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—_357 A 100% goosedown sample, treated with a hydrophobic silica pigment
water~repellent finish was compared to an untreated 100% goosedown sample to
determine the effect of the treatment on the amo.at of water absorbed by the

down, and the properties of the down when wet.

The silica pigment markedly reduces the amount of water absorbed by

the down, thus reducing its heat loss when wet.

after laundering, and there appear

Tne finish remains effective

to be no changes in the mechanical
properties of the down due to the finish.

The effectiveness of the finish was further assessed when treated
and untreated wool/nvlon socks were tested for amount of water absorbed. The
untreated socks absorbed appreciably more water than did the treated socks. fﬁ;—

RESUME

On a comparé un &chantillon constitué de 100 7 de duvet d'ole,

traité avec un apprét hydrofuge contenant un pigment de silice hydrophobe,

avec un autre échantillon non trait2, en vue de déterminer 1l'effet du
traitement sur la quantité d'eau absorbée par le duvet, et les propriétéds du

duvet mouillé.

Le pigment de silice diminue considérablement la quantité d'eau
absorbée par le duvet, réduisant ainsi les pertes de chaleur lorsque le duvet
est mouillé. Le produit conserve son efficacité aprés lavage; de plus,
1'apprét ne semble pas modifier les propridtés mécaniques du duvet,

On a évalué l'apprét de fagon plus approfondi en déterminant la
quantité d'eau absorbée par des chaussettes tralitées et non traitées,

congtituées d'un mélange de laine et de nylonm,

On a constaté que les

chavsettes non-traités ont absorbées une plus grande quantité d'eau que les

chsusettes traitées.

(111)
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INTRODUCTION

Two 1002 goosedown samples were obtained from Polyset Inc.,
Manchester, Mass., for evaluation, one sample water repellent treated, and
the other untreated. The water repellent down consists of two parts by
welght of goosedown coated with one part of a hydrophobic silica pigment
having a particle size less than one micron in diameter. Two wool socks were
also obtained for testing, one treated as the down, and one untreated.

, ~___ The thermal and mechanical properties of an insulant when wet are
very important when the cold weather clothing or sleeping tag is intended
for use in wet-cold conditions. The samples were tested to determine the
effect of the treatment on the amount of water absorbed by the down, and on
the properties of the down when wet. To further assess the effectiveness of
the water-repellent treatment, the socks were tested for water absorption.:

WATER ABSORPTION

To simulate the use of down in garments or sleepings bags, e&peri—
ments were performed on the down samples sewn between two layers of shell
fabric.

Approximately 3. 75 g of treated and untreated down were sewn into
circular bags of 0.07 kg/m? rip-stop nylon with a diameter of 16 cm. The dry
weight was measured and the thickness, dry, was measured at minimal com-

. pression (0.16 kPa), The samples were submerged for 60 s in distilled water,
: during which time they were squeezed by hand 10 times. The samples were
removed and drained for one minute, then rum through 5 cm diameter rollers
. under a force of 100 N (25 1lbs) repeatedly until no further water was
removed (typically 5 times). The samples were rewelghed and the thickness,
wet, was recorded.

The dry and wet weights and thicknesses are shown in Table 1.
Included, for comparison, are results from a previous paper (1) for an
untreated 1007 goosedown, a water repellent treated (Zepel-B) Polarguard
sample, and the 0.07 kg/m? rip-stop nylon used as shell fabric, which were

llIl;lllllliillllIIIIilll-IllIlIIlIIlIIlIIIIIl.IlIIIIIIlIIlIllIllllllllIllllllllllllllllllllllllll..l.lll.l
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TABLE 1

Wet and Dry Properties of Samples Sewn in 16 cm Diameter Discs
Between 2 Layers of Rip-Stop Nylon Shell Fabric

Sample Dry Wet Dry ﬁ] Mass of ]
Thickness Thickness Mass Water Absorbed
(mmm) (mm) (kg/m?) ** (kg/m?)
Treated Down 13 4.2 0.34 0.18
Untreated Down 18 6.0% 0.36 0.38
Previous Untreated 13 2.5 0.34 0.26
Down
Treated Polarguard 14 11 0.43 0.22
Shell Fabric - - 0.14 -

* Thickness poorly defined due to clumping of wet down.

