
THE DETERGErCY OF THREE CLEANING AGENTS 

IN HARD AND SOFT WATER 

by 

BULA JEAN f/OUDY, B.A. 

A THESIS 

IN 

CLOTHING AND TEXTILES 

Submitted to the Graduate Faculty 
of Texas Technological College 

in Partial Fulfillment of 
the Requirements for 

the Degree of 

MASTER OF SCIEXE 
IN 

MOfvE ECONDMICS 

Approved 



No. i^z 
Cop, 7J 

ACK^Dv;LEDG^^£I^rrs 

The writer is grateful to Dr. Florence Petzel for her 

guidance in setting up this study; to Dr. M. M. Ayoub for his 

assistance in the statistical analysis of the study; to Dr. Gene 

Shelden for her direction as chairm.an of the committee; to Dr. 

Maynette ^d'^iJi for her suggestions and aid; and to many friends 

for their encouragement in many ways. 

ii 



TABLE OF CONTENTS 

P a g e 

ACKNOWLEDGMENTS i i 

LIST OF TABLES iv 

LIST OF CHARTS v 

I . INTRODUCTION 1 

I I . REVIEW OF LITERATUF ,̂ 5 

I I I . PROCEDURE 13 

IV. FINDINGS 20 

V. swmnY ^̂ 0 

LIST OF REFERENCES ^3 

APPEJJDIX 46 

1 1 1 



LIST OF TABI£S 

Table Page 

1. Statistical Analysis of Study 21 

2. Marginal Means of Variables 22 

3. First Order Interaction of Detergent and Water Hardness , . 23 

4. First Order Interaction of Detergent and Number of 
Launderings 24 

• 5. First Order Interaction of Water Hardness and Number of 
Launderings 26 

6. Second Order Interaction of Detergent, Water Hardness 
and Number of Launderings 27 

7. Increase in Reflectance Units at Laundering Intervals . . . 28 

IV 



LIST OF CHARTS 

Chart Page 
t 

1. The Effect of Different Detergents on Whiteness 23 

2. The Effect of Water Hardness on V/hiteness . . . . , . . . . 23 

3. The Effect of the Number of Launderings on Whiteness . . . 24 

4. The Effect of V/ater Hardness and the Type of Detergent 
on the Amount of Soil Removed 25 

5. The Effect of the Detergent and Number of Launderings 
on Whiteness 28 

6. The Effect of the Type of Detergent and Number of 
Launderings on the Amount of Soil on the Surface 
of the Fabric 29 

7. The Effect of the Type of Detergent and Number of 
Launderings on Soil FJem.oval . 30 

8. The Effect of Water Hardness and Number of Launderings 
on Whiteness . . . . 32 

9. The Effect of V/ater Hardness, Detergent and Number of 
Launderings on Whiteness 35 

10, The Effect of Water Hardness, Detergent and Number of 
Launderings on the Amount of Soil on the Fabric 
Surface 36 

11. The Effect of Water Hardness, Detergent and Number of 
Launderings on the Amount of Soil Removed 37 



CHA.PTER I 

INTRODUCTION 

With modern day materials and technology there seems tc be 

little excuse for a present day homemaker to leave the laundry room 

without having a clean, white wash. But with all the advertising, 

what can one believe? "If your v;ater has 32 parts per million (2 

grains) hardness you need soft water." "Swap excess suds for clear, 

clean rinsing." "Get out the worst kind of dirt in cold water." 

"Rids the wash of dirt before the second rinse." 

The family laundry is one of the most important of household 

tasks. According to Keiser (l),* it comes next to family meals in 

importance and is still one of the signs of a successful homemaker. 

Among factors that influence a good laundry product are the detergent 

which makes the dirt soluble in water, Vi/ater to carry the dirt off, 

heat that softens the dirt and improves the detergent action, and 

agitation that helps shake the dirt loose (2). 

Soap has long been a widely accepted cleansing agent. It was 

the only cleansing agent in general use until the outbreak of V/orld 

War I and is probably the best general-purpose detergent on the market 

today, since the cleaning power of soap is about twice that of plain 

ABS—the non biodegradable surfactant used in today's hard detergents 

(3)—in soft water (4). But soap used in "hard" water loses much of 

its cleansing power and becomes very uneconomical (5). 
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Reseaxch^^rs have oeveioped detergents which play an impoxtan-, 

role in the laundry process because soap is not only expensive to use 

in very hard vjatf?x, but it also precipitates calcium and magnesium 

salts tliot form a sticky, curdlike scum that is difficult to rinse 

away (5, 6). Webster defines a detergent as a cleansing agent, in-

eluding water in the list, but common usage generally denotes it as 

tl'.e synthetic cleansing agent used along with water (2). 

Synthetic detergents which came on tte market as a result of 

shortages of soap-making substances during World War I came into gen

eral household use in the late 1940's. These materials have become 

so popular that they now command about 90 per cent of the household 

retail market for cleaning agents (7). They clean clothes as well as, 

if not better than, built soaps. And they clear, nearly as wall in 

hard water as they do in soft (2). 

In the early 1960's there was quite a controversy over tlie 

build-up of foam on streams and water supplies. I'he cause of this 

build-up was blamed on the "hard" type synthetic detergents vvhich were 

difficult to break down during sewage treatment. As of June 30, 1965, 

the detergent industry made a conversion, after much research, to a 

"soft" type synthetic detergent that is more easily broken down under 

proper sewage treatment. Ther.s ncv; biodegradable detergents on the 

market have not been as thoroughly tested as the '"hard" type detergents 

that have been marketed for about two decades; hence thexo is a need 

for more information on these materials. 



Most advertising of commerciaJ. water softening companies 

would lead one to believe that it is next to impossible to wash 

clothes clean and bright with hard water even when synthetic deter

gents are used. A study of the effectiveness of synthetic detergents 

in hard water undertaken by the Department of Clothing and Textiles 

of Texas Technological College (8) questioned the validity of the 

ideal washing pattern of tlie day-"high concentration of detergent, 

low sudsing detergent, and soft water. 

