laundering Procedure (Accelerated) 

 Several issues had to be addressed when using the QWP system, 

including the size of samples, use of detergents, the program used, which basket 

to use (4 or 5 chambered), and the number of samples per chamber. 

Size of samples 

 A variety of sizes were evaluated, including a 2 X 2 in. square, a 2 X 6 in. 

rectangle, a 6 X 6 in. square, a 7.5 X 7.5 in. square, a 4 X 13 in. rectangle, and a 

10 X 10 square (cut on the bias).  AATCC TM 187-2000, Dimensional Changes 

of Fabrics, Accelerated, recommends a 7.5 X 7.5 in. or a 10 X 10 in. (cut on bias) 

test specimen.  Fabrics of these sizes of the heavy denim samples did not tumble 

well in the drying process, thereby reducing the amount of abrasion to which they 

were subjected.  Smaller samples were tried, including a 2 X 6 in. strip (as 

described in AATCC TM 61-1993,Colorfastness to Laundering, Home and 

Commercial:  Accelerated) and a 2 X 2 in. square.  These samples were too 

small and would fly out of the chamber during the drying process.  A sample size 

of 4 X 13 in. (slightly larger than required for the burn test) was also tried, but it 

was rejected since it had a tendency to curl and would not tumble well.  The best 

compromise seemed to be a 6 X 6 in. square, which was recommended by 

Raitech for heavy fabrics.  The fabrics seemed to tumble well without flying out of 

the chamber for all the different weights. 

Use of Detergent 

 Detergents were not used in this experiment.  The QWP machine requires 

a low-foam detergent.  However, the phosphate detergent used for the standard 
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industrial launderings was not a low-foam detergent.  The low-foam detergent 

used in the previous experiment for the QWP was a non-phosphate detergent.  

Since non-phosphate detergents have been shown to adversely affect FR 

finishes, no detergent was used.  This eliminates the possibility that a reduction 

in flame retardancy may be due to the detergent rather than the mechanical 

action of the QWP system.  

Number of Samples per Chamber 

 Only one sample per chamber was used.  Two samples per chamber did 

not allow the samples to tumble freely.  The four chambered basket was used 

instead of the five chambered basket to allow for movement of the heavy 

samples.  Samples were serged to minimize fraying caused by the aggressive 

agitation in the machine. 

Programs 

 Three programs were used for this investigation, as shown in Table 2.  

The first program (low) was based on the AATCC TM 187-2000, Dimensional 

Change:  Accelerated.   Fabric samples were exposed to 5 complete cycles to 

represent an increased amount of abrasion and to take into account the heavy 

fabric tested.  Each cycle took approximately 12 minutes, for a total time of about 

an hour.  Raitech provided a trial program that a customer had previously used to 

correlate to 100 washes.  This program, referred to as “high”, differed from the 

low program as the # of rinse/dry cycles was 9 compared to the low’s 3 rinse/dry 

cycles.  This program was also repeated a total of 7 times.  This program took 

approximately 4 ½ hours to complete.  Due to the difficulty of maintaining proper 
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sample action (tumbling, not getting ‘hung up’, etc.), only a select few fabrics 

underwent this accelerated program.  The third program, medium, was identical 

to the high program, except the program was repeated only 4 times, rather than 

seven.   

Table 2.   QWP Programs. 

Step Low Medium High 

# of total cycles 5 4 7 

# of wash cycles 1 1 1 

Wash agitation time 165 sec 165 sec 165 sec 

# of rinse cycles 3 9 9 

# of rinses per cycle 1 1 1 

Rinse agitation time 45 sec 45 sec 45 sec 

Spin time 35 sec 35 sec 35 sec 

Dry time 240 sec 240 sec 240 sec 

Wash and rinse both done at 60? C (140? F) 

Air pressure, 3.8 bars;  Water level, 3 L 

 

Evaluation of FR  

Weight Loss 

 Fabric samples were weighed before and after the specified number of 

launderings.  % weight loss was determined by using the following equation: 

100 X (Initial weight - Final weight) / Initial weight = % weight loss 
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Vertical Flame Test 

 ASTM Method 5903.1 (December 1989), Flame Resistance of Cloth; 

Vertical, was used to determine the resistance to flame and glow propagation 

and the tendency to char.  Five samples in both the warp and the filling were 

tested of the industrially laundered samples.  Due to limited sample size, only 2 

samples in both warp and filling were tested of the samples that underwent 

laundering by the QWP.  These samples were also half the traditional length due 

to the limited size (6X6 inches) that was obtained with QWP.  The after flame 

time, afterglow time, and char length were recorded.  A tearing force of 105 

grams was gently applied to determine char length.  The specimen failed if the 

char length was greater than 6 inches.  

Strength Loss  

 Strength was determined using ASTM D 5034 Strip test.  Five samples 

from both the warp and filling of each industrially laundered sample were tested.  

A 1000 lb cell was used for this test.      

% strength loss = [1 - (initial strength - final strength) / initial strength] x 100 

Amount of Phosphorous and Nitrogen 

 The amount of phosphorous and nitrogen were determined at an 

independent lab.  The %P was determined using an acid digestion/ICP method 

(Inductively Coupled Plasma-Optical Emission Spectroscopy).  The %N was 

determined using combustion at 950 C.    
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Color loss   

 Colorimetric data were determined using AATCC TM 173 CMC:  

Calculation of Small Color Differences for Acceptability.  A Datacolor 

Spectraflash spectrophotometer with SLIForm NG software and a 30 mm Large 

Area View with Specular and UV included was used.  Four readings were 

averaged for each sample of the industrially laundered fabric.  For the samples 

that were laundered using QWP, four readings were taken on 4 individual 

samples.  Data reported are the average of the four readings for that particular 

sample. 

Statistical Analysis 

 Least Significant Difference (LSD) test were applied to the experimental 

data to determine which wash treatment  had an influence on the physical 

characteristics of the fabrics. 
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Results and Discussion 

Flammability 

Indura Fabrics 

All weights of the Indura treated fabric had very good FR durability, even after 

100 launderings, as shown in Table 3.  Initial char lengths ranged from 1.6 to 2.1 

inches for the Indura fabric.  No afterflame or afterglow was observed for any of 

the initial fabrics.  Char lengths after 100 launderings ranged from 1.5 to 2.9 

inches.    There was no afterflame or afterglow for the Indura fabric after 100 

industrial launderings, except for 1 sample of the light weight Indura fabric in the 

warp direction.   

