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The problem of the s t a b i l i t y to laundering of durable water repe l ­

l e n t s was suggested by Br* J.Fred Qesterling of the United States Army 

Philadelphia Quartermaster Depot* The &mf Quartermasters Corps purchases 

l a rge quant i t ies of c loth t r ea ted with durable water r epe l l en t s , such as 

Zela&j Morane and Fermel* However, repor ts from t h e f i e ld indicated tha t 

a f t e r laundering, t he garments made from these fabr ics require r e t r e a t ­

ing with a nondurable israter repel lent t o res to re adequate water repel* 

leacy* The BOB^durability of the so-called •durable* water repe l len ts 

therefore creates a number of problems* The JkHay i s in te res ted in finding 

out ishat effect t h e various factors in laundering, such as lister hardness* 

type of detergent , use of a l k a l i , adequacy or inadequacy of r ins ing , hare on 

the water repelleney of these fabrics* 

The tarias *waterproof* and *water repel lent* hare recently been 

redefined to refer t o def in i te f inishes and fabrics* The term "waterproof* 

in regard to fabr ic means that the cloth i s impermeable t o both a i r and 

water. This i s accomplished by closing the i n t e r s t i c e s of the fabr ic with 

a substance such as rubber or o i l* The term *water repel len t* denotes a 

fabric which has been so t rea ted tha t i t wi l l repel water but allow a i r t o 

pass through the i n t e r s t i c e s of the cloth* The Army i s in teres ted in 

knowing more about the washing charac te r i s t i cs of t he l a t t e r , or water 

repellent type* 
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I t i s the purpose of t h i s paper to determine t he effect of various 

detergents , hardness, a l k a l i , mechanical act ion, and number of washings 

on the s t a b i l i t y of durable water repellent f inishes* 

Method of Attach* ~» In t h i s study* fabrics t r ea t ed with two represent a* 

t i r e durable water r epe l l en t s , pexmal and Zelan, were submitted to a l l 

tea ts* The Permel f in i sh i s an aqueous res in dispersioaj the &elan f in ish 

i s a quaternary ammonium compound of high molecular weight. Army oxford 

cloth t rea ted with Pen&el was obtained from the Peppe:rali Manufacturing 

Company of Pepper e l l , Alabama, and the same cloth t rea ted with Zelan was 

obtained from the I»anett Bleachery and ©ye Works of Iianett,.'Alabama* 

Cloth samples t r e a t e d with both types of water r epe i l en t s were 

cashed throughout the experiments in an automatic washing machine and a 

&aith~Srum hosiery dyeing machine* These two machines were used to deter­

mine the effect of mechanical action on t h e water repel lents* The %iith-Drum 

hosiery dyeing machine washed with a very gentle•••action and l i t t l e mechanical 

actionf t he automatic washed gave the cloth mch mechanical act ion* 

In order to det amine the effect of various types of detergents , two 

anionic detergents and a nonionic detergent were used* The anionic types 

were soap and Xgepon T (sodium sulfonate sa l t of oieyl methyl taur lde) i a 

synthetic detergent* The nonionic type was Triton JL-100 (alkylarypolyether 

alcohol)* A procedure of f i r s t washing with the detergent alone, and then 

the detergent with various degrees of hardness was usad t o determine the 

effect of hardness on the water repel lents* The effect of changes in t he 

pH of the detergents solut ions on both water repe l len ts was also invest i* 

g a t a d * .••?; 
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Washiaga ware repeated in each machine unt i l a definite breakdoi&m 

(Anerieaa Association of fexti le Chemists and Golouriats spray rating of 

50) of the i^ater repellent occurred* feats for water repelleney were 

made after washings by the A*A.T#G«C« spray, iajmersion and penetration 

tests* {lj (2$ 

Review of the 14.terature# *-» fhere are very few references in the l i t era*-
• «•«. m m n ;i 1 inn r ' l ' i H . H H H I M I K H. I 1 il>i 1 1,1 UK . . . v 

ture concerning the effect of washing On the durable water repellents* 

However, much xaaterial la available describing various methods of testing 

the water repelleney of eloth» 

Wham 2-elan A was f irs t introduced in 1939» Slowinsfce (3) ran a 

series of washing teat a to show the durable characteristic of Zelan A 

as opposed to the nondurable isax aluminum type* Spray, l3»ersionr hydro­

s ta t ic and spot tes ta were used* Mandikoe (4) in 1940 studied the impor­

tance of having standard conditions when testing water repellent fabrics 

by the spray, imersion and penetration t e s t s , fie concluded that standard 

conditions wer© necessary only for the immersion test« He further con­

cluded that mechanical action alone was probably sufficient to lower spray 

tes t ratings after laundering* 
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1* Wind-resistant , oxford cotton cloth, mi l i t a ry specif icat ion 