The water situation in Lubbock, Texas, has changed in the last 

fev; years. Utility ongincsrs v/ith the city of Lubbock in their test

ing in August, 1964, found water for the west side of the city to 

measure 16 grains of hardness per gallon and water for tlie east side 

of the city to measure 18 grains of hardness per gallon. In August, 

1966, their report was approximately 15 grains of hardness but would 

vary according to th*? wells tliat made up the daily supply. 

In June, 1965, a surface water supply was added to the exist

ing well water supply. This surface water will be softened to approxi

mately 4.4 to 5.8 grains of hardness as it is added to the present 

well v/ater supply, with the proportions of treated surface water and 

well water differing from day to day. 

Statement of the Problem^ 

The purpose of this study was to determine if there would be 

a significant difference in the soil removal from cotton fabrics 

washed in hard and soft water with three types of synthetic detergents 

after a repeated number of launderings. 



Objectives 

This investigation had three specific ob;)ectives which deter

mined its direction and design. 

1. To determine if cotton fabrics washed in hard water will 

be as white as those washed in soft water. 

2. To determine if detergency is affected by hard or soft 

water. 

3. To detexmine if the number of washings affects the white

ness of the fabric. 

Hypotheses 

The following hypotheses ;vere to be tested in this study: 

1. There will be a significant difference in soil removal 

in cotton fabrics washed in hard v/ater and those washed in soft water. 

2. There will be a significant difference in soil removal 

of the fabrics washed in the three types of detergent. 

3. There will be a significant difference in the soil remo

val of the fabrics after repeated washings. 

Because Lubbock is in a hard water area and soap does not 

clean well in hard water, the new synthetic detergents are used exten

sively. However, much more information is needed and becauoe further 

study was recommended for confirmation in the Texas Techonological 

College study (8), this study was chosen. 



CHAPTER II 

REVIEW OF LITERATURE 

Among the factors that influence a good laundry product are 

the detergent which makes the dirt soluble in water, water to carry 

the dirt off, heat that softens the dirt and improves the detergent 

action, and agitation that helps shake the dirt loose (2). 

Webster's definition of a detergent is a cleansing agent. 

Prat and Giraud (9:7) described a detergent as "any substance possess

ing considerable cleansing properties." In their paper, Bacon and 

Smith (lO:236l) used the term detergent as a "substance which, when 

dissolved in water, increases the inherent detergent power of water." 

The Book of ASTM Standards (ll:14) states that a detergent is "a 

composition that removes soil." 

Soap was the only cleansing agent in general use until the out

break of World War I when soap-making ingredients becam.e scarce, and 

probably the best general-purpose detergent on the market (2). A good 

soap is unsurpassed for cleaning efficiently in soft water (2) and 

laundering of clothing is one of the principal uses for soap and may 

be the preferred detergent for some types of laundering (5, 13). 

Probably the composition of soap, made from fat and lye, is the more 

familiar to everyone (12). However, synthetic detergents are more 

generally used. 

Although scap has done an outstanding job for a long time, it 

has several limitations. In hard water soap combines with calcium 



and magnesium salts to form a scum that is difficult to rinse away 

(2, 4, 5, 7, 12, 14, 15, 16, 17). Because of the soil that is usu

ally in this scum, a discoloration is usually an outcome (l8); colored 

fabrics look dull and white aiticles look gray. Not only does soap 

form a scum in hard water but its cleansing power is greatly reduced. 

The additional soap that is needed to soften the water before it can 

clean makes it expensive (2, 19, 20). For example, one hundred gal

lons of twenty grain water would consume three pounds of soap before 

it could begin to exert any cleaning power (2). 

Soap has been a common cleansing agent for many years. Hov;-

ever, there are the synthetic detergents that have been in general 

distribution during most of the last two decades. 

V/hile soaps have remained popular for personal use, their use 

for general laundering and dishwashing has decreased since the war 

(21), until today in the United States, more that 90 per cent of the 

products used for these tvio common household tasks are the synthetic 

detergents (7). Synthetic detergents do not form the curd when used in 

hard water that soaps do and they work well in either hard or soft water 

(21, 5). They do not turn rancid (5). They are neutral in solution and 

do not depend on alkalinity for their cleaning ability (l2). They dis

solve readily in hot or cold, soft or hard water (12). Only a small 

amount of a detergent is required to do any particular cleaning job (2). 

There has been a problem with the "hard" type synthetic deter

gents. At one time there was some discussion favoring legislation to 

restrict the marketing of detergents to those easily biodegradable (22). 



ABS (Alkyl Benzene Sulfonate) is the surface-active agent in the 

"hard" type synthetic detergent (3). It was blamed with the build-up 

of suds and foam, on streams and waterways that had slipped through 

sewage treatment plants and septic tanks unchanged (23). It was in 

about 80 per cent of household cleaning products (4) until members of 

The Soap and Detergent Association made the conversion from ABS to LAS 

(Linear Alkylate Sulfonate) as of June 30, 1965 (24). This latter 

compound is more easily broken down during sewage treatment (9). 

Soaps or synthetic detergents perform three basic functions. 

These are: l) they make the water wetter, accelerating the saturation 

of soil and of the surface of the fabric; 2) they remove the soil from 

the surface of the fabxic; and 3) they hold the soil in suspension in 

the watex to keep it fxom xedepositing on the fabric before it is 

rinsed away (2, 12, 21, 25, 26). 

Price (2) described the action of the detergent as resembling 

tiny tadpoles with minute heads. The tails of these tadpoles are 

hydrophobic or water-hating and exhibit the same dislike for water as 

do cats. They are not content until they attach themselves to a water-

repellent surface, such as soil on the surface of a textile fabric. 

The heads of these tadpoles are hydrophilic or water-loving and are 

naturally attracted to the water. Since the soiled surface is now 

completely coated with the hydrophilic ends of the detergent molecules, 

the soil particles are pulled away from the fabric into the wash water 

and floated away. 
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Surface-active agents, som.etimes known as "surfactants" (ll), 

are the basic cleaning agents in synthetic detergents (7). They are 

in a very concentrated form and "builders"—ingredients which enable 

the surfactant to perform more efficiently (7)—are added. They serve 

a number of purposes. They improve the detergency (2), help hold the 

soil in suspension (7, 12), help soften the water (2, 7), and lower 

the cost of the final product since "builders" are less expensive than 

the surfactant itself. This combination allows homemakers to use bulk 

quantities rather than microscopic quantities of the product (5). 