Samples laundered using the QWP program (all levels on all fabrics) retained 

their flame retardancy, having significantly less char length than those washed 

using 100 industrial launderings.  Char lengths ranged from 0.7 inches to 1.4 

inches.  The QWP samples had char lengths significantly less than traditionally 

laundered samples.  There were also cases where it was less than the unwashed 

sample.  This may be due to a shrinkage of the fabric, slight differences in how 

the QWP samples were prepared due to the small sample size, added 

phosphorus due to the detergent, and/or the limited number of QWP samples (2 

in warp and filling) that were tested due to the limited sample size. 
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Table 3.  Char Lengths for Indura Fabric. 
Fabric Wash trt. Mean char length, in. Std. Dev. 
Warp    
Lt. Weight 0 1.85 a* 0.39 
 100 2.18 a 0.24 
 L 1.06 b 0.09 
 M 1.06 b 0.09 
 H 1.13 b 0.35 
    
Medium 0 1.75 a 0.15 
 100 1.88 a 0.15 
 L 1.00 b 0.18 
 M 0.88 b 0.18 
 H 0.94 b 0.09 
    
Heavy 0 1.70 b 0.24 
 100 2.05 a  0.21 
 L 1.13 c 0.35 
 M 1.00 c 0.18 
    
Filling    
Lt. Weight 0 1.93 b 0.39 
 100 2.90 a 1.13 
 L 1.38 b, c 0.00 
 M 1.13 c 0.00 
 H 0.88 c 0.35 
    
Medium 0 1.85 a 0.29 
 100 1.53 b 0.29 
 L 0.94 c, d 0.09 
 M 0.69 d 0.09 
 H 1.13 c 0.18 
    
Heavy 0 1.63 b 0.18 
 100 2.98 a 0.61 
 L 1.25 b 0.00 
 M 1.19 b 0.27 
*Based on LSD procedure at ? =0.05 level, means with the same letter are not 
significantly different. 
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FR8 

 Char lengths and afterglow times for the FR8 fabrics are shown in Table 4. 

The FR8 fabrics all had excellent original flame retardancy.  This fabric had a 25 

wash certificate.  However, due to the severe laundering conditions, the finish 

may have been removed at a faster rate than normal.   

There was a substantial decrease in flame retardancy after just 1 industrial 

laundering for the light weight fabric.  The char length increased from the initial 

2.7 inches in the warp and 2.5 inches in the filling to 4.1 inches in the warp and 

4.75 inches in the filling after just 1 industrial launderings.  Light weight FR8 

samples industrially laundered just 5 times burned the entire length.  Samples 

that were laundered using the QWP Program had char lengths of 1.8 inches in 

the warp and 1.3 inches in the filling after the low program, and 1.6 inches in the 

warp and 2.3 inches in the filling after the medium program.  For both the warp 

and filling, the char lengths of the QWP samples were statistically less than 

traditionally laundered samples. 

Medium weight FR8 samples had initial char lengths of 1.9 inches in the warp 

and 2.1 inches in the filling.  However, samples failed the char length after just 5 

industrial launderings.  The char length in the warp was 8.2 inches in both the 

warp and filling.  Afterflame was not observed for samples after initial testing or 

after 1 industrial laundering, but was observed for samples after 5 launderings, 

indicating a decrease in the ability of the finish to put out the flame.  Samples 

laundered using the QWP system only had char lengths of up to 1.5 inches, 

indicating that the fabric did not lose the flame retardant finish.  The traditionally 
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laundered samples had char lengths significant higher than the unwashed and 

QWP (all statistically similar) after just 1 laundering.  No significant difference 

was detected between filling samples with either QWP program or 1 industrial 

laundering.   

The heavy weight FR8 fabric samples retained their flame retardancy through 

5 industrial launderings.  Samples did fail after 10 industrial launderings due to 

the char length for both the warp (7.5 inches) and filling (8.5 inches).  Afterflame 

was observed for the samples laundered 10 times (no afterflame observed for 

samples initially tested or through 5 launderings).  Samples laundered for 25 

times burned the entire length.  QWP samples had char lengths of up to 1.4 

inches.  All the QWP laundered samples had mean char lengths that were 

significantly less than the unwashed or traditionally washed samples. 
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Table 4.  Char lengths and Afterglow for FR8 Fabric. 
Sample Wash Trt. Mean Char 

length, in 
Std. Dev. Afterglow, sec 

Warp     
Lt. Weight 0 2.73 b* 0.38 106 
 1 4.08 a 0.91 137 
 5 BEL --- --- 
 L 1.75 c 0.53 39 
 M 1.56 c 0.44 30 
Medium 0 1.90 b 0.58 149 
 1 1.10 a 0.35 77 
 5 8.23** 1.75 426 
 L 1.38 b 0.18 84 
 M 1.50 b 0.18 75 
Heavy 0 2.05 b 0.34 331 
 5 3.10 a 0.62 507 
 10 7.50** --- 675 
 L 1.19 c 0.09 123 
 M 1.00 c 0.00 115 
Filling     
Lt. Weight 0 2.50 b  0.41 86 
 1 4.75 a 0.96 109 
 5 BEL --- --- 
 L 1.88 b 0.53 42 
 M 2.31 b 0.27 108 
Medium 0 2.13 b 0.15 176 
 1 1.05 b 0.14 71 
 5 8.16** a 2.32 563 
 L 1.13 b 0.53 70 
 M 0.94 b 0.09 65 
High 0 2.35 b 0.39 376 
 5 3.10 a 0.22 388 
 10 8.50** --- 678 
 L 1.38 c 0.18 135 
 M 0.81 d 0.08 100 
*Based on LSD procedure at ? =0.05 level, means with the same letter are not 
significantly different. 
**Samples failed due to char length. 
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Polyester/cotton 

Char lengths for the polyester/cotton fabric are shown in Table 5.  The 

polyester/cotton fabric had good durability to flammability.  Initial char lengths 

were 3.3 inches in the warp and 3.2 inches in the filling.  The polyester/cotton 

fabric retained its flame retardancy thru 75 launderings.  Char lengths after 75 

launderings were 2.9 inches in the warp and 2.7 inches in the filling.  No 

afterflame or afterglow was observed.    This fabric did fail after 100 industrial 

launderings, especially the 100% cotton filling, due to char length.  One of the 

warp and 2 of the filling samples charred the entire 12 inches.  The 

polyester/cotton fabric took on a brittle feel after the burn test, probably due to 

the polyester in the fabric.    