MU»»C-4B4A (5) , type 1 — 6*5 ounce ( t rea ted with 2elan water 

r e p e l l e n t ) , 

2 . Wind-resistant, oxford cotton c loth , mi l i t a ry speci f ica t ion 

MII»~C~40,4A (5)# type I —6*5 ounce ( t rea ted with Permel water 

r e p e l l e n t ) . 

3 . White cotton muslin sheeting (bal las t c lo th ) . 

Detergents 

1# Arct ic Crystal Soap Flakes, $8% rea l soap, 4.2° t i t e r (chipped 

soap, federal specif icat ion P~$«566h) (6)» 

2. Igepon T &el, 16$ Igepon T (sodium sulfonate sa l t of oleyl 

methyl taur ide}* 

3 . f r i t o n X-100, 100$ f r i t o n HE (alkylarylpolyether a lcohol ) , 

White A# JU f • 0. C. f eaefcile Blot t ing Paper* 

Srusto Special Sa l t s (sodium acid and s i l i c o f louride s a l t s ) . 

Calcium Chloride. 

Trisodium Phosphate, 

Sodium Carbonate* 

Adjusted Calgon flekes (solium hexametaphosphate). 

Calcium Oxalate. 
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Mechanical Act ion*— Oxford cloth samples t rea ted with permel and 
• '•• » I ' H W . I J . I l l . l l l . « l » . | . l l II I . HH. < * 

Zelan water repe l len t s were washed in both an automatic home laundry 

machine and a hosiery dyeing machine* fhe automatic machine washed 

K*ith great mechanical ac t ion , and the hosiery dyeing machine washed vstith 

l i t t l e mechanical action* 

Automatic Washing*-» 1?he MC automatic washing machine used was of the 

center a g i t a t o r type. Daring operation the ag i t a to r , consis t ing of 

three f ins located 133 apar t , reversed i t s d i rect ion every 1/3 revolu­

t i o n , with 64 reversa l s per minute* fhe howl of t he machine revolved 

in a hor izonta l plane* t h e water was extracted at the top of t h e howl 

instead of through the s ides as in other automatic machines* fh© f i l l ­

ing of t h e machine was not part of the automatic cycle* 

Cloth samples t r ea ted with &elan and Permel were sewed between 

ba l las t cloth and entered in to the machine* Ballast c loth was added 

t o make up a normal load of 6£ pounds for the machine* f he machine was 

next f i l l e d isith 11 gallons of water at 130° f*$ then t h e dissolved 

detergent was added* The follOKJing laundering procedure was employed! 

24 minutes - wash with detergent (ag i ta to r in motion)* 

3 minutes - e x t r a c t i o n s ^ 

30 seconds - hot s$ray rinse (while extracting)* 

4 minutes - filling and overflow coli rinse. 
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2^ minutes - ag i t a to r in motion with entering viater. 

30 seconds ~ ag i t a to r in motion without entering water . 

5 sainutes - f ina l ext ract ion. 

Saith-Drom Washing.— The SfeLith-Brum hosiery dyeing machine used was 

the small laboratory modal* I t consisted of a perforated s t e e l cycling 

der which revolved in a v e r t i c a l plane in a s t a in l e s s s t ea l taste* fhe 

eyclinder was divided in to four compartments separated by perforated 

s t a in les s s t e e l p a r t i t i o n s . I t s speed was 8 revolutions per minute 

with a reversa l every 2$ revolut ions . In a l l the mshings 23 gallons 

of solution was employed* 

d o t h samples t r ea ted with Permel and Selan and enough ba l l as t 

cloth to make up a load of 6£ pounds were put in the machine. The 

detergent was dissolved and added to th© water, fhe eyclinder was 

then set in motion for a 24 minutes wash {12 minutes at 100 F . ) t 

(12 minutes a t 140° P.).. At the end of the wash, the tank was drained 

and the samples submitted t o four 5 niaute r i n s e s , fhe f i r s t r inse 

was at M0Q IV, the second at 120° P . , and the l a s t tv-io at 100° f* At 

the f i r s t 100 P. r i n se , 5 grams of Special Srusto Sa l t s (laundry sour) 

were added. At the end of each r inse , the machine was stopped, drained 

and r e f i l l e d with water* The temperature of t h e water was adjusted before 

s t a r t ing the eyclinder. This procedure, except for times involved, i s the 

same as the Army Mobile feelsr-fest. (7) 