Other ingredients are added to synthetic detergents, such as special 

bleaches, colors, suds stabilizers, anti-redeposition materials (7), 

optical brighteners and perfumes (26) varying from brand to brand. 

Water serves as the solvent for the detexgent and as the ve

hicle to carry off the dirt (2). The choice of detergent--whether 

soap or synthetic--depends upon the water itself since hard water 

reacts with soap causing curdling and an increased consumption of 

soap (17, 19, 20). 

Hard water is common to about 85 per cent of the United States 

(27). The New England states, some of the areas along the Atlantic 

and Gulf coastal plains, and a large part of the state of Oregon, are 

the few parts of the country that fall into the soft ground-water 

category (l5). Hard water is affected by geology and topography (28) 

and originates where topsoil is thick and the country is underlain 

mainly by limestone (l3). As water, a solvent, moves over these 

deposits it picks up the impurities from the atmosphere and ground as 

it travels its course (l5). 



Water hardness is generally expressed in grains per gallon 

(2, 14, 16). A "grain" is the weight of an average dry grain of wheat, 

approximately 1/7000 of a pound, so a very small mineral deposit would 

harden water (l6). Water containing three grains of hardness or less 

is considered soft (ll, 14, 28, 29), and water containing ten or more 

grains of hardness is considered hard to very hard (l4, 15, 16, 29). 

Price stated that v/ater containing as much as twenty grains of hard

ness per gallon is quite common throughout the country (2). 

Sawyer (l3) stated that hard v/aters were as satisfactory for 

human consumption as soft waters but because of the adverse action 

with soap, their use for cleansing purposes was unsatisfactory. In a 

study made by Anderson (25) she stated that water hardness had less 

effect on cleaning than did the temperature or detergent concentra

tion. A United States Department of Agriculture publication (l2) 

indicated that for similar cleaning jobs, a greater amount of synthetic 

detergent is needed in hard water than in soft. A study m.ade by Con

sumers' Research (30) gave nineteen "recommended" detergents. Of the 

nineteen detergents, sixteen were high-sudsing with eight requiring a 

greater amount of detergent in hard water and eight requiring the same 

amount of detergent in soft or hard water for best washing results. 

The low-sudsing and two moderate-sudsing detergents on the "recommended" 

list required the same amount for both hard and soft water. Fifteen of 

the seventeen "intermediate" detergents in the various sudsing groups 

required the same am.ount of detergent for best washing results. 
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Anotfier USDA publication (l4) related the easiest way to wash 

with hard water is to use a built synthetic detergent that is less 

affected by water hardness than soap. In the previously mentioned 

study made by Shelden, Messer, and White (8), it was stated that the 

harder water was consistently the more effective washing solution 

after the first few launderings, no matter which detergent or which 

concentration of detexgent v/as used, but the supperiority of tlie harder 

water usually took fiom five to ten trials to manifest itself. 

Heat is another factor that affects soil removal. There are 

several reasons for the beneficial effect of heat on detergency. Price 

(2) stated that the majority of detergents seems to perform best in 

the temperature range of lOQO F'. to 140^ F. as far as heat on the 

detergent is concerned, but that heat has a marked effect on the 

soil to be removed since most substances dissolve in water more readi

ly at higher temperatures than they do in the cold. Fritch (4) stated 

that hot v/ater makes soluble dirt more soluble, and temperatures over 

105^ F. melt most grease. Although hot water is advisable for washing, 

prolonged high heating may shorten the life of the water heater and 

pipes, and running water much above 140*̂  F. is a safety hazard (l4). 

Ehrenkranz (3l) found that hot water was more effective than 

cold water in soil removal from cotton fabric. In Anderson's study 

(25) there was an increase in cleaning as the tem.perature of the 

water and concentration of detergent increased. Consumers' Research 

(30) found that for removal of soil, threo of four cold-water deter

gents they tested produced better washing in hot water (140° F.) than 
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in cold water (60^ F.) in both soft and hard watex. Shelden, etal. 

(8) chose a laundexing temperature of 120^ F. as a representative 

temperature for most home launderings since they felt most homemakers 

did not exceed this temperature. Bacon and Smith (lO) and Kamstra 

(l3) both chose 120^ F. as the washing tem.peratuie for their studies. 

Agitation is also important in soil removal. Agitation, 

whether manual or mechanical, shakes the dirt loose from the surface 

of the fabric and allows the dirt to be surrounded by the detergent 

molecules so that it does not settle back on the cloth (2, 4, 12). 

It has long been known that old fasioned "elbow grease" is a good 

detergent (2). 

Price stated that the only reliable way to evaluate deter

gents is by means of actual washing tests, and the best standardized 

and most widely used detergency tests are those bared on washing 

textile fabrics (2). There are two types of tests that can be used 

for evaltjating detergents. One is a "wear test" where subjects 

actually put a fabric to its intended use. This type of test requires 

a considerable length of time to complete, can be quite expensive and 

test conditions are not under the control of the investigator. The 

other is based on a laboratory evaluation method v/hich is an accel

erated test completed in a shorter period of tim.e (32). 

Utermohlen (33) stated that reflectance measurements with a 

photometer have been the iriost popular means of estimating the soil 

content or the whiteness of unsoiied, soiled, and washed cloth and 

determining the amount of soil removed by a washing process and may 
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be preferable if surface appearance alone can be accepted at the cri

terion of the extent of cleaning. Harris, Sullivan and Weeks (34) 

mentioned that reflectance methods for estimation of soil removal 

are recognized as possessing shortcomings, but these miOthods are 

perhaps most widely used since cleaning is recognized as effective 

when an agreeable degree of whiteness has been obtained visually. 

A letter from Hunterlab, manufacturers of the reflectometcr 

used for this study, dated July 6, 1966, stated that The American 

Home Laundry Manufacturers Association had been doing a round robin 

among users of this type instrument for detergency evaluation and 

found that they were using green reflectance only as a measure of 

soil removal. Reichj Snell and Osipow (35) used the green filter to 

measure the reflectance of cloth in their study. In their evaluation, 

Berch, Paper and Ross (32) used the green filter in calculating their 

findings. 

