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ABSTRACT

This report deels with a study of the cempound §-330
es en impregnite for permeeble protective clothinge. Most of
the work reported is based on an equeous process of impregnation,

In comparison with other chloroamides used es impreg-
nites, the compound 8-330 wes found to be quite stable on cloth,
and to cause samewhat less deterioration of cotton fabrice The
excellent retention of ective chlorine and tensile strength for
§-330 impregneted fabrics wes meinteined throughout e wide renge
of verietions in impregnating systemse

Vesicant vapor penetration tests showed thet §-330
was effective against Lewisite whereas other chloroemides geve
very little protection. When H vepor penétration tests ere
made on cloth samples conteining §~330, there is en initial
periocd when H vapor penetretes the febrice This initial lcak-
age is partioculerly pronounced efter storage or westhering.
Meny variations end procedures were investigated in en attempt
to eliminete the initiel unreactivity of §-330. No successful
procedure was found. :

The compound §+330 is not recghmended es en impregnite

for protective clothing since physiologicel tests have shom
thet 1t does not give edequete proteoctione
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AUTHORIZATION

1. This work was authorized under Project 547/41, "Meintenance,
Bureeu of Ships," deted 16 December 1940+ The problems which
were proposed for study were given in Bureau of Ships letter
§-577-2 (Dz) Seriel 811 of 17 December 1940.

STATEMENT OF PROBLEM

2. This study wes underteken to determine the suitebility of
the compound 8~330 £s en impregnite for protective clothing.
The present Nevy directive specifies the compound §-145. Pre-
liminery studies showed thet §-330 was superior to S-145 in
certein importent respectse

KNOWN FACTS BEARING ON THE PROBLEM

.3+ Preliminery work on impregnite S~-330 was reported in &
Yemorandum to the Director entitled "The Evaluetion of Impregnite
8-330," dated 19 November 1942+ The memorandum deseribes results
obteined with S«330 applied to cloth by the tetrachloroethene
solvent process. Impregnite S=330 eppeared to be enough
superior to Impregnite S-145 to warrant exheustive investigatione.

4o Pilot plant production of S-330 at NRL has shown thet the
eompound can be produced in guentity et & cost which compares
fTavorably with that of §-145.

6o This Leboratory, the NDRC, and the CW3 heve been motively
engeged in developing a protective ointment containing §-330.
Numerous irritation tests of protective ointments have shown
that §-330 is remarkably non-irritant among chloroemides.
Furthermore, some indications have been obtained in wearing

- trials of protective-clothing that §-330 is superior to other
- Impregnites from the standpoint of -irritation.

THEQORETICAL CONSIDERATIONS

6e In order to establish the superiority of one-impregnite over
another, the four mejor factors listed below should be used for
comparisonss

e+ Retention of ective chlorine by the impregnite
. under extreme conditions of storage, exposure,
and wears

be Tendency to rot cotton fabric under extreme
conditions of storage.
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ces Reactivity toward vesicant vapors.
de Irritancy under extreme conditions of weear.

The memorandum mentioned in paregraph 4, showed S=-330 to be
superior to §-145 in categories (a) and (b)e. It also showed
that S§-330 is unique among impregnites in that it offers pro-
teotion egainst L. ’

7¢ The superiority of §-330 with regerd to cloth tendering

and its protection against L hasbeen attributed to the basiclgy
of 8-330 or S-330 base. S-330 base (unchlorinated S-330) cone
teins two imino groups which are sufficiently basic to react
with acids and form salts. It is believed that these imino
groups in 5330 itself es well as in S-330 base ocan react with

" HC1 and thus prevent cloth tenderinge Furthermore, this ebility
to react with HCl would eccount for the protection.afforded by

5-330 against Lewisite vapors

8« Another adventage possessed by S=330 over S-145 is that
S-330 contains more than twice as much active chlorine per unit
weighte This meens that the seme active chlorine loading can
be obtained on e given area of cloth with ebout one half the
welight of impregnite; conversely, the same loading weight of
impregnite will furnish twice as much active chlorine.

PREVIOUS WORK DONE AT THIS LABORATORY

9e¢ NRL Report Noe P-2000 describes in detail the test methods
employed in the evaluation of protective clothinge NRL Report
Noe P=2055 describes the aqueous system of epplying impregnite

to clothinge A Memorendum to the Director entitled "The
Eveluation of Impregnite S-330," dated 19 November 1942, describes
results-obtained from protective -elothing impregnated with S-330
by the solvent process. The memorandum also describes a lebore=-
tory method of preparation of S«330.

EXPERIMENTAL PART

Ae Stability of S-330

10a Accelerated thermal and hydrolytic stebility tests run on
§-330 show it to be superior to S~145 in this respect. Tables
I and II give the datas It will be noted that these and the
sucoeeding tebles cheracterize the §-330 with numbers such as
P-2, P-3, and 60 on. During the early part of this work the
available S-330 came from NRL's pilot plant which at that time
wes experimenting with the manufacture of $S-330 under various
conditionss The characterizations refer to different batch
numbers. : '
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Compound

" Teble "I

Thermal Stability

% C1* Retained

. §-330 -~
. ‘5380 + 10% Zn0
' §w330 ¢ 257 Zn0

£.530 + 15% Daxed 11 -

T 515 58
3 ' ge145 4 10% ZnO 0
0

P . 80145 + 25% Zn0

100°¢ : 70°C
2 deys 1 moe 6 mo. 2 moe 6 Moe 8 Mo.

97 13 - 97

98 0.4 - 97

o8 " DS - o8

98 3.7 - 98

17 - ‘78 -

- - 7 7""B8 -

- - ‘61 -

Table II

Hydrolytic Stability

(02 ge chloroamide, 5 hrge in 100 ml. boiling water)

* Stendard emulsion concentrate.

