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INVESTIGATION OY METHODS 

FOR REMOVAL OF SILICONES FROM 

NYLON AND ACETATE FABRICS 

A£)$3TltA6? 

Th« purpose of thi* investigation was twofoldt first, 

to determine whether a Silicone water-repellent could be 

removed from certain synthetic fabrics; and second, to 

determine what changes in dyeing characteristics of these 

fabrics would result from the following treatmentss (a) 

Silicone treated; (b) Silicone partially removed; and 

(c) Silicone completely removed. 

in the first phase of this work two methods were used 

in attempting to remove the Silicone from the fabric. The 

Silicone fabrics were treated with reagents that were known 

to exert swelling action en the particular type fiber. The 

aim was to swell the fiber and in so doing to crack the 

Silicone film which surrounded the fiber and thereby to break 

the film and remove it. the second approach used was to 

subject the Silicone fabrics to chemical reagentB such as 

hydrochloric or sulfuric acid, sodium hydroxide, or sodium 

carbonate and to evaluate their effectiveness in removing 

the Silicone. . 
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After treatments, the fabrics were tested for tensile 

strength and dyeing characteristics; the results were com­

pared with those obtained on scoured samples. This was done 

to determine whether the treatment, if successful, had 

adversely affected any properties of the fabric which might 

make it unacceptable to the industry. 

: The Silicone content of the fabric was determined by 

a colorimetric analysis of silicomolybic acid:that had:been 

reduced with sodium sulfite. The silicomolybic acid was 

formed by fusing the sample in a parr peroxide bomb and 

treating the fused residue with hydrochloric acid and ammonium 

molybdate. . 

The investigation was successful in discovering a 

method for completely removing the Silicone from nylon 

fabrics. Sodium hydroxide effected complete removal of the 

water-repellent; of the properties studied, only a trace 

change in the shade characteristics resulted, for the 

acetate fabrics, the investigation was not entirely successful 

as the Silicone was only partially removed* 

. The swelling agents used on the fabrics removed the ' . 

Silicone partially and the acids were ineffective as removal 

agents. However f in the preliminary stages of the investi­

gation, it was discovered that a hot alkaline soap wash 

accompanied with severe mechanical action would remove the 

Silicone completely from nylon and almost completely from 



X 

ace tat*. Th«s« teats were not evaluated for changes in 

pxop6*tmm other than that of water-repellency. 

The conclusions drawn from this work were: that the 

Silicone was resistant to most acids and not resistant to 

alkalisj that swelling agents, without the aid of mechanical 

action, were only partially effective in removing the filmj 

that the process of application and complete removal of a 

Silicone would not affect the properties or dyeing character­

istics of a fabric, provided the reagent need would not affect 

the fabric; and that the presence of a Si lie one tt%m-- adversely 

affects the dyeing characteristics of a fabric, if present 

in a sufficient percentage. 
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THtrgflt*TftA»ltTfVWf #*•> IflPTOrATIft JLfiyJBOJL AwAJTJtMli %m mmlavlfO 

FOR REMOVAL OF SILICONES FROM 

NYLOH AND ACETATE FABRICS 

CHAPTER X 

IKTROBtJCTXOH 

111 tills investigation * study was made to determine 

whether a Silicone water-repellent could be removed from 

nylon and acetate fabrics without adversely affecting the 

tensile strength of the fabrics. An additional study was 

made to ascertain the changes in the dyeing characteristics 

of nylon and acetate fabrics which had the following treat­

ments! (a) Silicone treated; (b) Silicone partially removed; 

(c) Silicone completely removed. 

iron * practical point of vie*» if s method for the 

removal of the Silicone water-repelleH% could be found, which 

would not adversely affect other properties of the fabric, 

then the usefulness of the water-repellent would be increased. 

The Silicone water-repellent might be used Us a warp size or 

as an addition to a warp sine, and the industry would be 

legs hesitant in using the water-repellent * for any goods 

to which the Silicone had 1mm incorrectly applied could be 

refinished with no loss In mossy on'second rated goods* 



The possibility of using the Silicone water-repellent 

in the warp siting operation of the textile industry exists 

because besides imparting water-repellency the product also 

gives other desirable properties to most synthetic fabrics, 

such as more resiliency, smoother surface (1), and increased 

tensile strength for acetate fabrics. It is reported also 

that the Silicone water-repellent increases the tear strength 

of most fabrics, some as much as $0 per cent perpendicular 

to the warp. <2>. Studies have shown that la the application 

of the Silicone water-repellent, a film is formed which 

completely surrounds the fibers (3) and this film increases 

the abrasion resistance of these fibers (4) and should 

protect the filaments during the manufacturing processes. 

Literature.~~fflm history of commercial Silicones does not 

date beyond the early 1940's, while their use as a textile 

finish began in 1948 when it was discovered that an oil-in-

water emulsion of linear methyl silicone polymers which have 

labile hydrogen-silicon bonds could be prepared. The emul­

sion could be padded on the fabrics and then through the use 

of moderate heat, the hydrogen-silicon bonds could be broken 

with the hydrogen being liberated and the compound cross 

linking and thereby becoming insoluble (5). This discovery 

led to the Silicone water-repellents as known today for use 

on textlie fabrics. -
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The early work *ith Silicon© water-repellents for 

textile fabrics began in 1940 when patnode (6) (7) discovered 

that the vapor phase of methylchlorosilanes would react with 

many surfaces, among these being cellulosic material, to 

impart permanent water-repellency which *%* resistant to all 

but strong reagents, such as hydrofluoric acid. While this 

discovery increased the usefulness of Silicones, it was not 

readily acceptable to the textile industry because of the 

method of application and the hydrogen chloride which was 

liberated during the reaction of the methylchlorosilane. This 

acid had to be neutralized with gaseous ammonia, ' .... 

. .• Schuyten. et tl>t (8) in discussing Patnode's dis­

covery, suggested the following type reaction of the methyl-

#ifele#@silliiie mtth wfctert 

They stated that it was reasonable to expect the above re­

action could take place with the absorbed moisture carried 

In the fibers* Vffaly **itt f**rtlw>tf and suggested that tift'Cv'---.' 

: Silicone compound. as, described by. patnode could react with :"''• 

the hydroxy 1 groups ^.[mMxfiM*,m: t M amino g*e*tp».&§••••• 

animal fibers in the following manner: ,'• . 

%Si0I 4 H*M**ilsi®*e —> R38iO-cellulose * m |ij 

R331C1 + NH2-Wool —> R3SIHH-W00I 4 HC1 ' ;ff) 



However, Pingree (9) in his article on water-repellency 

of textiles, stated that patnode»s reaction had not proved 

practical to the industry. 

The *ork shoved that Silicones had a future ia the 

textile finishing industry if a more suitable method of 

application could be devised and undoubtably led to the 

Silicone emulsion products mm available. 

Fortes* and Wood (10) and Harding (11) have discussed 

the preparation of these products and the method of appli­

cation of the end products to fabrics. Briefly, the manu­

facture consists in the production of silicon tetrachloride 

from sand coke, and brine, then replacing one or mere of the 

chlorine atoms with organic radicals by use of the Grlgnard 

Reaction. 

SiCl4 4
; 2RMgCl — > 

this is hydrolyaed to a silanol which is unstable and con­

denses to form siloxanes. 

aiastê  . mmp - . ^ w ^ (4i<^ *m& 

By use of the Grignard Reaction the following can be 

prepared} 

)2S1C12 — (dlmethyldichlorosiiane) (7) 

3)3SiCl — (trlmethylchlorosilane) (8) 
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By use of the above hydrolysis-condensation reaction (5) 

on equal parts of compounds (6) and (?) with a small amount 

of the chain stopping compound (8), the following linear 

polymer is prepared: 

OSi(CH3)3 (9) i-ii* \mt -J \mf • 3 ^ H Jn < m% 

This polymer <9> contains the hydrogen-silicon bonds which 

can lie oxidieed at elevated temperatures or 1st the presence 

of a catalyst to produce an insoluble, three dimensional 

polymer. 

A survey of the literature has revealed that no -

attempts have been made to use Silicone water-repellent for 

any use other than imparting water-repellency. 
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CHAPTER I I 

BPfiCIAL lift TBRfAli JJtf} 3SQIF1PIISHT 

A # . Fabrics «-** 
W M W M a W M M M i 

1, Nylon, 110 x 80, plain weave, (f i lanent) 

2 , Acetate, 172 x 60, plain weave, (filament) 

B* 9f9j$0^M *mm 

1. Smith-Drum Hosiery Dyeing Machine, Model 12-RDf 

capacity 15 pounds. 

2. Butterworth Laboratory padder 

S* Constant Temperature Oven 

4, Wiley Laboratory Mill, Intermediate Model, Ho. 4276M. 

5, Parr Flame Ignition Peroxide Bomb. 