Bacon and Smith (iO) developed a method for calculating the 

percentage of the original quantity of black present en a fabric 

after rinsing and scouring operations based on the Kubelka and Munk 

equation 

K/S - jl..-. R),H 
2R 

where 
K - coefficient of reflectivity 
S = coefficient of light scattering 
R = observed reflectivity of monochrom.atic light 
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and calculating the per cent black removed betv/een any two values of 

reflectivity by means of the equation 

K/S for soiled fabric - K/S for scoured fabric >; 100 = 
K/S for soiled fabric - K/S for unsoiied fabric 

per cent black removed. 

Utermohlen and Ryan (33) found that a m.ethod of detergency evaluation 

based on chemical analysis appeared to be v/orth consideration and that 

the Kubelka-r.unk values for per cent pigment rem.oval paralleled the 

analytical values fairly v/ell but when absolute values were sought 

the linear method was far from correct. Reich, ct al.(35) concluded 

that the Kubelka-Munk equation was applicable with reasonable accura

cy to washing studies and it could be used to calculate relative pig

ment content to a reasonably good approximation. Harris, et al. (34) 

stated that data from their study indicated that the original Kubelka-

Munk equation held essentially throughout and that the correlation of 

reflectance to soil concentration on cotton fabric as proposed by 

Bacon and Smith had been experimentally reaffirmed. 



CHAPTER III 

PRXEDURr 

Price stated that the only reliable way to evaluate deter

gents is by means of actual washing tests, and the be-st standardized 

and most widely used detergency tests were those based on washing tex

tile fabrics (2). A commercially soiled.fabric from Testfabrics, 

Incorporated, New York City, was chosen tc carry out this study. It 

was cut into six and one half-inch lengths, and three inches of the 

four-inch white border was removed from the side, thus making each 

test sample five and one half by six and one half inches. The samples 

were stitched on all four sides V/ith a zigzag stitch to keep them from 

ravelling v/hile being laundered. Specimens were chosen at random and 

assigned a detergent, v/ater hardness, load and sample number. 

Before laundering, reflectance readings were taken on the 

specim.ens on the Hunter Reflectometer Model D40 v/hich had been stand--

ardized with the Standard D40-215 (gray) that had a G of 5.2 and a 

B of 5.5. Four readings were taken on each specimen. The first was 

taken at the top of the specimen with the filling in a horizontal 

position, the second was taken at the same place but the filling was 

in a vertical position. The next two readings v/ere taken on the 

bottom half of the specimen, first with the filling horizontal and 

then with the filling vertical. Readings in each direction were first 

taken with blue excluded, next blue included and last green excluded. 

14 



15 

The Reflectometer was checked after the reading of each sample to see 

that the meter was not drifting. 

The Launder-Ometer, the official machine of the American 

Association of Textile Chemists and Colorists, was chosen as the 

washing instrument. It is so devised as to allow the testing of 

twenty individual samples at one tim.e, being able to control the de

texgent concentration, the temperature and the mechanical agitation. 

The twenty specimen containers are rotated through a stainless steel 

tank containing a water bath that is kept at a constant temperature 

by an adjustable thermostat which automatically maintains the selected 

temperature. It has a preheating table that permits all specimens to 

be started at the same temperature, to be in contact with the v/ash 

solution for the same amount of time and it also facilitates loading 

the machine. 

Since most of the tap water prior to June, 1967, was approxi

mately fifteen grains of hardness, this was the v/ater hardness chosen 

when this study was set up. Tap water was used for the "hard" water 

and adjusted where necessary to the predetermined fifteen grains of 

hardness. If the v/ater was too hard, water that had gone through a 

water softening unit was added. If the water v/as too soft, as was 

the case on only one day, well v/ater was used to bring the hardness 

up to the desired point. Distilled water v/as used for the soft water 

to serve as a control. 

Water hardness was determined by a simple titration with a 

standard solution of disodium ethylene diamine tetraacetate, frequently 
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referred to as EDTA. This method produces very accurate results and 

is the choice of most laboratories (l3) because of its simplicity^ 

speed and accuracy (20). This reagent reacts with calcium and mag

nesium to form soluble unionized complexes rendering them inactive. 

The end point of the titration is detected by an indicator which is 

red in the presence of calcium and magnesium ions and blue in their 

absence. A buffer was added tc maintain a pH of about 10. 

A water temperature of 120^ F. was chosen since this is the 

average temperature at which detergents work best according to Price 

(2) and is the same temperature as the Texas Technological College 

study (8). The length of the washing cycle was a twelve-minute wash 

followed by tv/o five-minute rinses, the length of this operation 

being controlled v/ith a Gilbert interval timer. 

Three synthetic detergents v/ere used for this study. Two v/erc 

the £:ame brand detergents as those used in the Texas Technological 

College study (8); one a high-sudsing detergent, the other a lov/-

sudsing detergent. The third detergent, also a low-sudsing detergent, 

was added to see if the results could be reproduced. 

A .16 percent concentration of the detergent solution was used 

since this was the amount recommended on tv/o of the detergent contain

ers and was within .02 per cent of the amount recommended for the 

other detergent. A 3000 ml. container of each detergent solution was 

made by placing 2995.2 ml. of v/ater in a gallon jar and adding 4.8 g. 

of the detergent. These solutions were kept at the desired temperature 

by placing half gallon jars containing each solution in a Westinghouse 
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Roaster Oven partially filled with water. The water for rinsing was 

kept in a second Westinghouse Roaster Oven in a like manner. 

The Launder-Ometer was filled with v/ater at a temperature of 

approxim.ately 49^ C. and the thermostat was set at 120^ F. The pump 

was turned on to keep any jars in the warming rack at the proper 

temperature. 

Positions in the warming rack were assigned numbers 1 through 

20. The top two rows were used for the specimens using soft water and 

the bottom two rows were used for the specimens using hard v/ater. 

