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PHE SPABTLITY TO LAUNDERING
OF DURABLE WATTR REPFLLENTS

INPRODUCTION

The problem of the stebility $o lavndering of durable water repele
lents wae suggested by Dre J.Fred Oesterling of the United States Ammy
Philedelphia Quartexmastor Depot, The Army Quartermasters Corps purchases
large quantitiee of cloth treeted with dursble water rep.ellma_, such as
Zelan, Rorsne and Permel, However, reports from ¢ ﬁa field indicated thay
after laundering, the gamments made from these fabrics require re-trest-
ing with a nop-durable water repellant to restore sdequeste waker repels
laneéy, The nop~durability .of the so-¢alled ®*durable®™ waber repellents
therefore ereates a pumber of probleme. The Ammy 18 interested in finding
out what effect the various factors in lsundering, such as water hardness,
type of detergemt, use of slkali, adquaecy or inadequasy Gf'rinsing,_ have on
the water repellensy of these fabriecs,

'fhs tamé #wat erproc?® and *water repellent™ have recently been
rodofined %o refer to definite finishes and fabrics, Tha temm “waterproof®
in 'regaﬁ té fabriec msans thet the elnth 1s impermeable to bhoth air aﬁ_d
water, Thie is sccomplished by clohing-- the 1n§eﬁatiae&§f -thé Tebric with
& suh:stmée such as r&bber or 611.- Phe term ®watsr fepelient' denotss a
fabric which has béén_ go treated that it will repel water but allow air‘s;o
pass through the int er.gtiees of the ¢loth. The Amylis intere.sted in
knowing mors sbout the mm.nseharact eriati_e"f of the latter, or water

repellent types
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It is the purposs of this paper to determine the effect of various
detergents, hardness, alkali, mecheniocal action, and number of washings

on the stebility of durahle water repellent firishes,

Mebhod of Abtack,~- In this study, fabrios trested with two representa~

tive durable water repéllsn'tb,?emel &nd Zelen, we’ré"snb#ttted" to ail’
t:ea‘bs. The Pemel tinish 15 an aqueous resin dispersion; the Zolan finiah
18 a quaternary aumond s compound of kigh mleeular weight. Amy axrord
“eloth treated with Permel was obtained from the Pep'pe'ren Mamfecturing
Cempany of Pepperell, nlahm, end the same cloth trested with Zelan wes
| obtained from the: Lanett Bleaehery and Dye varks ot Lanatt. Alamu |
"Gloth amp_las--trmei&‘ with h_qth ty:paa of'water repellm'q wa:_re :

washed throushouﬁ the axgeriments in an avtomatie m’éhing mauhizm ana a
Snith-Drum hosiery dyeing machine, Thesa two machines wers used to deter-
Rine the eﬂ‘act or meeha.nical aetion on the water repellent S. The fimi th-Drum
hoaiary dyeing mchina washed- wi'&h a very gestle motion and 111:4.‘19 mechanioal
aeﬁom the eutomasie #aghed gave the eloth mmch meehaaioal action,

_ In order to deb emine “$he e:t‘tsct of mious 'types of detersenté. two
'aﬁionie ﬁqt_ex-genbs ard a nonionie detergent wgare useds The anfonts ty'pes
were soap and Igepon '.t‘ {sodium sulfonate salt of oleyl ﬁ-et.hyl teuride), a
synthgti'e_'- det e_rg_a:_lt. The noniounic type m Triton -_x-l-oof .(-alkylmalyathet
alochol). A prosedure of first weshing with the detergent alons, and then
the detergemt with various degrees of hardness wes ueed $0 determine the
effect of hardness on the water rs;:amlm 8+ The effect of changes ia the
pH of the detergenta solutions on both water repellents was a”lao iiureéti-»

- gated.




