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SUMMARY
OBJECT OF THE PROJECT

To'develop chemlcal warfare decontamination equlbmenf.

. OBJECT OF SUBPKOJECT

To Improve chemical-handling proced.ures-and_;quipmonl for
use In convarting laundry equipment to a clol 'ng Impregnation unit,

1

OB JECT OF REPORT

" To prasent the development, fabricatlon, ond-testing of -new
chemlasl equipment to bé uted In conlunction with o sorichls loundry
unit For lmprognd!m purposes .. .

RESULTS

Operational difficultiss encountered prevlously in the propr
oration of impregnation chemicals can be greatly reduced through
the utilization of a turbine=type mixer ond a baffled mixing tank.

- Mixing tima and maintenance required are greatly reduced,

It 13 shown that o dual ~peed washer-sxtractor is not necessary -
for tha proper impregnution of clothing, and that the mxtraction :
procedural con be adjusted to utltize the normal washer~extractor
speads on the portable laundry. Wet clothing con be nmpregnq'ed for
furﬂ.or timesaving In the process. .
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ABSTRACT

™ The Laboratory was directed by the Bureau of Yards and Docks
to Improve present equipment and procedures for tha impregnation of
profactive clothing for chemical warfare. Such.clcthing Is treated

in modified laundry equipment. The project was designed to develop,

- fabricate, and test improved auxitiory chemical -handling equipment

to be used in conjunction with a portable laundry unit.

- Experimantal chemical -processing equipment was designed and
ronstructed by the Laboratory ta ronveit o 100-zound combingtion
iaundry to Impregnation use. Through a series of tests, o new chemical=
handiing unit wos developed ond pro:edures were simplified. Tests
disclosed that g turbine mixer utilized in o boffisd mixing tank could

- be successfully wied In the proper preparation of impregnation chemicals. —

A unit deslon incorpmating this miver i rgcwdgd Frow e with o
combination washer-extractor for clothing impregnation,
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INTRODUCTION

, Fulfiliment of the BuDocks passive defense mission requires the
pieparation of permecble impregnated clothing for chemical wotfare
protection, - Although certain items of loundry equipment primarily
Intended for other purposes are uvsable for clothing impregnation,
spacial squipment is required for effective mixing of the impregnation
chamicals. The Naval Civil Engineering Laboratory wai therefore
assigned by the Burecu of Yards ond Docks the project of developing
ond testing auxillary equipment thot could be ured in conjunction with
o portable loundry unit to produce o camplata clothing impregnation
plont

A naw womaTahion EETEHIE foundry unit wos designad i tha
Burequ by the American Loundry Machinery Corporation, Clncinnati,
Ohlo, incorporating features which oliowed ready convarsion 1o
imprégnation vse, Thisunil did aet lnclude the chemical preparption
squipment necensary In impregnation operation, and the primory purpose

- of the wbject project wos the development of chamicol~hondling

equipment 1o be used with the new portable loundry. This report

* pressnts the design, development, and testing of the ouxiliary equip-

ment .

As a starting point for the project tests, the Loboratory constructed

" a tantative exparimental impregnation plant using the new laundry unit

in conjunction with chemical -handling equipment designed by NCEL.
A group of tests were run with the technical cooperation of NRL
{Naval Research Laboratory) to determine the general performance of
the piant ond normal operating difficulties. A second group of tests .
was run 1o determine causes of mixing difficulties ond the effect o
varigtion in the drying and impregnation procedures on the uniformity
of impregnation ond color. As a result of these initial experiments,

"g new chemlcal-handling unit was designed, fabricated, and tested.




DESCRIPTION OF EQUIPMENT

_ The original experimental impregnotion piont constructed by
NCEL consisted of the Americon Laurdry Machine Corporation portable

" laundry unit ond quxiliory equipment designed by the Laboratory som- .
prising three chemical mixing tonks, three mixers, ond two clrcuvlating -

pumps (Figure 1).
S , -

Figure 1. Loundry unit and experimental chemical =handling equipment, -

Loundry Unit

The portable laundry plant comsists of three units mounted on
steel skids; one 40-inch by 30-inch washer~extractor, a 37~Inch
drying tumbler, and o steam generator. The plant requires weather
protection and o water supply ample for both the steam generctor ond
washer. Approximately 17 kilowatts of electrical power of 208 volts,

gy,




60 cycle, and 3 phase It prescribed, The plaﬁt con handie loads of
100 pounds dry weight of towels, or 60 pounds dry weight of ciofhlng
(coveralls, jecns, etc.).

. The washer-extractor is equipped with an additional drum switch
ond drive, an Impragnite-sipsniion inlet valve, and an impregnite~
suspension drain valve to allow use of the washer~exiractor as on
impregnator, The odditional drum switch Is marked for Impregnation
operation and switches the extroctor speed to 220.rpm for extracting
the Impregnation slurry. For impregnation opsrotiont, the capacity
is reduced to 65 to 75 pounds of clothing per load.

Chemicel impregnation Equipmant

The original chemical-hendiing equipment for the preparation
of the impregnite suspension, designed fo mix the nqmrod chemicais .
in concentrated ond difuted wrpensions ond to pump the dilute suspen=
slon in and out of the washer during the impregnation opsration,
consisted of a ¥ 50-gailon concantrate mixing tonk, two 200-galion
diiute-suspension tanks, three medium=speed mixers (430 rprs), two
Gouid gear pumps, and appropriate valves and piping for the tronsfer
of the concentrate and dilute sutpensicns from tank to tank,

IMPREGNATION CHEMICALS

Standard milltary Impregnation chemicals were used fhroughout
the vorious tasts. These chemicals are uied in both Army and Navy
impregnation plants with slight varlofiom in mixing and applicannn
procedures.

Chemicals Used

The impregnation suspension is designad to deposit the uctive
Ingredient, Impregniie (CC-2), on the fibers of the clothing through-
out the thickness of the fabric, Chlorinoted paraffin (CP) [s used as a
binder for the CC-2, and zinc oxide is used to prevent the deterioro~
tion of the chiorine strength of the CC-2 and to protect the cloth. For
impregnation prior to storage, additional zinc oxide to give an 80t -
20 ratio of CC=2 to ZnQ is used. To insure penetration and deposition
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of these materials on the fabric fibers, it s -necessaﬁ/ thet thry be
suspended as particles of approximately 4 microns in diameter, Lorger

~ particles ore filtered out on the surface of the fabric and are unsightly

and ineffective., The CC-2 and zinc oxide are normally purchased as
a 90-10~10 percent mixture of "mlcronized" material called XXCC-3,
but the compound is sometimes packaged a3 XXCC~4, a P5-to=5
mixture of CC-2 ond zinc oxide. XXCC-4 was used in the NCEL tests.
The XXCC-~3 it composed principally of particles of the proper size,
but wipension of the materials s individual porticles requires vigorous
mixing to break down agglomerates of the small particles that normally
occur In the packoged material. The chiorinated paraffin is e viscous
fluid and must be emulsified to secure the proper particle size.