6, Beckmann Spectrophotometer, Model B. 
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CHAPTER H I 

.-. EXPERIMENTAL PROCEDURE 

for tiki* Investigation a polymer of the Above type (9), 

Horn Coming's BeCstex 104 Emulsion, was used in conjunction 

wifa tut Catalyst XEY-1©\ 

Method of Approach , 

• ,.. ̂The Silicone water-repellent.was applied to flit nylon 

and acetate fabrics and tests were sad* to check the dur­

ability of the lilioom* to washing. The samples were given 

spray tests after «ach washing. These tests showed the 

spray rating of the acetate fabrics decreased more rapidly 

Warn those of the nylon fabrics. Since acetate swells more 

easily than nylon it was indicated that the Silicone water-

repellent was either being removed or the fibers wore swelling 

and the film was being cracked during the washing process. 

Therefore, one of the approaches used in attempting to 

remove the Silicone was to treat the fabrics with known 

swelling agents and to determine what loss, if any, in < 

Silicone resulted. The other approach was to treat the 

fabrics with various chemicals which are widely used in the : 

textile finishing industry and to measure the Silicone 

content after each treatment• All samples wets then dyed to 

determine the changes in dyeing characteristics; a scoured 

untreated sample was used as a control* 



Scouring 

m* fabrics wre received ia ta* W*?] **ftt* Sad 

prior to scouring were cut into strips eight and one-hall 

inches nidi (a suitable width for passing through the padding 

machine), and approximately five yards long. 

. The scouring operation was carried out in a S»ith-

Drum Rotary Hosiery dyeing machine that revolved at the rate 

of. eight revolutions per minlte and reversed direction. ww*f: 

two and one-half revolutions. The bath contained two per 

cent 0u Ponol WA flakes, two per cent neutral soap and one 

per cent tri-sodium phosphate, based on the weight of the 

goods, and a volume of 23 gallons of water. , The scouring 

was carried out at 150OF for 30 minutes. 

After scouring, the goods were given three five-minute 

rinses with itmk wBtsi? at IS0% and on* ten-minute rinse 

W$Wat running wj**»r at I0®~108°?> fit* goods were then hydro-

extracted and pressed with an electric iron* This was 

followed by a 24-hour conditioning at 05 per cent relative 

hm^tf »*Mid. fG*1**.. ..*';.• 

Strength Test for Scoured Goods 

After conditioning, samples of the scoured goods were 

given tests for physical strength* , The testing was carried 

out in accordance with the Grab Method of the American Society 

for Testing Materials, Standard Test D39-49. (12) 
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Application of Silicon© Water-Repellent 

The Silicone emulsion, ft* recommended by the Do*~ 

Corning Corporation (13)t was prepared by mixing five parts 

by weight of DeCetex 104 Emulsion with one part by weight 

of Catalyst XEY-16, The mixture was then diluted to flit 

necessary concentration so that a two per cent application 

of the water-repellent would be deposited on the fabric, 

(See rig. 1). The necessary concentration was determined 

from the noisture pickup by assuming that the water-repellent 

had no affinity tor the fabric bttt was merely carried along 

with the water* 

The moisture pickup of the fabrics was determined by 

conditioning samples of the fabrics at 65 per cent relative 

humidity and 70°F for 24 hours, weighing them accurately on 

an analytical balance and wetting them thoroughly with 

water, the samples were then passed through a laboratory 

padder to remove all excess moisture and were immediately 

rewelghed on the same balance with the increase in weight 

being considered am the moisture pickup. This procedure 

was repeated once for each type fabric and the results 

were averaged. (See Table 19 in Appendix.) 

Prior to treating the cloth with the Silicone emulsion, 

each type fabric was sewed end to end so that a long con­

tinuous run through the padder could be made. A leader of 

cotton cloth W H S used to thread the.sample through the padder* 
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The Silicon© emulsion was applied at a temperature of 

70°F and pH of 5 to the fabric by passing the sample through 

the padder at a constant speed and at a pressure of 59 p.s.i. 

The pad H i filled with tite eiaulsion la * concentration 

calculated to give tiro per cent pickup (fee Fig* I}* Hie 

per cent was calculated as weight of silicon on conditioned 

weight of fstole* Two passes were made with two dips 

and two nips per pass to insure maximum and uniform pene­

tration of the Silicone. After application the samples were 

air dried and placed on a rack in an oven in a loop fashion 

end were cured for eight Minutes at 300-303°F. 

Strength Test for Silicone treated Goods 

After the curing operation was completed, samples of 

the Silicone treated goods were conditioned at 65 per cent 

relative humidity and at 70°F for 24 hours for breaking 

strength test. Again the Grab Method wag used with the 

recommended five breaks being made and averaged. The results 

were compared with those obtained for the scoured goods and 

the effect of the Silicone water-repellent on the physical 

strength of the material noted* (See Tables 6 and 7.) 

Resistance of the Silicone Water-Repellent to washing 

Samples of the Silicone treated goods were given wash 

fastness test in accordance with American Association of 
-» 

Textile Chemists end Colorists, (AATCC), Standard Test 

Method 30-45 (14), Test Ho. 3, so that the durability of 
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the water-repellent to washing could be established. Five 

washes were made in testing the durability, with each wash 

consisting of treating samples for 45 Minutes at 160°F with 

a solution of 0,5 per cent neutral wmp and 0,2 per cent 

sodium carbonate. After each washing, two rinses with 

water at 105°F, followed by a sour with a solution of 0,05 per 

cent acetic acid a* 80°p and a final rinse with water lit 

80°F were made. Each rinse and sour were accompanied with 

vigorous shaking for one minute. Deviations in the test : . 

procedure were wade in that samples eight by eight inches 

instead of recommended. size of ̂  two by four inches, were 

washed and alt recommended volumes (200 ml. for each step) 

were doubled. The increase in sample size was necessary 

in order to be able later to subject the samples *a spray 

Silicone Removal Treatments 

The reagents for these treatments may be divided into 

two classes, those ̂  which aire - normally thought: of •• as swelling 

agents for the particular fiber, and those which are normally 

thought of merely as chemical reagents. 

The swelling agents and chemical reagents used for ; 

nylon were some of those listed by the DuPont Company in 

their Technical Manual on HyIon (15). , 



Tho swelling *gs»ts used weroj 

1. Formic acid 
2, Acetic acid 
3• Phenol 
4* Aqueous phosphoric acid 
S» Phoaphoric acid in methanol 

The chemical reagents used wrt: 

2. Sulfuric acid 
3. Hydrochloric acid _/ 

<For a listing of concentration, time, and temperature, see 

Table l*> 

the spelling agents used for Silicone treated acetate 

were some of those suggested is work done by Mareden and 

Urquhart (16), in which they studied the per cent swelling 

caused by certain phenolic compounds on cellulose acetate 

sheets. The swelling agents used in this investigation in 

attempting to remove the Silicones were j 

1, Phenol . ' .. . . 
$« Phenol and sodium sulfate 
3. Phenol and sodium, peroxide 

^ : 4. Phenol and hydrochloric acid 
5. Aniline ^ 

. The chemical reagents used were: 

I» Ass tie acid 
' IV Hydrochloric acid 
3. Sulfuric acid 
4* Sodium carbonate 

(for listing of concentration, time, and temperature, see 

fall!* £,| 

Treatments were carried out by immersing a sample, 

8 by ft inches, is one liter of solution. The sample was 

turned slowly through the solution so that ail surfaces 
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would come in contact with the reagent and a uniform treat­

ment nould result• For acetate treatments, a vetting agent 

was used in addition to the reagent as it was discovered 

the reagents were not wetting the surf ace of the fabric. 

(See Table 2*) 

The goods were then treated either with a two per 

cent solution of acetic acid or a two per cent solution of 

sodium carbonate, depending on the type of solution the 

fabric was treated with la the above step, the goods Here 

given a thorough warm and cold water rinse and preened with 

an electric iron, 

Strength Tests for Goods Treated for Silicone Removal, 

the same procedure as previously mentioned on pig* ill 

w*n:feiio^d* . 

Water Repellency Tests 

Upon completion of the Silicone removal treatment, 

samples were conditioned at #5 per cent relative humidity . 

and 70°F for 24 hours. They were then given water-repellency 

tests in accordance with AATCC Standard Test Procedure 

22-41 (17), and the samples were rated accordingly. 