Samples 1, 2, and 3 of Detergent A and soft water were placed in the 

first three positions of Row One. Samples 1, 2, and 3 of Detergent B 

and soft water v/ere placed in po'sitions 4 and 5 of Row One and posi

tion 6 of Row Two. Samples 1, 2, and 3 of Detergent C and soft water 

were placed in positions 7, 8, and 9 of Row Two. Position 10 was for 

specimens used for display purposes only. 

The bottom half of the rack was filled in the same way using 

hard water detergent solutions. Samples 1, 2, and 3 of Detergent A 

and hard water were placed in positions 11, 12, and 13 of Row Three. 

Samples 1, 2, and 3 of Detergent B and hard water were placed in 

positions 14 and 15 of Row Three and position 16 of Row Four. Samples 

1, 2, and 3 of Detergent C and hard water were placed in positions 17, 

18, and 19 of Row Four. Position 20 v/as used for specimens used for 

display purposes only. 

Two hundred ml. of the detergent solution v/as placed in the 

jars in the v/arming rack. The assigned specim.en of the commercially 
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soiled fabric was crumpled and placed in the jar with ten one-fourth 

inch steel balls to provide the desired agitation and the tops of the 

jars were closed. The jars were placed in the Launder-Ometer so the 

rotor would be balanced while being loaded. Row One was placed in the 

machine first, followed by Row Three, Row Four and Row Tv/o last. The 

Launder-Ometer was started and allowed to run for twelve minutes. 

After the tv/elve-minute wash cycle, the jars were rem.oved in the same 

order as they were placed in the machine. 

During the twelve minute wash cycle a second set of jars was 

placed in the wanning rack and 200 ml. of soft water was placed in 

each of the jars in the upper half of the rack; 200 ml. of hard water 

in each of the jars in the lower half of the rack. After the launder

ing of the samples, they were emiptied from the detergent solutions, 

squeezed by hand and placed in the jars of clear rinsing water and 

allowed to run five minutes. This five-minute rinse was repeated and 

after being hand squeezed the samples were hung over a wire rack to 

dry. 

Since all the sam.ples could not be loaded at one time, two 

identical sets were made containing three samples for each detergent 

and each water hardness. This same laundering procedure was repeated 

for the second set of samples. After the two loads were run four 

times, reflectance readings were taken in the same way as on the 

original soiled samples. Readings were taken again after eight, six

teen and thirty-two launderings and the Reflectometer checked after 

the reading of each sample to see that the meter was not drifting. 
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K/S values were figured using the Kubelka-Munk equation 

K/S 
(1 - R)^ 

2R 

where 

R = green reflectance reading 

These values measure the amount of soil on a fabric surface and were 

used to calculate the per cent of soil removed by means of the 

equation 

K/S for soiled fabric - K/S for laundered fabric y. ,QQ 
K/S for soiled fabric - K/S for unVoiled fabric 

The analysis of these data was processed by IBM and computed 

on the 7040 Computer to determine v/hether any of the variables or 

interactions between or among the variables caused a significant 

difference due to repeated washings, the detergent or water hardness, 



CHAPTER IV 

FÎ D̂Î JGS 

The objectives of this study were to determine if cotton fabrici 

washed in hard v/ater would be as white as those v/ashed in soft v;ater, 

with three different synthetic biodegradable detergents after a re

peated number of washings. 

V/hiteness v/as measured by readings taken with the green filter 

of the reflectometer, which is comparable to the vision of the human 

eye (25). K/S values were figured from these readings to obtain a 

measure of the amount of soil on the surface of a fabric. (Equation 

1, Chapter 2). These K/S values v/ere then used to calculate the per 

cent of soil removed. (Equation 2, Chapter 2). These figures were 

used in the analysis of this work. 

The data collected in this study have been submitted to statis-

cal analyses using the analysis of variance techniques for factorial 

design to determine whether any of the variables or interactions be

tween or among the variables caused a significant change in reflect

ance due to repeated v/ashings, the detergent or v/ater hardness. 

Table 1 shows the statistical analysis of the study. The F 

ratios v/ere obtained by dividing the m.ean squares of the treatments 

20 



21 

TABLE 1 

STATISTICAL ANALYSIS OF STUDY 

Source 
of 

Variation 

Degrees 
of 

Freedom 

Sums 
of 

Squares 

Mean 
Squares 

GREEN REFLECTANCE 

Ratios 

Detergent 
Water hardness 
Launderings 
Detergent - V/ater hardne 
Detergent - Launderings 
Water hardness - Launder 
Detergent - Water hardne 

Launderings 
Residual 

ss 

ings! 

1 

4 
2 
8 
4 

8 
360 

10156.63 
25999.23 
70096.35 
3944.28 
2625.65 
7181.11 

1044.15 
110.31 

5078.34 
25999.23 
17524.09 
1972.14 
328.21 

1795.28 

130.52 
.31 

16331.74 
83863.48 
56529.32 

6361.74 
1058.74 
5791.23 

421.03 

KTsTVmEs 
Detergent 
V/ater hardness 
Launderings 
Detergent - Water hardness 
Detergent - Launderings 
Water hardness - Launderings 
Detergent - V/ater hardness -

Launderings 
Residual 

2 
1 
4 
2 
8 
4 

8 
360 

2.42536 
7.37081 
70.57057 

.35553 

.80160 
1.90798 

.16922 
0.08161 

1.21293 
7.37081 
17.64264 
.17777 
.10020 
.47700 

.02115 
0.00023 

5273.61 
32047.00 
76707.13 

77.26 
435.65 
2073.91 

91,96 

PERCEOTAGES 
Detergent 
Water hardness 
Launderings 
Detergent - Water hardness 
Detergent - Launderings 
Water hardness - Launderings 
Detergent - V/ater hardness -

Launderings 
Residual 

2 
1 
4 
2 
a 
4 

8 
360 

19959.47 
63135.95 
611238.42 
3722.93 
7185.84 
16800.47 

1343.16 
310.05 

9979.73 
63135.95 
152809.61 
1861.47 
898.23 

4200.18 

168.52 
.86 

11604.34 
73413.90 
177685.59 
2164.50 
1044.45 
4883.86 

195.95 

1.. - • 1II.» 1. 