PVA (polyvinyl alcohol, a dispersing ogent), "Daxad" (a stabi=-
lizer), and "Duponal” (o wetting ogent) are used in preparing the
wipension 19 aid in emulsifying and stobilizing the chemicals. Dyes
are used with the impregnetion wapantlon to glve the clothing the
proper color, :

Chemical Mixing

Propar preparation of the concentrate is rthe most critical phase
of the impregnation operation and depands on suspending the CC-2,
zinc oxide, and chlorinated paraffin as 4-micron particles. Vorious
mixing procedures are used by different military impregnation plants.
Some procedures dissolve the PYA and prepare the CP emuision
seporately; others stort with @ PYA and XXCC-3 mixture and progres=
siveiy add the other materlals. The mixing equipment avoilable
determines to a large extent the procedure most witable for a given
situation, The motho:‘s used for the NCEL tests were based on an NRL
operation instruction.

TEST PROCEDURE
First Test Series (with NRL)

Since previous Navy impregnotion procedures were based on NRL
instructions and the chemical equipment had been designed primarily on
that basis, a cooperative test arrangement was made with NRL., The
tests described under this heading were conducted during July 1956, of
Port Hueneme, with the cooperation of Mr. G. H. Fielding of NRL

Bl
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Concentrate Preparation. The initial step in the test series was
the preparation of an impregnation-suspension concentrate. The equip-
ment used for this initiol moke=-up was a-150-gallon round-bottomed tank : - i
equipped with o medium=spesd mixer, and two Gould gear pumps. PYA _ '
and XXCC=4 were mixed dry, then added to water in the mixing tank, :
and the mixture was recirculated through the pumps for 55 minutes.

Daxud ond Duponal were then added and the mixture wes pumped for - ' &
25 minutes more. The next morning CP was added to the mixture by

using the pump to draw the compound from the drum over a 40-minute

~ period, and the mixture was circulated for an edditional 45 minutes.

The necessary water was then odded. The XXCC-4 powder was added

by sprinklihg on the surface of the suspension, but as the addition was

being completed, the circulating pump began to stall, despite frequent

lubrications with CR. Continuing trouble then occurred with the pumps

stalling and with the mixing drum used on the mixer becoming clogged

* with a posty mass. The porticle size of the XXCC~4 remained too large,

“being about 40 to 50 microns. A second batch was than praparsd, -

aithounh J-#Inuu;: with the gear sumne nreventad recireviation of the
mix to uchiovo desired panicle-u ze sulpemlon Nevertheless, a
diiuie suspension was prepared from this concentrate, dye was added ,
to the dilute impregnite ond a batch of clothing was processed. Several -
more batches of concentrate were made before the conclusion of tasting; g
none completely satisfactory, aithough stirring of the concentrate
withou! recirculation seemad to be nearly adequate with at least one :
of the batches. Unexplained variotions in the CC-2 strength of the , K
concentrate occurred, probably because of poor mixing. Foaming

occurred af times, but-was controllable with Dow-Corning Anti=Foam A,

_Clofhl'ng Im_prean_gﬁon. The first bolches of clothing were
impregnated uiing a Y=percent CC-2 suspension, with resulting
deposition of about 14~percent CC-2 in the clothing fabric. This
is considerably higher than the required | 0-percent and additional
experimental runs were made with |less concentrated suspensions,
Results continued high, however, and the appearance of most of the
clothing treated was poor because of mottling and streaking caused by
nonuniform deposition of impregnite, possibly because of excess
quantlﬁes of larger than 4-micron particles in the suspension. Sizing
remaining in the material may also have been a cause of the streaking.
Some Improvement was noted when the more dilute suspensions were
used. Experimental variatior: of the impregnation time seemed to
indicate that the exposure time was a more confrollmg factor than the
suspension strength.
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Extraction of Impregnite. - Extraction of the first batch of clothing -
- was carried out ot 220 rpm for 3~1/2 minutes and seemed to be
inadequate. A second batch was extracted at 860 rpm for periods of

1 to 10 minutes. No definite Improvement was noted. The sxtraction
method glven by NRL was then used; i.e., short periods of low=-speed
extroction combined with short periods of tumbling. A slight improve-
ment was noted in the general appearance of the clothing.

Drying of Clothing. The NRL Instruction manval! procedure was
used wnl-)\ou'f difficulty and with good results, This procedure requires
preheating of the dryer 1o 100 F. The wet impregnoted clothing s
placed In the dryer and the temparature is slowly raised to 180 F,
Fifty minutes is used to ralse the temperature to 180 F ond the temper=
_ature must not exceed this level. After 5 minutes at 180 F, the -
temparature is reduced over a 15~minute period to about 140 F and the
clothing con be removed when it Is cool snough to handle. Only cbout o
30 pounds (dry weight) of clothes should be dried in ona load. : - -

Process Control Tests. Microscoplc tests ware made fraquently
during the praparatlon of the concentrote to determing whether
prope: mixing was baing attained, o attested to by the micron size of
the particles durlng various stages of the operation. The porticle size
of the initial mixture of PVA ond CP should show 95 10 100 percent of -
porticles 4 microns or below before adding the zinc oxide and the
balance of the XXCC-4. The final mixture should show 95 percent of
the porticles bolow 8 microns,

Cloth swatches and tubes were attoched to various Items of
clothing to check on correlation of CC-2 deposits of such samples
with the CC~2 deposits on the clothing, Correlation was poor ond
test swatches and tubes showed lower strength deposits,

Discussion of First Test Series Results. Rasults throughout this
series of tests showed the difficulties of obtaining uniform impregnation,
This was not unexpected since much of the clothing had been received
in on already impregnated condition from a standard Impregnation plant,
and showed nonuniform depusitions of impregnite and dye. The American
Loundry Machinery. Corporation portable laundry proved quite adequate
for its part of the function, but many ditficulties were observed in the
chemical-handling process. The chemicals obtained from Navy stores
seemed somewhat ofd, but test batches of concentrate prodyced good
quality impregnation suspensions. Mixing and pumping the suspension
was most troublesome and further study of this aspect was indicated.
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Sacond Test Series

Bacaouse of the poor results of tha first tests, It was decided to
obtain as much information o1 possibie from operating impregnation
plants, and to conduct the following tests and experiments at Port
Hueneme in the hope of establishing more relicble information,

Mixing Equipment Experiments.  Investigations of the fundamentals

_ of mixing for reduction of agglomerated small porticles to the ultimate
particie size of the compound Indicated that o high sheor typs of mixer
was most desirable for this type of operation. Sinca this is the desired
function of the concentrate mixer, while hondling the XXCC-3 or ~4
suspeniion, o turbine=type mixer woy selected as ylolding the best
high=sheor mixing conditions. This type I olw suitable for dispering
the CP. A small mixer of this type wos fabricoted and tested with good
rewits, Consequently, o larger mixer (laboratory=-type) with vorlable=
spead drive was bullt and tested. A satitfactory contenitrate wchmIon'
was preporad in less then ona houi, with porticie size {35 than & micrens,
ond no difficulty was expe:ienced in pumping the concentrate. The
loburatary mixer proved o valuabie tool in derermining the rpm and
horsepawer requiraments for the desired turbine=typs mixer.