-3 -

-Compound Particle Size Added Agents 9% C1* rets
. - 8=350 (P-6) 15 microns 75
1020 - 77
20~30 77
850-40 71
Mixture . 73
: Micronized 80
- B=145 (TCA) 13 54
6-10 51
10-26 71
20-30 -8
44.53 - .88
Mixture 85
Micronized 40
§-330 (P-2) + 20% Dexed 11 92
"+ 3%3® cloth 41
+ 207 RH~-403 -81
+ 207 Methocel 91
+ 177 Zn0 " B7
4 75% CP in 36-C* 31

g




Be Formulation
lbibatmahdohtadit

11, The bulk of the work done on formuletion was done with the
£330 as it came from NRL's pilot plante This material had a
particle size of 5-40 micronse NRL Reports No P-2055 end P-2124
demonstrated the superiority of small particle size impregnite
§-145 in most respectse. It was reasonable to essume that these
edvantages would extend to S-330 if the latter were of small
particle size. Accordingly, a quantity of §-330 was micronized
by the Internationel Pulverizing Corporation and this materiel
wes used in further laboratory and plent impregnation of cloth.
Micronized $~330 ranged from l-5 microns and could be substituted
for unmicronized in eny formulation. The standard concentrated
chlorinated peraffin emulsion described in the Navy directive for
aqueous plent impregnation using §-145 was used throughout in
these formulationes It will. be referred-tc-hereefter es 36-C.

Typical formulations which were successfully used for impregnatione.

are as followss

(1) Laboratory formulation with Colloid Mill

20# of unmicronized S-330 (Batoh P-7) end 1
of zinc oxide were stirred into 20f of water
conteining 3/4 Dexed 1l The slurry wes
recycled in an Eppenbach Colloid Mill until
free from gritty mattere The microscope
showed the powders to be well deflocculated
with only a few small egglomerates. This
slurry end 22.5/% of 36~C were each diluted
with 33} of water and then mixeds The mixture
was then floceulated, but two passes through
the mill et clearance zero gave satisfactory
deflocculations ~This impregnating bath con-

~ tained 8% S-3%0¢ "_Arny HBT suits, regulation
underweer (long), and socks were impregnated
from this bath, wrung out by hand, end tumbler
drieds All had a good eppearance end the
active chlorine comtents were as follows:
Suits 1.1 mge C1*/cm«2; underwear 0e8; Socks 048+

(2) Leboratery formulation with Gear Pump

A formulation without the use of the colloid

mill and incorporating dye was as follows: 2400 g
of water conteining 80.ge TIX=40, 10 g+ TIX-4Z

30 ge Daxad 11, 500 ge S=330 (Batch P-7), and

50 ge Zn0 was recycled through a gear pump until
little or no grit could be felt. At this point
not all the §-330 was deflocculated. Ten minutes
edditional recycling did not improve the slurrys

CONFIDENTIAL -4 e
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(3)

(4)

CONFIDENTIAL

Added 1125 gv 36<C and recycled again for 10
minutes. Diluted to 8% §-330 and impregnated
several swatches of Arnzen clothe Although
not all the $-330 had been deflocculated, the
swatches, wrung out by hend, were evenly dyed
with no hesa dquosits, -and the cloth contained
049 mge CI,"f e e

Portable Plant Formulation

A plant run was made with the S-330 (micronized)
as followss To 90} of 36-C were added 36 of
khaki dye solution (10Z dye -.5.parts TIX-41 to
one part TIX~42) and 24f of water oonteining &f
of Dexed lle Using e "Lightnin'™ mixer, 40Jh

‘of micronized -S=~330.was stirred.in. After

stirring for 15 minutes, the S§-330 was well dee-
flocculateds 47 zinc oxide wes added and stirred
againe The zinc oxide did not deflocculate
readily. "The bath was diluted to 64 gellons
(643% 8-830) and used to impregnate five batches
of eleven suits each of Navy Arnzen cloth suits,
60 pair of gloves, and 100 pair of socks. The
stendard procedure end equipment.of the Navy
portable impregnating plemt was usede The suits
were not es evenly impregnated es in the regue
lation §-145 processe This was attributed to
the excessive foam that wes encountered in the
impregnations. The excessive foam may be due to
the relatively large emounts of Dexaed that are
required to disperse the S«330s Foam was present
in all formulations tried_to datee The suits

anelyzed 0463 mge C1*/oms€ with-a-range of 0.42-

Va8l .

Chlorination on febrice

" There is evidence that the distribution of chloro-

emide in the cloth has a pronounced effect on its
behavior in respect to both weathering and re-
activity toward H vapor. It was possible to obtain
a thorough distribution of S-330 throughout the
body of the cloth in the following mannere. A strip
of leundered Arnzen cloth was immersed in a water
-solution conteining 7% by wetght-of S=330 base
hydrochloride and was wring out as dry as possibles
Without letting the cloth dry ocompletely, it was
suspended in an atmosphere of chlorine ges for 20
minutes. The cloth was then thoroughly rinsed in

-5-




water and allowed to drye The cloth was satis-
factory in appearance and was soft and pliables
There was no apprecieble dusting off except on
violent beatings The active chlorine content
was 1.0 mg./cm. o It was found thet this figure
could be controlled by varying the concentration
of the original bathe The cloth would then be
treated easily es required, as with an emulsion
of chlorinated paraffin, & slurry of zinc oxide,
or dye, or whatever might be necessary to achieve
special properties.

Formulations using this technique will be
designated as COFe

Ce .Evaluation of Impregnated Arnzen Cloth

12¢ The behavior of §-330 cloth on weethering was studied in
the same manner as described 4in Report No. P-2055 for S-145.
Two eccelerated tests were used: Storage at 75°C end 75%
relative humidity, end storage at 110°F end 756% ReHe Outdoor
. weathering was carried out by exposure et Miemi, Florida, end
-t Washington, D« Co The effect of storage and outdoor
exposure on ‘active chlorine retention end retention of cloth
strength wes determinede - The resistance of the impregnated
ocloth to vesicant vepors is taken up in e later sectione

(1) Comparison of Chloroamides

13, Table III compares various chloroamides which have been
under consideration from time to time. Arnzen cloth samples
‘were impregnated from standard equeous dispersion systems both
‘with ard-without stabilizer. The cloths were then subjected
to the storege end exposurs 16546+ - $=330.wes generelly
superior to the other chlorcommides especielly when stebilized
with 107 zine oxidee For all the chloroemides, zinc oxide had

. & beneficial effect on tensile strength retention, and it

improved the-ectiwve chlerine retention of-§=330 -{mpre gnatod
clothe

14, Teble IV compares cloths cut from suits that were impregnated

for wearing trielse. B5-330 here was superior to the other com-
pounds in respect to eactive chlorine retention.

{2) The Bffect of Binder

15. The ratio of binder to chilorovemide wes studied in en effort
to determine whether there was an optimum concentration as far

as weathering and storage stabilities were concernede The binder
used -in every case but one was the standerd 427 chlorinated
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" paraffin (cP)« “In one case e heavy refined mineral oil was
useds The cloths were impregnated with aqueous dispersions
PrePa?'ed from ummicronized §-330 as previously described.