** Mass of shell fabric included.
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tested in a gsimilar manner, co show the effectiveness of the silica pigment.

The water repellent treatment has a marked effect on the amount of
water absorbed by the down, the treated sample absorbing the least amount of
water of all four samples. The untreated sample of down absorbed much more
water by weight (approximately 100%) than did the treated sample (50%). The
previous down sample absorbed 75%, and the untreated Polarguard absorbed
approximately 50% by weight.

- : A comparison of both types of down, alone, not enclosed in a shell
fabric, was made in order to observe the physical reaction of the down in
water. Samples of treated and untreated down were immersed in distilled

g water and held down manually for 1 min, during which time the down was

: squeezed, attempting to force water into it. When immersed, the treated
sample did not wet out., After a week in contact with the water, the treated
sample remained dry, and floated on the surface of the water., The untreated
sample wetted slightly on first immersion and after 24 hours in contact with
the water, the down was wetted and fully submerged.

HEAT LOSS

Wetted samples of down encased in th~: shell fabrie, were placed on
a sweating hot plate, as described in a previous paper (2) to determine heat
loss during drying. The results are shown in Figure 1.

The initial high heat loss, when the samples were placed on the
plate at time 0 8, was due to the heating of the sample from room temperature
to close to 35°C, the temperature of the hot plate. The untreated down curve
remains on a plateau which is presumed to be due to the evaporation of water
that is concentrated near the plate. Its magnitude c¢~pends on the thickness
of the sample, a small thickness results in a higher water vapour pressure
gradient, and therefore a greater heat loss rate, its duration depends on the
quantity of water absorpcd. This plateau was not observed in the treated
down sample, so it is presumed that the small quantity of water absorbed was

. evenly distributed throughout the sample. Once any concentration of water
close to the plate has evapurated, the curve drops gradually to the dry heat
loss. During this period, two factors are causing the heat loss to drop.
One is that the evaporation 18 taking place from points progressively
further from the plate whiclhi reduces the heat loss rate as discussed in a
previous paper (2); and the other is that, as the down dries it regains its
loft and the sample thickness increases, which increases both thermal and
water apour resistances.

The dry heat loss value for both the treated and untreated down
samples was observed to be the same (20 W/m?). The drying time for the

-
. . . ”
.



‘uyoAu doga~ldid Jo casiin; uarygzy
UMPS 37 LpE UMOP YPoq A0 SULLG DUl 880] 1027 1] BINT 1]

(spuodes) IWIL

0008 000L 0009 000S 000¥ 000€ 0002 0001 0
| 1§ i 1 1 [ { 1
pu—
—
- - - - - L
- [
Y -~ -
]
1
§
]
“ t
—t.
B NMOQ Q34V3HL -
u NMOG G31VIHINN —
L 1 1 { i ] 1

001

(148

ori

09i

(zw/m) "3IMOd




treated down is shorter (approximately 1 hour) than the untreated dcwn
(approximately 2 hours) due to the lower mass of water that needs to be
evaporated.

A crude figure of merit for the wet insulation is the quantity of
heat in excess of the dry heat loss that 1s lost over the drying period.
These data can be seen in Table 2. These figures are again compared tc a
v previous down sample, and a Polarguard sample treated with Zepel-B.

TABLE 2

Excess Heat Loss of Samples Sewn in 16 cm Diameter Discs
Between 2 Layers of Rip-Stop Nylon Shell Fabric

Sample Heat Loss
(MJ /m?)
Treated Down 0.19
’ Untreated Down 0.53
) Previous Untreated 0.46
* Dowm
Treated Polarguard 0.14
LAUNDERING

To determine 1f there are any changes in the properties of the
treated and untreated down samples, due to laundering, the samples within the
rip-stop nylon shell fabric were retested for thickness, dry weight and water
absorption as described earlier, after one, five and ten launderings, drying
after each laundering. The washing was done in a Maytag washer, Model A308,
and the drying in a Maytag dryer, Model DE 18CA, Series 02. The results are
shown in Table 3 and Figure 2.