The miiling actien of the gear pumpi is not necessary for pro«
paring the concentrate, and more sultable pumps for pumplny the
concentrate and, dl'ute sucpansions were Investigoted. Finally, o
Worthington Interrial -bearing pesitive~displacement pump wos tried
and found to be very adequate. The bearings in this pump are carbon

~ and will withstand very high remperatures, wherecs the bearings in the
Gould pumps used In the first tests were brass and hod o tendency to
expond under 1emperature conditions other than amblent, with resultant
pump seizures during the course of mixing operations.

The proper shape and baffling of the cencentrate mixing tank
were also loglcal areas of investigation for Improving the mixing
process, and a tank with four vertical side baffles was constructed
and used with o "Lightnin® mixer, Results were good, but dead areas
existed ot the base of the bafffes. This was remedied in o second
tank by leaving verticol slots at the base of the baffles. Subsequent
mixing was improved ond this type of tonk was used with the turbine
mixer described previously. The tank and mixer are shown in Figures
2 and 3.
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Figure 2. Experimental mixer

with variable speed drive.
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Impregnite and Hot Impregnite. A fresh batch of concentrate,
conforming to the NRL formule, was mode utilizing the turbine~type
mixer with the baffied tonk. The CC-2 strength of the concentrute
was 28 parcent, and 95 percent of the porticles were under 4 microns,
A dilute slurry suspension, utilizing the freshly prepared concentrate,
was then made up, averoging 6.3 percent CC-2. The impregnator
was then loaded with 50 pounds of clothes, with test swatches attached,
and the dilute suspension was pumped In, The clothes were.then
Impregnated, extrocted, ond dried. The rewlits were axcellent in
every way, The test swatches showed a definlte correlation with
respect to the amount of CC~2 contalned In the impregnated clothing

" as determined by the chemical onalyses of the swatches and test

patches cut from the impregnated clothing, The test swatches averoged
10.50 percent CC-2 by weight ot against 10,90 percent CC~2 for the
lest patches token from the clothing. During the course of the eorlier

© tests (first series) It hod been imponible to get wuch closs corrsiation.

A trial run using impregnite heotad to 133 F rasulted in heovier
impregration, Indicating the pomibilily of speeding up the process by
using hot impregnite. However, since the time required for impregnation
is aiready short compared 1o other steps in the process, the additional
expemiv of heuting the impregnite is not iikaly t6 be worthwhiie.

Extraction ond Rinsing Experiments. The rawits of the initial
tests had indicated a siight advontoge in using the 220-rpm extraction
interrupted by short periods of tumbling, ond further tests were run
using this method and others to compare resvits. Other .nethods tried
were 660~-rpm extraction ond the Brooklyn impregnation plant methad,
The Brookiyn method also uses 220-rpm extroction speeds interrupted
with perlods of tumbling, but the time intervals are somewhat longer.
Results indicated that there was little to choose between the three
methods tried, ond thot all were fairly satisfactory even though the
color and chemical dispersal were siightly uneven throughout the

. clothing impregnated. In an effort to improve upon the general

appearance of the impregnated clothing, o series of post-rinsing
operations were conducted after extracting at 680 rpm. The extrac-
tion cycle utilized was os follows: ’

Extract - 20 seconds at 660 rpm
Tumble -~ 3 minutes

Extract = 20 ssconds ot 660 rpm
Tumble - 3 minuies

. . o Mo . et
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This was followed by o rinsing cperation for 3 minutes in 120 F woter,
A final extraction of 20 seconds duration followed by o two=ninute
tumbling period concluded the operations. The rinwe water used was
returned to the dilute slurry tanks to be strengthened with concentrate
for future impregnation operations.

The resulis obrained from the 660-rpm high~extraction tumbilng
and rinsing operution were superior to the ear!lar extraction methods
trled. Uniformity of color and chemical dispersal was attolned.
UHlization of the obove procedure eliminates the requirement for o
duai -speed extractor=type laundry unit. Since the operating chor-
acteristics of laurdry extroctors vary, It Is probable that exper-
imentation of extracton and tumbling times will be required to yleld -
the best results for individual plants, -

Drying Exparimants, One test wes mode in which results were
compamg on Impragnated wits wiich were: {1} drip=drizd, (2} extiocieg
ond alr~dried; and (3) extracted and dried in the rotary drier to check

effacts ond witebility of s methods. The rorory drier ylelded
sperlor drying rasults. The other methedds are suitable for smargency
conditions. Although the rotory diier yietded superior drying resuits,
it wos netad that the clothing wos ali knotfed up In a ball ond not
evenly dried throughout. This could easil y be rectified through the
utitization of reversibie tumblinc ction type of drysrs, prevaolent in
commercial proctices, or possibly by slowing down the speed of the
existing rotary~type dryer ond also by the oddition of extra cross
nembers (bars) to the basket .

Dyer. it was difficult to obtain uniform results with the dyes
used with the impregnotion process. The use of three saparate dys
compounds seems an unjustified compiication to the process. Inosmuch
as the Army swccessfully uses ¢ single compound, with its large M2
plant, £ the use of ¢ singie compound seems o worthwhile reduction in
the process. As there ore conziderghlo oxisting stocks of the three
dyes to be used up, it would seem desirable to hlend a single compound
from the existing materials and make subsequent purchases of g single
dye of the proper cofor.
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Wet or Dry Impregnation. A run was made using washed ond
extracted ciothing that was still wet. Impregnotion was satisfactory.
Success i also reported3 with this method by the Army Chemical
Corps,

Discussion of Second Test Series Results. The portable laundry
mochinery proved odequate for impregnotion operation in both the
first and second test series, with the exception of a tube fallure tn
the tteam generator. The impregnation procedures recommended In
the NRL monuval were greatly improved by the modified experimental
chemicol~handling equipment; though the concentrate and dilute-
vispension storoge tanks designed for these tests wera too high
for convenient operation, The turbine mixer and the baffled tank:
eliminated froubles from the mixing and pumping standpoints, since
they reduced the required time of use of the pumps and insured that
the pumps would handie the concentrate only after all materials
had been reduced to the propsr size, A boom-type davit seamed
desirobie for posstioning the turbine biade mixer. This innovation
would resit in tovings, inasmuch os o single turbine blade miver

- couid be utiizad in all four tanks of the impregnation mixing kit.

As a rewlt of the forsgoing developmental ond 1esting work
accomplished at the Laboratory, a new experimental mixing kit hos
been designed, fobricated, and tested.

NEW MIXING AND HANDLING KIT

The new sxperimental chemical ~handling kit was designed and
fabricated as a complement for advanced base luundry units for
Impregnation operations. Basas for the new design were the exper-
imental results of mixer design, tank design, and tests of mixing and
handling tachniques. Results of tests indicated that turbine=type
mixers.utilized in boffied tanks could be successfully used in the
proper preporation of the concentrated impregnite. This was
accomplished with a minimum omount of time ond maintenance
requirements as compared to the methods utilized in the NRL
manual, Proper particle size was easily attainoble and pump
problems were nonexistent .