ﬁashinga were repeated in sach machine until a deﬁ.nite breakdm
(American &anooiation of '!'axtile chemists and Gaxourista spray rating of
'59) o-f the mer repellent ocourred. ?eats for water repellancr were
'_.'made aftwr mahinga by the A.A.T,E.0, apr&y, immersion and penetration

L

tests. (1) (2]

Rwiew C_bf"_th; Liserature, — There are very few references in the litera

ture coneerning the effect of washing on the durable water repellents,
However, much material is énilable deseribing various m_eﬁhoéa of teating
the water repellency of cloths
~ Woen Zelan A was first introduced in 1939, Blowinske (3) ran a

series of mmg $osts S0 show the durable cherasteristic of Zelan A

as opposed t0 the non-dureble wax aluminum type, Spray, .m@hiqn., hydro-l
static and spat teats w_ére useds Msndikos (4')._1.31 1940 s'tua:led.the irpore
tance of having standard conditions when testing water repellent fabiics

h-y the spray, méraion and penstration tests. He eoncluded that stendard |

eonditiom were necedsary only for the imeraion ‘best. _He further cone-

eluded tm neshanical ect:'mn alone was probably sufﬁeient to lower sprey

teat mt,;nga after laandering. .



Emith-Drum Rotsry Hosisry Dyelng Meohine, Model 12-BD, 15 pound
Buerican Merchendise forporation Anstomatie Weshing Hachine'. 9

- paund oapaeity, model ALLSTP.

Tasting
Ik_pm. penetration tester,
¥ V¥ T €. C. apray t':&et_-ar-; '

Luboratory padder,

Immeraion f.mk.
Ganeral Reotric Mtomstic 'Ifon,- 4% pounds, model 119¥32,
Bselosann pii H‘eﬁ'sﬂéo- |




Cloth
1. Wind-resistant, oxford cotton cloth, military specification
MIL~C-484A (5), type I 6,5 ounce (trested with Zelan wuter
repelient).
2, Wind-resistent, oxford cotton ¢loth, military specification
MIL~C-484A {5}, type I —6.5 ounce {treated with Permel water
repellent),

3. ¥hite cotton muslin sheeting (ballast cloth}.

Detorgents _
1. Arctic Orystsl Soap Flakes, 8% real soep, 42° titer {chipped

soap, federal speoification 'M»Bb’ﬁb) {6).
. 2, Igepon T Gel, 16% Igepon T {kodium sulfonste salt of oleyl
methyl tauride).
3« Priton X-100, 1004 Triton NE (alkylarylpolyether aleohol),

White A A, T. G C. Pextile Blotting Paper.

Frusto Specisl Salts {sodiuk acid eand silico flouride salts).

Calecium Chloride.

Trisodiun Phosphst s.

Sodium Garb_cmat &,

Adjusted Calgor Flakes (qé-aim hemetawhéfce}.

Calcium Oxslate.
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Washing

Mechanicel Action.~~ Oxford eloth ssﬁpl-es tréated wiil.'h ?e.mal end.

Zelan water repellént-a were wadhed in bbt-h an sutomatic home laundry
machine end a hoaiery ay'ains machine., The autematic machine washad
with great mechanical acbion, and the hosiery dyeing machine washeﬁ with

little mechanical act 1onq =

Antomatic Was_hing.-;- The AMC automatic weshing machine used was of the

center aglitator type., During operation the sgitator, coneisting of
three fins loecated 120° apart, '.reverseﬂ its direction every 1/3 Tevoluw
tion, with 6 reversals per minute. The bowi.' of the ma_chiné revolved
in & horizomtel pxane'. | The water wen extracted &t the tbp of the howl
instead of through the sides es in other mtamatia machines, 7The fill-
ing of the maehine was not part of the sutometic cyelea - |

Gloth smpl_aa treated with Zelsn snd Peruel were sewed botweemn
ballast cloth and entored into the maehine, - Bnllast oloth wae added
$0 make up & normal load of 6} pounds for the machine, The machine was
aext filled wi*&h 11 gellons of weter et 130° 7., then the dissolved

detergent wes added. The following leundering procedure was employeds

24 minutes - wash with detergent (agitator in motion).
3 mimites - ertraeti'&h\_
30 seeonds - hot _spray ringe (while eztraeting).

4 minmutes - fllling and ovsrﬁ.ow eola ringe.
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2% minutes - sagitator in motion with emtering water.

eI
)y

30 aeconds -~ agltator in motion without entering water.

'-,

5 minutes - final extraction.