. The data ere given in Teble Ve No marked differences are

3 1 evident emong semples containing different emounts of binder.
4 A similer series cerried out with micronized §-330 showed the
game behaviore The dete is shown in Table VI.

2 Table VI

The Effect of Binder Content on Micronized S-330
(Data given es per cent of original velues)
outdoor, Florida

: . December, 1943 75°C-76% RE  110°F-75% RH

-gtabilizer cl* " I.S. 96 hrs, 60 de 12032 "T20 da
% ZnO 1l wk 2 wk 3 wk 3 wk 01+ TeSe N 01}..'_ TeSe
0 g6 72 68 100 BY 93 79 67 94

0 g2 67 69 100 91 93 79 67 86

) 87 67 170 96 88 85 76 63 89

0 85 67 65 91 86 92 8l 66 87
10 88 65 71 100 92 99 78 89 100
10 84 66 71 100 90 97 75 87 100
10 84 73 76 100 83 95 89 91 100
10 " 85 71 72 100 94 96 87 88 100

(3) The Effect of Daxed 1l \

.16+ Tt has been suggested that Dexad 11 hes a stabilizing effect
on §-461 formulations. A series of cloths was prepared to
‘determine whether the same effect was present with §-330
..formulations.. .. The cloths contained 757 CP binder, no tinc

. oxide except as noted, and various percentages of Dexad 11

‘based on the §-330 content. Table VII gives the results of

- .exposure end storage testss No evidence eppears here to

justify the use of Dexad 11 es a stabilizer for S-330.

(4) The Effect of Mixing Chloroemides

17. A difficulty encountered in using S-330 as an impregnite
was thé loss of efficiency of the compound efter weathering.
It was proposed to initiate the reaction between weathered
§-330 and H vepor by the presence of another, more highly
reactive chlarpamides . A series of cloths was prepared con-
taining mixtures of S-330 with S~461 and S-145. The cloths
were impregnated from standerd equeocus systems with 75% CP
- binder and 10% rinc oxide based on the chloroemide content.
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The impregnated cloths were subjected to the usual tests to
determine the behavior of such mixtures. Table VIII gives the
datae The reactivity against H vapor after storage and exposure
35 reported in a later sectione

18, The presence of §-145 up to 30% seemed not to affect

the stability characteristics of §-330, nor did §-461 up to
15%. The micronized §-330 showed little adverse effect due .
to the addition of 10Z of other chloroamidese.

(5) The Effect of Chloroamide Concentration

19. A test was made to determine whet effect the originel
Joading of chloroemide on the cloth would have on stabilitye.
Cloth semples were impregnated from a standard equeous system
containing 75% CP binder and 107 zinc oxide, based on the S§-330
contents Table IX shows the effect of loading on stability in
- the--acecelerated -storage -teste

Table IX

The Effect of Loading on Stability of
§-330 (P-7) Cloths

96 hours at 7500-75% ReHe

Loadin Loadin
Mge C1¥/cme2 % Cl* rete Mg c1+/5m. % c1* ret.

0698 100 0,64
0496 97 055 93
0486 98 0.54 91
0.82 93 0445 89
0476 101 0444 96
075 102 : . 0+38 90
0.65 -85 . : 0.354 94

Teble X gives the data on a similer loading seriss prepared
with micronized S-330. Consideration of the date in Tables IX
end X leads to the conclusion that no significent effect can
be attributed to S-330 loedinge
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Table X

The Effect of Loading on Stability of Micronized
§=330 Cloths
(Déte’ givén-ns-percent of Original Values)

(6) The Effect .of Stabilirzers

206 B8everal of the sables above include stabilized formulations
for direct comparison with the unstabilized. In addition a
series of cloth samples was impregnated from a standard aqueous
system eontaining 757 CP binder in which only the gmount of
stebilizer was varied. The data is given in Table XI. There
ere no significant differences among different amounts of zinc
cxides, The unstetilized and CaCOz stabilized cloths show =
poorer chlorine retention than the zinc oxide cloth$ in the
110°F tropieel storage. The first 10Z does make an important
difference both in ective chlorine retention and temsile
strength retention. Table XII gives the data for e similar
- series for mieronized S-330. Here the results are not as clear-
cut, due possibly to the superior inherent stability of the
micronized material. However, in this cese also, the presence
of 107 or more of ZrO improves the chlorine retention. 10%
CaCOz stabilizes S-330 only e little less well than 10% Zn0O 4n
the outdoor and tropicel storage tests.
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Outdoor
Florida, (Dee e,1943) 75°C-75% R-He. 110°F - 75% ReHe.
, ~ Civ TeSe 96 hrs. c1t TeSe
Meo 1 feme? TWE Zwk Swk Bwk CIF T.S. 60 da 120 da 120 da
046 85 69 68 100 87 96 91 86 100
0e7 85 71 73 100 94 96 87 88 . 100 -
140 87 66 80 100 93 98 78 38 100
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Teble XII -

S«330 Cloths

outdoor, Florida (Dec., 1943)

96 hr. at

(Dete given es per cent of originel value retained)

110°F=75% RH .

The Effect of Stabilizer on the Weathering: of Micronized

- CI¥ ret. TeSe T€Le 75°C-75% RH c1t TeSe
gtabilizer 1wk 2wk 83wk 1wk 2wk 3wk Cl* TeSe 2 moe 4 moe 4 mOe
o Zn0 85 67 65 100 100 91 86 92 81 -66 - 87
108 " 85 71 72 100 100 100 94 96 87 89 100
7% " 89 80 68 100 100 100 98 98 92 €7 - 100
" 87 85 58 100 100 100 97 97 04 93 100

10% CaCOz 86 81 §7 100 98 100 93 95 9 e - 986

(7) The Effect of Dyes
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21le There is evidence that ultraviolet radiation accelerates

the rate of decomposition of chloroemides. However, the pigments
used in the stendard impregnation formulation apparently slow

down the decamposition of S-330 on outdoor weathering.
shovm in Teble XIII where, both with and without stebilizer, the
presence of dye improved the chlorine retention.
not epperent in the accelerated tests where there is no sunlight.

s is

The effect is
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(8) Behavior.of COF Cloths on Vieathering.