Drying*—-After washing, the samples were dried and cured with a household 
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iron the te&perature of which was maintained at a temperature of approjd-

mately 490 F* 

Eiasia^.— To determine i f there was adequate r ins ing in t he Sbiith-Drum 

machine, a special r inse was given fabrics a f t e r t h e i r breakdown* This 

r inse consisted of put t ing the fabrics through the co&olate automatic 

machine cycle with water alone* 

Detergents and Hardness. —* Cloth samples t rea ted with both types of water 

repe l len ts were washed with anionic detergents (soap and synthetic) and non-

ionic detergents to determine t h e i r effect on the f inished. Yarious degrees 

of hardness were added along with the detergents t o determine i f hardness 

would have a detrimental effect upon the s t a b i l i t y of the water repel lents* 

When hardness decreased the effectiveness of soap by forming isoluble 

calcium soap9 addi t ional soap «aa added to maintain the or ig inal soap con­

cent ra t ion . The amount of excess soap necessary was determined by the 

method described in Whittaker and Wileock* (8) Washes were made with 

Oalgon and hardness, and with calcium oxalate (prec ip i ta ted hardness) t o 

determine the effect of hardness in these forms on the water r epe l l en t s . 

A wash with vmter alone was also made* The procedure and formulas used 

were as follows: 

1* Water alone. 

2. !;?$ Arct ic "fcrys^al Soap. 

3* 1^5 Aret ic Crystal Soap, »1$ hardness as CaCJlg. 

U* l-g$ Are i c Crystal Soap, .3$ hardness as CaCl^. 



5. l i $ Arct ic Crystal Soap, #1$ hardness as Ca&2 with enough 
Calgon to react with Ca and prevent formation of an in­
soluble soap, 

6, ljs% -Arctic Crystal Soap, ,1$ hardness as CaC20^. 

7» 1/3$ Igepon T• 

£• 1/3$ Igepon f, #155 hardness as GaGlg. 

9, 1/3$ Igepon T, •% hardness as CaCl2» 

10. ^ Tr i ton IC-IOO. 

11* g$ Tr i ton X-1QG, ••%$ hardness as GaCl^, 

12. %% Tr i ton X-100, *% hardness as CaCl2* 

&L1 percentages are based on the t o t a l weight of the samples and 

ba l las t in each machine* The t o t a l hardness as CaC0-2 in the automatic 

machine was 83.5 ppm for t he .1$ as CaClg and 265.0 ppm for the CaCl2; 

in the Qaith-Brum i t was 50*3 PP& for t h e .1$ as CaClg and 111*0 pan 

for t h e ,3$ as CaGl2« Both 2ielan-treated and Pen&el-trest ed samples 

were washed in both machines with a l l combinations of detergents and 

hardness l i s t e d above. Washings were stopped when t h e r e was an average 

©pray ra t ing of $0* 

In order t o determine the effect of a lka l i on t he Zelan and Permel 

f in ishes the following procedures were useds 

1* 1̂ 56 Arctic Crystal Soap, | $ NaGG« (automatic machine only) 

2» 1%% Arctic l3rystal Soap, 1/3% !?aJ?Q. (automatic machine only) 

i l l percentages are based on the t o t a l weight of the samples and 

ba l las t in each iaaehimi©* 



Testing 

Spray Test* — All samples were submitted to the A.A.T.C.C. Spray Test 

(Standard Test Method -22-41)«' (1) The spray t e s t e r consisted of a s ix-

inch metal embroidery hoop* a six-inch laboratory funnel, a household 

spray nozzle, and a stand to hold the funnel and the embroidery hoop. 

The funnel-was held si3C inches above the center of the hoop. The hoop 

was held at a 4.5° angle on the stand. Although t h e A.A.T.C.C, proce­

dure called for t h e conditioning of the samples before t e s t i n g , t h i s 

step was eliminated because Manclikos {i) showed tha t conditioning, or 

t he lack of i t , did not affect the spray tes t* The cut samples, seven 

inches wide from selvage t o selvage, were placed i n the embroidery hoop 

in seven-inch sect ions with the warp v e r t i c a l . The embroidery hoop was 

placed on the stand so that the center of the cloth was d i rec t ly under 

the spray nosale . 250 cubic centimeters of v?ater a t 80° - 2 F. was 

poured in to the funnel and sprayed onto the samples. After the spray, 

the hoop was removed from the stand, held at one edge, and tapped against 

a solid objec t . The hoop was then held at the opposite s ide and tapped 

again. The surface of t h e tes ted cloth was then compared t o a ra t ing 

chart (1) and rated as follows: 

100 - Ho s t icking or wetting of upper surface . 