Spith-Dram Weshing.— The Smith-Drum hosiery dyeing machine used was

the small lsboratory medel. It consisted of a perforated stesl ¢yolin-

der whieh revolved in a verticel plane in & stainless steel tank, The
eyclinder was divided into four eompartments separsted by perforated
stainless steel pertitions., Its apeed was 8§ revolutions per minute
with & reversel every 2% revolutions. In all the washings 23 s‘a_l)_.ons'

of solution was employed,

Cloth semples treated with Permel and Zelen and enough bellast
cloth to make up & oad of 6f pounds were put im Yhe machine, The
detergent was dissolved and sdded to the water. The eyclinder was-

then set in motion for a 2, mimutes wash {12 minutes at 100? F.},

(12 mimatce at l&éo F.}). At the end of the wash, the tamk was drained

and the semples submitted to four & mimt_e rin_a_ea._ ‘The fi.r;rh_ rinsg_ '

was ai 140° ?.'.-the second st 120° ¥., and thé lest two &t 100_0 o A

the first 100° P, rinse, 5'&'1‘81118 of Spécial Erusta. Salts {lesundry sour}
were added. At the end of each rinse, the machine waé stopped, drained
and refilled with water, The tampersture of the water was adjusted before
staiting the eyclinder. This procedure, except for times involved, is the

same 88 the Army Mobile Eh\'ret.- (7

Drying.,~~After washing, the samples were dried and cured with & household
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iron the tempersture of which was maintained at a tenperature of approxl.
Rinsing,= To determine {f there was edequate rinsing in the Smith-Dmm
machine, & special rinse was given fabrice after their brsekdown. This

rinse consisted of putting the febrica through the aoangléte autometie

machine cycls with water alone,

‘Detergents and Hardness. < (loth semples treated with both types of water

repellents wers wash-ad with #nionic detergente (soap and gyuthetic) and noﬁ-
. ionie detergenta ¢ detommine th_eir-_effeci on the fiﬁi_shed. . Yarioug degrees
of hardnéan were added along with the dal;ergem::s t0 determine 1f hardness
would bave a detrimental effech upon the stability of the water repsllents.
¥hen hardness gecressed the offectiveness of sosp by fc'rmix_zg' iSQlu’bie
caloiur soap, edditional sosp wee added to maintain the original soap con-
centration. The amount of exéess ao&p neeassary was deb em:ln_ad by the
method deseribed in Whittaker and Wileock. (8) Washes wers made Witk
C2lgon =nd hardness, and with caloium oxalate {precipitated hardness) to
detormine th_e'e’ffect of hardness in these forms on the water repéilents.
A wash with water alone was also made, The procedurs end formules tiaef;

were a8 follows:?

1. Water alone;
2. 15% Aretic \Cryrsgal Soap.
3+ 13% Aretie Orystal Soap, .1¥ hardness as CaCly.

4e 134 Arc.ie Crystal Soep, «37 bardness as Gaelz.




5. 1:% A'x;etic Crystal Soap, 1% hardness &8 cﬁclz with encugh
Calgon to react with Ca © and prevent formation of am in-
#soluble soap. ’

b¢. 5% Arctic Cryetal Soap, 1% hardneas as 630204-.

7. 1/3% Igepon o

| 8, 1/3% Igepor T, .1¥% hardness .as 0&612._. |
9. _. 1/5% -:l_:g-'ap_on 'i‘, « 3% hardnese as CaCln.
10. 44 Triton %-100. |
1. =% Triton x-100, «1% bardness as caclz.

12, 1% Triton X-100, 3% hardness as CaCl,,

Al)l percentages are based on the total weight of the .sampl-eis and
ballast in each machine. The totel hardness as Calo 3 in the automatie
machine wes 83.5 ppm for the +1% as CaCl, snd 265.0 ppm for the Call
in the Smith~Doum it wes 50.3 ppm for the 1% ase .tJa(}'].2 and 111.0 ppm
for the a% 88 0801 Both Zelan-trested and Pemel-treat ed samplee
weré washed in both machines witk all eomhinations of ded:ergents and
hardnesse listed abov.e. Washings were stopped wheu there was an sversge
epray rating of 50. |

In order to dgteminf; tle effect of alkeli on the Zelan and Permel |

finishes the following procedures were used:

1. 3% Aretic Crystsl Soep, 3% N&@B (ewtcmetic mschine only)
2, 14% mmyatal ‘Soap, 1/3% NagPo A (autonstic machine only}

All percentages are based on the total weight of the samples and

ballast in eech machine.
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Tagt ing