22. A series of cloths prepersd-by the chlorination on fabric
technique was weathered in the usual manner to determine the
behavior of this type of clothe Table XIV gives the datae
From outdoor weathering it appeers that COF ocloths deteriorate

e little more repidly than cloths prepared with micronized §-330,
but a little less rapidly than S-145 cloths.

(9) Behavior of Micronized 5-330 Cloths on Leundering.

28, Table XV gives date on the laundering of S-330 cloths. The
dete leads to the following conclusionse

(e) The presence of binder increases the laundering
resistance of S=3350 vluths vunsiderably. How-
ever, the quantity of binder from 25%to TS%
appears to make no difference.

“(b) 8-330 is superior t6¢ S5<461 in respect to
leundering resistance under the same conditions,
end is equal to S<145

(¢) The loading mekes no difference on %aundering
in the renge of 0e5-1+0 mg~ C1*/cme

(@) The presence or absence of ZnO does not
effect the laundering resistance to any marked
degrec.

(e) The presence of 10% S~461 or 10% S-145 does
not affect the leundering resistance of S-330.

(f) The leundering resistance of GOF- formulations
is comparable to micronized $-330 formulations.

CONFIDENTIAL -19 -




Teble- XV

The Laundering Resistance of Micronized
§-330 in Verious Formulations

1 60°¢
% C1* reteined 0.5% Ivory
P j Stebilizer 90°F, 0.06% Nacconol NR - Soap
_gempound 4 cp % Zn0 Other 1 wesh 2 wash 3 wash 4 wesh 5 wash
3 0 0 57 46 48 38 16
SR 5-3% 55 o 9 88 86 84 57
] £0 0 89 83 86 85 60
] 76 0 89 83 85 81 28
: %0 0 10 56 44 54 32 15
8=3 25 10 78 68 68 70 39
50 10 86 87 87 85 64
5 10 - 8a  ~78 "5 77 <5
» Loading
3 ;’8.350 75 10 . S . 80 .. 76 -73 36
Mich Loading
:"hs.sso 75 10 86 78 76 75 34
' 75 17 92 89 82 82 51
75 25 94 52 85 88 62
75 10 CaCOz 94 91 88 88 61
ol 75 10 10 s-461 85 78 75 79 52
T 75 10 10 s-145 89 87 - 85 85 60
t 225 76 58 Daxed 96 96 92 93 59
r R 225 60 14 Daxed 94 89 g3 92 20
COF
(8-330) 0 ) 88 72 50 45 -
25 0 94 78 58 53 -
75 0 96 93 85 89 -
75 10 96 92 79 77
8461 225 75 60 Daxed 55 45 57 28 D
225 60 16 Daxad
+'Mnge, 40 24 8 4 0
Bel45 75 10 80 72 74 75 13
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De. Vesicant penetration Tests

(1) Comparison of Chloroemides

244 Rosults of vesicent vapor tests of cloth impregneted with §-330
oy the tetrachloroethene solvent process are described in
Memorandum to the Director, "The Evaluetion of Impregnite §-330,"
deted 19 November 1942. The date obteined in these tests are
reproduced in Tables XVI and XVII.

Table XVI

Vesicant Vapor Penetration Tests on Unweathered Samples

Protective Time (Min.) by % C1* Remaining
: T oIt /feine? 04l S-Cmpd./em.® . After Pest
Impregnite Agent™ 031 mge Cie ol mge Cmpd «/cme After e
g-145 (DEU) H 40.7 5.9 2.5
8=145 (TCA) H 3348 4.9 9.5
£-328 B 22.5 7 o4 50.1
§-830 H 5046 17.0 0.6
§-461 H 5440 24.8 12.8
§-145 (DFU) L ¢3.0 <0.4 1.8
§-328 L (2.5 0.8 -
§=330 L 11.4 3.8 13.6
§-145 (DFU) « L 642 0.9 17.5
26% Zno
Table XVII )

Vapor Penetration Tests on Ssmples after Exposure
to 75°C end 757 ReH. for 96 hrs.

Protoctive Time (Min.) by % C1* Remaining
Impregnite Agent 0.1 mg. Cl"'/cm.z O+l mg. S-Cmpd./cn'x.z After Test
§-145 (DFU) EH 38.6 5.6 2.8
§-145 (TCA) H 30.4 4.4 8.1
8-328 H 3.5 101 7801
8.350 H 52 07 17 04 OOO
8-461 H 53.2 24,5 9.0

It was concluded from the results of these tests that, per unit
welight of active chlorine, S=330 hes about the seme protective
capacity toward H vapor es S-461 and greater capacity than §-145
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1t was also shown that S-330 gives some protection

-528.
end 5-3 whereas other chloroamides do not.

against L vepor,

25, Since the above dete were reported, it has become evident
.tha result of gas chember tests with human subjects that the
as jtude of vesicant vapor leekage through the impregnated
ﬁ;g:hing is of greeter physiological significance then the over=
ell protective cepecity. In this respect §-330 is markedly
inferior to S-145 end §-461, especially after weathering or

storage.

26« In chemical penetration tests used in this investigation,
the rate of leakage of vesicent vapor is determined by the time
required for an indicator bubbler to be discharged. Since each
bubbler detects & given amount of vesicant vaper (0«2 mge of H),
short bubbler times indicate a high leakage wherees long bubbler
times indicate e low rate of leekage. In particuler, e high
initial leakapge of vesicent vapor is indicated when the first
one or two bubblers ere discharged in a short time compared to
suoceeding bubblerse. This is illustrated in Teble -XVIII which
shows the discharge times for five successive bubblers

Table XVIII

Initial Vepor Leakege in Penetration Tests

Vieathering :
or Bubbler Times (Minutes)
Impregnite Storage Mge C1*/em 1 2 3 4

S.145 None 04358 67e4 39.7 32.0 18.2
8-328 " 0.564 7848 69.1 8549 22.3
S-330 " 0.474 2047 96.3 7446 37.2 2045
S=~461 " 0.506 113.0 68.4 43.2 21.7 . 18.1
8-145 75 00-75% ReHe 0.326 52 6 R 50.4 17 o4 8.9
§-328 w 0.354 12.1 10.1 Bed 8.7
§-330 " © 0e457 24,1 33.3 BBL9 132,57 213
§-461 " 0.412 55.5 92.8 4841 27.2 19.5

27+ The high initial leakage of the S-330 impregnated cloth us
compared to §-145 end S-461 is shown by the low first bubbler

times. The mbove data also show the lack of capacity end extremely
high leakage characteristic of $-328 impregnations after weathering.