90 - Slight random s t icking or wetting of upper surface. 

£©•-• l e t t i n g of upper surface at spray po in t s . 

70 - P a r t i a l wetting of whole upper surface. 

50 - Complete wettpig of whole upper surface. 

0 - Complete wetting of whole uoper and lower surface* 
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Figure 1 Spray Test Apparatus 

(Reprinted froro the 1951 Technical Manual and Year Book of 
American Association of Texti le Chemists and Coloriets) 
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fen spray t e s t s were made on each sample after, every wash and 

averages of these t e s t s were recorded* 

l »e r s iOE fest* — Staples were submitted t o the A*A*f *C*G. Issmereioa 

Absorption Test ( fen ta t ive feat Method * 21-41) (1) a f te r ©very other 

wash, fwo specimens, each 3 x 3 inches, were taken from each sample, 

conditioned for 4 hours at JO J» and 65$ r e l a t i v e humidity, and weighed 

t o t he nearest 5 milligrams* One edge of a specimen was then attached 

t o a weight, and t h e specimen and weigjht dropped in to am iiaaiersion tank 

f i l l e d ?&th water a t 80° - 2° f» , retaainiiig for &D lainutes, 3*he depth 

of the water in t h e tank was adjusted so tha t the averag© hydrosta t ic 

head abov® the specimen was 3*5 inches* fke specimen was then removed 

from the tank, t he weight taken off, and quic&ly placed between two 

pieces of dry A*A*T*C*0* white b lo t t ing paper* Thia sandwich was passed 

through the laboratory padder with 60 pounds pressure on the top rol l* 

fh© specimen was th@n removed from the b l o t t e r s and reweigfeed* ^he per 

cent water absorbed was calculated by dividing th© increase i n weight 

by the o r ig ina l weight of the specimen* fhe averag© of two ep©eiM©ns ' 

was recorded for each sample tested* 

Penetration $«a&» — A cer ta in nusib^r of t h e samples were subiaittod to 
V i i if rir nnim'ii'i i In ill i i l l mi inn ml 'HI "* 

the A*A*f#C*0* l&pact Penetrat ion fes t ( t en ta t ive fes t Method * 42-45). 

(1) fhe impact penetrat ion t e s t e r consisted of a s ix- inch funnel* a 

special head* a c l ip board, and a s i s - inch c l ip weighted t o one pound* 

fhe spray head was suspended 24 inches over the center of the clipboard; 

the clipboard m s attached at a 45 angle to a stand* The samples to be 
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t e s ted were cut 7 x 13 inches with the'warp l a the long direction* The 

samples were not conditioned (4) before test ing* l b * t e s t i n g , the sample 

.was attached a t the top by the c l ip on the clipboard,' and at the bottom 

lay the clip-weightV fhe cloth was held taut by the attached weight hang­

ing over the edge-of the clipboard >' A standard A*A»T*G.'C«' whit© b l o t t e r , 

6 x 9 inches, was weighed and placed under the sample* then 500 cubic 

centimeters of .water a t 8®**- * 2 • f * nir&s. sprayed -onto t h e sample* fh$ 

b l o t t e r was removed and revreighed to th© nearest 0*1 grata. $wo speci­

men© from each sample were t es ted and the average Increase in b l o t t e r 

weight was recorded* 

pH Determination* -* All wash solutions were t e s ted for pS with, a 

Beckmann pH meter* 
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Figure 2 Impact Penetration Test Apparatus 

(Beprinted from the 1951 Technical Manual and Year Book of the 
American Association of Textile Chemists and Coloriets) 
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EESOI/ES iHD BISGUSS10H OF IMBI/F® 

fbe penetrat ion t e s t did not give s igai f icaat r e s u l t s (see t ab le 

1)* t h i s was probably due .to the fact t ha t washiags were stopped at a spray 

r a t i ag of 50* and up to t a a t poiafc there i s l i t t l e d i f f e ren t i a l water pe&e* 

t r a t i oa* Spray aad iamersioa t est s did give s igai f ieaat r a t ings and the 

r e s u l t s aad eonclusioas of ' . tMs work were based oa them* 

•g^ray f est* .-*• I a general , t a e Peimel f ia i sh had higher spray ra t ings aad 

toolc more washes to break dowa thaa did the Zelaa f ia ish (se© figure 3)» 