The samples laundered using the low QWP program had char lengths of 2.3 

inches in the warp and 2.4 inches in the filling.  No afterglow or afterflame was 

observed.  These samples were statistically similar to both the traditionally 

washed and the medium program in the warp, and were only significantly 

different to the 100 industrially laundered samples in the filling.  Samples 

laundered using the medium QWP program had char length of 1.1 inches in both 

the warp and filling.  There was no significant difference between the medium 

QWP laundered samples and those laundered 75 times using an industrial wash. 
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Table 5.  Char Lengths for Polyester/cotton Fabric. 
Fabric Wash Trt. Mean Char Length, in. Std. Dev. 
Warp 0 3.30 a, b* 0.62 
 75 2.88 a, b 0.64 
 100 4.71** a 4.09 
 L 2.31 a, b 0.44 
 M 1.13 b 0.00 
    
Filling 0 3.18 b 0.34 
 75 2.72 b, c 0.47 
 100 8.83** a 3.70 
 L 2.44 b, c 0.09 
 M 1.13 c 0.35 
*Based on LSD procedure at ? =0.05 level, means with the same letter are not 
significantly different. 
**Failed due to individual samples having char lengths of 12 inches. 
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Weight loss 

 Results obtained for % weight loss are shown in Table 6 (Industrially 

laundered fabric) and 7 (QWP Fabric).   

Table 6.  % Weight Loss for Industrially Laundered Fabric. 

 Number of Industrial Launderings 
Fabric 1 5 10 25 50 75 100 

Indura         
Lt weight 1.68 2.33 2.9 5.08 8.06 11.06 13.42 
Medium 1.38 1.99 2.22 3.38 5.34 7.25 7.92 
Heavy 1.54 2.41 2.88 4.25 6.41 6.66 6.92 
        
FR8        
Lt weight 8.68 15.14 17.34 20.62 23.69 26.32 27.91 
Medium 7.31 14.76 17.33 21.61 24.67 27.24 27.14 
Heavy 7.29 14.46 17.17 21.52 24.09 25.95 25.88 
        
Poly/cot 2.07 2.75 4.28 6.02 7.58 9.24 10.45 
 

Table 7.  % Weight loss for Samples Laundered with QWP. 

 QWP Program 
Fabric Low Medium High 
Indura    
Lt weight 0.77 4.12 3.07 
Med weight 1.87 2.50 1.81 
Heavy weight 1.74 0.89 --- 
    
FR8    
Lt weight 3.39 4.05 --- 
Med weight 1.95 2.27 --- 
Heavy weight 2.01 2.35 --- 
    
Polyester/cotton 2.60 1.73 --- 
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Indura treated fabric 

As the number of industrial launderings increased, so did the % weight loss, 

as shown in Figure 9. 

The light weight Indura fabric had the greatest rate of change for the Indura 

treated fabric, losing 13% after 100 industrial launderings, in an almost linear 

fashion.  Samples laundered with QWP had up to 4.12% weight loss after the 

medium program.  The low program had less that 1% weight loss and the high 

program resulted in 3.07% weight loss.   

The medium weight fabric lost 7.9% after 100 industrial launderings.  

Samples laundered with QWP had 1.81% to 2.50%.   

The heavy weight fabric lost most of the weight during the first 50 

launderings.  After 50 launderings, the % weight loss leveled off, up to 6.9% after 

100 industrial launderings.  Samples laundered with low program of QWP had 

1.74% weight loss while the medium program samples had only 0.89%. 
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Figure 9.  % Weight loss for Indura Fabric 
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FR8 

 There was a dramatic reduction in weight (or increase in % weight loss) 

after the first and fifth laundering, as shown in Figure 10.  This was probably due 

to the removal of loosely held fibers, processing chemicals, size, and the flame 

retardant itself, as  shown by the reduction in flame retardancy.  The % weight 

loss steadily increased, at a slower rate between 25 and 100 launderings.  

Overall, the percent weight loss after 100 industrial launderings was between 25 

and 27% for all weights.  Samples laundered with QWP had between 1.95% to 

4.05% weight loss between all weights and programs for QWP. 
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Figure 10.  % Weight Loss for Industrially Laundered FR8 Fabric. 
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Polyester/Cotton fabric 

An initial decrease in weight of over 2% for the polyester/cotton fabric after 

the first wash was probably due to the removal of chemicals, etc.  The % weight 

loss increased to over 10% gradually over the 100 industrial washes, as shown in 

Figure 11.  Samples laundered with the low program of QWP had 2.60% weight 

loss and 1.73% weight loss for the medium program. 
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Figure 11.  % Weight Loss for Industrially Laundered Polyester/Cotton Fabric. 
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Color loss 

Indura fabric 

 Color loss data, including DE cmc, DL, DC, and DH, is shown in Table 8 

for the Indura Fabric. 

Lt. Weight 

 As the number of launderings increased, the DE cmc also increased, up to 

4.64 units after 100 industrial launderings.  Each level of industrial launderings 

had a significantly different DE cmc than any other level of industrial launderings.   

Large differences in lightness, chroma, and hue were observed as the sample 

became lighter, brighter, and redder.   

 Three programming levels were performed on the light weight Indura 

fabric.  Results from the low program indicate little change, with the highest DE 

cmc of only 0.55 units.  This is significantly less than a sample removed after just 

1 industrial laundering.  The samples that underwent the medium QWP program 

(ideally representing 50 launderings), had DE cmc values of less than 1.  The 

sort codes indicated that the samples were lighter, duller, and greener.  For the 

high programming level of QWP (which should represent approximately 100 

launderings), the DE cmc ranged from 0.49 to 0.82 units, statistically less than 

results obtained after just 1 industrial laundering.  Only slight differences were 

observed for DL, DH, and DC, as the sample became lighter, duller, and greener 

for the QWP samples.   
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Table 8.  Color Data for Indura Fabric. 
Fabric Wash trt. DE cmc DL DC DH 
Lt wt Indura 0 0 k* 0 0 0 
 1 0.84 g 1.17 L 0.84 B 0.43 R 
 5 1.63 f 1.96 L 1.56 B 1.00 R 
 10 2.07 e 3.06 L 1.51 B 1.27 R 
 25 2.77 d 3.51 L 2.56 B 1.69 R 
 50 4.10 c 5.69 L 3.65 B 2.35 R 
 75 4.35 d 7.17 L 3.32 B 2.13 R 
 100 4.63 a 8.09 L 3.13 B 2.18 R 
      
 L 0.41 j 0.83 L -0.20 D -0.09 G 
 M 0.58 i 0.60 L -0.59 D -0.34 G 
 H 0.72 h 1.19 L -0.71 D -0.17 G 
      