After one wash and dry cycle, the dry thickness of the treated
sample increased, this is probably due to fluffing of the sample. After one
wash, the amount of water absorbed by the untreated down iucreased by about
a third, This is probably due to the initial removal of the natural water-
repellent 0il on the down and feathers,

- : ||ll|llllllllllllllllllllllllllllllllllllllllllllllll.l..l.



TABLE 3

Wet and Dry Properties of Samples

After Laundering

0 Wash 1 Wash 5 Washes 10 Washes
Thickness (cm)
Treated Down
Dry 1.3 1.9 2.1 2.0
Wet 0.42 0.70 0.62 0.61
Thickness (cm)
Untreated Down
Dry 1.8 1.8 2.0 2.1
Wet 0.60 0.54 0.26* 0.43
Dry Weight (kg/m?)
Treated Down 0.34 0.34 0.32 0.32
Untreated Down 0.36 0.36 0.35 0.35
Water Absorption
% (dry weight)
Treated Down 51 51 59 L
Untreated Down 105 138 145 128
(kg/m?)
Treated Down 0.18 0.17 0.19 0.16
Untreated Dowm 0.38 0.50 0.50 0.45

* Thickness poorly defined due to clumping of wet down.




-

T

SITEIITITY

»

- -l .! .= .=, .E_ -

L LR b b 1 S Al ok b v e e W ok A 24 BACSA S e Rl S0 e 2w T P Tn s

‘buzfiap puv Buiaspunvy aafp 827duve umop pagvadjun pup
pa3vaa3 Aq paqaosqy aaiom fo junoun puv Jubram Rap ui abuvyy :z aanbiy

SIHSYM
oL 8 8 L 3 S 14 € 4 3 Q9
1 ¥ ! I ! ] i ! ! I
-0
O »
* 143
~4€0
o —-— — - - . _ _ _ -xolll —_— e — -
e i * — —
¥0
O/’
/ - n.o
"AM AHQ - Q31Y3HL — X —
Q384OSAY HILYM LNNOWY - Q31V3ul —— i PO
M AHQA - GILVIHINN — O~ —
Q38HOSAY d3ivM LNNCGWY - CILYIULINN -0
»

Tw/0y



N e
LA A A SR Tre AT St S R A A R MO N P R

TR PR RNt RRT U SLIE SL AL S0 STRTAL SR R AN LR LS

Laundering up to ten times seems to have little effect on the
properties of the treated down. It can be assumed that the hydrophobic
gilica pigment has quite a strong bond to the down flbres.

COMPRESSION

Samples of both types of down were compressed to determine if the
finish had any effect on the mechanical properties of the down. Approximately
1.7 g of down were placed on a balance under a 9.2 ¢m diameter foot within a
cardboard tube of the same diameter. The foot was lowered to various
thicknesses, the force recorded, and the density and pressure calculated at
each point. As can be seen in Flgure 3, the finish appears to have no effect
on the mechanical property of compression,

SOCKS

To further assess the effectiveness of the silica pigment water
repellent treatment, samples of ths treated and untreated socks were tested
for water abgorption by the method described in a previous paper (3).

Semplee from each sock, two frcm the foot (plain knit) and one from
the leg (rib knit) were tested after conditioning at 65% RH and 21°C. Each
sample (7.5 % 7.5 cm) was weighed dry, immersed in distilled water for 1 min,
allowsd to drain for 1 min, then reweighed. This was repzated with immersion
times of 5 min and 15 min, draining for 1 min. The percent (dry weight)
water absorbed was then calculated.