This was most proaouaeed i a t b e eases of soap and f r i t o a . Whea oaly water 

was used in washiag with t h e autoMatic maehiae tbe opposite was true* i , e » t 

the Beimel t r ea ted fabr ic ©bowed a more rapid decrease i a spray ra t i ags 

thaa the 2elaa (see figure 4.)» l a the ease of washiag with water aloae 

i a the Oiaitb-Bram maehiae* both fabrics maiataiaed spray r a t i a g s of 100 

for 10 washes* Therefore t t he greater mechaaieal aotioa givea the fabrics 

i a the automatic maehiae appeared t o be more detrimental t o t h e Penael 

f ia ish thaa t o t he fcalan f ia ish* 

l a a l l eases t h e decrease i a water repelleacy was slower with the 

%aitb*I)rum maehiae thaa the automatic maehiae (see figure 5)# I a i t i a l 

breakdown of water repelleat® i a the automatic maehiae always occurred at 

the creases i a the fabrics* l a the aaith-Brum maehiae the re m s aa evea 

brea&dom of the f iaish* 

I a every case except the wash raLth f r i t o a i a the 8&ita~:Dram siaehlae* 

iaereased hardaess caused f a s t e r breafedowa of the f i a i sh ; t h i s urns most 
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pronounced with soap (see figures 5> 6» 7# 'V 9» 10 and 11 { and t ab le s 

2i 3i 4, 5 and 6)> 

Men a lka l i was added as Ma^G^^^ 

ra t ings for a given Bulger of washes for beta Z&lm and \PMSM4. were l e i * 

than those r a t ings wheal aoap alone was used (sea f igure 12) . 

fhe only *ld.ta~Brum washing in which higher r a t ings were obtained 

a f t e r the f ina l specia l r i n se was t h e one which contained soap, hardness 

and Calgoa* f h i s occurred because of the f a i lu re of the- ^ith»Brum 

machine to r inse the samples adequately. 

fhe breakdown in repellency due to differences i n mechanical act ion 

( l . e # , two different machines) when aoap i s used, i s greater for Zelan 

than for 3?©rmel# ( see f igure 1) for Igepon and f r i t on the breakdowns 

were almost equivalent for the two fabr ics ; however, they were much great­

er than when soap alone i s used* 

Immersion fes t« *» In general* the immersion t e s t substant iated the resu l t s 

of the spray t e s t s * fae iBaaersion ra t ings of t h e fabr ics at breakdown were 

lower for washing© with soap than were the ra t ings when Tr i ton and Igepon 

were us©d* (see t ab l e s 7* 8 and 9) fbe immersion t e s t did not show any 

d i f fe ren t ia t ion between different degrees of hardness, but i t did show 

the differences In breakdown in the different laachines* 

SP l>eterminatioiH. -** Both the Igepoa and f r i t on solutions had lower pE 

values than the soap solut ions (see tab le 10) , fhe Ha2e0^soap solution 

had about the same pH as the soap solution alone* so de f in i t e conclu­

sions can be drawn as t o t he effect of pH or the breakdown in water 

repellency of the two fabrics* 

file:///Pmsm4
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CCMCLUSIOIS 

The most s ignif icant conclusion i s that the Vermel f in ish i s more 

s table to washing than the Zelan f in ish ; however, the difference in 

s t a b i l i t y of the f in ishes i s not g rea t . When evaluating the same fabrics 

t rea ted with these f in i shes , other propert ies in addi t ion t o water repe l -

leney such as hand, s t i f fnes s , crease resis tance and abrasion res is tance 

must also be considered* 

The fas te r breakdOTsn of the f inishes in the automatic machine as 

compared to the Sf&ith-Drum machine i s due to the grea te r mechanical action 

given the fabrics by the automatic machine* ana also to the higher con­

centra t ion of detergents employed in t h i s machine. In washing the fabrics 

in the automatic machine, creasing of the fabrics and mechanical action 

applied at these creases seem t o be the most s ignif icant factor in the 

breakdown of water repel lency. In the £&aith-Drum machine, no such 

creasing was observed and the differences observed for the tm water 

repel lent fi&ishes when different detergents are used, are r ea l ly func­

t ions of these detergents* 

Since the Permel f in ish broke down fas ter than the Zelan f inish in 

pla in water in the automatic machine and at no other t ime, i t can be con­

cluded that lubr ica t ion of the fabrics by the detergents i s an important 

factor in water repe l len t breafedomi by mechanical ac t ion . 