Med wt  0 0 k 0 0 0 
 1 1.68 i 0.44 L 2.21 B 0.13 R 
 5 3.16 f 2.28 L 3.25 B 0 
 10 4.03 e 2.82 L 4.22 B -0.01 
 25 5.46 d 4.44 L 5.01 B -0.02 
 50 6.68 c 5.31 L 6.29 B -0.04 
 75 7.82 b 6.82 L 6.47 B -0.09 G 
 100 8.17 a 7.16 L 6.71 B -0.10 G 
      
 L 1.90 g -0.29 D 2.14 B 0.19 R 
 M 1.61 j -0.23 D 2.32 B 0.09 R 
 H 1.74 h 0.32 L 2.55 B 0.09 R 
      
Heavy wt  0 0 I 0 0 0 
 1 1.08 g 0.57 L 1.35 B -0.28 G 
 5 2.89 f 2.85 L 2.56 B -0.63 G 
 10 3.71 e 3.55 L 3.45 B -0.77 G 
 25 6.46 d 7.07 L 4.82 B -1.27 G 
 50 9.37 c 11.13 L 5.52 B -1.55 G 
 75 11.69 b 14.40 L 5.65 B -1.77 G 
 100 12.99 a 16.27 L 5.53 B -1.86 G 
      
 L 0.95 g, h 0.86 L 0.58 B -0.35 G 
 M 0.72 h 0.34 L 0.54 B -0.26 G 
*Based on LSD procedure at ? =0.05 level, means with the same letter are not 
significantly different. 
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Medium weight 

 The medium weight fabric treated with Indura had a higher DE cmc after 

100 industrial launderings (8.17).  This can be seen by the DL (8.17) and DC 

(6.71) after 100 industrial launderings.  The hue did not change significantly. 

 The samples that were laundered using the low program of QWP had DE 

cmc values significantly higher than 1 industrial laundering, but lower than 5.  

The DL, DH, and DC indicates that the sample became darker, more vivid, and 

slightly redder than the standard.  Samples that were laundered using the 

medium program had an average DE cmc values of 1.61 units (statistically higher 

than the unwashed, but lower than 1 industrial laundering).  Samples became 

darker, brighter, and no significant change in hue compared to the standard.  

Samples laundered using the high program had slightly higher DE cmc values 

compared to the medium with an average DE cmc values of 1.74 units, which is 

statistically higher than 1 industrial laundering but less than 5.   

Heavy weight 

 The heavy weight fabric also showed dramatic changes in lightness, 

chroma, and in hue, as it became lighter, brighter, and greener over the course of 

the industrial launderings.  The DE cmc increased to 12.99 after 100 industrial 

laundering.   

 Samples laundered with the low program of QWP did show some 

variability.  One sample had a DE cmc of 1.73, while the other three samples 

ranged from 0.59 to 0.82 units.  This fabric did have a tendency to fold, therefore 

not receiving extremely even wear across the surface.  The mean DE cmc was 
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0.95, which was statistically similar to both the medium program and 1 industrial 

laundering.  In general, these samples became lighter, brighter, and greener than 

the standard.  Samples that were laundered using the medium cycle show similar 

results with a slightly lower DE cmc of 0.72 units, making it significantly less than 

just 1 industrial laundering. 

FR8 fabric 

 Color data for the FR8 fabric is shown in Table 9. 

Light weight 

 The light weight fabric had a total DE cmc change of 6.25 after 100 

industrial launderings.  After 100 industrial launderings, the fabric became lighter, 

significantly brighter, and redder.  An interesting effect of the finish was shown by 

the DL.  This fabric initially had a chalky white appearance.  This finish was 

removed during the first few washes, initially making the DL decrease to –3.65 

after 10 launderings (meaning the samples actually became darker due to the 

removal of the finish), before the samples became lighter due to the removal of 

dye after additional launderings. 

The DE cmc for samples from both the low and medium QWP programs 

were less than 1.0, indicating very little change.  This indicated less color change 

than after just 1 industrial laundering.  There was little to no difference in the 

lightness and saturation, as shown by the DL and DC.  For the samples that 

underwent the medium cycle, there was a slight shift in hue to the greener side 

as compared to the standard, which is interesting as the industrially laundered 

samples shifted to the redder side. 
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Table 9.  Color data for FR8 Fabric. 
Fabric Wash Trt. DE cmc DL DC DH 
Lt. Weight 0 0 j* 0 0 0 
 1 1.87 g -2.75 D 1.87 B 0.36 R 
 5 3.17 e -4.20 D 3.20 B 1.07 R 
 10 3.04 f -3.65 D 3.11 B 1.25 R 
 25 4.58 d -1.75 D 5.77 B 2.24 R 
 50 6.02 c -0.37 D 7.75 B 2.94 R 
 75 6.33 a 0.92 L 8.21 B 3.00 R 
 100 6.25 b 1.53 L 8.06 B 2.96 R 
      
 L 0.22 i -0.16 D 0.28 B 0.07 G 
 M 0.13 h -0.46 D -0.17 D 0.32 G 
      
Medium 0 0 j 0 0 0 
 1 1.11 h -2.58 D 0.53 B -0.61 G 
 5 1.73 g -4.38 D -0.44 D 0.15 B 
 10 2.79 e -5.18 D -3.63 D -1.49 G 
 25 3.06 d -3.35 D -0.40 D 4.35 B 
 50 5.72 b -1.16 D 2.04 B 8.85 B 
 75 5.84 a -0.05 2.08 B 9.08 B 
 100 5.57 c 0.71 L 0.77 B 8.75 B 
      
 L 0.59 i -1.44 D 0.39 B 0.01 
 M 1.78 f -1.93 D -1.12 D -2.40 G 
      
Heavy 0 0 i 0 0 0 
 1 2.06 f -3.38 D 0.51 B 0.33 R 
 5 4.16 d -6.45 D 2.14 B 0.67 R 
 10 3.56 e -5.40 D 2.08 B 0.52 R 
 25 3.74 e -3.21 D 4.44 B 0.38 R 
 50 4.39 c -0.89 D 6.00 B 0.49 R 
 75 4.83 b 1.76 L 6.50 B 0.47 R 
 100 5.41 a 3.66 L 6.87 B 0.37 R 
      
 L 0.75 h -1.12 D 0.37 B -0.08 G 
 M 1.04 g -1.69 D -0.04 -0.21 G 
*Based on LSD procedure at ? =0.05 level, means with the same letter are not significantly different. 
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Medium weight 

 The medium weight industrially laundered fabric showed the same general 

characteristic in the DL compared to the light weight sample as the sample 

initially became darker due to the removal of the chalky white finish before 

lightening due the removal of the dye.  The removal of the chalky white finish 

may have also affected the DC.  The DC decreased to –3.63 after 10 

launderings, and then increased to 2.08 after 75 launderings.  The hue of this 

fabric changed dramatically, as indicated by the DH increasing to 9.08, indicating 

that the hue shifted to the greener side.    The DE cmc after 100 launderings was 

5.57 units. 