These effects are more clearly demonstrated by a graphical presen-
tation of the data in Plates 1 and 2. The curves in these plates
show the concentration of H in the effluent air stream during the
course of the penetration test.
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28, It has been found thet aqueous impregnations of $5-330 show
the seme cheracteristics as solvent impregnations with regerd
to leekage end capacity. A comparison with §-145 impregnated
by the aqueous process ig given in Table XIX. In this table the
capecity is expresged in terms of protective time (min.) afforded
by Oel mge c1*/cm.“ and the initiel reactivity or.leakage is
ghovm by the time required for the first 0.2 mge H vapor to

penetrate the cloth (1st Bubbler Time)e
Table XIX

H Vapor Penétration Tests on Samples Impregnated
from Aqueous Suspensions

Cepacity ... Initial Reactivity
regnite Weathering or Storage Mine/Oel mge Cl"'/'cm.2 1st Bubbler Time (Min.)
3-145' None 7646 133
§-330 None 6947 22
§-1456 75°C ~ 757 ReHs (96hrs.) © 5045 112
§+330 " 6047 ' 22
8-145 Tropical (1 mo.) 71.2 140
6-330 " 6346 115
ge146 Outdoor, Florida (3 wks) 39.9 100

' 8-330 " 5746 .19

29 The data in the above teble show that in protective capacity
=330 compares very favorably with $-145 whem impregnated from en
equeous suspension, but that the initial reactivity is much less,

It will be shown later that this initiel leakege of H vapor is
highly significant physiologically and represents a most important
oriterion in the evaluation of S=330 for use in protective clothing.

(2) The Effect of Binder Concentrations

30s To determine if the concentration of chlorinated paraffin
binder present on cloth impregneted with S-330 had eny significant
effect on the H vapor penetration properties of the cloth, samples
with varying binder conzentrations were subjected to standard
penetration tests. The results obtained in these tests are given
in Table XX.
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reble XX

Effeot of-Binder Cencefitrations-on H Vapor -Fenetration
gemples Impregnated ffom Aqueous, Suspensions

Initiai Reactivity

: Capacity 1st Bubbler Time
“"¢'op*  Weathering or Storage Min./0s1 mg. C1*/om.2 (min.)

0 None 51.6 10
25 " - 1261 13
50 " 87.9 22
p " 24,2 16
o 7590-75% R.H. (96 hro) 36 .4 7
25 n 6346 n
£0 " 575 14
76 " 340 14
o} Tropical (1 moe) 69.7 8
26 " 4545 10
60 " 89.3 - 15
76 " ' 5340 7
0 Outdoor (3 wks.) 60.6 S §
25 at ‘NRL 45.5 14
60 " 5746 15
76 " 25.8 19

* % CP is expressed on the basis of the
S=330 content,.

3le The above date show that the concentration of chlorinated
paraffin has no effect upon either the leekage or capacity of
the impregnated febrics. -In-ell-ceses the initial l1cekage was
high end the capacities were extremely variable.

(3) fThe Effect of Daxed 1le

32e¢ Although the presence of Daxed showed no stabilizing effect
on §-330 impregnations, the series of semples containing various
concentretions of this agent was tested for H vapor penetration
to determine if any improvement in protection was imparted.
Table XXI shows the results of these tests.
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Table XXI

Effect of Daxad 11 Concentration on H Vapor Penetration
gamples Impregnated from Aqueous Suspension

_Initiel Reectivity

o 11 Capecity lst Bubbler Time
(’p:;ag.gégl Weathering or Storage Miu./?.l mge 01+/Em.2 (Min.)
Y 0 None 7548 4
6 " 6346 44
10 " 69,7 35
15 " 9.1 - 35
20 " 818 = 53
0 75°C=75% ReHe (96 hrss) 94.0 21
b o T 133.0 .28
10 " 124.1 28
15 " 54.6 24
20 " 16646 30
0 Tropicel (1 mo.) 6446 20
] " 45.5 21
10 " . 6947 27
16 " 98.6 15
0 " 3046 _ 13
0 Outdoor (3 wkse) in
Floride 6046 23
6 " 42.5 16
10 " 5944 17
16 " 6646 : 18
20 " 363 18

33 It mey be seen from the'data in the foregoing teble that
the presence of Daxad 11 has no effect upon the penetration
characteristics of §-330 impregnations.

(4) The Effect of Mixing Chloroemides

34+ Since the high initiel leskage of §-330 impregnated clothing
represents the most serieus disedvantage of this type of clothing,
en attempt was mede to reduce this leekage by combining S-330 with
other, more reaotive chloroamides. A series of samples was im-

pregneted with mixtures of S«330 with S-145 and with S-461, and H

vapor penetration tests were made. The data are given in Teble
XXIIe
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£-145

g+461

5-145

g-461

8145

8461

§-145

§+461

Effect of

s.cm;pound % of Added
Added
em———

Table XXII

Mixing Chleroesmides with §-330 on H Vepor. Penetration
semples Impreghated from Aqueous Suspensions

Weathering Initial Resotivity
or Capacity 15t Bubbler Time
Ss-Compound Storege Min./0.1 mg. C1*/cm. (Mina)
10 Yone 6342 73
20 " 101.0 94
30 " 8947 118
5 " 6843 61
10 " 91.2 R - Y
15 " 66.8 60
33 " 127.0 213
750 n " 83.0 75
67 " 64.6 263
10 75°C-75% RH
(96 hrse) 6547 22
20 " 99.0 25
30 " 84.9 28
6 " 7943 21
10 " 6446 15
15 - " 84 .0 25
33 " 0.9 29
50 " 8748 28
67 " - -=
10 Tropieal (1
mo.) - 19
20 " - . 24
30 " - 20
5 " - 22
10 " - 17
15 o - 2l
33 " - - A
60 " - -
67 " - -
10 Outdoor (3 wkse)
et NRL 55.1 25
20 o 53.1 30
30 n 5649 27
5 " 32.6 27
10 " 62.8 24
15 " 74 .5 23
33 " 58,1 -7
50 " e -—
67 " - -
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35. Mixing more reactive chloroemides with §-330 resulted in
o marked decreese in initiel leakege of freshly impregneted
sempless However, after weathering or storage es indiceted,
the leekage was as great es in the case of cloth impregnated
with §-330 alone. The ratio of oconcentrations of the chlero-

emides did not eppear to be of eny significance.