Application of Dyes 

In order to properly evaluate the effect of the 

various treatments on the dyeing characteristics of the 

fabrics* it was thought advisable to use different classes 

of dyes In different colors on each type fabric. The dyes 

used for enet* material worst 
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Material Claag &*$or Wmtimmm** fm#* mm 
•.-••ifr-j'.r.T - 'Hi : i ' i " ' 1 T f n. T ' ':: m H I I I I I I I I I I H I K HIIIIIDH MI urn iiiwiiiiii.m inniiiiiuuimii.ii>n i mn i IIIIH.HIH i i x m miiniim 

Nylon Dispersed Acetate Ye lion Acetamine Yellow N 
Nylon Acid Violet DuPont Anthraquinone 

*ioS*% m 
Nylon Direct - Red Pontanine Fast Red 

150% cone. 
Acetate Dispersed Acetate Blue Celanthrene Brilliant 

Blue T$&> 200% cone* 
Acetate Diaxo Black Acetamine Diazo Black 

BGD 
the procedures used nere those recommended by the 

dye manufacturer (18)# (19), and varied with the type dye 

used. In all cases, samples were cut to eight by eight 

inches in size, accurately weighed and were dyed in a bath 

volume of 300 ml. After dyeings were completed, the goods 

were rinsed in cold and warm water, followed by a wash with 

neutral soap and ft final warm ami cold water rinse. After 

rinsing, the goods were pressed with an electric iron, the 

individual procedure used for each dye varied in the following 

manner* 

Acetamine Yellow N,~A 1.0 per cent dye dispersion, based 

on the weight of the fabric (owf), was prepared with 1*0 per ; 

cent DuPonol WA flakes, 2.0 per cent neutral soap, and 0*5 

per cent tri-sodium phosphate. The weights of dispersing 

agents were based on weight of dye. The goods were entered 

at 140°F, the temperature was raised to 180°* over ft period 

of 30 minutes, and dyeing was continued for 45 minutes at 

ISO-ISS0*. 



DuPont Anthraquinone Violet 3R and Pontaaine Fast Red,—For ... 

these dyeings, 2.0 per cent dye (owf) was applied to the 

fabrics, with the dye being dispersed with 0.5 per cent 

DuPonol WA flakes, based on the weight of dye. The goods 

were entered at 140°F and the temperature was raised to the 

boil in 15 minutes, where It was maintained for 35 minutes 

for the Pontamine Fast Red and for 45 minutes for the Anthra­

quinone Violet IE* For the Pontaiaine Fast Red, 5.0 ml. of 

2.0 per cent MmtiM acid solution were added 5, 15, and 30 

minutes after the temperature reached the boil and for the 

Anthraquinone Violet 3R, 5*0 ml. of 2.0 per cent acetic 

acid were added 10, 20, and 35 minutes after the bath 

temperature reached the boil* .; .. 

Celflnthrene Brilliant Blue FFS .~»The dye dispersion was pre- -

pared by pasting the dye with hot water in a ratio of one 

to sixteen and 0.006 per cent of neutral &mp and 0*004 per 

cent of DuPonol WA flakes. A 2.0 per cent dye, based on the 

weight of the goods, was applied by entering the goods at a 

temperature of 112°F, raising the temperature to 180°F in 

15 minutes, and continuing the dyeing process for 60 minutes 

»t ISihtSi0** 

Acetamlne Piagp Black BGD.—The dye dispersion was prepared 
mmmmmmmi i.i'i i il ililn> <• 111 irilu Mi MMWwMMwaawMMiwiiili Hiomni n u l l n m wr • w • • • -• 

in the same manner as with the ceianthrene Brilliant Blue 

FFS* The goods were entered at a bath temperature of 102°F, 

and the temperature was raised to 180°F in 15 minutes, and 

dyeing was continued for 60 minutes. The samples were 
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rinsed and treated tor 30 minutes at 70°F la ft bath eon* 

taining 5.0 per cent sodium nitrite and 10.0 per cent of 

32°Tw hydrochloric acid (owf). After the diaasotiation 

treatment, the goods were thoroughly rinsed and developed 

with 3,0 per cent Acetamine Developer AD Extra. The developer 

was dispersed with ft small amount of Hot water and 2.5 per 

cent of 28.0 per cent acetic acid with the same amount of 

acetic acid being added to the development bath. The goods 

were entered in the bath after the temperature had been 

raised to 104°F and the bath temperature was then raised 

to 140°P lit 15 minutes where development was continued for 

30 minutes. The goods were then given the usual rinse and 

soaping operations, 

Evaluation of Dyeing Characteristics 

for an evaluation of the dyeing characteristics of 

the treated samples, four properties were studied! shade 

differences, light-fastness, wash-fastness, and crock-fastness. 

These properties were compared with those obtained on the 

scoured sample which was considered as the control sample. 

Shade MMimmmm*™-for an evaluation of the shade differences, 

tit* services of the Technical Laboratory, Atlanta Service 

Division of the DuPont Company were used so that an unbiased 

and professional opinion could be obtained. The shades 

were compared visually using ft natural northern light. (See 

Tables a and 9). 
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Light-Fastness. —The dyed samples were exposed In * FDA-R 

Fade-Ometer for a period of 12, 24, 36, and 48 hours in 

accordance with the AATCC Tentative Test Method 16-45, with 

tilt temperature set at 105°* (20). Each sample was rated 

individually and the results were compared with the control 

sample. (See Tables 10-14.) 

Wash-Fastness #«Htor testing fastness of the dyes and samples 

to washing, the procedure recommended by the AATCC Standard 

Test Method 36-45, Test Ho* 3, wan used. This process used 

a soap solution of 0.5 per cent neutral soap and 0,2 per cent 

sodium carbonate at 160°F for 45 minutes per washing. The 

results were recorded and compared with those obtained on 

the control sample. (See Tables 15 and 16.) 

Crock-Fastness«***fhe dye samples were tested for crock-

fastness by using the AATCC Standard Test Method 8-45 (21). 

For evaluation of the crock-fastness of the samples, the 

results were compared with the control sample and rated. 

(See Tables 17 and 18.) 

Determination of Silicon Content 

The determination of Silicon content of the fabrics 

was accomplished %$ using methods described by McHard, et al., 

(22), the parr Instrument Company, (23), and tit* Dow Corning 

Corporation (24) • The equipment used for this phase of the 

investigation was a 22 ml. flame ignition macro poroxide 

bomb, Parr type, in which all samples were fused. Firing of 

the bomb was accomplished using an oxygen, air, and natural 



gas burner, fflm flam© **# ft«tjit*t*<t » tMt fck* botton .of,. 

th« fusion.cup;became a dull red 30-35 seconds after the 

flame was applied to the bomb. 

In order to determine the Silicon content of the 

samples, it was necessary to- fuse a sample of known Silicon 

content. The sample used was Bureau of Standards' Feldspar 

sample Ho. 99, which contained 68,66 per cent Silicon oxide 

<S102). After fusion, known concentrations were analysed* 

Analysis was accomplished colorimetricaily by ;; 

measuring. the : blue color.produced when silicomolybic;acid was 

reduced with sodium sulfite, the developed color was measured 

with ft Beckmann Model B Spectrophotometer and at a wave 

length of 715 mliXlmicrons. A calibration curve was obtained 

by using samples of varying but known concentrations and the 

per cent light transmitted was plotted against milligrams 

of Silicon. (See Fig. 2.) 

Caiibra-felon.—The.Feldspar sample was accurately weighed 

to 0*0146 grams * an amount which would give a final concen­

tration of 0.01 milligrams per Miiiiitotf- after the sample 

wHO fused and diluted to one liter. This sample was mixed 

in the bottom of the fusion cup with 2.0 grams of sodium 

peroxide and 0.07 grams of confectioners sugar, and then 

one dipper, with a capacity of 15 grams, of sodium peroxide ' 

was added to the fusion cup. After securing the cover, the ; 

bomb was placed in an ignition housing and fired no mentioned 

above* The flame was removed after 35 seconds and the 

reaction allowed to continue for 20 seconds. The bomb was 
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then placed in a bucket of cold water after which the entire 

outer area of the bomb was rinsed with distilled water to 

remove any iapurities present, and the screw cap and cover 

were removed. The bomb cover was rinsed with 100 »1. of 

distilled water and the rinse water was collected in a 500 ml. 

monel beaker. The fusion cup was then dropped into the 

beaker and a stainless steel cover was placed over the beaker 

while the fused mass dissolved. After the peroxide was 

dissolved, the onj> was removed from the beaker with tonga 

and all surfaces were rinsed with distilled water with the 

rinse water being collected in the monel beaker. The inside 

of the fusion cup was rinsed with 10 ml. of concentrated 

hydrochloric acid and all the inside surf aces of the fusion 

cup were carefully brought into contact with the acid. The 

acid was added to the monel beaker and the solution was 

cooled to S0°f# Aftor tan aolntion WW OooliNl*••<•». it*^M' 

concentrated hydrochloric acid were added. Again the 

solution was cooled. At this point a test was made with 

litmus paper to check for the acidity of the solution. 

(The tost should be distinctly positive.) The solution was 

transferred to a 1000 ml* volumetric flask* the volume was 

increased to approximately 975 ml. with distilled water, 

and the solution was allowed to stand for two hours before 

increasing the volume to 1000 ml. The solution was then 

thoroughly mixed. 