Description of New Kit

The new experimental kit is permanently mounted on two 34-
inch by 96-inch by B-inch skids, connscted by a single flexible
coupling. This kit con easiiy be ottached to any loundry unit for

~ impregnation operations through the utiiization of two flexibie

couplings for the transfaral of the impregnite slurry to and from the
jaundry machine. The component parts of this kit (see Figura 4)

ore: L) four galvanized stee! tonks; (b) two Worthington rotary
pumps with 1.5-kp electric motors, one for transferal of concentrate
and one for the dilute slurry; {c) one "Lightnin® mixer with turbine-~
type blades, driven by a 1.5-hp electric motor at 431 rpm; (d) piping
and valvas; and (e) on eiectrical control ponat.

The concentrate tanks on skid A have recassad dischorges
{Figurs 5) to aliew a side discharge for accessibillty of piping. The
mixing tonk hes o walems of 9.5 cuble fest, which allows mixing of
a 40-gallon batch of concentrate. The concentrate storoge tonk
has a capacity of 110 gullons. The steroge tanks far dilutad suspansions

have o 148-gatlen copacity.

The rize ond shupa of the tanks makes them easily oecenible,
ond the piping is compact and kept to a {ow levei throughout.
Figure 6 shows the mixer boom and the piping. Figure 7 shows the
hose connection‘to the laundry washer. The mixer boom swings to
allow the sama mixer motor to be used for any of the four tanks.

" Checkout of New Unit

The new unit was used 1o prepare saveral botches of impregnite
suspansion with which clothing was impritgnoted. Results were
sqtistactory and o mixing time of less than one hour was required to

~ prepare the concentrate suspension.

Ciothing impregnated showed a higher concentration of
impregnite thon expected. Thiswus probably a result of the new
mixing technique giving a better percentage of small particles in
the suspension. Consequently, some adjustment in the recommended
dilute impregnite suspension strength is required. - Recommended
changes in NRL procedure are included in the Appendix. Tgbise |
is a composite data sheet showing test results for the old and the new
unit.




Figure 4. New chemicol mixing kit with skid A on left ond skid B on
nghf.
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Figure 5. Recossed tank discharge.
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Figllne 7. Hose connection to laundry washer.

Figure 6. Mixer boom and tank piping.
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Table |. Composite Data Sheet Test Results.
‘Old Unlt - New Unit
Average Enixing time
of concentrate © 285 minutes - 50 minutes
S .panded particle - 95 percent [n excess 95 percent less
size (conc.) of 40 ~ 50 microns than 3 microns
Dilute suspension _
concentrate percent 9 percent : 6.3 percent
Clothing - concentration _ _
percent CC-2 14 - 16 percent 10 percent
Swatches - concentration
percent CC-2 10 = 12 percent 10 percent
Clothing appearunce mottied, nonuniform
dapnsitinn of CC=? sxcellent
Extraction cycle rpr 220 rpm &40 rpm ond
post rinse

The rapid mixing ability of the new unit allows 280 galions of
concentrate to be prepared per 8-hour day. This is sufficient to
prepare 1550 gallons of dilute suspension necessary for impregnating
1550 pounds of clothes, based on the ratio of one galion of dilute
suspension per pound of clothes. The concentration of this dilute
suspension would approximote 6.3 percent CC-2, which is strong
enough to obtain u 10 percent CC-2 content In the clothas impregnated.
If the dilute suspension is to be recluimed ofter each impregnation
operation, the original 280 gallons of concentrate would be sufficient
to impregnate approximately 2300 pounds of clothes (based on
impregnating new unimpregnated clothing). The figure of 2300 pounds

- would be considerably higher if this concentrate were to ba used for
reimpregnotion purpases (becouse of reduced requirements for used
impregnated clothing).




CONCLUSIONS
As a result of the tests and investigations, it is concluded that:

1. The 100~pound laundry can be converted for use in clothing
" impregnation by combining it with the new chemical -
handling system described in this report. -

, 2. The new equipment reduses the impregnite mixing time;
' hence the NRL procedure for impregnation, extraction,
and drying needs some modification. '

3. With the turbine blade mixer and baffled tonk, o batch
i : of concentrate con be prepared in approximately one hour,
a considerable timesaving over using geor pumps for mixing.

[EA

4. The dugl«ipeed extractor=type laundry unit is not a necessity.
Excellent results were attained with the spin-tumbie extraction
mathod svan whan o maximum speed of 460 rom was used.

- 5. Results obtained using o 660~rpm extraction cycle followed

— by post-rinsing operatlons were far superior to ony othes -
methods tried with respect fo uniformity of dispsrsal of

impregnite and dye. )

6. Post-dyeing (dyeing after completion of impregnotion)
improved the appearance of the clothing, and heating of the
impregnite suspension hastened the process, but neither
procedure is considered worthwhiie because of additionoi
time and equipment demands for a minor gain.

7. Wet clothing con be impregnated, resulting in considerable
timesaving when the clothing requires laundering before
impregnation,

8. Use of a single dye compound is desirable.
9. Best drying resuits are obtained with the rotary dryer, but

drip-drying, i.e., extracted and air-dried, would be
suitable in an emergency,




10. Test swatches pinned to the clothing can be used for deter-
mining the impregnite in the treated ciothes, although
occasional checks must be made to insure correlation.

RECOMMENDATIONS

It is recomicerced thot;

S AL T el

1. New chemicol mixing and handling kits for converting
laundry units into impregrating plants should be bosed
on the turbine mixer and boffled tanks design.

ORRTII

2. Pumps in the new unit should be of the internal carbon~
bearing positive-displacement rotary tvpe.

L i by bes

- - LT g -1 - ]
1S LonvEr! eanshing ilocra of the thiee

Cat

Steps be toke

separate dyes to o single dye compound, and to make
subsequent purchose of a single dye compound.

4. The duai-speed washer-extroctors be replaced by a
singie-speed wosher-extractor after existing stocks are
depleted, inasmuch as an excelient [ob of extroction cun
be done with a high-speed extraction cyciw,

5. The NRL operating manucl! be revised to incorporate the
information in the Appendix together with detalls of
operations with the new mechonical equipment,

A o
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APPENDIX

OPERATING AND MIXING INSTRUCTIONS FOR IMPREGMITE
MIXING UNIT :

The information in this appendix is based on the "Instructions
for the Operation of the Navy Portabie Clothing Impregnating Plant",
Naval Research Laboratory, No. A435B, Revised 551, Washington, : L
D. C. <hanges have been made in the ssction "Concentraote Prep~- .
arotion® to conform to the new mixing unlt designed by NCEL. The
sections “Preparation of Dilute Impregnating Suspension, ¥ "Operation
of Piant, " “Lakoratory Tests and Analysis Procedures, " and "Inspection,

Handling and Marking of Clothes” have been token directly from that
publication,

CONCENTRATE PREPARATION

"The actual impregnatisn of clothing s canied oui in the loundry =~
impregnator, Impregnating suspension of the proper strength is pumped
into the impregnator which is loaded with the clothing. When the
clothing hos bacome thoroughly soaked, the wolution is pumped out
and the excess liquid removed from the clothes by cenirifuging. In
this step the drum of the impregnator revolves ot o high speed. After
this extraction process, theclothing Is transferred from the impregnator
to the drier. In the tumbler=drier air i3 tucked in over steam coils
and passes through the clothing,driving out the woter. Careful control
of the diying temperature |3 neécessary. This step completes the
impregnation process.