The presence of hardness i n washing durable water repel lents in­

creases the r a t e of breakdown of these f in ishes . 

When Calgon was used to counteract the hardness, a more thorough 



is 

rinse was necessary to obtain complete water repelleney# 

the presence of aBcali in leashing durable water repellents defi­

nitely reduced the s tab i l i ty of both finishes* 

With heavy mechanical action, soap was the best detergent to wash 

fabrics possessing durable water repellent finishes; with l i t t l e mechanic 

cal action* a nonionic detergent such as fr i ton X-100 would be preferred* 
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RlGOifiCBMJWEPIONS 

fn i s problem offers a very wide f i e ld for further investigation* 

This work lias examined ' t h e s t a b i l i t y of durable water Repellents t o 

detergents , hardness, aeenanioal action and alkali,* .An. invest igat ion 

along the some l i ne s should be made on non-durable water repe l len ts and 

durable water r epe l l en t s (at various stages of breakdovm) re - t rea ted 

with nondurable types* 

Mechanical act ion during laundering seems to be more important 

than any other fac tor in tlie breakdoim of the durable water r epe l l en t s , 

A study should be made in ishich mechanical action can be varied and 

measured during the washing of water-repellent f ab r i c s . The lubr ica ­

t i n g value of various detergents should also be invest igated as t o 

t h e i r effect in reducing the adverse effect of severe mechanical act ion 

on water*repellent f inishes* 

Many other var iab les such as type of weave, weight of c loth , and 

type of durable mXev repe l len ts offer excellent opportuni t ies for 

research* 
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TABkE 1 

AVERAGE PINEMMSPIGW RATINGS OF FABRICS WASHM) WlfH l ^ S O A P 

number of . Perm©! . . %elan. 
washes Automatic Baitth-Druia Automatic Saiili-Brum 

X 0.0 0.0 0.0 0 . 0 
.2 0.0 0 .0 0 .1 0 .0 
3 0-1 0 .1 0 .1 0 . 1 
4 o.i 0 .1 0 . 1 0 . 1 
5 0 .1 0 .1 oa 0 . 1 
6 0 .1 0 . 1 . . . 0 . 1 
7 0 .1 0 .1 . . . 0 . 1 
8 0 .1 0 .1 . . . . 0 . 1 
9 . . . 0 .1 0 . 1 

10 — 0.1 . . . 0 . 1 
11 0 . 1 . . . 0 . 1 
12 . . . 0 .1 . . . 0 . 1 
13 . . . 0 .1 
U . . . 0 . 1 



35 

f ABLE 2 

AfHRAGE 8PRAY ftA3>X8GS# OF FABRICS WASBID 
WITH l£# SOAP IB f HE 34ITH*BBBM MAGHIMS 

Hum'oer of Pemel BardBega* , Zelaa Bar&aegs* . 
wash-as None »i% «3$ Hone •!$ Ĵ f 

1 100 93 97 100 90 91 
2 100 96 90 92 86 88 
3 100 90 85 87 82 80 
4 90 83 80 83 78 75 
5 SB 80 7k 78 75 n 6 80 75 72 73 70 69 
7 75 70 58 72 60 54. 

a 75 62 50 70 50 50 
9 75 50 ~- 68 . . . • -«. 

10 n *•< «•«• 60 *»- — 

11 72 *»*» -.- 5k <*»#» »-

12 70 — -~ 50 **<m <-*. 

13 5k ~~ M>«a 

U 50 — »«•» 

# An average r a t ing of 50 was considered as the point of break&ora 
of the water repellent* 

* Hardness a s CaCl0 . 



3k 

fmm 3 

AtmMm ag»EAi Mmas# OF IABKICS W&SHBD TOH 
ij$ SOAP 5M?m jmtMmiG uMmm 

Itafesr of Pemel Har&aess*•.... &alait Har&iieas 
washes Jffo&e " •1$> ' ' ".3$ • Hone ''*2^ 

1 91 92 94 90 #3 90 
2 8? 90 S3 80 BO 76 
3 82 84 80 77 70 50 
4 81 80 

94 90 83 
83 80 80 
80 77 70 
75 " 62 56 
70 50 50 
60 
50 

5 72 70 
6 60 60 
7 56 50 
8 50 

# to average ra t ing of 50 was eonsldered as th.e poi&t of fereakdom 
of the water repel lent* 

* Hardness as Cadg* 
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AV1RAGJE S^HAT RASPIMGSl OF FABBICS WASHED 
WITH 1/3$ IGEPON'* 