Spray Test. -~ All samples were submitted to the &.A.T.c.b. Spray Test
{Standsrd Test Kethod -22-41)}, (1) The spray teatar consisted of a sixe
inech mstal.embfoidery hoop, a six-inch ladoratory runnel,.a household
gpray nozz;a. and a stand to hold the funnel and the ambroidery hoop,
The funnel was held six inshes_ahoVe the cemter of the hoop. The hoop
wag héld_ at a 1,_59 angle on the stand. Although the A.IA.T.G.G. pmcé—
dure celled for the conditioning of the samyles before testing, this
step wes elimineted becsuse Mandikos (4) showsd that conditioning, or
the lack of it, Gid not affect the spray test. The cut samples, seven
inehes wiée from aeivaga.to selvage, were placedvin thé aﬁbroidéry hoop
in aevan~ineﬁ sections ﬁith.tha warp vertical, The.embeidery.hbop was
plecad on the stand. 80 th&d; the center -of thé ¢iot'h ﬁaa directly uﬁder
the spray nozzle. 259 eubic-centimeters of'&ater ﬁﬁ gn° - 20 F. was
poured into the fupnel and Sprayéd onto the samples. After the spray,
the hoop was remavéd from the stend, held at one edge, and tapped agaminst
& s0lid obje¢t. The hoop wss then held at the opposite side and vapped
again. .Tha surfacé_df the tested cloth wes then compared to a rating

chars {1) and rated as follows:

- 100 - ¥o sticking or wetting of upﬁer-marfaea.
'90 - Slight rendom sticking or wetting of upper surface.
80 Wq;tina-of-upper.surfaceuat spré? poirts, |
70 - ?ariial wetting of whole upper surface.
50 - Complete wetdifig of whole upper SE?face.

0 = Complete watting'gf whofé upper'ahd lower supface.
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(Reprimted from the 1951 Technical Manual and Year Book of the
American Association of Textile Chemists end Colerists)
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Pen épray tests were mads on sach semple after every wash and

averages of these fests were Tecopded,

| Immersion Test, -- Sauples were submitted to the A.A.7,C.0, Tmmersion
Absorption Test -('!t‘enta_t'ive rest Methed - 2.1-1,1) '('21.)- after every othep
'wa.sh. | Two apecimens, each 3 x 3 inches, were taken frmeaeh sample,
eonditioned for 4 hours at 700 ¥, snd 65% relative humidity, and weighed
%¢ the nearest 5 milligrams. QOne edge of & épeamen waad then attached
to a weight, and the epedimen and welght dropped into an jmesreion tank
filled with water ay %0° - 2° 1?.. remaining for 20 mimutes. The depth
of the water in $he tank wa aﬂjnsiad &0 that the avemge bydrostatic
.head ahove the apecimen was 3.5 inches, 'The gpecinen was then removed
from the tank, the weight teken off, and gquickly placéd between two
pieces of Ary AuA.T.C.0, white blotting paper. This sandwich was passed
thr’ou@ the 1aboratoi;y padder with &0 pmmdﬁ pressure o the top rdli_.
The specimen was then removed from ths blotters and -reweieh':eﬁ. The por
cent Iwarter abeorbed was caleulated by dividing the inorease in wéight

by the uﬁ-ginal welght of the ep-oeimen; The sverage of two spocimens

was rocorded for eagh sample tested,

Penetration Test, -~ A certain number of the semples were submittod té

the A.A.T.C.0. Impact Penctration Pent '("fentﬁt'iva Pest Method - 42-45),
{1) 'i?ha impact panetration taster consisted af & aix-ineh runnal,
apeeial heaﬂ, a olip board, ami a si*-ineh olip weighted 'Bo oha paunﬁ-
The spray head was suspegﬁad 2L inehesa over the aen*h-gr of the eliphoard;

the olipboard was attached 'au_-. e 457 angle to'a stend. The samplce to be




i3

: __'teated were dut 7 x 13 inches with the warp in the long directiom The -

. samples wers not ccﬁditioned (M before teat:lng.- For teating, the sumple o

m attaehad at the top by the elip on the cligboard, and at the bottom
:.by---t-h-e oup-weight. "rhe- cloth waa held taut by thg_attgchqd_ weigh'l_: han_g-- |
ing over the adge of the clipboar&. A &haﬁdﬁrd g;a..i.r-‘c'.‘c." Qﬁ.{te blott er, .
‘6 x 9 1nahes, was wei@ad and placad u.ncler the aampls. then 500 cubie
cemmeters ot mter at 8@“1 .2 r. was spmyed emto the sampla. '!.‘ha
blot‘ber was rmﬂv&d and reweighed to the nearea‘c 0;1 gr&n. o 'ape.-ci-
nens from eech 8mple were teated and ths average inerease in blotter