The binding agent to hold the impregnite on the cloth is
chlorinoted paraffin ‘CP). This ogent is q liquid which is not soluble
in water. To apply this agent to clothing it must be broken down into
very small globules or emulsified in the water. An emulsifying agent
is required to stabiiize the smoll globules against coalescing and
separating ‘into a separate layer from the water. One of the most
effective agents for this process s polyvinyl aicohol (PVA). It has
been found that the oddition of o smull amount of o wetting agent,
Duponol, to the polyviny! alcohol wiil greatly reduce the globute
size of the chlorinated paraffin ond, therefore, render the emulsion
more nearly like a solution. DaXed, naphthaleneformoldehyde
sodium suifonate, is also added to stabilize the emulsion and aid in
dispersing XXCC-3.

. y y - . R - N . 7
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_ Zinc oxide is added as a component part >f the impregnating
suspension because of its property of preventing deterioration of -
cotton clothing. It is belicved that its action Is merely to react with
hydrochioric acid relecsed by hydrolysis of the impregnite. The
amount recommended is twenty percent by welght of the XXCC-3.

Navy protective clothing is made of unbleached, undyed cotton.
When dyed clothing is required for camouflage, it is necessary to add
a dye to the impregnating suspension. The Noavy has adopted a single
shade of olive green for all protective clothing which requires using
thres dye powders,

Equipment

Four tanks of groduared sl zes ore vied In Mmixihg the concenfrated
ond dilute impresnotion suspensions. The smattest tank (fank No. 1)
is used to prepare a concentrated suspension of impregnite. The next
{arger tonk (feni No. Z) is used to store the prepared concentrated
suspension. The two targe tanks {Nos. 3 and 4} are used for mixing

ditute suspensions used in the actual impregnation operation.
The concentrated suspension is prepared as follows:

: A. Mix thoroughly, in a bucket or box, 3-1/2 pounds of dry
PVA and 4 pounds of XXCC~3, Mix very well and add mixed powdars
to 12 gatlons of water in tank No. 1. Start mixer ard ¢oncentrate
pump ta recirculate contants in tank No. 1.

B. Dissolve 1 pound (454 grams) of DaXad and 0.2 pound
(92 grams) of Duponol in 1 quart of water while stirring. Add to
tank No. | when dissolving is complete. Stop gear pump.

C. Keep mixer running in tank No. 1 and add 52-1/2 pounds
of chlorinated paraffin, This addition should be done slowly over
a 5 to 10 minute period. After oddition is completed, check micron
size of the emulsion to see that globules are about 4 microns in diameter,
This must be checked with a microscope. . -

D. Add 14 gallons of water and continue mixing .




22

£. Start the concentrate pump recirculating fhe tank contents
and slowly add 162 pounds of XXCC-3 and 20 pounds of zinc oxide
with the mixer operating. These ingredients should be prinkied on
the surface of the stirring liquid in sma!! portions. About twenty
minutes should be used for this addition. Continue operation of the
mixer and concentrate pump until a microscopic check of the suspension
shows that 95 percent of the particles are smaller than 8 microns in
diometer.

F. Pump the concentrate over to tank No. 2 and flush tank
No. 1 and the concuntrate pump with fresh water. Another batch
may then be prepared in tahk No. 1 if desired.

PREPARATION OF DILUTE _IMPREGNATING SUSPENSIONS

AR - ’ s v . -
1 j ru dmpregnuiiog amnzen juits

Impregnotion of the white two-piece protective suits requires
that they be dyed for camoufloge purposes. Three water dispensible
dyes are furnished to produce the shade of graen usad for all suits.
These water dispersible dyes for aqueous impregnotion are given below:

TLX -~ 42 Lithosol Yellow ARP
TLX - 20 Monastral Green G
TLX - 29 Carbon Black

Equal proportions of these dyes make the color desired.

Regardless of proportions of individual dyes, the same total
weight of dyes is used. The amount is 9 percent by weight of CC~2.
For example, 135 gallons of S.percent suspension is to be made up to
dye clothing the green shade, The suspension wiil contain 135 x 8.8
(from density table porograph 4) x .09 or 107 pounds of CC~2, which
reguires 107 x .09 or 9.6 pounds total weight of dye.

The dye powders should be stirred into 4-5 gallons of water in
a bucket. When powders have become dispersed and no lumps remain,
the paste is added to 80 galions of water in one of the dilute suspension
tanks. The bucket should be carefully rinsed out and the total water
in the tank made up to 100 gaflons. The dye dispersion is recycled in
a few minutes and then 35 gallons of concentrate is pumped in.
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Recycling and ogitotion ara continued for 20 minutes to insure complete
mixing. An analysis should now be made of the dilute suspension. |t
should contain 9 percent CC=2. A value of 8.5 percent or below
requires that more concentrate be added whereas a value of 9.5 percent
or above requires that more water be odded.

Incorporation of dyestuff in the concentrate is possible if the
dyes are first made into a pawe and if the concentrate is racycled for
at {east an hour. Dyes may be added to dilute suspension already
prepared. However, for maximum color value, it is believed best to
disperse the dyes in os large a volume of water as possibie. Note; A
9.percent suspension may not be the best for a particular portable
plont. Many factors affect the CC=2 pickup of suits,  If it is
found thot o %.percent suspension gives high loadings, reduce the
suspension strength untll suits of 10-percent CC~2 content are obtained,

{2) For Reimpregnation of Ainzen Suils

Clothing that is to be reimpregnated must first be rested for
strength, analyzed for CC-2 content, and foundared if sufficiently
dirty_ 1t Is important to know the CC-2 content of clothing that is
to be reimpregnated.

The reimprignation level for clothing is J-percent CC~2. This
value iy bosed on zrotection ogainst gos and upphes to clothing being
worn in the field.

elow J percant CC-2 content, clothing becomes much less
effective ogainst vesicants. For thisreason, a volue of 4 percent
CC-2 has been established os the lower limit for clothing which is 1o
be reissued from ony lmpregnoﬂng plant.