 The samples laundered using the low program of QWP had a mean DE 

cmc of 0.59 or less, indicating little change.  Total color change was less than for 

a sample industrially washed one time.  For samples undergoing the medium 

program of QWP, the DE cmc was slightly higher, with a mean DE cmc of 1.78, 

which was significantly higher than 5 industrial launderings, but less than 10.  

The sample became darker, duller, and shifted in hue to the greener side.   

Heavy weight 

 The heavy weight fabric had a DE cmc of 5.41 units after 100 industrial 

launderings.  There was a similar type of change as compared to the light weight 

FR-8 fabric.  The DL initially decreased to –6.45 after 5 launderings, before 

increasing to 3.66.  The DC increased to 6.87, indicating the sample became 

brighter, while the DH varied slightly between 0.33 to 0.67 indicating that the 

sample became redder. 
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 The samples laundered using both the low and medium programs of QWP 

showed only slight change, as indicated by the total DE cmc of less than 1.25 

units (which is significantly less than one industrially laundered sample).  In 

general, the samples became lighter with little change in chroma and hue.  

Polyester/cotton fabric 

 The DE cmc increased to 4.43 units after 100 industrial launderings, as 

shown in Table 10.  A general pattern became evident with the DL increasing 

dramatically over the course of 100 industrial launderings (meaning the sample 

became much lighter) while the DH decreased slightly over the course of the 100 

industrial launderings (meaning that the sample became greener).  The DC was 

very interesting as it increased to a DL of 0.64 after 5 launderings, then began to 

decrease to –0.39 after 100 launderings.  This means that the samples at first 

became brighter, and then became duller.   

Table 10.  Color Data for Polyester/cotton Fabric. 
Fabric Wash Trt. DE cmc DL DC DH 
Poly/cotton 0 0 h* 0 0 0 
 1 0.49 g  0.20 L 0.34 B -0.23 G 
 5 1.20 f 1.17 L 0.64 B -0.29 G 
 10 1.52 e 1.77 L 0.37 B -0.36 G 
 25 2.60 d 3.23 L 0.19 B -0.38 G 
 50 3.27 c 4.09 L 0.20 B -0.42 G 
 75 4.33 b 5.41 L -0.24 D -0.57 G 
 100 4.43 a 5.53 L -0.39 D -0.58 G 
      
 L 0.50 g -0.53 D 0.07 B -0.19 G 
 M 0.47 g  -0.45 D -0.02 -0.22 G 
*Based on LSD procedure at ? =0.05 level, means with the same letter are not significantly different. 

 The samples washed using QWP showed very little color change.  The 

mean DE cmc for both the low and medium programs were statistically similar at 
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0.50 and 0.47 units, which was statistically similar to 1 industrial laundered 

sample.  The sort codes indicated that the samples became darker, shown by a 

lower DL, unchanged in chroma, and slightly greener than the standard. 
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Phosphorus and Nitrogen loss 

 In general, phosphorus and nitrogen were removed from the fabric as the 

number of launderings was increased due to the removal of the flame retardant 

finish that contained phosphorus and nitrogen, as shown in Table 11.   

Table 11.  Elemental Analysis for Indura and Polyester/cotton Fabric. 
# of launderings %P %P loss %N %N loss 

Indura—light weight fabric    
0 2.64 0 2.64 0 
1 2.52 4.54 2.68 -1.52 
5 2.49 5.68 2.6 1.52 

10 2.44 7.58 2.6 1.52 
25 2.51 4.92 2.49 5.68 
50 2.41 8.71 2.42 8.33 
75 2.33 11.74 2.32 12.12 
100 2.26 14.39 2.26 14.39 

Indura—medium weight fabric    
0 2.66 0 2.71 0 
1 2.45 7.9 2.6 4.1 
5 2.56 3.89 2.72 -0.4 

10 2.55 4.1 2.61 3.7 
25 2.55 4.1 2.67 1.5 
50 2.37 10.9 2.46 9.0 
75 2.35 11.7 2.38 12.2 
100 2.42 9.0 2.39 11.8 

Indura—heavy weight fabric    
0 2.42 0 2.65 0 
1 2.39 1.2 2.69 -1.5 
5 2.39 1.2 2.74 -3.4 

10 2.42 0 2.6 1.9 
25 2.34 3.3 2.49 6.0 
50 2.28 5.8 2.3 13.2 
75 2.27 6.2 2.38 10.2 
100 2.19 9.5 2.34 11.7 

Polyester/cotton fabric    
0 2.40 0 2.12 0 
1 0.52 -5.0 2.19 -3.3 
5 2.33 2.9 1.96 7.5 

10 2.36 1.7 2.12 0 
25 2.31 3.8 1.97 7.1 
50 2.11 12.1 1.96 7.5 
75 2.18 9.2 1.82 14.2 
100 1.98 17.5 1.78 16.4 
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Indura fabric 

Light weight 

 Figure 12 illustrates the % P and % N loss of the light weight Indura fabric 

over the course of 100 industrial launderings.  The light weight Indura fabric had 

an initial amount of 2.64% P and 2.64% N.  After 100 industrial launderings, only 

2.26% P remained, representing a 14% reduction in P.  Ironically, 2.26% N 

remained on the fabric after 100 launderings, also representing a 14% N loss. 
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Figure 12.  % P and % N Loss for Light Weight Indura Fabric 
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Medium weight 

 The medium weight Indura fabric initially contained 2.66% P and 2.71% N.  

The fabric had 9.5% P loss after 100 industrial launderings (2.19% P remaining).  

The fabric had 2.39% N remaining after 100 industrial launderings, representing 

an 11.8% N loss, as shown in Figure 13. 
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Figure13.  % P and % N Loss for Medium Weight Indura Fabric. 
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Heavy Weight 

 The heavy weight Indura fabric had an initial 2.42% P and 2.65% N, as 

shown in Figure 14.  The %P was reduced to 2.19% (representing a 9.5% P loss 

after 100 industrial launderings).  The sample taken at 50 launderings showed 

the least amount of N remaining on the fabric (2.3% N), representing a 13.2% N 

loss. 
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Figure 14.  % P and % N Loss for Heavy Weight Indura Fabric. 
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Polyester/Cotton 

 As seen in Figure 15, the polyester/cotton fabric initially showed an 

increase in both P and N.  This may be due to additional chemicals from the 

detergent formulation being attracted to this fabric.  The polyester/cotton initially 

had 2.4% P and 2.12% N.  That was reduced to 1.98% P (representing  a 17.5% 

P loss) and 1.78% N (representing 16% N loss). 
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Figure 15.  % P and % N Loss for Polyester/Cotton Fabric. 
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Strength Loss 

 Results obtained for the % strength loss seemed a bit erratic.  In general, 

% strength loss increased as did the number of industrial launderings, which was 

expected. 