Note: 
All F ratios are significant at the 1 per cent level 

by the residual mean square. All F ratios are significant at the 

1 per cent level. 
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The marginal means for each of the variables are shown in 

Table 2. These values were derived by averaging each separate variable 

regardless of the effect of other variables on it. 

TABLE 2 

1 

DETERGENT 
Detergent A 
Detergent B 
Detergent C 

WATER HARDt^SS 
Soft 
Hard 

NO. OF LAUNDERINGS 
Soiled 
4 Launderings 
8 Launderings 
16 Launderings 
32 Launderings 

MARGINAL fvEANS 

Green 
Reflectance 

47.72 
42.76 
33.53 

49.01 
37.00 

25.33 
40.72 
45.35 
49.42 
54.16 

K/S 
Values 

. .4207 
.4959 
.5113 

.3919 

.5993 

1.0975 
.4727 
.3720 
.2974 
.2259 

/ 

Percentages 

62.84 
55.93 
49.95 

65.62 
46.89 

(00.00) 
58.16 
67.53 
74.47 
81.12 

Detergent A, the high sudsing detergent, removed the most 

soil from the fabric. It appears from Chart 1, that the soil removal 

is linear for the detergents. There was an increase of 4.96 reflect

ance units for Detergent A over Detergent B and a 4.23 reflectance 

unit increase for Detergent B over Detergent C. The increase in per 

cent of soil removed was 6.86 for Detergent A over Detergent B and 

6.03 per cent for Detergent B over Detergent C. 

Chart 2 shows that soft water cleaned better than hard water. 

There was a 12.01 reflectance unit increase and an 18.73 per cent 
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Chart 1.—The effect of different detergents 
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Chart 2.--The effect of water hardness on whiteness 
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increase for. soft v/ater over hard water. 

Soil removal increased as the number of launderings increased. 

Chart 3 shows the increase to be linear after the first four launder-

in 
.H 

c 

O 

c 
03 

•P 
O 
0) 

0) 

Soi led 
4 

Laund. 
32 

Laund. 

Chart 3.—The effect of the number of launderings on whiteness. 

ings. Although the greatest increase was at four launderings with a 

15.34 reflectance unit increase, an additional 13.44 reflectance unit 

increase was registered after 32 launderings. Of this increase 4.63 

of these units came after eight launderings, 4.07 after 16 launder

ings and 4.74 after 32 launderings. The percentage of soil removed 

decreased in proportion to the reflectance unit increase as the number 

of launderings increased. A 58.16 per cent soil removal was recorded 

over the assigned zero value for the soiled fabric after four launder

ings, while after eight launderings 9.37 per cent was recorded, 6.94 
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per cent after sixteen launderings and 6.65 per cent after thirty-two 

launderings. The total amount of soil removed was 81.12 per cent. 

Chart 4, plotting the reflectance values for the first order 

Det. A Det. B Det. C 

Chart 4.—The effect of water hardness and the type 
of detergent on the amount of soil removed. 

interaction of detergent and v/ater hardness, shows the detergents and 

soft v/ater to be linear. Table 3 shows Detergent A to have increased 

TABLE 3 

FIRST ORDER INTERACTION OF DETERGENT AND WATER HARDNESS 

Green Reflectance 
K/S Values 
Percentages 

Detergent A 

Soft 
Water 

56.35 
.3046 
73.61 

Hard 
Water 

i 

39.11 
.5367 
52.06 

Detergent B 

Soft 
V/ater 

49.23 
.3781 
67.13 

Hard 
Water 

36.29 
.6136 
44.81 

Detergent C 

Soft 
Water 

41.47 
.4930 
56.10 

Hard 
Water 

35.60 
.6325 
43.79 
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7.12 reflectance units over Detergent 3, and Detergent B to show a 

7.76 reflectance unit increase over Detergent C in soft v/ater. In 

relation to percentage, the iricrease v/as 6.43 per cent for Detergent 

A over Detergent B and 11.03 per cent for Detergent B over Detergent 

C. 

In hard v/ater Detergent A increased 2.82 reflectance units 

over Detergent B, or 7.25 per cent, and Detergent B increased 0,69 

reflectance units over Detergent C or 1.02 per cent. 

There was an increase of 17.24 reflectance units for soft 

v/ater over hard for Detergent A, an increase of 21.55 per cent. De

tergent B in soft water increased 12.94 reflectance units over hard 

water or 22.32 per cent. The least increase for soft over hard water 

was v/ith Detergent C, with a 5.87 reflectance unit increase or 12.31 

per cent. 

The first order interaction of detergent and number of launder

ings is shown in Table 4 and Charts 5, 6 and 7. Detergent A performed 

much better than B or C at four launderings, and all detergents were 

nearly linear after four launderings. The increase for Detergent A 

at four launderings was 21.44 reflectance units over the soiled read

ing. After eight launderings it increased 4.60 units, 3.51 units 

after sixteen launderings and 4.93 units after thirty-two launderings. 

The total amount of soil removal for Detergent A was 36.19 per cent. 

After four launderings Detergent B increased 13.99 reflectance 

units over the soiled reading for a soil removal percentage of 55.57. 

The total per cent soil removal for Detergent B was 81.14. Detergent C 
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TABLE 4 

FIRST ORDER INTERACTION OF DETERGENT AND NO. OF UUrOERIhKSS 

No. of Launderings 

GREEN REFLECTANCE 
Soiled 
4 Launderings 
8 Launderings 
16 Launderings 
32 Launderings 

K/S VALUES 
Soiled 
4 Launderings 
8 Launderings 
16 Launderings 
32 Launderings 

PERCErJTAGES 
Soiled 
4 Launderings 
8 Launderings 
16 Launderings 
32 Launderings 

Detergent A 

25.44 
46.88 
51.43 
54.99 
59.92 

1.0930 
.3402 
.2742 
.2251 
.1708 

(00.00) 
70.31 
76.53 
81.11 
86.19 

Detergent B 

25.36 
39.35 
44.94 
49.80 
54.35 

1.0983 
.5000 
.3724 
.2876 
.2206 

« 

(00.00) 
55.57 
67.41 
75.32 
81.14 

Detergent C 

25,35 
35.95 
39.63 
43.47 
48.33 

1.1007 
.5780 
.4697 
.3793 
.2864 

(00.00) 
43.53 
58.64 
66.97 
75.59 

had a 10.60 reflectance unit increase after four launderings for a 

48.53 per cent soil removal. The total soil rem.oval for Detergent 

C was 75.59 per cent. 
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Chart 6.—The effect of the type of detergent and 
number of launderings on the amount of soil on the surface 
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The first order interaction of v/ater hardness and number of 

launderings is shown in Table 5. Chart 8 shov/s the nurbor of launder

ings to be linear for soft water after the first four launderings and 

a slight increase for the thirty-two over sixteen launderings for 

hard water. 