Portions of the solution containing 0.02, 0,04, 0.06, 

0.08, 0J0, and 0.12 milligrams of silicon were transferred 

to 250 ml. Erlonmeyer flasks and diluted to 50 ml. *ith 

distilled water. To each solution 25.0 ml. of 1.0 H hydro­

chloric acid w^re added, mixed, and then 25.0 ml. of 10.0 

per cent ammonium molybdate, freshly prepared and stored in 

a monel beaker, were added and mixed. Two minutes after the 

start of the addition of the ammonium molybdate, 50.0 ml. of 

17.0 per cent sodium sulfite were added, mixed thoroughly, 

and then transferred to a 40 ml. photometer cell. Seven 

minutes after the start of the addition of sodium sulfite 

transmission readings were made with the spectrophotometer. 

00r this investigation the instrument was adjusted to 715 

millimicrons and the adjustment was mot changed at any time 

during use.) Just prior to reading the pmr cent transmission 

of light through the sample, the spectrophotometer was 

adjusted to read 100 per cent transmission for a blank sample 

that had been prepared in exactly the same manner as the . 

standard sample and contained the same size aliquot. The 

blank sample contained no silicon, two samples of the 

standard sample were fused and the results compared. (See 

$*mm 20*J ' 

Analysis of Samples.—In the analysis of the fabrics for 

silicon content, each sample was first ground in a Wiley 
• . / * 

Laboratory Mill and passed through a 20 mesh screen, m&m 

step was necessary to insure that an adequate surface would 

come into contact with the sodium peroxide and thereby fuse 
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properly. The samples were accurately weighed to approximately 

0.23 grams. Thereafter, the procedure used tor fusing the 

standard sample was followed. 

In determining the silicon content, a 10.0 ml. aliquot 

was withdrawn from the 1000 ml* volumetric flask and the 

procedure above for the standard sample was used. 

for calculating the for cent silicon content, the 

following formula supplied by the Dow Corning Corporation 

was usedi 

• Silicon » ' il^K"'^i|ti%r'-IS;llil^il '"IT*".— .*.*™, • 

To convert the per cent silicon to per cent Silicone applied, 

a multiplication factor of 2.34 is used. The factor varies 

with each typo Silicone and the factor 2.34 applies only to 

DeCetex 104 Emulsion. 

These data were also obtained for the scoured samples 

of both nylon and acetate so that the silicon originally 

contained in the fabrics could bo subtracted from the amount 

determined for each of the treated samples and thereby the 

true amount of silicon applied or removed could be determined. 
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CHAPTER If 

DISCUSSION 0* RESULTS Of VARIOUS 
TREATMENTS fOR SILICONE REMOVAL 

fa* results of this investigation are presented 

according to the reagent used to remove the Silicone vater-

repellent. All comparisons of fabric properties were made 

by using the scoured untreated samples as the control 

samples. 

Soap,—The washing test showed that when the Silicone treated 

fabrics were washed in an alkaline soap bath at a High 

(160°F) temperature and severe mechanical action (constant 

tumbling of 10 steel balls), the Silicone water-repellent 

is not permanent. These wash tests are considered to be in 

excess of the normal type washing that would be given these 

fabrics in everyday use. The Silicone was more durable to 

acetate than to nylon, as determined in the analysis for 

silicon content. However, the spray rtting* of the nylon '. 

remained consistently higher than those for acetate. This 

apparent contradiction to what would be expected may be due 

to residual wetting agents that adhered to the acetate 

fabrics and thereby caused re-wetting when the spray tests 

were conducted, {too Tables 2, 3, and 5.) 

These samples were not evaluated for strength or 

dyeing properties. 
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Acetic Acid.~Tho use of acetic acid in a concentration of 

three per cent and at * temperature of 150°F for acetate 

and ftt tiki boil for nylon was found to be ineffective in 

removing the Silicone. The 100 per cent acetic acid at 77°F 

on nylon removed 79»4 per cent of the silicon. 

• . -.The dyeing,characterietics of the samples treated 

with acetic acid were generally found to have noticeable 

shade differences with the three pmr cent treatments and 

only trace differences with the 100 pmv cent acetic acid 

treatment on nylon* . The fastness properties of these samples 

were found to be less than the control sample. (See Tables 

$*:*§»> 

. This treatment caused no apparent loss in tensile 

strength. (See Tables 6 and 7.) 

SulAaric. Acid,—The sulfuric acid when used at a 10 per cent 

Oono*^**tion *Wi *t *. tmp*V*twm of W*f removed 59.1 jyty 

cent of the silicon from nylon And only 8.4 per cent from 

' î -;'iiMtJMbi-4 

The acid caused approximately 25 per cent loss in 

strength of the fabrics, except for tan acetate filling which 

showed no apparent change in strength. (See Tables 6 and 7.) 

The shade differences were noticeable on both fabrics 

and the fastness proportion less on the nylon and slightly 

nor* on the acetate. (See Tables 8-l£.) 
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Phenol*—This reagent at * two per cent concentration and at 

II temperature of f?°# removed 67.8 per cent of the ailicon 

from nylon and waa relatively ineffective on the acetate, 

even when eodium sulfite, sodium hydroxide, or hydrochloric 

acid in equivalent amounts were used in combination with the 

phenol. However, when the temperature was increased while 

treating the acetate the per cent silicon removed increased -

" to as.much as 36.8 per cent• (See Tables 3 and 4.) ; 

The phenol had no effect on the strength of either 

fabric when used at 77°F, but at 112°r on acetate caused a 

small loss in tensile strength of the filling and at 140°* 

caused a great loss, both for warp and filling. (See 

''''Mi*i^*:*tA f4 
The dyeing characteristics of the sample* treated with 

phenol showed noticeable shade differences on the nylon and 

trace differences on the acetate, with the treatment at 112°* 

on acetate showing no shade differences, (fee Tables s and 9«> 

The fastness properties of dyed nylon after treatment 

with phenol were generally less to light, the same to 

washing* and weaker to crocking. For acetate, this reagent 

*4m**mlf affected the light-fastness of the dyes only 

slightlyj it improved the wash-fastness of the dyed fabric, 

and slightly impaired the crock-fastness. (See Tables 13, 

•; ilî  -!§:| and U i $ • : ! • : •'-• 



Formic Ac id.—This acid was used on nylon fabrics at con­

centrations of tli*** and 20 per cent. It proved to be 

ineffective as * Silicone removal agent. 

The samples showed noticeable shade differences in 

dyeing and bail weaker light-, wash-, and crock-fastness 

pmtpmttim* <§** f*l>**s 8# 10-12f %&.# and if #) 

Th* acid had no apparent effect em the tensile 

strength ®* the nylon. (See Table *#> 

Phosphoric Acid.—Nylon was treated wit!* ttiitf «ell *t ft 
(ii nil i l i m in T i ii i iimi i i ii Hiiii IIIIHIIII H W M — w m n 

concentration of 20 per cent and at a temperature of 77°f 

in water and methanol solutions, When used in a water 

solution, it removed 46,1 per cent of the silicon and in 

methanol, 75,6 per cent. 

This treatment on nylon showed appreciable to notice­

able shade differences. The fastness properties of the 

fabric were generally less on M l tests for both methods 

of treatment. (See Tables 8, 10-12, 15, and 17.) 

-• The acid caused no apparent loss in strength filling-

wise and a slight loss warp-wise, : (See Table 6.) . 

f^M^::W^m^M*^^lmi. #*. ***MNl with *0 f*# .ilttf\ sodium 

h$#$mitim • lit *§&% fm p**i®4* • a#: IS,: it # •. umi 6# miipt** * 

la all cases the sodium hydroxide completely removed; the : 

. flMmm w^»^mp^mmt^ Wtom t»**t*i •. for < 60. - aAâ t**** the 

sodium hydroxide caused a slight loss in tensile strength 

and no change in dyeing characteristics. When treated for 

II mm 30 minutes, the nylon showed no change in tensile 
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strength, only trace changes in shade chacteristics, and 

trace or no changes in fastness properties. (See Tables 6, 

at i**!** u, **** *?•) 

Aniline .—A t*0 pa* cent solution ©f tnlp reagent at a 

temperature of 77°F was used 011 acetate fabrics and removed 

only 10«S per cent of the silicon, 

The samples treated with aniline showed slight loss 

in tensile strength, trace changes in shade characteristics, 

and trace changes in wash- and light-fastness properties 

with the dispersed acetate dye* The crock-fastness properties 

were appreciably weaker. With the black dye, the samples 

showed stronger light-fastness properties. The wash-

fastness properties Mmt this dye were as good or better than 

the control sample, and the crock-fastness properties were 

noticeably less. (See Tables 7, 9, 13, 14, 16, and 18.) 

Sodium Carbonate,--Thls reagent at a 10 per cent concentration 

and at 150°F was used on the acetate fabrics and removed 

only 14.8 per cent of the silicon. However, this reagent 

reduced the spray rating to aero. 

The sample dyed with the dispersed acetate dye 

showed less light-fastness properties and with the diazo dye 

showed more light-fastness properties than the em£y*l' 

sample. There was no change in wash-fastness properties. 