Indura Fabric 

 Strength data for the industrially laundered Indura fabric for the warp and 

filling is listed in Tables 12 and 13, respectively.  A graph of the % weight loss for 

this fabric is shown in Figure 9.  The lightweight Indura samples laundered using 

traditional industrial launderings showed a dramatic increase in % strength loss 

after 10 launderings, having a 20% increase in strength loss.  The % strength 

loss then leveled off unti l another increase at 75 industrial launderings, with a 

43% strength loss.  The % strength loss then decreased to 33%.  The medium 

weight Indura samples laundered using traditional industrial methods also 

showed a dramatic decrease in % strength after 10 launderings (14%).  The % 

strength loss for the medium weight peaked at 32% after 75 launderings.  The 

heavy weight Indura fabric also lost a majority of its strength after just 10 

launderings (23%).  The strength loss peaked at 32% strength loss after 50 

launderings.  The strength loss then decreased slightly to 25% after 75 

launderings.   
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Table 12.  Strength Data for Indura Warp Fabric. 
Fabric Wash trt Mean peak load Std. Dev. % strength loss 

Lt Wt Indura 0 122.6 a* 13.4 0 
 1 123.5 a 3.2 0 
 5 106.1 b 13.8 13 
 10 98.5 b, c 9.4 20 
 25 95.1 b,c 14.9 22 
 50 92.9 c, d 8 24 
 75 70 e 6.3 43 
 100 81.9 d, e 3.6 33 
     
Med Wt Indura 0 139.8 a 17.4 0 
 1 143.3 a 6.3 -3 
 5 142.3 a 4.3 -2 
 10 120.7 b 7.4 14 
 25 119.3 b 6.1 15 
 50 101 c 5 28 
 75 95.5 c 7 32 
 100 104.2 c 12.4 25 
     
Hvy Wt Indura 0 127.8 a 6.6 0 
 1 124.6 a 5.1 3 
 5 124 a 4.5 3 
 10 98.8 b, c, d 8.7 23 
 25 106.9 b, c 10.8 16 
 50 96.7 d 5.8 24 
 75 97.3 c, d 10.2 24 
 100 107.6 b 7 16 
*Based on LSD procedure at ? =0.05 level, means with the same letter are not 
significantly different. 
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Table 13.  Strength Data for Indura Filling Fabric.  

Fabric Wash trt Mean peak load Std. Dev. % strength loss 
Lt Wt Indura 0 81.5 b 6.8 -0 
 1 82.8 b 1.4 2 
 5 81.6 b 5.2 0 
 10 85.6 b 3.7 -5 
 25 84.3 b 4.6 -3 
 50 92.4 a 3.1 -13 
 75 82.1 b  5 -1 
 100 84.4 b 8.3 -4 
     
Med Wt Indura 0 84.9 c, d 2.7 0 
 1 100.8 a 3.6 -19 
 5 93.3 b 5.6 -10 
 10 87.6 b, c 6 -3 
 25 81.2 c, d, e 7 4 
 50 83.5 c, d 3.6 2 
 75 76.6 e 5.7 10 
 100 80.2 d, e 6.7 6 
     
Hvy Wt Indura 0 94.5 a 3.1 0 
 1 88.9 b 3.2 -2 
 5 94.5 a 2.4 1 
 10 89.6 a, b 1.6 5 
 25 88 b 6.1 6 
 50 76.8 c 3.8 15 
 75 81.7 c 4 11 
 100 81.4 c 7.1 14 
*Based on LSD procedure at ? =0.05 level, means with the same letter are not 
significantly different. 
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Figure 16.  % Strength Loss for Industrially Laundered Indura Fabric. 

 

FR8 

 The light weight and medium weight FR8 fabric both showed an increase 

in strength after the first washing, as shown in Table 14 (warp), Table 15 (filling), 

and Figure 17.  This may have been due to the removal of the finishes and 

chemicals after the initial laundering.  The % strength loss then dramatically 

increased after 10 launderings.  The light weight fabric peaked at 31% after 75 

launderings, then decreased to 21% strength loss after 100 launderings.  The 

medium weight fabric also increased with a peak at 21% after 75 launderings.  

The heavy weight FR8 fabric showed an immediate increase in % strength loss 

after 10 launderings (20%).  The % strength loss peaked at 32% strength loss 

after 50 launderings.  The % strength loss then decreased to approximately 25% 

strength loss after 75 and 100 launderings.   
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Table 14.  Strength Data for FR8 Warp Fabrics. 

Fabric Wash trt Mean peak load Std. Dev. % strength loss 
Lt. Weight 0 115.8 b, c* 9.5 0 
 1 120.4 a 1.8 -4 
 5 108.0 a, b 4.8 7 
 10 102 a, b 4.8 12 
 25 100.2 a, b 1.4 13 
 50 96.2 b, c 5.1 17 
  75 79.5 c 2.4 31 
 100 91.4 b, c 7.1 21 
      
Medium 0 140.2 a 7.7 0 
 1 144 a 7.7 -3 
 5 131.8 b  3.9 6 
 10 121.2 c 3.7 14 
 25 119 c, d 6.5 15 
 50 113.6 c, d 9.8 19 
 75 110.6 d 5.9 21 
 100 116.4 c, d 2.9 17 
     
Heavy 0 137.7 a 4.5 0 
 1 141.2 a 4.4 -3 
 5 126.9 b 5.9 8 
 10 109.6 c 11.6 20 
 25 111.1 c 10.1 19 
 50 93.0 d 5.7 32 
 75 102.7 c  3.8 25 
 100 104.1 c 4.7 24 
*Based on LSD procedure at ? =0.05 level, means with the same letter are not 
significantly different. 
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Table 15.  Strength data for FR8 Filling Fabric. 
Fabric Wash trt Mean peak load Std. Dev. % strength loss 

Lt. Weight  0 49.2 a, b* 5.2 0 
 1 49.9 a 1.5 -1 
 5 48.4 a, b, c 1.1 2 
 10 47.4 a, b, c 1.4 4 
 25 46.9 a, b, c 2.5 5 
 50 45.8 c 2.1 7 
 75 44.8 c 1.3 9 
 100 46.3 b, c 2.2 6 
     
Medium 0 103.6 a 6.9 0 
 1 98 a, b 3 5 
 5 92.4 b, c, d 4.2 11 
 10 93.6 b, c 2.8 10 
 25 91.9 b, c, d 7.6 11 
 50 87.1 d 4.3 16 
 75 88.1 c, d 2.9 15 
 100 93.5 b, c 4.1 10 
     
Heavy 0 96.5 a, b 2.1 0 
 1 98.1 a 2.9 -1 
 5 96 a, b 4.4 1 
 10 91.7 b, c 4.6 5 
 25 90.8 c, d 4.5 6 
 50 82.2 e 4.7 15 
 75 86.2 d, e 4.2 11 
 100 82.9 e 2.3 14 
*Based on LSD procedure at ? =0.05 level, means with the same letter are not 
significantly different. 
 