weight was recorded,

B Det srminetion. ~ ALl wash solutions were tested for pH with & -

Beckmann pH meters
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RESULTS AND DISGUSSION OF RESULTS
The penetration test 8id not give signiffcant results {see table -
1), This was probably dus to the fact that washings were stopped at s aprey
rating of 50, and up to thay poixt 3' thare 1s little différént ial 'mér. pens-

tration.  Spray and immersion testa ata gi'wa aignirimt mtings ami the

rasults and coneluaions of this- work were based on 'L'hen.

Spray Test, -~ In general, the Permel finish had hi.gher spray ratings and
to0k more washes $o break down than did the Zelan f_iniah'[aee figure 3);
This was most pronounced in ths eases of aa.aia and Triton. ¥When &nly water
m.used in waah:l.ng with the autcmatic mechine thé opposite was true, i.e.,
the Permel troated fabric showed & more Tépid decrease in sprey ratings
than the zem (ee figure 4). 1In the case of washing with water alone
in the Smith~Drum machine, both febriecs maintained sprey ratings of 100
for 10 washes. Therefore,. the gx;eater mechanical action given the fabries
in the mitomatic machine appeared s de more detrimental %o the Pemmel
finich then to the Zelan finish. |

In g.'l.l oages the dac_r&aae. in water _repellemy' waa..ajiiowar with the
Smith~Drum mechine than the automstic machine {8ee figure 5), I'niiia.l
breskdown of water repallents in the aytamstic machine slways cecurred et
the creaséa in the fabrlcé. In the Smith-Drum maohine iheré m an .'evem
breakdown of the finieh. | . | N o _

In eovery case except the waah with '!ritan in the &ith—m maehine,,

inercassd hardness caysed fas'ser break&om of the ﬁniah; this was most
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proncunged with soap {see figures 5 .6’ 76 859 _16 and 11; and tables -
24 34 by Semd 6), L
‘When alkali was added 28 Ha2063 and Hafﬁzﬁ 0 aau;\, the spray .

retings for & given pumber of washes £or both Zelan and Pemael waxfel less |
then thosa ratings whsn aoap aJ.one was used (sea figure 12}, |

| Phe only &ith-nmm washing in whieh Mghsr ratings were obtained '
after the Tigal spaoial ringe vasg the ony Whieh oontained soap, hardneu
and B‘algen, ‘zhis oemrrea haoauaa or the ran.ure of 'che &nh-m'lm

| maehine to rinse the samples adequat ely. | |

The breakdom ir repellency due to dirrerencu in mechan:lcal aotion
(2.e., s -t-wo difrarmt machinoai) when sosap is usea. 1.s gréﬁt-eﬁ-' for 2.91-&11

..:than for Pemel. {see figure 1) For Igepon and Tzison the breakdoma |
wore alnest equi‘ralem for the two rabries, howerar, they were auch- srm—

sr than when soap slone e useds

Immersion Pest. «~~ In genoral, the lmmersion test substantlated the resulis

of the spray tests, frhe Mer;ion ratiangs of th'e _f_nﬁriea .a.t_ bi'eakdown were
lower -ror_mahingﬂ with soap than wore the rat:lngs.jvhan Triton and. Igepon
were used. {see Yables 7, 8 and 9) The ismersion test did not show any
differentiation between different degress of hardness, but it did show

the differenceg in breakdown in the different machines,

pH Determinations — Both the Igepon end Triton solutions hed lower p
values then the soap solutions (see table 10), The Hagms-wsoap solution =
had sbout the ssme pH as thea soap _:solution_ alone, Ho definite copclu- |

slons ¢an be drawn as to the effect of pH or the breskdown in water

g’

repelleney of the two rabr"iu._._-g-_-_
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CONCLUSIONS

Phe most si@iﬁcan’a conclusion is that the Permel finish is more
stable to washing than the Zelen finish; however, the difference in
stability of the finishes is not great. When eveluating the same fabrics
treated with these fipishes, othér properties in addition to water repel-

leney such as hand, stiffness, crease resistence and abrasion resistance

must also be econsiderad.