The samples showed less crock-fastness properties. This 

reagent caused no apparent loss in tensile strength. . (See 

Tables 7, 0t %M$ M§ M$ *»«! *S»| 



Table 1. Numerical Designation ol Nylon Samples 

Sample 
Number 

Treatnent 
Concea-

iti 
* 

101 
102 
103 

107 
108 
100 

111 

IIS 
114 

110 

110 
110 

101 
101 
103 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
102 
103 
103 
103 
103 

Scoured 

Sodium hydroxide 
Sodium hydroxide 
Formic acid : 
Acetic Mid . 

Phosphoric acid in water 
Phosphoric acid in methanol 

3.0 
3*0 
10>0 
10*0 
10.0 
10*0 
10,0 
20*0 
100*0 
2*0 
20*0 
20.0 

40 
45 
45 
45 
45 
30 

160 
100 
100 
100 

10 
10 
60 
IS 
30 
30 
30 
30 
30 
30 

n 
W' 

180 
Tf 

•--• w n 
Tf 
W 

percentages are based on 
Table 3 for amount of silicon 



Table 2* Numerical Designation of Acetate Fabrics 

Material 
Sample (sample 
Humber number) 

Treatment* 
Concen­
tration** Tim* 

* 

Temper­
ature 

202 
203 

mi 
201 

205 202 

208 

210 

212 
210 

215 

216 

217 
218 
git 

203 

203 

203 
203 

Scoured 
Silicone*** 
i£3JtanmV»** 
Soap (one cashing) 
Soap (two washings) 
Soap (three washings) 
Soap (five washings) 
Aniline 
Hydrochloric acid 
Sulfuric acid 
Acetic acid 
Phenol 
Phenol and 
sodium sulfate 
Phenol and 

Phenol and 
hydrochloric acid 

Phenol 
Sodium carbonate 

1*0 
10.0 
10.0 
3.0 
2*0 
2.0 
1*0 
2*0 
0.8 
2.0 
0+8 
2*0 
2.0 
10*0 

mnwqn 

*0 
45 
45 
45 
45 
30 
10 
10 
30 
60 
60 

60 

60 

00 
60 

100 
100 
100 
160 
100 
77 
77 
77 
150 
77 
77 
77 
77 

77 
77 
77 

• 25 ml. of 1 per cent Iferpol € added as vetting agent for samples 209 through 210 
** All percentages are based on solutions 
*** See Table 4 for amounts of silicon applied 



Table 3. Effect of Treatments on Silicon Content of Nylon Fabrics 

Sample Silicon Silicon Silicon Silicon Corrected Silicon 
number applied applied content content silicon removed 

<mg.) <1> *ftw after content <I> 
treatment treatment after 
0&g») {%) treatment* 

101 0.40 0*17 a » ** 
102 4*70 0*10 ** .' ,•» 1*00 — 
103 4 .00 1*07 m* • * * 1*00 — 
104 4*70 0*10 2 .40 1.03 0.86 45 .5 
105 4 , 7 5 0*10, 0 0 0 100.0 
10$ 4 . 7 0 0 .10 0 0 0 100*0 
107 4 .75 3 .10 0 0 0 100*0 
108 4*7S 0*10 0 0 0 100*0 
109 4*75 ,u< 0*35 S * 7 2 * * 0*00 0 
no 4*78 a .10 0*00 0 * 0 0 * * 0*00 0 
ill 4*70 0*10 5*10 0 .00 0*00 0 
A ASS •» - 4 .75 0 .10 2.30 0*00 0*70 5 0 . 1 
110 4*75 0 .10 0 0 0 100*0 
114 4 .75 0 .10 0 0 0 100.0 
n § 4*70 0*10 0 o 0 100*0 
116 4 .60 1*07 4 .00 1*70 1*00 10*0 
1*7 4 .60 1*07 1*00 0.54 0*07 70*4 
l i s 4*00 1.07 1*00 0*75 0*50 07*0 
l i t 4 . 0 0 1*07 2 .45 1.04 0*07 4 0 * 1 
120 4«S0 1*07 1.45 0 .61 0.44 70*0 

* Corrected for the amount (0.17%) of silicon present in the original fabric 
** fae source of this discrepancy eas not determined. ' 
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Table 4* Effect of Treatments on Silicon Content of Acetate FAbrlcs 

Sample Silicon Silicon Silicon Silicon Silicon 
number applied applied content content removed 

&«•) W$ ** *** *itm m 
treataents treatments 

<•*«» m 
201 «#» — - - • 

202 4*45 1*01 «•> • « • • _ 

20S 4*70 2*10 *• mm — 

204 4*4$ 1.01 2*82 1.23 35*0 
205 4*48 1*01 2*28 0*07 40*3 
206 4*45 1*01 1*04 0*80 m*s 
207 4*45 1*91 0,80 0*34 82.2 
208 4*45 1*01 1*30 0*55 71*0 
200 4.45 1*01 3 .85 1*54 10*5 
210 4*48 1*01 3*70 1*84 14*1 
2*1 4*45 1*01 4.38 1+7* 3.4 
212 4.70 2*10 0*31 2*82*^ 0 
21$ 4*70 2*10 3*t2 1*57 25 *3 
214 4*70 2*10 4*00 1*73 16*41 
215 4*70 2*10 4.45 1*01 B^B 
216 4*70 2*10 5w0S 2*14 0 
217 4*70 t^Mi 3*25 1*37 36.8 
21S 4*70 2*10 3*40 1*48 30*5 
210 4*70 2*10 2*08 1*70 14*8 

111 II I 1 llllUL.il L» H 8» 'I Mill II I II « i l 111 M l I . lHI IUnll i l l l l l . , II I. nil I I I Ill 1,11 I.' I I I'll I 111 I M •! J 1111 If J l l l l i I | 1 | l « l l|l|ll I Y l I I l l | l l Mj 1 II I I I I ) I I | • . . ! • Ill ,|l,l I I | i | | | l l l j l l l l i l l llH III I !l • 1 11. III! I l lH • I I I l l | 

• The source of this discrepancy was not determined* 

/ 

llllUL.il


Table 5. Effect of Treatments on Water Repel lencjr 

Nylon 

MaNMflMMMMmiimlu 

Acetate 

Sample 
number 

ipray 
rating number rating 

101 
102 
103 
104 
105 

108 
100 
110 

112 
113 
114 
116 
110 
117 
118 
110 
120 

0 ' ' "&01 
100 202 
100 203 
90 204 
00 205 
70 206 
50 207 
50 008 
80 200 
00 210 
90 211 
80 212 
0 218 
0 214 
0 2^5 

100 216 
00 817 
7© 218 
80 210 

0 
100 

50 
50 
0 
-0. 
70 
80 
70 
80 
00 
00 
70 
80 
80 
00 
0 

70 

Classif ica t ion« 100 No sticking or netting of upper 
surface 

00 Slight random sticking or wetting 
of upper surface 

80 netting of upper surface at spray 
points 

70 Partial vetting of whole of upper 
surface 

50 Complete wotting of whole of upper 
surface 

0 Complete wetting of whole of upper 
and lowe'r surfaces -



Table 6. Effect of Treatments on the Tensile Strength 
of Kylon Fabrics 

Tensile Strength. Average Results of Five Breaks 

number 
Warp 
<lfc»*| 

Warp 
strength 

F i l l i n i 
<!!>«*! 

remaining 

m 
9 2 . 5 * «. 7 7 . 0 * 
93 .4 100.9 77 .4 
9 4 . 8 102.5 86 .4 
92 .4 99 .9 84 .8 
95 .2 102.8 81 *4 
00 *0 75.9 58 .8 
90 .2 97*5 7 0 . 9 
92 .8 109*9' 77 .0 
09*0 00 #9 83 .4 

100.6 108.8 ©9*4 
00*0 109*7 89 .2 

102.0 110.2 83 #9 
9d»<A 99 #5 70*4 
00*0 • 92 .8 01*4 

Filling< 
strength 

101 

110 

119 
119 
114 

117 
110 
110 

90*4 
111.0 
109*0 
104.4 
70*0 
00*0 
09*0 

109*0 
107*9 
114*0 
100*0 
101*0 
104*4 

Note.—Methodi ASTM, D39-49, Grab method. 