 59 

% Strength Loss for FR8 Fabric

-10
-5
0
5

10
15
20
25
30
35

0 25 50 75 100

# of industrial launderings

%
 S

tr
en

g
th

 lo
ss

Light weight
Medium weight
Heavy weight

 

Figure 17.  % Strength Loss for Industrially Laundered FR8 Fabric. 

Polyester/Cotton 

 Strength data for the industrially laundered polyester/cotton fabric is 

shown in Table 16 and Figure 18.  The polyester/cotton fabric lost very little 

strength compared to the 100% cotton fabrics.  After 25 industrial launderings, 

the polyester/cotton lost only 4% of its strength.  The polyester/cotton fabric 

showed the most strength loss after 75 launderings with a 19% strength loss. 

Filling 

The light weight Indura fabric actually increased in % strength in the filling 

as the number of launderings increased (it became stronger).  At 50 launderings, 

the filling showed the most strength, with a -13% strength loss.  The increase in 

strength may partially be due to the ability of the fabric to relax and shrink once 

the excess sizing and other chemicals were removed after laundering.  The 
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medium weight Indura fabric showed an initial increase in strength (-19% 

strength loss) after 1 laundering.  It then began showing strength loss with a peak  

Table 16.  Strength data for Polyester/cotton Fabric. 

Fabric Wash trt Mean peak load Std. Dev. % strength loss 

Warp 0 152.8 a* 2.4 0 
 1 148.7 a 2.8 3 
 5 151.3 a 5.9 1 
 10 149.6 a 5 2 
 25 147.2 a 3.8 4 
 50 128.4 c 6.7 16 
 75 124.5 c 10.9 19 
 100 139.8 b 2 9 
     
Filling 0 87.8 a 4.2 0 
 1 86.3 a, b 2.3 2 
 5 85.7 a, b, c 3.2 2 
 10 81 b, c 4.4 8 
 25 82.5 a, b, c 6.6 6 
 50 67.9 d 4 22 
 75 71.3 d 4.3 19 
 100 79.9 c 6.1 9 
*Based on LSD procedure at ? =0.05 level, means with the same letter are not 
significantly different. 
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Figure 18.  % Strength Loss for Industrially Laundered Polyester/Cotton Fabric.
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at 75 launderings with 10% strength loss.  The heavy weight Indura fabric 

showed the most strength loss at 50 launderings (19% strength loss) with a 14% 

strength loss after 75 and 100 launderings.   

 The light weight FR8 fabric showed up to a 9% strength loss at 75 

launderings.  The medium weight fabric showed a 10 to 15% strength loss for 

fabrics laundered 5 to 100 times.  The heavy weight FR8 fabrics had the highest 

level of strength loss (15%) at 50 launderings. 

 The polyester/cotton fabric showed less than 10% strength loss for 

samples laundering at 1, 5, 10, 25, and 100 launderings for the 100% cotton 

filling.  However, the % strength loss peaked at 23% after 50 launderings, before 

decreasing to 19% after 75 launderings.   
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Conclusions 

 A brief conclusion of the results that pertained to the comparison of the 

industrially laundered samples and the QWP samples are given below.  In 

general, results obtained for the QWP program did not accurately predict the 

results that would be expected after 5, much less 100 industrial launderings.  It is 

very difficult to predict the durability of a finish that is in general very durable.  In 

this study, the vertical flame test results and color comparison seemed to be the 

most informative.    

Light Weight Indura Fabric 

 The light weight Indura fabric retained its flame resistance even after 100 

industrial launderings, showing an increase of char from 1.85 in. to 2.18 in. in the 

warp.  The QWP samples also retained their flame resistance, only having char 

lengths of 1.06 in. after the low and medium programs and 1.13 in. after the high 

program.  The industrially laundered samples did have 13% weight loss after 100 

industrial launderings, compared to only 4% weight loss after the QWP 

programs, indicating that the QWP may not have been as abrasive and 

detrimental to the fabric.  The color loss also indicates that the industrial wash 

was much more severe, having a DE of 4.63 units after 100 industrial 

launderings, compared to DE’s of less than 1 unit for all QWP samples.  The 

mean DE of the QWP samples was significantly less than just 1 industrial 

laundering.  The DL, DC, and DH also were dramatically different for the 

industrially laundered vs. the QWP samples.  For the QWP samples, the DL, DC, 

and DH showed less difference than just 5 industrial launderings. 
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Medium Weight Indura Fabric 

 The medium weight Indura fabric retained its flame retardancy even after 

100 industrial launderings.  In the warp, the mean char lengths for the unwashed 

and 100 industrially laundered samples were statistically the same (1.75 and 

1.88 inches).  The QWP samples had a lower mean (0.88 to 1.00 inches).  

Results were similar for the filling direction.  In general, as the number of 

industrial launderings increased, so did the DE cmc.  The QWP samples that 

underwent low and high levels of programming had DE cmc between 1 and 5 

industrial washes.  The medium level of the QWP had a DE cmc that was 

statistically between 0 and 1 industrial laundering.   

 From the vertical flame test and the color data, it would appear that the 

QWP samples were significantly less than samples laundering 100 times, being 

more similar to at most 5 industrial launderings for the high program. 

Heavy Weight Indura Fabric 

 The heavy weight Indura fabric also retained its flame retardancy 

throughout the 100 industrial launderings, with a mean char length in the warp of 

only 2.05 inches after 100 industrial launderings, compared to 1.93 inches for the 

unwashed sample.  The samples washed with the QWP program had 

significantly lower mean char lengths of 1.13 and 1.00 inches for the low and 

medium levels of programs respectively.  In the filling direction, there was no 

significant difference between the unwashed and those washed using QWP. 