(5) The Effect of Impregnite Concentration

86, To determine if an extreme verietion in impregnite concentration
hed any effect upon initiel lemkage of vesicant vepor through

§-330 impregnated fabrics, a series of semples with e range of

§-330 contents was subjected to H vapor penstration tests, both
before and efter eccelerated storages The date gtven - in Table

XXIII were obteined.

~Pable- XXIII

Effect of Impregnite Concentretion on H Vapor Penetration
-~  $=330 -Impregnated from Agqueous-Suspensions

Conce of Cl*
(mge/cm.2) Initiel Reactivity (1st Bubbler-Min.)
Af‘ber 96 hre.
Orige at 75°C~757 R.He Originel After 96 hrs. at 75°C-75% R.H.

0.52 0.45 25 - 23
0460 0452 28 21
0498 0.91 23 - 23

S7¢ It was concluded from the above date that the impregnite
concentration has no effect upon the magnitude of the initial

“leekage of H vapor through §-330 impregnated clothinge

(6) The Effect of Stebilizers

38s It has been shown previously (NRL Report Noe P=2055) that
the protective cepacity of §-145 is lowered slightly in the
presence of ZnO es stabilizer, the decrease being less pro-

- nounced in the case of weter dispersion impregnations then in

the case of solvent impregnetions. No difference was observed
between 10% and 25% ZnO for either solvent or water impregnations.

39« The effect of Zn0 end CeCOz on S-330 impregnations was
evaluated by H vepor penetration tests on e series of ¢loth
semples impregnated with S-330 by the weter dispersion process
and conteining varied concentrations of Zn0O or CaCOze The
results of these tests ere presented in Table XXIV.
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Table XXIV

Effect of Stabilizers on H vapor Penetration
Semples Impregnated from Aqueous Suspensions

Conce of Weathering Initiel Reectivity
, Stebiliger or Cepacity 2 1st Bubbler Time
stebilizer (% of §-330) Storage  Min,/0.1 mg.cl*/gm. (Min.)

- None 6343 52
10 " 409 : 30
15 " 379 23
20 " /.«‘6016 AT ' 31
25 " 5746 25
10 " 4845 29
25 . 6647 - \ . 28
- 75°C-75% RH
(96 hr.) 87.9 23
10 " . 6346 . 26
15 " 91.0 22
20 " 44.0 22
25 " 100.0 ~ 27
10 " * 758 21
25 w T BleB 18
- Tropical
(1 mo.) e 22
10 " . - : 16
15 " - 20
20 n -- 21
25 " - _ .23
10 [N ”n - 15
25 " , - 16
- Outdoor (3
Wks.) 30 19
10 at NRL " 30 18
20 " 3.0 18
25 " 340 18
10 " 27.3 : 17
25 " 6,1 17

40+  The above data indicate that no significant change in either
initinl reectivity. or cepacity is produced by the presence of ZnO
or CeCOzs It is interesting to note thet in this particuler
8eries both efficiency end capacity of all samples were greatly
lowered by outdoor woathering,

CONFIDENTTAL - 28 -

HERERSRR ARLY




{(7) The gpffect of Dyes

41 No evidence hee ever been obteined thet any of the dyes
used in §-145 impregnated protective clothing have had eny
 affect upon the vesicant resistance properties of the clothinge
That this is also true of '§<330 impregnations wes shown by e
geries of penetration tests, the results of which are given in

Table XXVe
Table XXV

Effect of Dyes on H Vapor Penetration

Initial Reactivity
Cepe.city 1st Bubbler Time

Dys . Meathering or Storage Mine/0.l mge _Cl"'/cm.? (Mins)

ons None 6967 22
‘Yhaki " 6647 46

one 7500-75% ReHe (95 hI‘So) 6047 22

1ue " 78.8 23
Khalki " " 8BS 19
“None Tropical (1 mo.) 6346 156
.’ Blue " 3449 16
Khaki " 6347 24

one  Outdoor (3 wks.) in 5746 19

lus Floride 5746 26
Khaki " 6347 20
| (8) The Effect of Particle Site

425 _It hes previously been shown (NRL Report Noe P=-2055) thet
particle size is. 2. determining fector in the protective capacity

- of §«145 impregnated fabrics, & drop in capacity occurring if the
particle size exceeds 15 micronse To evaluate this effect for
5330 impregnations a series of samples impregnated from a water
system with S-330 which had been cerefully fractionated into
perticle size ranges was subjected to H penetration tests. The
results of these tests are shown in Teble XXVI.
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Teble XXVI

Effect of Particle Size on H Vepor Penetration

Initial Reactivity

zo .., Cepacity. . .. 1st Bubbler Time
‘f‘igigiznii Weethering or Storage Minﬁ/b;; nge é&+/%m.2 (Min.)
15 None 8749 33
610 - " 5145 42
10-20 " : 6346 63
20-30 " 6046 77
$0-40 " . Bles 75
Mixed " 9440 25
1wb 759€C~75% ReHe (96 hrse) 76.8 27
Gy 2610 " oo < BOwd 27
T ' " 10-20 - 9845 37
. 20-30 " 7443 30
30-40 " - 4244 22
Mixed " 4349 20
1-5 Tropical (1 mos) -- 21
5«10 " - 24
10-20 " - 26
20-30 " -- 24
30-40 " - 24
Mixed " - 22
1-5 Outdoor (8 wks.) 106,1 27
6-10 at “NRL 103 .0 20
10«20 " 94.0 20
20«30 " 6346 23
30-40 " . 727 30
_ Mixed " ‘ave -

43¢ The data in Teble XXVI do not indicate any 3ignificant
differences as regards particle size of the S«3304 . The initiel
leekage in all cases is high, perticularly efter’ the weathering
end storage treatments. ,