It is not desirable to heawly reimpregnate clofthing since it
becomes heavier, greasy, and less comfortable to wear. The following
table of suspension strengths is recommended for Arnzen suits containing
different CC-2 contents;

CC-2 Content of Suits  CC-2 Content of Suspension to be Used

percent percent
5 4
4 5
3 6
below 3 8
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. Socks and gloves less frequently require reimpregnation unless
they have been worn, Suspension strengths should be adjusted accord-
ing to the CC~2 content of the socks or gloves as follows:

CC-2 Content of Suspension

CC=-2 Content of Socks or Gloves to be used
percem percen'
3 2
3 2.5

below 3 3

When only o few impregnator loads of clothing are to be
reimpregnaled, make up only a smull baich (50 galions) of diiute
suspension. For one or two loads, 6 calculated amount of water can
be added directly to the impregnator and the regular % ercent : -
suspension pumped to give the desired concentration, Reanalyze the
suspension 1n the tonk otter the run and adjust the concentiation te
9 percent, ’

(3) Impregnation of Socks and Gloves

Besides the two~piece protective suit, two pair of part=wool
socks and one pair of woolen gloves constitute o unit of protestive
clothing. Impregnation of these socks ond gloves by the aqueous

_suspension process causes considerable shrinkage. No procedure has

been found to aovercome this difficulty.

The yocks and gloves should be impregnated to contain 10-per-
cent CC-2. However, becouse of their loose texture they can be 7
impregnated in a more dilute susension. The strength of the suspension
required will be between 4 percent and & porcent depending on the’
particuiar plant. 100 gallons ot 6-percent suspension requires 85 gallons
of water and 15 gallons ¢f concentrate suspension. The dilute suspensicn
should be well mixed and analyzed before use.

(4) Impregnation of Other Types of Clothing

It is likely that, in cases of emergency, portable plunts will be
calied upon to impregnate other types of clothing. For example, the
Navy may decide to issue protective short drawers or oll-cotton socks
ond gloves. Impregnation or reimpregnution of Army protective
clothing might be required.
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In most cases, it will be necessary for each plant to work out
exact procedures for any typr of clothing encountered. However,
certain general rules apply. A seven to nine ounce cctton twill will
be done the same as Arnzen suits. Knit cotton shorts or underwear will
be similar to socks, and require a more dilute suspension, Coarse,
heavy articles like canvas leggings will require higher suspension
strength, The following table of suspension strengths for different
rypes of clothing is given ds a guide:

Knit underwear, long and short 4 percent
Army wool hoods 3 percent
Army or Morine herringbone twill garments 8 percent
Canvas leggings 15 percent

Whenever pre=dyed clothing is to be impregnated, reduce the
amount of dya from ® percent to 3 percent by weight of CC=2. This

amount of dye is required to provent whitening of the cinthing,

(3. Method: of Calculation

It is frequently necessary to be able to culculate how much
concentrate or water must be added to a given tank of impregnating
suspension to bring it to the correct strength. For this purpose it is
necessary to know the densities of the suspensions involved. The
folloveing table is given of approximate densities:

Materiui  tbs/gal
Water 8.3
10 percent PV A solution B.5
Concentrote 10.0
9 percent suspension 8.8
6 percent suspension 8.5

Perhaps the simplest method of colculotion is to base everything
on the weight of CC-2 in pounds. In any given suspension the amount
of CC-2 can be calculated if the total quantity of the suspension in
gollons, the density of the suspension, and the percent CC-2 by
analysis are known. It is not belirved nersssary to analyze concen-
trated suspensions. In calculations use the value of 28.percent €07 -2
for the new standard low chloringted parcffin concentrate. Therefore,
each gailon of standard concenirate will contain 2.8 pounds of CC~2,
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The fundamental equation to be remembered is that total volume
times density times percant CC-2 equals pounds of CC=2:

Volume x density x percent CC~2 = pounds CC-2
The foltowing examples illustrate the method of calculation:

ey ing 78 percent Ot 1 s desird ek Shis
up to 9 percent CC-2,
7 The pounds of CC-2 desired are
135 x 8.8 (from toble above) x .09 or 107 pounds.
Th; pounds of CC-2 prasent in the tonk is
135 x 8.8 x .078 or 92.5 pounds.

The difference is 14,5 pounds of CC=2 thot must be added,
Since each gallon of concentrate contains 2.8 pounds of CC-2

14,5/2.8 = 5.2 gaol of concentrate required.

This method disreyards the increased volume of the suspension
due to the concentrate added but is sufficiently accurate for the
purpose.

Example 2. In one of the suspension tanks there remains 39
gallons of suspension which anolyzes 9.3 percent. i is desired to
use this in making up 135 gallons of 6.percent suspension for impreg-
nation of socks,

The pounds of CC=2 desired are
135 x 8.5 x .06 or 69 pouﬁds.
The amount of CC-2 in the tank is

39.8.8 x .09 or 32 pounds.

; " - n N R
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The difference (69-32) Is 37 pounds of CC=2 which must be added
as cencentrate. Each gallon of concentrate contains 2.8 pounds of
CC-; hence 37/2.8 or 13,2 gallons of concentrate must be added.

The rank should then be filled up to 135 galions with water. The actual
amount of water to be added will be 135 - (3% + 13.2) or 82.8 galians,

OPERATION OF THE PLANT
A. Procedure for Impregnating Clothing

-After a dilute impregnating suspension has been prepared and
analyzed, impregnation of suits, socks, or gloves may be started.
One lood for the impregnator constitutes 33 pounds of dry clothing.
This is as follows:

11 lwa-piece suits or
250 palrs of socks or
100 pairs of gloves

It is essential that the two-piece suils be opened up and shaken
before being placed intc the impregnator, They must not be thrown
into the Impregnator as they come, folded up. In the cose of socks
ond gloves, all togs and staples must be removed before they are
placed into the impregnator. Note: In some plants, the 33 pound
load may have to be reduced if it is difficult to get the impregnator
up to high speed for extraction or if belts on the dryers slip bodly.

After the impregnator has been loaded, 25 galions of the
impregnating suspension should be pumped in, During this time and
for five (5) minutes after the suspension ha. been pumped in, the
impregnaior shouid be kept tumbling. This is sufficient time to soak
the clothes thoroughly. While continuing to tumble the clothes,
pump the suspension out of the impregnator back into the suspension
tank, When ail the solution has been pumped out as indicated by
the sighr glass, stop the impregnator and allow it to come to rest.
Shift the gear to the extraction position. If the gear does not want
to go into lhe extraction position, keep pressing on it and give the
"jog" button o quick punch. This wili ollow the gear to go all the
way info the extraction position. Start the impregnator and continue
the high.speed extraction for 20 seconds after top speed has been
reached. After the machine has come to rest, as indicated by the
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red light on the panel board, shift the gear back to the tumble position
and tumble the clothes for two minutes. The suspension that is thrown

out of the clothes by the extraction must of course be allowed to pump
out, Keep pumping out of the impregnator during the entire extraction
process.