To represent the friction subjected to the sock during wear, the
samples wevre submerges in distilled water, removed, squeezed by hand then
reimmersed for 1 min. After allowing to drain for 1 min, the samples were
reweighed.

To determine the effect of pressure that is exerted upon a sock
during wear, the samnles were immersed for 5 min in distilled water and a
metal screen was placed on top of the sample to disperse the weight of a
500 g weight.
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The silica pigment water-repellent treatment had a marked effect on
the amount of water absorbesd by the sock, in all cases as can bte seen in
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Table 4. The untreated sock samples absorbed at least 407 more water than
the treated samples. Individual valves for foot and leg samples are given
when gross differences between the two occurred. The difference in water
absorbed by the foot samples and leg samples is due to the difference in the
knits. The rib knit has more exposed fibres and is therefore able to absorb
mere water, The silica pigment water-repellent, while reducing the amount of
water absorbed, gives the socks a hand that would be unpleasant next to the
skin.
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CONCLUSIONS

3272

The silica pigment markedly reduces the amount of water absorbed by
the down, thus reducing its heat loss when wet. The finish remains effective
after laundering and there appear to be no changes in the mechanical pro-
perties of the down due to the finish. As a result, the treated down would
find widespread use in wet-cold climatic conditions.
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The water-repellent finish greatly reduces the water absorbed by
the socks. This would lead to a possible use as an outer sock for wet-cold
conditions.
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TABLE 4

Summary of Results of Water Absorption by
Treated and Untreated Sock Samples

Treated
Z (dry wt)
Water Absorbed

Untreated
Z (dry wt)
Water Absorbed

1 min

5 min

15 min

Squeezed
1 min

Weighted
5 min

1.0 £ 0.1

i+

2.3 £0.2

1.1

“+

0'3

4.8 £ 0.4

12.6 £ 2.0
15.6 £ 3.8

foot 11.9 ¢ 1.0
leg 120

foot 162 * 11
leg 219

352 £ 4

11



RSN AL A il

-

CRACRSCR B R S 1~,w._‘t‘r')*v .1:1_.ﬁ..‘__ -‘y-r'_ e VT.“C:‘.-".: . _‘E__ - '."'4' ALDA

13
UNCLASSIFIED
Securnity Classstication
DOCUMENT CONTROL DATA - R& D
(Security ciassificaion of utle, body of abstract and indexing annotation must he entered when the overad document 1y cldssilied)

1.

ORIGINATING ACTIVITY .
Defence Research Establishment Ottawa

Department of National Defence
Ottawa, Qntarjo KlA 074

2a. DOCUMENT SECURITY Cl ASSIFICATION

UNCLASSIFIED

2L GROUP

3. DOCUMENT TITLE

AN EVALUATION OF A HYDROPHOBIC SILICA PIGMENT USED AS A
WATER-REPELLENT i INISH

4 DESCRIPTIVE NOTES (Type of report and inclusive dates)

TECHNICAL NOTE

5. AUTHORIS) (Last name, first name, middie initial}

DOLHAN, Patricia A. and FARNWOPRTH, Brian

6. DOCUMENT DATE

7a. TOTAL NO OF PAGES
SEPTEMBER 1983 11

76 NO. OF REFS
3

8a. PROJECT OR GRANT NO 9a. ORIGINATOR'S DOCUMENT NUMBERIS)

14B DREO TN 83-20

8b. CONTRACT NO. 9. OTHER DOCUMENT NO.IS) (Any other numbers that may he

assigned this document}

10. DISTRIBUTION STATEMENT

UNLIMITED DISTRIBUTION

DISTRIBUTION STATEMENT A }

Approved for public release;
Distribution Unlimited |

11. SUPPLEMENTARY NOTES 12. SPONSORING ACTIVITY

13. ABSTRACT

A 100% goosedown sample, treated with a hydrophobic silica pigment
water-repellent finish was compared to an untreated 100% goosedown sample to
determine the effect of the treatment on the amount of water absorbed by the
down, and the properties of the down when wet.