(9) The Effect of Chlorination on Fabric

44« A number of samples of cloth prepared by the "chlorination

on fabric" technique previously described were. evaluated for
initial leekange of H vepor, both before end after weathering

end. storage tests. It was hoped that this means of impregnation,
which produces e more thorough distribution ol dmpregnite through- -
out the body of the eloth, would reduce the high initial leakage
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charecteristic of standard methods of impregnation. The date
in Table XXVII are representative of thet obtained in ‘testing

these samplese

Table XXVII
Effect of Chlorination on Fabric on H Vapor Penetration

Initial Reectivity

Capacity lst Bubbler Time
Nnder Stabilizer Weathering or Storage Minq/bol mge Cl*/%m.z " (Hins)
P None - None 6646 195
Beop ¢ " 6646 263
Becp " " 9049 327
fgcp " " , 5746 252
B¢ cp 107 2n0 " 5445 199
B None 75°C~75% ReHe (96 hrs.) 340 17
B cp " " 3.0 14
Y CP " " 3.0 22
B<cp " " 3.0 24
B CcP 107 Zno " : - -
N - None Tropical (1 ma) - 15
b% OP " " - 19
P cp L " - 16
¢ OP 1] L - 16
%'CP  10% Zn0 " - 23
on None Outdoor (3 wks) 81.1 87
p% CP " at NRL 93.9 215
s CP " " 63.6 v 176
gicer v oo 6046 169
107 2n0 Cow 54,5 140

T4

45¢ It is evident as a result of this data that the "Chlorination
on fabric" technique results in o very satisfactory low

initiel leakage on exposure of freshly impregnated febrics to

H vapore Samples efter 3 weeks outdoor weathering also exhibited
low initiel leakege and normal capacity. However, both tropicel
storege and accelereted storage (75°C-75% ReH.) resulted in a
lowered cepecity and a high initiel leakage.

(10) The Effect of Leundering

46e Since the "chlorination on febric" method of impregnation
resulted in e marked improvement of the protective characteristic
of all samples except those exposed to tropicel and accelerated
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storago, & test was made to determine if laundering of these
g : Jatter samples would result in improved leskage characteristicse
1 . The results obteined are given in Table XXVI1I.

Teble XXVIII

£f'fect of Leundering on H Vepor Penet~ation
Semples prepered by Chlorination on Fabrie

Initiel Reactivity
1st Bubbler Time

Binder Stebilizer Weathering or Storage {ins)

O = XNone None Fresh Semples 75
98 26% CP " (Laundered) 215
74 60% CP " " 176
76% CP " " - - 188

76% CP 107 ZnO . 140

None None 759C=75% ReHe (96 hr.) 10

26% CP " (Semples Leundered) 20

" §0% CP " " 16

- 76% CP " " 27

 76% CP 10% 2n0 " 17

47« No beneficial effect was produced by laundering. The
laundered freshly impregnated samples had a low initial leakage
but the leundered eccelerated storege semples permitted e high
initial lemlmpe.

(11} The Effect of Acid Rinsing

48 It was believed that the increesed initial lézkege of
‘chlcﬂmagion on fabric" samples efter tropical or sccelerated

- -8torage might bo caused by e covering.of the S-330 perticles
with an inert coeting of S-330 bese resulting from decomposition
of some S-330 during the storage. If such were the cese, it

.. Wa8 considered theoretically possible to remove this coating

by rinsing the cloth in e dilute solution of HC1 end thus
restore its originel good protective characteristicse

49« Accordingly the semples described in Section (9) which
showed high Yeakege after eccelerated storage were rinsed
first in dilute HC1 and then in water. After drying,
Penetration tests were made end the following dete obtained.
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Table XXIX

Effect of Acid Rinsing on H Vepor Penetration

Chlorineation on Fabrie Semples Subjected to Accelerated. Storage

Initial Reactivity (lst Bubbler Time=Min,)

After 96 hrs et After 96 hr. at 75°C«75% ReH,

Binder  Stabilizer  75°C - 757 ReHe end Dilute HC1 Rinse
Nohe 17 a oo 14

967 CP n 14 .20

§0% CP " 22 s

76% CP " 24 .85

50¢ The data

in the above table show that an ecid rinse did

not restore -the -originel effectivoness of the Ychlorinetion on
fabrio" type impregnations.-

(12) Summery

5le As e result of the vesicent vepor penetration tests desoribed
in this section, the following general conclusions may be made:

(a)

(v)

(c)

(d)

CONFIDENTIAL

Clothing impregnated with §-330 by .either the
tetrachlorocthens solvent process or the aqueous
suspension process shows adequete capacity towerd
H vepor penetration but permits a high initial
loskege of vepor both in the case of freshly im-
pregnated semplee end srmples subjocted to acceler-

ated or tropicel storege end outdoor weathering.

Clothing impregnated with 5-330 by :the. "ohlorination

on fabric" process shows edequate protestive
cepacity and does not.permit - high initial
leakage of vepor in the cese of -freshly jmpreg-
nated semples or samples subjected to outdoor
weethering. However, Asuch samples subjooted to
tropical or eccelerated storage do permit a high

initial leekage of vepors

Laundering or acid rinsing of “chlorination on
fabric" samples eftor tropicel or accelerated
storege does not restore the originel low initiel
leakage cherecteristics of the cloth.

Binder concentration, ihe.presense of Dexed 11,
impregnite concentration or particle size, the
presence of ZnO or CaCO,, or the presence of dycs
do not effect the vepor resistence propertiss of
§-330 impregnated fabrics.
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(e) Mixing §-330 with other more reactive chloroamides
(5-145 or S-461) results in an improvement in the
magnitude of initiel leekege of H-vepor through
freshly impregnated clothing but still allows a
high initial leakege after tropicel or accelerated
storage and outdoor weathering,

Ee Physiologieal Evaluation of S-330

62+ To determine the physiologieel-sipmPicance of the high
initial loekege shown by S-330 impregneted clothing in chemicel
ponetration tests, e series of Yarm-chember" tests was mede in
the ermschamber. The design end operation of this chember are
desoribed in NRL Report Nos P-£239, “etembor Tests with Human
Subjects, Part III, Design, Operetion end Celibration of & Chember
for Exposing Forearms to H Vapore" Three types of clothing were
tested in this -series; ’

(a) 6tendard §-145 aqueous process impregneted
clothing, freshly prepared.

(b) 8-330 aqueous process impregneted clothing,
freshly prepareds

(c) 8-330 aqueous process impregnated clothing,
stored at 75°C=757 ReHe for 96 hours.

63¢ . The clothing consisted of full-longth Arnzen cloth sleeves.
These sleoves were worn by the subjects underneath a standard
B8w145 impregnated protective Jumpere - I dressing the subjects,
standard wool, impregnated gloves were pulled over the sleeve
to be tested, rolled beck to the wrist and tepeds The sleecves

. of the jumper were rolled back and teped so that a 3" strip of

- the gleove t6 be tested was left uncovered,

f‘-.54o‘ The arms of the subjects dressed es doscribod were exposed
. %0 H vapor in the arm chamber under the following conditions:

Temperaturo end humidity: 90°F - 65% ReHe
Concentration of H vapor: 203 H/1,

Time of Exposurg : 1 hour
CT (mge mine/m.°) t 1200
XNumber of exposures T 1

- 65e¢ The clothing wes worn for 4 hours efter the e;cpbsure, end
readinges were teken et 24 and 28 hours.