After the two minutes of tumbling, the 20-second extraction is
repeated. Follow this by another two-minute tumbling period. A
final extraction of one minute is then made followed by 30 seconds of
tumbling to break the clothes oway from the sides of the impregnator.
The clothing is now ready to be removed from the impregnator and
transferred to one of the dryers. The entire impregnation cycle should
be carried out in twenty minutes. The following time intervals are
given as a summary,

Loading clothes into the impregnator 1 minufe
Pumping suspension in 2:1/2 minutes
Souking ' 5 minutes
Pumping suspension out 2.1/2 minitas
20-second extraction 1/2 minute
Tumbling 2 minutes
20-second extraction 1/2 minute
Tumbling 2 minutes
Final extraction ) I minutd
Tumbling : 1/2 minute
Urloading / : p 1 minute
Unused time 1:1/2 minutes

Total iime . 20 minutes

Many different impregnation cycles than rhe one above have
been uzsd. Haowevar, whenever an appreciable change is made in the
cycle be sure to test the impregnated clothing for uniformity of
impregnation. When socks and gloves ore impregnated, shut off the
machine while pumping solution in and out of the impregnator. Also
reduce the tumbling periods between extractions to 1/2 minute. This
will help to minimize shrinkage. The operation schedule given above
is to be used with o S-percent suspension when the high speed rpm of
the impregnator is 300. The rpm of the impregnator should be checked
regulorly since o change in voltoge will couse o change in impregnator
speed. If the rpm of the impregnator canno) be maintained, an
adjustment in the operation schedule or the suspension strength should
be mode to compensate.
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Te use as samples for analysis, it is customary to attach small
swatches of cloth to suits in each batch, Pieces of Arnzen cloth are
furnished to be used as somples for the suits, Attach three 6 x 6 cloth
samples to suits in each load. When socks and glove: are being
impregnated it is necessary to cut up unimpregnoted ones to use for
analysis samples. The analysis samples can ba stapled or tied on the

- clothing in each batch.

Plant tests have shown that a better agreement hetween CC-2
content of analysis samples and suits is obtained when the samples
are two loyers of cioth instead of one. |t is therefore recommended
that analysis somples consist of 12-in. by 3=in. tubes or sleeves. Only
one end of the sleeve is attached to the garments.

B. Procedure for Laundering Clothes

When n.gu”ﬁng is received o lu:ulpluguunﬁn il wili fléquirn”y
be necesiary to launder the clothing before corrying out tha reimpreg-
nation, The washing formula given below is a vers mild one, It will
not thoroughly clean very dirty clothes yet it perrits removal of surface

_dirt without appreciable destruction of residual impregnite.

The detergent "Nacconol NR" is a synthetic wetting ogent which
works well in soft, hard, or even sea water. [t is ot olkaline ord
therefore causes less destruction of impregnite than soap:. A further
advantoge of the synthetic detergent is that it ron be used ot lower
concentrations than soap.

One lood of dry clothing for laundering is 33 pounds, About 18
gallons of water at 90 F is run into the tank on top of the impregnator
by means of the automatic valves. When the tank Is filled with this
amount of water, open the valve to the impregnator and let the water
run in on the clother. At the same time add 1-1/2 ounces of "Nacconol
NR" through the slot on the upper left hand side of the impregnator.
Start the clothes tumbling and continue for five minutes.  Meanwhile,
the tank should again be filled with 18 gallons of wecter at 90 F for the
next wash, When the clothes have been washing for five minutes, open
the drain and let the dirty water run out, When the water is drained
out {ubout 1-1/2 minutes), close the drain valve and oliow the 18 gallons
of water in the tank to run into the impregnator. Add the same quantity
of detargent as before and continue washing for another five mlnutes.
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The machine should not be stopped during the draining and refilling. _ ';
" Once ogain the dirty water is drainad and o third 18 gallons of water :

is odded along with tha datergent and washing continued for five

-minutes, s

After the three five-minute "sudsings" the clothes should be
rinsed three times with 18 gullons of water at 90 F. The ciothes should
be allowed to tumble for two minutes during each of the rinses. When
the water has been drained out from tha third rinse, stop the machine
ond shift the gear into the extraction position. Extract the clothes
for three minutes at the high speed. After the extraction, let the
clothes tumble for about 1/2 minute to breck them away from the
sides of the drum, take them out and put the load into one of the
dryers. A summary of these operations is glven below;

Loading 1 mifnvte
1ot wah E minutes
2nd wath 5 minutes
3rd wash 5 minutes
Yt rinse 2 minutes
2nd rinse 2 minutes
3rd rinse Z minutes
Extraction 3 minutes
Tumbling. 1/2 minute
Unloading . 1 minute
Total 26 minutes

After some experience, an operator should be able to carry out
two washing cycles in on hour. |f moy be possible with clothes that
ore not very dirty to use only two five=minute sudsings Instead of
three. In the event that very dirty clothes are received or unimpreg-

_ nated clothing is to be laundered, it is recommended that the water
temperature be raised to 140 F  For this purpose soop may be substi=-
tuted for the synthetic detergent and four ounces of soap should be
used for eoch 18 gotions of water. :

C. Drying Proced

Drying of clothing that has been impregnated must be done
carefully, since excessive heat will cause loss of impregnite and may
also destroy the clothing. Drying curves obtained for the tumbler
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dryers show that during the mojor part of the drying cycle the tem-
_perature remains between 70 ond 80 C (160 - 175 F). Following this
the temperature will gradually rise to 105 C (220 F).

When the drying is started be sure that the boiler is delivering
the correct steam pressure (100 pounds), thot steam is going into the
coils of the dryer, and that both flops are open over the steam coils.
Continue the drying until the Indicator registers 180 F. This will
usually require about 50 minutes for a load of two~plece wits, When
the temperature has reached 180 F, close the right-hand flap over the
steam colis ond continue drying for five mors minutes. After this,close
the other flap and ollow the clothing to cool down to 140 F. The
¢lothing should be taken out and taken to the folding table. ever

" leave a load of ciorhimg i one of the dryare after It has finlshed
drying. Alse do not allow a load of hot clothing removed fram one
of the dryers to stay tightly pocked In g cort or tub, )

Drying cf cicthing that has been lgundered thould be covried
out in the same manner since residual impregnite con bredk down
suddenly and destroy the clothing if the temperature is allowed to
go too high. Examine very carefully every load of clothing that
has been laundered prior to reimpregnation to see if the drying has
caused a deterioration of the fabric.

Socks and gioves are to be dried in the same manner as two~-
piece wifs. It has been found that shrinkoge of socks and gloves
during impregnation can be minimized by drying at temperatures
below 167 F.  Therefore, use of minimum tumbling and use of drying
temperatures below 167 F is recommended for impregnation of socks and
‘gloves. A load of socks will not require much longer to Jry than suits
but the woolen gloves are very much siower to dry. Note: The
indicating thermometers on the dryers must be checked periodically
with a mercury thermometer. In one piant the thermometers were
indicoting 20 degrees too low ond much impregnite was lost due to
overheating.

LABORATORY TESTS AND ANALYSIS PROCEDURES

A. General Discussion

The successful impregnation of clothing depends in a large
measure upon certain ‘ests both on impregnating suspensions and .
impregnated clothing. The chemicals and equipment furnished with




32

the portable impregnating plant permit active chlorine or zire oxide
determinations to be made on suspensions and clothing. . .