The silica pigment markedly reduces the amount of water absorbed by the
down, thus reducing its heat loss when wet. The finish remains effective
after laundering, and there appear to be no changes in the mechanical pro-
perties of the down due to the finish.

The effectiveness of the finish was further assessed when treated and
untreated wool/nylon socks were tested for amount of water absorbed. The
untreated socks absorbed appreciably more water than did the treated socks.

Hsis
171085




14

UNCLASSIFIED

Security Classufication

7a.

KEY WORDS
ABSORBED WATER
COMPRESSIBILITY
DURABILITY
INSULATION
WASHING
INSTRUCTIONS

ORIGINATING ACTIVITY: Enter the narme and address of the
organization 1ssuing the document.

. DOCUMENT SECURITY CLASSIFICATION: Enter the overait

securnity ciassitication of the document including special warning
terms whenever applicable.

. GROUP: Enter security reclassitication group number. The three
groups are defined in Appendix ‘M’ of the DRB Security Regulations.

DOCUMENT TITLE: Enter the complete document title in all
capital letters. Titles 1n all cases should be unclassified. It a
sufficiently descriptive title cannot be sel d without classf
cation, show title classification with the usual one-capitak-letter
abbreviation in parentheses immediately following the nitie.

DESCRIPTIVE NOTES: Enter the category of document, e.g.
technical report, technical note or technical letter. {f appropr-
ate, enter the type of document, ¢.g. intenim, progress,
wummary, annuai or final. Give the inclusive dates when a
specific reporting period is covered.

AUTHOR(S): Enter the namels} of authoris) as shown on or
in the document. Enter last name, first namne, middle initial.
1 mwlitary, show rank. The name of the principai author 15 an
absolute minimum requirement.

DOCUMENT DATE: Enter the date {month, year) of
Establishment spproval for publication ol the document.

TOTAL NUMBER OF PAGES: The total page count shouid
tolk normal pag dures, 1.8., enter the number

o
of pages containing information.

. NUMBER OF REFERENCES: Enter the total number of

references cited in the document.

. PROJECT OR GRANT NUMBER: If appropriate, enter the

apphicable resesrch and development project or grant number
under which the document was written,

. CONTRACT NUMBER: If apgropriate, enter the spplicable

number under which the document was written,

. ORIGINATOR’S DOCUMENT NUMBERI(S) Enter the

officiat document number by which the document will be
wentitied and controlied by the orenating actvity. Ths
number must be unique to this document.

9.

1.

OTHER DOCUMENT NUMBERI(S). If the document has been
assigned any other document numbers (either by the originator
or by the sponsor!}, also enter this number(s).

. DISTRIBUTION STATEMENT: Enter any limitations on

further dissemination of the document, other than those imposed
by security classification, using standard statements such as:

{1} "Qualhfied requesters may obtain coptes of this
document trom thew defence documentation center.’”

{2)  “Announcement and dissermination of this document
15 not authorized without prior approvat from
origenating activity.’”

SUPPLEMENTARY NOTES: Use for additional explanatary
notess.

. SPONSORING ACTIVITY: Enter the name of the departments

project office or laboratory sponsoring the research and
develiopment. Inciude address.

. ABSTRACT: Enter an abstract giving a brief and factuat

summary of the document, even though It may also appear
sisewhere in the body of the document stseif. It 1s highly
desirabie that the abstract of classified documents be unclass:-
fied. Each paragraph of the abstract shall end with an
indwcation of the securnity classification of the information
wn the psrsgraph (uniess the document itseif 1s unclasmtied)
represented as (TS), (S), (C), (R), or (U).

The length of the abstract should be himited to 20 single-spaced
standard typewritten lines; 7'4 inches long.

. KEY WORDS: Key words are technically mesningful terms or

short phrases that characterize a document and could be heipful
n cataloging the document. Key words should be salected so
that no secunity classification 1s required. Identifiers, such as
squipment model designation, trade name, military prgject code
name, geographic location, may be used as key words but wiit

. be followed by an indication ot technical context.