Number of FejsMl Har&aess* 
Hon® â  

&&&&' Harases?®* 
J $ icme '*"i# 

i 
2 
3 

5 
6 
7 
a 
9 

2,0 

100 100 
99 95 
9a 92 
98 90 
85 80 
ao 75 
80 75 
76 70 
5a 54 
50 50 

immmic 

100 94 96 
96 90 90 
90 90 90 
84 85 86 
78 85 82 
78 80 74 
68 74 60 
56 69 54 
50 50 50 

97 
90 
90 
82 
78 
68 
58 
$0 

Member of 
Moae 

F@m®l Hardness* 
•;i5 

Eelan Hardness* 
• 3% Hone .15 

98 
90 
50 

80 
35 

72 
0 

91 
80 
10 

80 
0 

50 

# Aa average rating of 50 was considered as the point of breakdown 
of th© water repel lent* 

* Hardness as CaC^. 
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T4BLE 5 

mmMm SPRAT RATINGS^ 01 FABRICS WASHED wif H 
•$o TRTTOISJ X-100 IN THE affiH-DHOM MACHIHB 

Humber of Permel Hardness* Zelaa Hardness* 
washes Hose • ! $ , 3 % Nome #1% 7p 

1 100- 100 100 100 100 98 
2 100 100 100 98 98 97 
3 100 100 100 92 93 93 
A 98 100 100 92 92 -90. 

5 9£ 96 100 90 90 90 
6 90 90 92 87 86 85 
7 a^ m 90 82 S3 83 
3 88 86 8^ 80 80 80 
9 86 34 80 71 73 73 
10 34 82 80 70 70 70 
11 80 80 76 60 60 60 
12 75 74 74 54 52 55 
13 73 72 71 50 50 50 
U 70 70 70 
15 66 68 65 
16 60 60 60 
X7 54 56 54 
18 50 50 50 

#An average spray r a t i n g of 50 was considered as the point of breate-
ctowi of tii© water repel lent* 

•Hardness as GaOlg* 
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TABLE 6 

AVERAGE BPMI mmimsi OF FABRICS'WASHED WITH 
i $ TRITOI X-lOO IN THE AOTG1ATIC 2IACKOT 

Number of Perm©! Hardness* Zelaa Hardness* 
washes Hone • . 1 $ • • • . : 4 % . Hone .'pifc. . . # 

1 90 90 m 82 80 80 
2 80 SO ?a 56 50 50 
•3 75 70 35 50 
4 63 25 
5 50 

average spray rating of 50 was considered as the point of break­
down of the water repellent• 

•Hardness as Ga&l 
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TABLE 7 

AVERAGE IMMERSION MPBfGS OF IABKICS WASHED WISH 
l £ # SOAP IN THE SQfH-DHJM MAOHHS 

feaber of Fermel Hardness @. . . . Zelaa EardneBS ® 
washes Ion© .If 73? BoiiB , 1 % • 3*-

0 11.3 *.*» ™ 11.6 — • • - . • • _ 
2 19*1 • 9 . 7 12.9 20.6 13.1 12.9 

* 
21,7 io a 3 . 8 22.5 12.2 12.4 

* 21.5 12.1 16.6 28.3 11.0 21.1 
a 24-7 

• * 

l^.o 13.1 22.1 17.2# 11.7 
10 22.1 —*- — - 23.2 
12 23.5 - - . _ — - 24.0 - - » - • -.»,«. 

M 25.1 

* 9 washes 

# 7 washes 

32 Hardaess as CaCl2« 



TABLE 8 

AVERAGE IMMERSION EATINGS OF FABRICS. WASHED 
1/3% IGEPOH T 

SIETH-DHIM 

Number Qf permel Hardness* 2elaa Hardness* 
wagh.es Mane :•!% • • • 3 % None ...1% . # 

2 21.0 13.3 14.5 22.9 20.6 24.& 
4 21.5 29.. 8 14-4 30.9 31.4 3.7 
•6 33.0 29*0 21.4 3a. 7 31.0 34.0 
8 33.3 21*3 29.3 32,5 33.0 30.8 

10 •35.3 32.0 «*<*» 34.5 . .***••* *».«••» 

A0fOMiSPIG 

Number of Pemel Hardness s* 2elaa Hsmtiiess* 
washes Hone ^ 1 % 4 % Hone \*%$ . . # 