::1:1 The results of this test ere presented in the following
Co

CONFIDENTIAL -3 -

U




Table XXX

Physiological Evaluation of §-330

Reection
Type of Cloth __Noe. of Arms 24 hours 48 hours
Frosh S-145 S ICE)-? -
. 0 -f
Fresh §-330 3 E- E-
E=- E=
E" E-
£330 after 96 hrs.
et 7500-75% Re He 3 E. E+
E E+
E- E+

Legends 0 = No reaction E = Modorete erythems

E-? = Trace E+ = Papuler erythema
E-~ = Mild erythema V = Vesiole

67¢ The data in the above table show quite cleerly thet the
£-3%0 impregnations are physiologically inferior to tho §=145
impregnetion.s The aged 8§-330 clothing was much less efficient
than the freshly impregneted clothe

68s That the physiologicel diffecrences of the three typeéd of
clothing is e function of the dogroe of initiel leekage =ms
observed intthe chemical penetration tests is indicated by a

;. oomperison of the date obtained in penetration tests of semples
‘from the seme sleeves tested in the chamber. The data are
given in Teble XXXIe

’ Teble XXXI
H Vapor Penetration Tests on Sleeves Used in Arm Chamber

Initial Reactivity

-Typé of Cloth 1st Bubbler (Mins)
Fresh §-145 130
Fresh §-330 | 34
S-330 after 96 hours 16

at 75°C-75% ReHe
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§9. As e result of the above tests, initial leekage as indiceted
by the chemical penetration test eppeers to be physiologicelly
significent, end the high initial leakage of S-330 impregnated
olothing represents a serious consideretion in the use of this
compound for protective clothing.
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SUMMARY AND CONCLUSIONS

- A 3, The compound §-330 has heen investigated as an impregnite
£ - for permeable protective clothings The use of §-330 in formu-
‘ jation of aqueous impregneting systems has been studied in the
jaboratory and in a portable impregneting plante The results
ghowed that §-330 could be satisfactorily formulated and was
in this respect compareble to the present impregnite S«145.

2. A novel method of epplying impreenite o cloth hes been
developed which utilizes the solubility of unchlorinated S-330
in dilute ecide Applicetion of & water solution of S§-330 base
to cloth followed by exposure to chlorine gas results in an
impregnated fabric ahich.ds safi, pliehio, <end dece not dust.

Se Cloth samples were impregnated with several different

- ochloroamides and compared as-to-retention of esctive -chlorine
and tensile strength upon storege and weetheringe .The compound
8330 was superior or equal in stability to §-145, §-328, §-461,
end §-222.

4. Several series of impregnations were carried out in which
the different components of the impregnating bath were used

in various emounts. Active chlorine and tensile strength
retention were not greatly affected for §-330 impregnated cloths
when eny of the following components were veried: the binder,
chlorinated paraffin; the stabilirzers, ZnO or CaCOs; the
dispersing egent, Dexad 1l; or the water diSpersibie dyese

* Addition of other chloroemides hed very little effect of
stability on §-330 impregneted oloth samplese $=330 impregneted
fabrics prepared by the chlorination on fabric procedure were
less steble on outdoor exposure then normal semplese

6s A comparison of the leundering resistence of various S-330
impregneted fabrics revesled thet leck of e binder results in
poor resistance to laundering.

- 6 A comprehensive series of vesicant vapor penetretion tests

- have been carried wuft -on 5330 itipreghated cloth wampless - The
oapacity of §-330 on fabric for destroying mustard ges is
oxcellent in comparison with the chlorosmide §-145. However,
there ere marked differences in initial leekage of H vepore

8330 cloth samples, especially after storege or outdoor exposure,
' 8how e high initial leakage of H whereas §-145 cloths show very
little initial leekage.

Te Veriations in the emount of binder, stabilizer, Daxed 11,

dyes,end in impregnite perticle size on S-330 cloth semples were
investigated from the standpoint of H penetrations No significant
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effects were found isesmuch es 2ll semples still exhibited
e high initial leakege especially efter storage or weathering.

8. Addition of other more reective chloroamides to $-330

in en effort to minimize initiel H leakage resulted in an
1mprovement for unaged oloth sampless After storage or
weeathering, however, the cloth semples impregneted with mixed
chloroamides exhibited the high initiel leskage charecteristic

. of §5=330.

9¢ Very low initial leekage of H vapor was found for cloth
gsamples prepered by the chlorination on fabric technique« No
inoreese in initiel leekege occurred after outdoor weeathering.
However, tropical storage end eccelergted storage tests
resulted in high initiel leakages

-10« Jeundering or acide-rinsing of aged seamples.of cloth
dmpregneted with §-330 failed to improve the high initiel
leekepge characteristics of 5-330.

11. The physiologicel significence of the high initiel
leekage observed in chemicel penetreation tests wes determined
in e series of "Arm-chember" tests. Subjects wearing S«330
impregnated sleeves which hed been aged for 96 hours et 75°C-
76% ReHe exhibited severe erythema after one exposure to H
vepor et & CT of 1200

12+ Consideretion of all the date leads to the conclusion that
§-330 is en excellent compound from the standpoint of stebility
upon storege or weathering but cennot be considered as en im-
pregnite because of its failure to prevent leskege of H vepor

.. through clothing. impregnated by methods now knowne




RECCMMENDATIONS

ite
t be used as en impregni
o d that 8-330 no fegnlte
1o It 28 ;ic pi‘i:g:tive clothing because of leskage o p
for Pgm:‘icheimpregnated clothinge

throu

. ’ in
investigation be mede
ded thet further ‘ o
2o It 1: zzcm’,‘izv: the protectivet:alu:nofeg;ziotge:zzbnity.
en effoxf ‘ tstanding properties A ) :
o e :::Zgis;rggection egainst Lewisite; and lack o
X ggiﬁng action on cotton fabrice

CONFIDENTIAL, -39 -




N
©
3
N
3
N
N
G
3
1O

TIMIE (NZIN.)




	fr-2300.pdf
	page 1