* Total of 16 breaks made for average of control samples 
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Table ?. Effect of Treatments on the Tensile Strength 
of Acetate Fabrics 

Tensile Strength. Average Results of fly* Breaks 
. ' . . . • 

mtmmmmmn urn mi IIIMHIM i wi innnin m>niii»«i—«—M—iiliilil iii»i|iM«lii>«i»i«ii«iiiWiMl«<«Wii'iiliM'li»iwJ» 

Sample Warp . Warp Filling Filling <. 
number (lbs.) strength (lbs*) strength 

remaining remaining 

m m 201 m*m «• &f> #0* **• 

• 202 2 9 . 0 123.3 00 «0 ^^J^l^ff 9 W 

209 20 >2 86 .0 23 .2 0fcjfc 
iit 23*0 0**0 2 4 . 2 96 .8 

m% <iftMt- 80*0 26 .8 107.2 
:-.;:-'-'Hi'>-- 24*4 103*9 26 .6 100*$ 

.'•.-.• ^ m 24 .6 104.8 26 .6 100*3 
214 2 5 . 0 100.4 24 .4 0?*S 
215 • t f i i ' 118*2 25 .0 100*0 
216 23 .6 100.6 2 5 . 2 100.8 

f 5117 25 .4 108.2 * # * » 78.4 
Jia 0*0 25 .4 4*$ 10*4 

2 4 . 4 103.9 2 7 . 2 108.9 

Note.—Method: ASTH, D39-49, Grab method. 

§ Total of 10 breaks made for average on control samples. 
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Table 8. Effect of Treatnents m Shade Characteristics 
of Nylon Using Scoured Sample as Control 

ni.nn.in.iMniiMiiiHiKiiii.iimi Hi n . • m i n i i i » n i • «l i l l l»l II I llllliHl Mill 1 K l i n HI III Hill Will III Oil 

Wf9 
»'i> i i iwini i i iiiiiiiii ii • n m m mmm IIIUKIIM in • wi 

MM^^WMMMRMlfe^^ft^MtatfMMfeMV^^^^^^^M^^^^^^^^M^^teh^^^^M 

Sample 
nuaber 

Acetamine DuPont 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ W ^ ^ ^ ^ ^ ^ ^ W ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ W ^ ^ ^ ^ B ^ ^ ^ ^ ^ ^ ^ P ^ ^ ^ P 

Pontaaine Sample 
nuaber Yello* N Anthraquinone . Fast Red 

*MIMlWMNMMN«N##M#<M(|lta^ •MaMfcMMMMaWWIW^MWiMM^ 

• • • * 

103 • * f-t 5-4 Bl 4*.".: 
%M If § 4 1 
vm SI 5 '. 4,a i 
III " t 4r 5 4 1 
l i t i t 5-4 & 4 , 3 . * 
113 & mm mm 

114 5-4 R 5*4 Bl wf i l i S~4 E 5-4 HI 5-4 D 
*S* 4 f $ ft 
311* SM *» 4 a S a^'Ttm B 
118 4 1 S I I 
%M s i f i § 3 « 
120 II 5-4 Bl 4W 

Class i f i cat ion ,— 5 Very good - No shade difference 
5-4 Very good » Trace shade difference 
4 Good - Noticeable shade difference 
3 Fairly good - Appreciable shade difference 
% Moderate « Considerable shade difference 
1 Poor - Very much shade difference 

a* Brighter-
ai~ Bluer 
a ** Duller 
a * Greener 
J *** Jetter 
t ~ Redder 
t - Weaker 
? ~ TeUower 



Table 9. Effect of Treatments on Shade Characteristics 
of Acetate Using Scoured Sample as Control 

.JPPSwjPsjpiff'ipl̂ ff 

numoer 
Celanthrene 
Brilliant 
Blue ff§ 

Bye 

mmmimmmm*mmr''*mmim»m**mmmmmm*m*)maM**mmm 

Acetaaine 
Diazo Black 

203 
200 
2*0 
211 
212 
213 
214 

ait 
21$ 

lr"H| | III | iP 

5-4, Bl f D 
4 * f • » : " ' . • . 

•4. ..&.§> *r*4 ;§, jp'-
4ft R g. S*^4 *• mf 
. S M | . # 
5-4 D9 E 
6-»4 It 
S«*4 R 

4 t 
5-4 |> 

4.lb 
4" it 
4 i 
* * , ' . • • 

4 « 
4 tf 
4 J 
4 # 
4 J 
5 
a~4 w 
4 (I 

Classification, • $ Very good * No trace difference 
5-4 Very good - Trace shade difference 
4 Good - Hotlceable shade difference 
% yairly good - Appreciable shade difference 
% Moderate - Considerable shade difference 
1 Poor - Very much shade difference 

*:*>• iffigfc*** 
• i&- wfc&tw 

• . B : * IttttllM? 
.: $<*'&«itt&r 
v-jt. * better 
.. f|, .-*• iMMtilsar ... 
•# * telle** 
?•«* ir#ii«MNir' 

/ 



Table 10. Light-Fastness of Acetanin© Yellow N 

Hours 

number 12 24 36 48 

8 7 0 5 

tm 7 6 0 4 
%m 8 7 0 4 
xio 7 6 0 3 
%M 8 6 5 0 
%w 7 5 4 0 
tm 0 7 0 5 
114 8 7 6 5 

MM 8 7 6 0 
116 f 6 0 0 
117 7 0 5 4 
tm 7 5 4 : • • : # 

110 7 0 0 4 
120 8 0 6 4 

^SF0t^^tflW'^^^m-Mf: (NpMW P̂*w ejlvwfc^'pte ^•*»**H Maximum 
7 
0 

Exce l l ent 
Very good 

5 
4 

Good 
•WJp^^&W'fc ,'^**r 

3 
2 

Fair 
jtenar 

O-s 

% • e r y #00* 



i 
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Tftble I I . Light-Fastness of DuPont Anthrftquinone Violet 3R 

12 36 

till 

7 
T 
7 
f 

f 
f 
f 
i 
6 
0 
6 

6 
5 
6 
6 
• 

6 
6 
6 
5 
S 
5 

$ 
5 
4 
5 
$ 
5 

0 
0 
5 

4 

i 
4 
5 
$ 

5 

4 
4 
4 

7 

4 Fa ir ly got 

s mm 
2 f o w ' • 
I ifmtf #<mt 



Table 12, Light-Fastness of Pontamine Fast Red 

number 12 24 48 

8 8 7 7 
%m 5 4 8 * ' • 

im 7 0 4 4 
110 7 8 8 8 
in -• 7 8 4 ., « * ~ 
112 4 3 a * 
113 ** - - -

wi 8 8 7 8 
t i i 8 7 7 8 
116 5 . *4 8 t , lit 6 8 4 8 
1U 6 4 8 2 
tm 6 4 2 1 
w® 0 t 4 .,,,,8 

Claasiflci t%40&#"**-4i Maximum 
Excellent 7 
Maximum 
Excellent 

6 
8 
4 
8 
% 
X 

Good 
Fairly good 
fat* 
Itoor 
?#ifF po©3? 
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H i l t 13. Light-Fastness of Ceianthrene Br l l l i ao t Blue 

Hours Exposed 
mmmmmtmummmmammm ' "'" iini'iinn iiniiini i m»i« i , , nun i .mi niimn n .«i mniiniiii i hiiinii iximmfmmmmmmmm^mmmm'Mi«mm\ 

tfft-
m. W SI4 S0 40 ' 

Urnrnm**mm*mrm*~mmi m ,n in nn . , , minim >n i \\immm**mmm,i in i i ,r minimnmm m ii m th »,tmmm*mm*'mmmmmmmmmmmmmmmmmmmmmmmi*m*mmmmmmmmmm^ 

7 7 7 * 
7 • - . I I . . : ' - - 6 # — 

i $ 0 # 
.. 0 6 5 5 

8 7 0 0 
7 7 0 0 
7 7 0 0 
7 0 0 0 
7 # 0 0 
7 7 0 0 

£17 7 7 0 0 
2X0 0 7 0 5 
m® 7 0 0 ,; * 

Classlf loatlon*—8 Maximum 
tMWMNMM^MtaaiaiH^iMMi 

7 Excellent 
0 Very, good 
5 Good 
4 Fairly good 
0 ffctr 
2 too* 
i fisir pwv 



fable 14, Light-Fastnesa of toot) inline Diazo Black BGD 

Hours Exposed 

Sanplo 
number 12 24 36 43 

201 6 4 % I 
203 7 5 3 2 
209 7 § 3 2 
210 7 $ 3 I 
211 -• 7 5 3 1 
212 7 5 $ t %~. 
213 7 S S 1 
214 6 3 3 I 
215 7 5 3 1 
216 7 S 3 1 
Uf 6 0 3 2 
218 a 4 3 1 
a i t 7 5 3 2 

Class i f i ca t ion . - -8 Maxlaron 
iiMipwihwiiWiWieti^iii^wiiw^^ 

m m «»inurn IIIIIIIIHIII.II.HIIIIIIIII «to«*w«Miwaai 

"* 7 
• 
5 
4 
3 
2 
1 

Excellent 
¥0*y good 
Hoo4, 
****!* goO* 
f* i* 
f e w 
fory poor 
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Table 15, Wash-Fastness of Dyes on Nylon 

Dyes 

Acetaaine* DuPont** Pontamine* 
Yellow N Anthraquinone Fast Red 

Violet 3R 
ii mm imi nm , I . N . I . I . I . I . . ii m nii.in illinium iiimi - n n m n . m n i i m niinniinmiiimniiini i mm pin i m limn i in iiiiiinii i in I I H i mi I I I I I I I I I I I H I I M H I I I nBw i m i iiiiiiiiiiini 