2 
3 

23.3 
25.1 

26.2 35.5 33.1 
41.5 

31.3 35..1 

•Hardness a s CaGl2< 

wagh.es
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TABLE 9 

AVERAGE immsim.. Maims OF FABRICS WASHED WITH 
%f> TH1T0N X-100 

aaiTH-UEDM 

Niimber ot ' Peimel HaMB©ss* 2»©1SB Hardness* 
washes No&e i ^ *3f* None . 1 * .3% 

2 10*6 14.0 12.7 11.9 14 .4 13*7 
4 1 5 . 1 19*1 13.7 13 .0 16 .2 21*1 
•6 1 4 . 1 29 ..9 28*5 17 .0 20 .1 25.0 

a ia.4 tthf » y 25*7 •22.. 5 2 1 . 3 20*3 
10 22*9 24»3 24.9 19 .7 26*7 25*9 
12 25.0 24*9 26.2 *-/$.• 5 27 .2 26*4 
14 27 .3 tfw^jf i)> tf£ 28.8 
16 30*1 . 23#5 29.O 
18 33*0 31,6 •33.1. 

ADT0MJSF1C 

Hiaiaber of Vermel Hardaess* * Selaj* Hardaes** 
washes JNTo&e . 1 % . 3 * Hone . 1 % ' * # ' 

2 28*0 , 24*0 25*6 26.6 „ 
3 2 . 4 f 

29.9 34*4 
4 31*5 34 .1 33 .1^ 

26.6 „ 
3 2 . 4 f 

5 32.9 -»——— — • • « — — » 

# 3 was]: .es 

* Hardness a s GaCl2* 
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pH YAK7ES OF WASS SOLOMONS 

43 

Solution Content Automatic Siiith-Drusa 

8*19 
9.68 
9.23 
9.19 

8.19 
9.53 
9*33 
9.3^ 

a, oo 
9.69 

8.70 

9,90 ™ - . 
7.40 
7*32 

7.41 
7.39 

7.25 7.51 
7.73 
7.75 

a. 12 
S.2X 

7.65 8.20 

er alone 
Soap 
Soap k ,1% hardness 
Soap & *3$ hardness 
Soap & Calgon 
Soap Ha2G03 
Soap Na^PO^ 
Igepon T 
Igepon T & ,lfo hardness 
Igepon f & ,3% hardness 
Triton X-100 
Tri ton X-100 & ,1$ hardness 
Tri ton X-100 & .3$ hardness 



a 
TABLE 11 

AVERAGE SPRAY RATINGS 03' FABRICS WASHED WITH 
WATER ALONE 

Humber of Fennel ZelaB 
washes Automatic Sraith*Drwm Automatic £kith~Drum 

1 90 100 90 100 
2 78 100 &B 100 
3 63 100 82 100 
4 58 100 BO 100 
5 54 100 75 100 
6 50 100 70 100 
7 -.- 100 60 100 
a -- 100 56 100 
9 * • » 100 50 100 
10 — 100 •« 100 

*AE average ra t ing of 50 m s considered as the point of breakdown 
of the water repel lent* 
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TiU&I 12 

AVERAGE SPRAY RflPINGS" OF FABRICS WASHED WITH 
l g f SOAP, . 4 $ HARNESS A3 CaGl2 and GJ&GOJS 

EJumber of Permel 2elaE 
washes Automatic Baith-I3r\wu Aatomatic Salt fc-Brum 

1 sa 100 82 100 
2 so 93 75 97 
3 73 98 56 35 
4 72 30 50 75 
5 68 72 — 70 
6 53 56 — 54 
7 54 50 — 50 
S 50 - • -

*An average ra t ing of 50 was considered ae tfte point of breakdoum 
of the vmter r e p e l l e n t . 



TABLE 13 

mwm% SPRAT RATIOS OF FABRICS WASHED WITH 
CALCIUM OXALJ^S, TEISODIUM FKOEPH&PE, MD 
SODIOM CASBO.KAP1 IN THE ADTOS&&IG MCHIN1 

tftxmb&r of , ^sinsl .. Eelan 
ijjashes CaCpO^ Ha^CQ -a M a ^ CaClgO.' NagCX)̂  Na-^O^ 

1 90 94 92 90 79 80 
a 86 SO 30 76 70 70 
3 SO 75 72 6o 50 60 
4 72 60 60 50 - - $0 
5 66 54 52 
6 54 50 50 
7 50 — »«. 