 The heavy weight Indura fabric had significant shifts in lightness, 

brightness, and hue over the course of 100 industrial launderings.  On the other 
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hand, the samples laundered with the low programming level of QWP had an 

average DE cmc that was statistically similar to both the medium program and 1 

industrial laundering (the medium level was significantly different than the 1 

industrial laundering).  This is also seen by the small changes in the DL, DC, and 

DH for the QWP samples. 

Light Weight FR8 

 The light weight FR8 fabric lost its flame retardancy.  The loss of the flame 

retardant finish is supported in the industrially laundered samples by the high 

weight loss (up to 28%).  After just 5 industrial launderings, the samples burned 

the entire length.  After just 1 industrial launderings, mean char lengths were 

significantly higher than the unwashed.  In the warp, the char length QWP 

samples were significantly lower than the unwashed.  This may be due to the 

small sample size, removal of slightly flammable chemicals on the surface of the 

unwashed, and/or the slightly different technique that had to be used due to the 

smaller size of the sample.  In the warp, the char lengths of the QWP samples 

were not significantly different than the unwashed, but were significantly less 

than char lengths of samples industrially laundered once. 

 The loss of the flame retardant can also be shown by the progression of 

the DL throughout the 100 industrial launderings.  The flame retardant had a 

chalky white appearance.  This was washed off during the first 10 industrial 

launderings as shown by the decrease in the DL (the fabric actually became 

darker instead of lighter).  After 10 industrial launderings, the DL becomes larger, 

indicating that the sample was becoming lighter, probably due to the removal of 
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the dye from the fabric.  The samples laundered with the QWP program had very 

small DE cmc, significantly less that just 1 industrially laundered sample.  This is 

also shown by the DL.  After both the low and medium programming levels of the 

QWP, the DL indicated little change in the lightness of the sample, and therefore 

indicated the flame retardant finish was not being removed.  

Medium Weight FR8 

 The medium weight FR8 fabric follows a similar trend as did the light 

weight.  It lost approximately 27% of its weight over the 100 industrial 

launderings.  It failed the vertical flame test after 5 industrial launderings due to 

the char length in both the warp and filling.  In the warp, there was no significant 

difference between the unwashed and those washed with the QWP system.   

 As before, the DE cmc increased with the number of industrial 

launderings.  The DE cmc of samples laundered using the low level of QWP was 

significantly less than the DE cmc of samples industrially laundered only once.  

The mean DE cmc of the medium level of QWP was between 5 and 10 industrial 

launderings.  However, the DL, DC, and DH shows that the QWP samples had a 

different pattern of color loss.  The color loss did differ slightly for the medium 

weight FR8 fabric compared to the light weight FR8 in the DC.  As before, the DL 

decreased till 10 launderings and then increased due to the removal of the chalky 

white finish.  However, the DC also decreased before increasing.  This indicates 

that there was a significant shift in the chroma of the sample (became duller 

before becoming brighter).  Samples laundered with the QWP system had a 

decrease in the DH, indicating a shift in the hue to the green side, while those 
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industrially laundered had a significant shift to the redder side.  This difference in 

DH shifts indicates that industrial laundering had a different effect on this fabric 

than the QWP washes.      

Heavy Weight FR8 

 The heavy weight FR8 fabric also lost its flame retardancy.  It failed the 

vertical flame test after 10 industrial launderings due to char lengths that were 

greater than 6 inches.  In both the warp and filling, the mean char length for 

samples that were industrially laundered 5 times was significantly higher than the 

unwashed, which was significantly higher than the QWP samples.  The loss in 

flame retardancy is also supported by the 25% weight loss after 100 industrial 

launderings.   

 In general, the DL for the industrial laundered samples was similar to the 

light and medium weight FR8 fabrics.  There was an initial decrease in DL 

(probably due to the removal of the chalky white flame retardant which made the 

sample appear darker).  The DL then began increasing after 10 industrial 

launderings.  The DE cmc obtained by the QWP samples was significantly lower 

than the DE cmc of an industrially laundered sample removed after just 1 

laundering.  This shows that the low and medium program levels of QWP did not 

correlate well to the color loss obtained by the industrially laundered samples. 

Polyester/cotton 

 The polyester/cotton fabric retained its flame retardancy through 75 

industrial launderings.  The only reason it failed 100 launderings was due to 

individual char lengths of 12 inches (the entire length of the fabric).  In general, 
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there was no statistical difference in samples that were unwashed, industrially 

washed 75 times, or QWP samples.  However, from this information it cannot be 

determined how many launderings the QWP samples would be equivalent to 

since the polyester/cotton fabric retained its flame retardancy.   

 The polyester/cotton fabric did become dramatically lighter over the 

course of 100 industrial launderings.  Each level of industrial launderings was 

significantly higher than the others, as would be expected.  The DE’s of both the 

low and medium levels of the QWP samples (0.50 and 0.47 units) were 

statistically similar to an industrially laundered sample after just 1 wash (0.49).  

This indicates that the QWP programs would only be equivalent to just 1 

industrial laundering.   

Suggestions for Future Research 

Even though this experiment did not produce ideal results, the enormous 

savings potential that may be provided by Quickwash Plus is cause for further 

exploration.  The research presented in this paper tried to replicate 100 industrial 

launderings.  This was a very ambitious goal.  It may be better to step back a 

little and develop a better program for a lower number of launderings (crawl 

before walking) to minimize the variability.  Also, all previous research has been 

based on replicating home launderings instead of industrial launderings.  Another 

consideration within the type of launderings is to compare the liquor to goods 

ratio, which was not explored in this research. 

Traditionally, the QWP system has been tested with lightweight cotton 

fabric.  The fabric used in the study was denim, which may have been a bit heavy 
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for the current setup of the machine.  The program needs to be adjusted for each 

fabric type to ensure accurate results.  Also, the durability of flame retardant 

finishes was tested in this project.  However, since the Indura fabric is certified 

for the lifetime of the garment, there was no fail point to which durability could be 

easily determined.  It may be more beneficial to test a characteristic with a known 

fail point to correlate results.     

No detergent was used in this project as the low/no foam non-phosphate 

detergents generally used with the Quickwash system may have a detrimental 

effect on the flame retardants when compared to a phosphorus containing 

detergent as what is used for the industrial laundering.   

Overall, the test results obtained from samples washed using QWP 

indicate that the QWP programs used are not as severe as industrial 

launderings.  On all the fabrics tested, color data indicated that the QWP affected 

the fabric less than just 10 industrial launderings, often no more than 1 industrial 

laundering.  A more severe QWP program needs to be developed that will come 

closer in physical and chemical degradation of the fabric compared to traditional 

laundering methods. 
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