Sample Color Staining Color Staining Color Staining 
number fastness effect fastness effect fastness effect 

%m 2 
103 2 
w$ 2 
IM& 2 

m 2 
112 3 
113 2 
114 2 
110 2 
116 3 
117 % 
110 3 
110 % 
120 3 

1 4 5 3 3 
1 3 5 2 .';• > < 
2 2 0 2 3 
1 2 0 a 4 
2 2 0 3 ; 3 
2 2 5 2 3 
1 «•» : MM Mtt •» 
1 4 5 3 3 
1 4 0 3 : : 2 
1 3 0 3 4 
1 2 0 3 •a 
2 a 0 3 4 
1 3 5 3 4 
1 

[ • • m i ••iumw'ti 

4 
i imwm. i i im i in i' in, in. I I a 

0 
iniiimiDiiiiiiiiiiliilili 1 iiiniiiilMiilHi 

3 
iiniiiiiiiiiimKiimiii i i i w i i . i i w 

4 
iWKi ' " i i i Mm H i 

Classification.--
lift mil.» H itn• mifliMii)mm i.iiirniiiri miliumWII IIIIUIII.—III 

Color Fastness • Staining Effect 

0 Excellent 3 Virtually unstained 
4 Very good 4 Slightly stained 
3 Good 3 Considerably stained 
2 Fair 2 Heavily stained 
1 Poor 1 Dyed 

Note: Method, AATCC Standard Test Method 36-45, Test ltd* 3 

* One washing 
** Two washings 



Table 16. Wash-fastness of Dyes on Acetate 

— * 

Sample 

m% 

Ml 
212 
213 

tW 
$318 

Ceianthrene* 
Brilliant 
Blue Iff 

Acetaaine** 
Diaao Black 

Color Staining : •' Color ' Staining 
fastness effect fastness - effect 

a 1 2 3 
2 1 2 ':.- i 
2 31 a ' f ^ 
2 I a . :: 4 
a I a •.•:.'• 4 

2 1 a 4 
2 I 3 a 
2 1 2 a 
a i a a 2 i a •.•:' 4 
2 i 2 • a 
a i 2 \ 4; 
2 i a 1 ; a 

Classification.— 
Iffll in Ulii I I I I mil II I i in' lini mi niii.l i 

' ' Color Fastness 
lilllliiiiilHMII. II »l»|i| liliiliiililimi |„i I. Illl 

5 Excellent 

a Good 
a Fair 
1 Poor 

Staining Effect '; 
iiiMii.ilii'illii i i inwui iiii«T«iniiliiiiiiiiiliii>iiinmi»iiit>liiiii • 

a Virtually unstained 
4 Slightly stained 
a Considerably stained 
a Heavily: stained 
I 

Method, Standard Test Method 36-45, Test No. 3. 

* One washing 
** Two washings 
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Table 17, Crock-yastneas of Dyes to Hylon Fabrics 

Samole 
a\wib«r 

Acetaraine 
Yellow H 

Buyout •, -
Aathraquinoae 
Violet 3R 

Pontamine 

100 
110 
1X1 
112 

A Aflfc 

116 

in 
118 
119 
120 

4 
3 
3 
31 
4 
4 
4 
4 
4 
& 
a 
I 
a 
2 

4 
4 
4 
4 
4 
5 

4 
5 
4 
4 
4 

1 
2 
3 

® 
5 
$ 
2 
I 
» 
3 

Classification, 
•MwatortMmW 

$ Excellent 
4 fi*3T 

1 Poor 



Table lit Crock-Fastness of Dyea to Ac*tate Fabrics 

&ym 

••MMMmtfMiMMlMMMtfMMM^^ 

Saapl* Ceianthrene Acetaaine 
nuaber . Brilliant Blue .. Diazo Black 

WtB 

mi s 5 
<M£ ~~* 4 <4 
209 3 4 

1 J #U 1 # 
3 '; W 4 4 

214 5 4 
4 4 
0 4 

n* s s 
IIS 3 4 

4 3 
Clapgjfication^- 5 Excellent 
'"""•""• • '••'• » • • • • - • " • " - - • • • — • • < | I | I I H I l l » I I I I W I I I . • ' « 

(inifiiiijiiniiiirtrtiiiiiiiiiliViiiliiii 

3 Good 
2 Fair 
i Poor 



CHAPTER V 

^mmmtmm^ 

From data obtained in tills investigation, the following 

conclusions may be drawn: 

1. The Silicone water-repellent was not resistant to 

10 per cent sodiun hydroxide when treated at 180°*. This 

reagent nay be used %n removing the Silicone froa nylon and 

the dyed fabric wit* show only trace changes in shade 

characteristics, no change lit fastness properties, and no 

change la tensile strength on treatments of 15 to 30 minutes, 

S» The Silicone water-repellent on nylon was not 

resistant to repeated washings with a soap solution of 

0.5 per cent neutral soap and 0.2 per cent sodium carbonate 

when the washings were conducted at 1 0 0 % and accompanied 

with severe mechanical action. When applied to acetate the 

Silicone water-repellent was partially removed by washing 

with the above soap solution and conditions. 

3. The Silicone water-repellent was resistant to 

mineral acid treatments. 

4. The Silicone water-repellent was partially removed 

by swelling agents such as phenol, formic acid, and acetic 

aeldU 
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/ 

ft* In all eft***, when the same reagents were used on 

both nylon and acetate, more of fit* Silicone water-repellent 

vis removed from the nylon than from the acetate, which may 

indicate that the Silicone was more strongly bonded to the 

acetate than to the nylon. (2ft) 

6. Exclusive of washing treatments, the two per cent 

phenol at 112°T removed the highest percentage of the 
• . . . . * 

Silicone| and this sample showed no changes in dyeing 

characteristics, which was an indication that the Silicone, 

if completely removed, would have no effect en the dyeing 

properties of the acetate. 

7* A Silicone frosted fabric m%X% show appreciable 

shade differences when dyed, A sample with the Silicone 

partially removed sill show noticeable to trace changes && 

shade when dyed, k sample with the Silicone completely 

removed will show trace to no change in shade when dyed. 

The degree change will depend on the percentage Silicone 

;gwiMft£ itni t&#- f|fp* 4y* used. 



CHAPTER VI 

This investigation has shown the possibilities of 

using the Silicone water-repellent, DeCetex 104 Emulsion, 

as a sizing agent for nylon since it, can lie easily reaoved 

fey sodlUB hydroxide, with only trace to no change in dyeing 

characteristics resulting. It is recommended that work be .. 

undertaken evaluating the suggested use of Silicone as a 

sizing agent or as an addition to a size agent* 

The investigation lifts indicated that if the Silicone 

is coapletely renoved froa acetate the dyeing characteristics 

of the fabric will be unaltered. It is recommended that this 

investigation be continued on acetate fabrics, and it is 

suggested that various type soaps and detergents be studied 

and evaluated. This study should include the effect of 

mechanical action used in conjunction with soaps and 

detergents. ; 

, - ^ N v " •- • _ . 

• ; • • • , . ' • • ' . ; ' • X - ' " . - " • • • - . " 

- • • • • . V - ^ 



APPENDIX 
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Table 19. Determination of Moisture Pickup of Fabrics 

Acetate 

Wet weight in grams 28.7763 29.0404 
Conditioned t t ig i t t i» grams 19.6094 ~ " ^ 
jtotrntm* pickup i » graas . y . i eea TKL,._., 
Uoisture pickup (%) 46.0 45.7 
Average moisture pickup (%) 46.2 

Nylon 

Wet weight in grans 12.7733 13.8531 
Conditioned Utigfet A* grams . i*fiff 10.8755 
Moisture pickup An grams I*II§S HOWW 
Moisture pickup (%) 28.2 27.4 
Average moisture pickup (%) - 27,8 
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Table 20. Calibration of Spectrophotometer Using Standard 

Si l icon 
(ag./150 ml.) 