TABLE 5 

FIRST ORDER INTERSECTION OF WATER HARDNESS AND NUMBER OF 
LAUrOERIKGS 

Num.ber of 
Launderings 

GREEN REFLECTANCE 
Soiled 
4 Launderings 
8 Launderings 
16 Launderings 
32 Launderings 

K/S VALUES 
Soiled 
4 Launderings 
8 Launderings 
16 Launderings 
32 Launderings 

PERCENTAGES 
Soiled 
4 Launderings 
8 Launderings 
16 Launderings 
32 Launderings 

Soft 
Water 

25.40 
46.48 
52.69 
57.65 
62.84 

1.0960 
.3338 
.2349 
.1720 
.1230 

(00.00) 
71.04 
80.26 
86.10 
90.63 

Hard 
Water 

25.36 
34.97 
33.01 
41.19 
45.46 

1.0990 
.6034 
.5092 
.4227 
.3239 

(00.00) 
45.27 
54.79 
62.83 
71.55 

http://Num.be
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Chart 8.--The effect of v/ater hardness and number 
of launderings on v/hiteness. 

There was a 21.08 reflectance unit increase after four laun

derings for soft water and a 9.61 unit increase for hard water after 

the sam.e number of launderings. The percentage increase v;as 71.04 

for soft water compared to 45.27 fox hard v/ater. An additional 6.21 

unit increase came after eight launderings for soft water and 3.04 

units for hard water compared to a percentage increase of 9.22 and 

9.52 per cent. A reflectance unit increase of 4.96 after sixteen 

launderings and 5.19 units after thirty-two launderings for soft 

water compared to 3.18 units and 4.27 units for hard v/ater for the 

same launderings. This was a percentage increase of 5.84 for soft 

water and 8.04 for hard v/ater after sixteen launderings and 4.58 for 
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soft and 8.72 for hard after thirty-two launderings. The total per 

cent of soil removal for soft water was 90.68 and for hard water was 

71.55 per cent. The total increase in reflectance units was 37.44 

for soft water and 20.10 for hard watex. 

A reflectance unit increase of 11.51^ as seen in Table 5, 

occurred for soft water over hard after four launderings, 14.63 after 

eight launderings, 16.46 after sixteen launderings and 17.38 units 

after thirty-tv/o launderings. These reflectance unit increases re

sulted in percentage increases of 25.77, 25.47, 23.27 and 19.13 per 

cent respectively for successive launderings and soft over hard water. 

The second order interaction of detergent, water hardness and 

number of launderings is shown in Table 6. The soiled fabric used 

showed reflectance readings of 24.4 to 26.4 units v/ith the mean 

values for each detergent and water hardness shov/n in line one of 

Table 6. Each reflectance figure given in this table is the mean 

value of twenty-four readings, these being obtained by four readings, 

two in the warp direction and two in the filling direction on each of 

six specimens. The K/S values and calculated percentages are figured 

from these readings and are the mean value of 24 numbers also. 

Charts 9, 10 and 11 show there is little difference in the 

performance of the detergents in hard water with the greatest differ

ence being in Detergent A after four launderings. This difference is 

reflected in an increase of 4.91 reflectance units over Detergent B 

and 4.35 units over Detergent C. This is the only reading when 
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TABLE 6 

SECOrO ORDER lOTERACTION OF DETERGENT, WATER HARDNESS 
AND NUMiBER OF LAUK'DERINGS 

Note: 

Number 
of 

Launderings 

GREEN REFLECTANCE 
Soiled 
4 Launderings 
8 Launderings 
16 Launderings 
32 Launderings 

K/S VALUES 
Soiled 
4 Launderings 
8 Launderings 
16 Launderings 
32 Launderings 

PERCENTAGES 
Soiled 
4 Launderings 
8 Launderings 
16 Launderings 
32 Launderings 

Deter( 

Soft 
Water 

25.48 
55.65 
62.29 
66.35 
71.95 

1.0905 
.1772 
.1148 
.0859 
.0548 

(00.00) 
85.55 
91.3] 
94.11 
97.01 

3ent A 

Hard 
Water 

25.41 
38.10 
40.66 
43.64 
47.72 

1.0956 
.5033 
.4335 
.3644 
.2868 

(00.00) 
55.19 
61.66 
63.12 
75.36 

Deter< 

Soft 
Water 

25.29 
45.49 
52.75 
58.84 
63.77 

1.1040 
.3269 
.2122 
. 1444 
.1033 

(00.00) 
71.88 
82.47 
88.76 
92.56 

3ent B 

Hard 
Water 

25.43 
33.21 
37.12 
40.75 
44.92 

1.0936 
.6731 
.5327 
.4308 
.3379 

(00.00) 
39.26 
52.35 
61.88 
70.57 

Deterg 

Soft 
Water 

25.43 
33.31 
43.01 
47.77 
52.84 

1.0936 
.4972 
.3776 
.2858 
.2107 

(00.00) 
55.69 
66.96 
75.45 
82.46 

ent C 

Hard 
Water 

25.24 
33.58 
36.49 
39.92 
43.74 

1.1077 
.6587 
.5613 
.4730 
.3620 

(00.00) 
41.33 
50.36 
53.50 
68.73 

All figures are mean values of 24 readings. 

Detergent C surpasses Detergent B--a difference of 0.37 units—though 

the differences in hard water are slight. 

The greater amount of soil removal occurred after four launder

ings for Detergent A in soft and hard v/ater and Detergent B in soft 

water. For Detergent B in hard water and Detergent C in soft and 
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hard v/ater, the greater amount of soil was removed betv/een four and 

sixteen launderings. These increases can be seen in Table 7. 