The faster breakdown of the finishes in the automatiec machine as
cdmpared 40 the Smith-Drum mechine ie due to the greater mechanical aet::lon
; given the fabrice by the automatic machine, end alsd tc the higher oon-
centration of detergents employed .ir_z this machine, In washing the fabries
in the automatic machine, c¢reasing of the fabrice snéd mecheanical action
applied at thesé ereases soen 0o be the most significant factor in the
breakdown of water rep-éllency. In the Smith-Drum machine, no such
ereasing was o-bsérﬁed and the differences observed for the tws water
repellent finlshes when different deterzents ere used, are really fune-
tions of these detergenta. |

Since the Poermel finish broke down Taster than the Zelen Tinish in

plain water ino the euwtomstie machine apd at no other time, it cen be con-

¢luded that lubrication of the fabrics by the detergents is =n important
factor in water repellent breakdowm by mechanieal action,
The presence of hardness in washing duredle water repellents in-

ereases the rate of breskdown of these finlshes.

When Calgon was used $o eount ergct the hardness, & wore thorough
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rinse was necesgary to obtaln complste wat er repellency.
| i'he préssnce of alxali in mhing dursble weter repellents Qefi.
niﬁely :Eeduceﬁ‘ thels'tah.nity of bdth finishes, | |
With hemvy mechanicel action, soep .ﬁas the best detergent to wash
fabrics possessing durable water repsilent finighes; with 1ittle mechani-

cal ection, & nonionio detergent such as Priton X-100 would be preferrsd.
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RECOMMIHDATIONS

: 'rh'ié problam offers a very wide field for further inveatigetion.
- This work has exsmined the stability of dursble water repellents %0 .
detergents, hardness, mechanical action and elkali, . An investigation .
along the seme lines should e made on non-durable water repelients and
durable water repellents {at various stages of breakdown) re-treated
with non-~durable types. |

_ M¥echanical action during laundering seexis to be more importent
than any other factor in $he breskdown of the durable water repellents,
A study should be made in which me?ﬁ&nieal action can be #a:::ied.a.nd
measured duﬁng ﬁhe waeeghing of watcr-repellent fabrics, The lubrica-
ting value of various dstergenmts a_hould alsc be investigated as Lo
their effeet in reducing the advers-é_ effect ot_ severs meehanical action
on water-repellent fihishes. |

Many other vaﬁﬁbles guch &8 type of weave, weight ol eioth, and

type of duruable wateor rspellén‘l:a offer eie&llént apporfuﬁiiiés for

researeh-
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TAELE )

AVFRAGE PENETRATION RATINGS OF FABRICS WASHED WITH 1i% S04P

Mumber of . Permel . Zelen

washes Mtomatic “Smith-Drum  Antomatic  Smibh-Drum
1 0,0 0-0 0-0 0.0
2 040 0.0 - 0.l 0.0
3 0.1 0. Oul 0.l
J'. 0;1 011 Oinl 0.1
5 0.1 C.l 0.1 0.1
6 0.1 0.1 0.1
7 0.1 0.1 - 001
8 Otl ’0-1 : A, ——— 011
9 — 01 — Ced
10 - 0.1 m— 0.1
11 e 0.l —— 0.1
12 - C.l -—— 04l
13 - 0.1
1‘1} s — O.l
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TABLE 2

AVERAGE SPRAY RATINGS# OF PABRICE WASHED
WITH 1i% SOAP IN THE SMITH-DRUM MAGHINE

Yumber of e Pormpel Hardvess* _ Zelen Hardness®
washes Tone ST 4 % Yone % %
1 100 93 97 100 g0 91
2 100 96 9 92 86 a8
3 160 90 85 87 &2 80
4 90 83 80 83 78 75
5 as 80 74 78 75 72
6 80 75 72 73 70 69
7 75 70 58 72 60 54
8 75 62 50 70 50 50
9 75 _ 50 - 68 - v
10 74 - . 60 - —
n 72 -— - 54 -~ -—
12 70 — ' “e 50 .- -
13 54 - -
34 50 - B

# An aversge rating of 50 was ¢onsidersd as the point of breakdown
of the water repellent.

* Horflneas a8 Caclz.
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 TABLE 3