Transmission 

m 
0.02 
0.02 
0.04 
0.04 
0.06 
0.06 
0*0S 
0.08 
0,10 
0,10 
0.12 
0.12 

03.2 
84.2 

T0*0 
W»0 
7S,S 
njt 
68.0 
70.4 
60.0 
64.2 

Instrument 
Wave length 
Phototube 
Sensitivity setting 

Beckoann Spectrophotometer, Model B 
715 Millimicrons 
Blue-sensitive 
4 (maximum) 
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Table 21. Analysis of Nylon Fabrics for Silicon 

I . I r: n 1:'i n t n - . -i - - r "i'r ••'• HIT i f : T " " T " i T ,——- 1 — - — ' — — - ° - ^ — •••-' 1 : — ; — » — " — * — » ^ — — « ^ ^ — — — « * — ; . ^ ^ ^ ^ ^ ^ j ^ ^ ^ ^ , ^ ^ ^ ^ . ^ ^ . . ^ — ^ ^ a , 

Sample Weight Transmission Mg. of Silicon* 
number sample (%) in 10 ml. of 

fused aliquot 

' "i&mm) 
•MpaMMMMIMinMtatfaMMl^^ 

101 0.2407 98«5 0.0040 
102 0.2325 83.0 0.0475 
100 0.2339 83.5 0.0460 
104 0.2341 01.0 0*0240 
103 0.2283 106*0 0' -.:/'./ 
100 0.2351 100*0 0 
107 0.2311 102.0 0 
108 0.2318 110.0 0 
100 0.2515 70.0 0.0935 . 
110 0.2405 oX« 3$ 0.0530 
111 0.2303 •l»t 0.0518 
IIS 0.2390 01.4 0.0230 
110 0.2332 100*0 0 
114 0.2163 102.0 0 
110 '0.2369 106.0 o : 
116 0.2289 85.5 0.0400 
11? 0.2320 95.2 0,0125 
H i 0.2394 93.0 0.0180 
119 0.2359 90.8 0.0245 
120 0.2383 94.5 0.0145 

Instrument : Beckmann Spectrophotometer. Xodel B 
Wave length .. 715 millimicrons 
Phototube Blue-sensitive 
Sensitivity setting 4 (maximum) 

* Read directly from fig. 2* 
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T*bl« 22. Analysis of Acetate fabrics for Silicon 

IIIIIIII inn r. IIIIIIIIIMI II i n n mini nimmi 

Sa»ple 
number 

<«aww>M>i<>M><MM«MM«a»wl««iaOTM>MmM>M>>aaMi 

Weight 
IIII.I n iiKiiiii i III.III j i n i minium i n Mini uimin.ii 

Traneaisaion 
mi "I i 11 n.iinmii Nn«w—»—^——^11nunKUKIII.I «u»iIWII 

Mg. of S i l i c o n 

IIIIIIII inn r. IIIIIIIIIMI II i n n mini nimmi 

Sa»ple 
number sample m i l l 10 -*i* of 

fused a l i q u o t 
(grans) 

WiVaM^MlMiMIMMW^I^^ ! r x r x u • 'IIII i. •;•;•!• n f iiiii" .") nrnri : i . t i r . . u 

201 0.2412 101.0 0 
202 0.2330 04*0 0.0445 
203 o»a$$7 83 .2 0.0470 
004 0,2300 83*3 0.0262 
80$ 0*0303 01*0 0.0228 
200 0.2381 33*3 0*0104 
807 0.2338 07*0 0*0080 
208 0.2338 95 .0 0.0130 
209 0*3307 83*0 0.0385 
MO 0.2260 8o*o 0.0070 
211 0*0304 84 .2 0*0430 
212 0*0*10 78*3 0*0031 
213 0,2303 88-* 8 • 0*0302 
214 0.2314 85 .0 0*0400 
215 0.2318 04*0 0.0445 
216 0.2359 82 .0 0*0500 
017 0.2365 88 .0 0.0325 
218 0*0317 0 7 , 0 0*0340 
oio 

III III III! » |i iiHlll||i|iHHI«»ii|l Uliillil 

0*1007 
m i ' 'i wnWi.—i in i n in.win niwmmmmtmmmim 

83*3 
«—«——»I»>*"IIIIIIII'III 11 III Pi llliiil 11 iilii V will i l l Hi l i l l — » m — » . 

0.0298 
—m*»mMlmmmmmmmm»mmm*mm»m i in m i l l nn 

Inetruaent 
Wavelength 

Sensitivity setting 

710 millimicrons 
Blue-sensitive 
4 

lotometer, Model B 

* Read directly from fig* 2. 



55 

*J3im2&i&&**{ + 



&A 

LITERATURE CITED 

1. Fortes*, t«, ana Wood, G. C , "Chemistry of the Silicones 
and their Application in Textile Finishing", British . 
Rayon and Silk Journal, JOEI&* Ifo»* Mt$ Iftt* W> w § W * 

2. Dennett, f • L., "Using the Silicones as water Repellents", 
Textile Industries, CXVI, No. 11, 1952, p. 159. 

3* Miller, D. C. R., "Silicones and Textile Fiber Applica­
tions", Canadian Textile Journal, LXXI, Ho»« If *$$!, 

• j f c _ * -<MpiWi<iii>««iii««i»w»«w*Mli»li'i I" 'in • — P — — m i 11111 mm iiiiiim'r) m ^ " • ' s 

PP* Ol*»o5i 

4, Dennett, loc. cit. 

§• Miller, op. olt* 
" wMiRhiMiMaiMiMiMMiiM* 

6. V. S. Patent 2,306,222 issued to W. %* patnode, Dec. 22, 1942 
ft'^'W&Gbm* Ev €** An Introduction to the Cheaistry of the 
/ .̂ — -. „ ^ w ^ \ «M*i*MIMIMM>MMIimM«M|l*<^^ ... 

Silicones, 2nd. ed., New YorKjJohn Wiley ana sons, inc., 
L, p« 131* 

Schuyten, H. A., «tai.r "Inparting later Repellency to 
Textiles by Chemical Means; A Review of the IJ.teraturs", 
Textile Research Journal, XTIII. 1948, p. S02. 

9, Pingree, R. A., "Water Resistant Fabric Treatnents", 
American Dyes tuff Reporter, XXXVII, No. 13, 1948, p. 441. 

&*.-. r$m%*m lad Wood, op. cit. 
* iMirilrit i.m.iiiiin iiiiiiiiffiiiiiniii. 

11. Harding, f* I*t "Water Repellency of Textiles - past 
Developments and Future Prospects", Journal Textile 

institute, mil, -}»*%* P* e m mmmtm*mim*m*** 

12. A.S.T.M. Committee D-13 on Textile Materials, A.o.^.a. 
' Standards on Textile Materials, Philadelphiaj American 
Society for Testing Materials, 1952, p* 343* 

13* Dow Corning Corporation, "DeCetex 104 Emulsion"* Dow 
Coming Notes No. 8-202, May 1953* 



Kylon Technical Manual, Wilmington, Delaware: E. I. 
duPont de Nemours and Co,, 1954, pp, i«f *$t * i»S»0§» 

Marsden, Ralph J. B*, and Urquhart, A. R., "The Swelling 
of Cellulose Acetate in Aqueous Phenol Solutions", fan 
Journal of the Textile Institute, X3CXIIIt ttMR*,pp.*.

 v 

loo ~ ^ 111** • 

AATCC, 1951 Technical Manual, p. 133. 

Colors for Nylon,• Wilmington, Delaware} S» I. duPont 
de weaours and go., no dates given, p* •$.* . , 

Colors for Acetate, Wilmington, Delaware; :SV;I* diifoat 
de Hemours and ' W . f no dates given, p. 3, 4. 

eflpsex'•fc'wiPwi' A ^^^p-^^^^, ^ejk'Ww^ipsMAjKii^^ff*^^^ ipw^^ewsw^^dpfr.'m wm p ^SA'̂ fr-deji- e 
* *g»Wl»<«l»pa«il l frW^^ I l l l I III III) III II I * . W 

Ib id . , p, 105* 
Hill .(HI III I III * ^ • 

McHard, J. AU§ * t *!«# ^ttrWiifttiOii ©i- £&£iooa A»-^ 
Organosilicoa Compounds", Analytical Chemistry, XX, 
ai-i, • m jfc. i ^ t — . i t » >MW»iw«<««»w«»**<«lPii>i»>«««nnmiiiriiii iwnmi»>«>iwii)i«i<>«wiiyii-jn»jiiiiMitwwiiB^Wi^pa^wiiiigBMfcg; • V 

No. 4, 1948, p. 325. 
peroxide Bomb, Apparatus and Methods, parr Manual yo. 121, 
Moline, Illinois^ S*rr Instrument' Co., 1^50, p. »;' ** 

Private communication from the Dow Corning Corporation, 
Midland, Michigan. 

Ibid. , 
mmmimH*****- •• • • 

Miller, op. c i t . 
* • •mttmmmmtmmmmmm-mm 

OTHER RBFBRENCSS 

Anon., "Siliconei Dyehouse Developments", American 
Dyestuff Reporter, SMI* Wo# 5, 1953, p* iSl, '"' , 

Dennett, r. 3L., ̂ Silicone Water Repellent-Easily Applied 
to Jtyloit*** Textile World, 45. Wo. 2. 1050. $+' U S * 

Dennett, F. L., and Gibson, 0* E., 'Silicones in the 
Textile industry", American Dyestuff Reporter, XEII, 
i#53t p , %m* : *--r K  



McGregor, Rob Roy, Silicones and Their Uses, 1st ed*, 
New Yorkt McGraw-Hill Book Go,, inc*, I9f 

m»*t$ H. f«# Silicones and Other Organic Silicon Com-
pounds, New fSSEi Reinhold Publishing corporation, 1040. 