TABLE 7 

INCREASE IN REFLECTANCE UNITS AT LAUNDERING INTERVALS 

Number 
of 

Launderings 

4 Launderings 
8 Launderings 
16 Launderings 
32 Launderings 

Total 

Detergent A 

Soft 
V/ater 

30.17 
5.64 
4.06 
5.60 

45.47 

Hard 
Water 

12.69 
2.56 
2.98 
4.08 

22.31 

Detergent B 

Soft 
V/ater 

20.20 
7.26 
6.09 
4.93 

38.48 

Hard 
V/ater 

7.78 
3.91 
3.63 
4.17 

19.49 
. . . . .... 

Detergent C 

Soft 
Water 

12.88 
4.70 
4.76 
5.07 

27. ̂ il 

Hard 
V/ater 

8.34 
2.91 
3.43 
3.82 

18.50 

The total reflectance increase is also shown in Table 7. As 

seen in these totals, the increase in reflectance units for soft 

water over hard is 23.16 units for Detergent A, 18.99 units for Deter

gent B and 8.91 units for Detergent C. 

This second order interaction follows basically the same 

pattern as the first order interaction and marginal means. By use 

of the marginal means we find that the high sudsing detergent per

formed better than either of the low sudsing detergents, soft v/ater 

cleaned better than hard water and whiteness was increased as the 

number of launderings increased. By use of the first order inter

actions we find that the high sudsing detergent performed better in 

hard and soft water, that soft water was still the best washing 
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solution, that there was less differences in the detergents in hard 

water, and that cleaning increased as the number of launderings 

increased. 



CHAPTER V 

SUMfvlARY 

There are many products on the market today to aid the home-

maker with her laundry. These products can be quite expensive if they 

do not help her to achieve the desired results. 

A study made by the Department of Clothing and Textiles of 

Texas Technological College (8) questioned the validity of the ideal 

washing pattern of the day—high concentration of detergent, lew suds

ing detergent and soft water—and concluded that after the first few 

launderings the harder v/ater v/as consistently the more effective wash

ing solution. The department felt that a further study should be done 

since these findings were contrary to comm.on usage. Hence, the v/riter 

developed a similar problem although it differs; in many respects. 

Much of the United States has hard v/ater, as has the Lubbock 

area. This study was chosen to determine: l) if cotton fabrics 

washed in hard water will be as v/hite as those washed in soft water; 

2) if detergency is affected by hard or soft water; and 3) if the 

number of washings affects the whiteness of the fabric. 

The cotton fabric in this study was a commercially soiled 

fabric that v/as cut into specimens five and one-half by six and one-

half inches. Thirty-six of these specimens were divided into six sets 

and v/ashed in the Launder-Ometer in .16 per cent detergent concentra

tions using three synthetic detergents and tv/o water hardnesses for 

thirty-two launderings. Readings were taken on the Hunter Reflectome

ter before laundering and after four, eight, sixteen and thirty-two 

40 



41 

launderings and calculations wore made for v/hiteness and soil removal. 

Within the limits of this study the following general conclu

sions were drawn. More soil was removed from fabrics v/ashed in soft 

v/ater, therefore the fabric was whiter. An overall difference of 

18.73 per cent was shown for soft over hard v/ater. 

This difference is accentuated when comparing detergents and 

number of launderings. The cleaning power or detergency of a clean

ing agent is affected adversely by hard water. Detergent A cleaned 

21.65 per cent, Detergent B 21.99 pei cent and Detergent C 13.73 per 

cent more effectively in soft v/ater than in hard after thirty-two 

launderings. 

The high sudsing detergent performed better than either of the 

lov/ sudsing detergents in both hard and soft v/ater. In hard water the 

tv/o low sudsing detergents were nearer the same values. 

There was a difference in the performan(>.> of detergents even 

in the same sudsing group. As v/as mentioned, in hard water the two 

low sudsing detergents performed similarly. But in soft v/ater Deter

gent B*s cleaning power came nearer to Detergent A*s than to Deter

gent C's. 

The numiber of launderings affected the amount of soil removed. 

All of the specimens were v/hiter after thirty-two launderings than 

after four. Over half the amount of soil was removed with Detergent 

A in soft and hard v/ater and Detergent B in soft water after four 

launderings. Using Detergent B in hard water and Detergent C in soft 

and hard water over half the soil was eliminated after thirty-two 
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launderings. 

The findings of this study are interpreted as being consist

ent with the theory that soft water is the better cleaning agent. 

The differences in this study and the Texas Technological College 

study might occur in the interpretation of the term soft water. Water 

containing three grains of hardness or less is considered soft by 

many authorities (ll, 14, 28, 29). The softer water in the previously 

mentioned study was 11.2 grains. This is considered to be very hard 

by m.any sources (l4, 15, 16, 29). 

This is where the tv/o studies are not comparable. In the 

first study the softer v/ater was chosen as being more typical of 

normal conditions in the Lubbock, Texas, area; in the second, true 

soft water v/as used as could be found in only a few areas of the 

United States or could be obtained by the use of a v/ater softener, in 

perfect condition, on both the hot and cold water lines. 

Since many homes have water softening units connected to the 

hot water supply only, it might be of interest to see at what point 

the gain in hardness begins to have adverse results. The effective

ness of the use of a v/ater softening unit will be determined by this. 

Suggestions for further study are: 

1, A similar study with the soft water supply being control

led more in keeping with that used by homemakers. 

2, A similar study using combinations of hard and softened 

water to see how effective a v/ater softening unit is on one line only. 

3, A study to measure the amount of detergent build-up, if 

any, on the fabric. 
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Fabrics After Four Launderings 

Detexgent Hard Watex Soft Watex 

B 
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Fabxics Aftex Eight Launderings 

Detexgent Haid Watex Soft Watex 

B 

"X 
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Fabxics Aftex Sixteen Laundexings 

Detexgent Haid Watex Soft Watex 

B 
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Fabxics Aftex Thixty-Two Laundexings 

Detexgent Haxd Watex Soft Watex 

B 
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