AVERAGE SPRAY RATINGS# OF FABRICS WASHED WITH
15% SOAP IN THE AUPOMATIC MACHINE

. Number of . Permel Hardness*
washes Rone 1% e

91 92 ' 94
87 90 3 83
- 82 84 - e
.8l a0 T & S
72 70
&0 60
5 50
50 -

70
- 56

o0 ~2 O un b B ‘
3
BRIBY
2
tiwas |

1883

# An average reting of 50 was considered ‘as the point of breakdows
of the water repellent, - '

* Bardness as CaCl,.
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TABLE 4

AVERAGE SPRAY RAPINGS# OF FABRICS WASHED
WITH 1/3% IGEPON 7

ST H- DRUM
Number of - Porwel Hardness™ '  Zelen Hardpess®
washes None 1% " .54 " Nome . a% N 4
1 00 100 100 9 96 97.
2 99 . 95 96 90 90 90
3 93 92 90 90 90 90
4 98 90 84 85 - 86 82
5 85 - - 80 78 85 82 78
6 80 75 78 80 /Y 68
7 80 5 68 7% 60 58
8 - 7 56 69 -1E 50
10 50 - 50 .-
AUTOMAPIC
Numbey of ' | Permel Hardnega* . Ze¢lan flardnese®
washes None aq »3% HNone 1% S
1 o8 80 T2 91 29 50
2 90 35 o 80 0 -
3 50 -

— 10 - -

# An everage rating of 50 was considersd as the point of breskdown
of the water repollent, _

* Hardness a8 G&G}Q.




TABLE 5

AVERAGE SPRAY RATINGS# OF FABRICS WASHED WITH
3% TRITON X-100 IN THE SMITH-DRUM MACHINE

Kumber of Pormel Bardnese® Zelan Hardness®
washes Fone 1% . 3% ~None Y 3 g4
1 100 100 100 1006 100 98
2 100 100 100 98 - 98 - 97
3 100 100 100 . 92 93 93
4 98 100 100 92 92 90
5 98 96 100 90 . 90 90
6 90 90 92 87 86 85
7 88 88 90 82 83 83
8 as 86 85 80 80 80 .
.G 86 84 20 71 73 73
10 a4 82 a0 0 70 70
1l 23] 80 76 &0 60 b0
12 75 T4 T4 54 52 55
13 73 72 Vit 50 50 50
1 70 70 70 _
15 66 68 65
16 69 60 60
17 - 54 56 54
18 50 50 50

#An averege gpray reting of 50 was considersd as the point of bresk.
down of the water repellent.

*dardness as Call,,
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TABLE b vl
AVIRACE SPR&Y RRI'ING'-S# or FABRIGS WASHED WITH ;
%% PRITON X-100 IN THE AUPOLATIC MACHINE i
Fumber of _ Permel fiardness® - Zelan Hardnesa* - A
1 90 90 a8 82 80 80
2 80 80 7 56 50- 50 | |
3 Zg 70 35 50 : — _ - B
& _ 25 -- : '
5 50 -~ -
#An average &pray rating of 50 was eonsidercd as the point of break~ ﬁ ;
down of the water repellent, RS
*Fardness as call,.
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TABLE 7

AVERAGE IVMF¥RSION RATINGS OF FABRICS WASHFD WITH
13% SOAP IN THE SMIPH-DRUM MACHINE

Number of  Persel Hardiess © . Zelén Hardpces &
washes . - Yone S T 4 _.5% Hone .1% . ' .5%-

0 LS. J— e 11b . eme .
2 19.1 9.7 12,9 20,6 13,1 i2.9
4 21,7 10.1 8.8 22,5 12,2 12,4

2.5 12,1 16,6 28.3 11.0 2.1
8 24,7 14.6 13,0 222 17.2f 1.
10 22.1 —— — 23.2 — -

i ¥ 23.5 - R 24.0 _— —
14 25.1 -— ——- -

o R e R R T R Y T T o
— A ——

e e

* 9 washes
# 7 weghes

¢ Hardness es CaCl,.
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IH
‘I’ABL_E g
ATERAGE T#4"RSTON RATINGS OF FABRICS WASHFD WITH | F
: 1/3% TGEPON T E
SHTPH- DRI
Namber 6f . permel Rarduess* Zelen Herdness® L
waghes None A% o 3% " None v 1% % £
2 21.0 13:3 14.5 22.9 20.6 24..8
é 215 29.8 14.4 2049 3.4 3.7
8 33,3 2.3 29.3 - 32,5 31,0 0.8
10 35.3 32,0 - 3.5 e "
AUTOMATTC
ﬁumher of Permel Rardness® ' Zelan Hargness®
washes None - ,1% 3% None IS 1 ARG S
2 23.3  26.2 35:5 33.1 3.3 35,1 Co
3 B 2'5: 1 - - — 1;.1 - 5 - - 1
_ . Fl

*Hardness as Call,.
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TLELE 9
AVERAGE IHMFRSION. RATINGS OF FABRIOCS WASHFD LITH
g% PRITON X-100
SMITH-DRUM
Nuﬁber 6: o Paﬁhél Kardnééé* e Zalén?ﬂardnaaé* o
washes  Nome  LI% .3 Hone 1% B
2 1046 1440 12.7 11.9 Lok 13,7
4 15.1 19.1 13.7 13. 1642 21.
10 . 22,9 24,3 24.9 19.-? 2647 25,9
12 25,0 2449 2.2 24.5 27.2 2644
14 273 2%.2 28.8
16 20,1  28.5 29.0
18 33,0 eb 331
AUTORATIC
Number of N Peml:. Hardness* _ o  Zelan Rardaness® ,
washes - RNone 1% « 3% ~ Norze 1% W3R
2 28,0 - .28 256, 26, by By Ul
& 3145 34.) 33-l” 32,4 —— ———
5 22,9 . - ———— o

# 3 washes

* Hardness as CaClo.

R T T




TABLE 10

pH VALUES OF WASH SQLUTIONS
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Solution Comtent Antonatic Siith-Drun
Wet oy alone 8.19 B.19
Soap & .1% hardness 9.23 9.33
Soap & .3% herdness 9.19 9. 38
Soap & Calgon . 8.00. 8,70
Soap Nazcos . 90 69 —————
foap ﬂ&gPOA = 9.90 J—
£epon . : . WAL
-Igegon T & 1% hardness ggzo ;%
Ig&pon T & o%' hmesa 7. 25 7.51
PTriton X-100 . 773 8.12
Triton X-100 & .1% hardnpess 7.75 8.21
Triton X-100 & .3% herduness 7.65

8,20
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TABLE 11

' : * .
AVERAGE SPRAY RATINGS OF FABRICS WASHFD WITH

WAT TR ALONE
Fumber of o Permel Zelan
washes Automatic SnithoDrum Iatomatic Spith=Drum
1 90 100 - 90 . 100
2 78 100 88 N 160 ;
3 68 100 82 _ 100 ;
3 58 100 80 - 100 ;
5 54 100 75 100 . é:
6 50 100 70 ‘ 100 2
7 we 100 60 ' 100 b
8 - . 100 - 56 o 100 =
9 - 100 50 " 100
10 - 100 - -- 100

*Ap average rating of 50 was considered as the polnt of bdreskdown
of the water repellent,

TR

TR




TABLE 22

AVIRAGE SPRAY RAPINGS® OF TABRICS WASHED WITH
1z% SOAP, .1% HARDNESS 48 CaCl, and CALGOR

45

Humber of Permel Zelan
washes - dubometie  Snith-Druw Aubolatie © Bnith-Drom
1 8s 100 82 100
2 &0 98 - 75 97
3 78 o8 56 85
4 7 g0 50 75
{ 5 63 7R ~— 70
6 53 56 v 54
7 54 50 -- 50
8 50 - : '

of the water repellent.

; " ®An aversge rating of 50 was eonsidersd as the point of hreakdown
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TABLE 13
AVERAGE SPRAY RATINGS OF FABRICS WASHED WITH
CALCIUM OXALATH, TRISCDIUM PHOSPHATE, AND
SODIUM CARBOHATE IN THZ AUTOMADPIC MACHINE
Number of Pomel Zelen
.smas Caczo 4 Jaami . ﬁ_a:g’O 4 CaGZO L Hagﬁoj NasPo
1 90 94 92 90 79 20
2 56 80 80 Zg 70 70
3 80 75 72 50 60
4 72 60 &0 50 - 50
5 66 54 52
6 54 50 50

e —— T T

e 3 A e T
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