Active chlorine determinations are most importont since they
give a measure of the protection to be expected from impregnated
clothing. The method corsists of extracting and dissolving the
impregnite with a solvent. The uctive chlorine of the impregnite
oxidlzes iodide ion to fres iodine which Is titrated with thiosulfate.

Zinc oxide determinations consist of first dissolving the oxide
in dilute sulfuric acid and then back.titrating the excess acid wnh
sodium hvdroxide solution,

B. Preparation and Stondardization of Solutions

(1) Use of Fixinal Reagents -

Tha primary standardy furnished for dtandaidiiig the various
reagents required in the chemical analysis are copsules containing
accurately maawrad quantitias of chemicals. The 1w 1ypey of fiainai
capwles furnished are potassium diclromate N./10 ond sodlum hydroxide
N/10.  After removing one of the copsuies fron the cardboard con-
talner it should be washed carefully. Plate the funnel purt of the
piercing apparatus in o one.liter volumetric flask making sure that
the rubber soat protects the lip of the volumetric flask. Then place
one of the sharp piercing rods down in the funne! so thot it rests on
the indentation with the point sticking up. Allow the lidented end
of the fixinal caps. !e to fall on the point and break. With the other
piercing rod break the indentation in the side of the copsule,. Use o
wosh bottle 1o wash all the materials out of the capsule into the
flosk. After this has been dorie and the copsule and funnel repected!y
washed fo insure a quantitative transfer, make up the volume in the

_ Flask 1o the mark. After thorough mixing, this solution will then be

one tenth normal. For making up a standard two-tenths normal
solution it will be necessary to use two capsules or a 500-ml flask
instead of o one-liter flask. The standard solution may now ke
transferred to a clean, dry bottle for storage. It is essential that all
apparatus used in moking up fixinal reagents be absolutely ¢lean.
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(2) Sodium Thiotulfate N/10

Waelgh out 24,82 groms of thiosulfate crystals and dissolve in
enough water to make one liter. After the crystals have all dissolved
and the volume has been made up to one liter in a volumetric flask,
the thiosuifute must be standardized ogalnst potossium dichromate.
Prepare a N/10 potassium dichromate fixinal solution. From a burette
run 20 m! of the stondord dichromate into a 250-mi  Erlenmeyer flask
and add water to make a total volume of 100 mi. Add 5 ml of con-
centroted sulfuric acld ond swirl the flosk to mix the solution. Add
a few crystals of potassium lodide ond ogain swirl the flask to dissolve
the crystals and ald In liberating the iodine. Titrate the lodine
liberated with the thicsulfate solution to be standardized. When the
solutlon is light yellow, indicating that most of the iodine is gone,
add 5 ml of starch solution ond continue titrating until the blue starch
color Is discharged. The color change will be from biue to green.
Repaat the titratinn until chrrb resclt: gre obtolned within 0.1 ml.

Sinca the dichromots i« N/10, 20 ml should require 20 ml of
thiosulfate. Calcyulate the normality of the thiowlfate from the
equation:

ml x normality = ml x vormality

When the thiosulfate has been standardized label it with the normality
as actually determined. It is not necessary that the thiosulfate be
exactly N/10 but it should bo within the limits 0.090-0.110.

(3) sulfuric Acid N/5

Measure out & ml of concentrated acid in a 10-ml graduate and
carefully pour it into about 3G m of water. Allow the solution to
cool, transfer It to a volumetric flask and make up to one liter,
Standardize the acid by titrating against two-tenths normal sodium
hydroxide fixinal solution. Pipette 25 ml of ocid into an Erlenmeyer
flask, add ar equal volume of water and three drops of indicator.
(see (6). Titrote with sodium hydroxide from a burette (with a pinch-
cock) until the calor changes from purple to green. Calculate the
normality of the acid ofter check titrations have been obtained.




(4) Sodium Hydroxide N/5

Weigh out @ grams of sodium hydroxide pellets and by stirring,
dissolve in 100 ml of water in a beaker, After ali the hydroxide has
dissolved and the solution cooled, transfer to a one~liter volumetric
flask and make up to one liter. Standardize this base against sulfuric
acid which has been recently standardized ogainst the fixinal sodium
hydroxide. Do not keep sodium hydroxide in the volumetric flask but
transfer to a Pyrex bottle with a rubber stopper. Glass stoppers are
liable to fresze and soft glass is gradually attocked by sodium hydroxide.

(5) Starch Solution

To make up a starch solution for use as an Indicator in the
thiosulfate~iodine reaction, weigh out 10 grams and dissclve in 100
mi of cold water. Add this to 900 ml of hot water and stir. When the
solution has cooled it is ready for use. A few drops of chloroform will
prevent mold formation, '

(6) Methyl Red~Methylene Blue indicator

Thus indicator is used in the scid-base titrgtions since its color
change occurs ot the proper pH for the zinc oxids titration. Weigh
out 0.20 grams of methyl red and dissolve in 200 mi of methanol .
Weigh out 0.10 grams of methylene blue and dissolve in 100 ml of
water. Mix the two solutions. This indicator then consists of two
parts of 0.1-percent methyl red solution and one part of 0.1-percent
methylene blue solution,

(7) Titrating Solvent for impregnite

The soivent used to dissolve the impregnite for titrating elther
suspension or cloth samples consists of a mixture of three parts of
chloroform and seven parts of glacial acetic acid. Measure out 300 ml
of chloroform 2nd mix in @ bottle with 700 m| of acetic acid. Be very
careful in handling acetic acid and the mixture. Wash with water if
any is spilled on the skin, since glacial acetic acid will couse bilsters,
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_In the event that it is nocessary as a check on how much XXCC-3 was

C. Analysis for Active Chlorine
{1) Impregnating Suspension

In analyzing a suspension for determining the CC-2 content it
is absolutely essential that the suspension be shoken or stirred just
bafore it is sampled. Weigh out between 2.0 and 2.5 grams of the
suspension into a weighing bottle. After the exact weight has been
taken to 0.01 gram, transfer the sample to an Erlenmeyer flask being
careful to wash out all the sample into the flask with a wash bottle,
Add 50 i of chloroform=acstic acid mixture, stopper and shake.
Remove stopper and wash it down with water, and add wate: if
necessary so that o total of about-50 mi water is in the flask. Add
0.5 grara of potassium lodide, swirl the contents of the flask and
titrate with thiosulfate. When the color has changed to a light
yeliow add 5 mI of starch solution and continue titrating until the -
ot first with suspensions conloming bive dye. With some sxperience,
however, the end=point will be sasy to detect,

The analysis of concentrated suspension should not be necessary.

odded, the method of analysit will be essentially ‘the some as ouflmed
for a suspension of impregr.ating strength,

(2) Cloth Samples

Cloth samples are cut out by using a tool steel die to cut o disc
of 1.5 inches in diameter. Place the c¢loth to be cut over the flat
lead sheet taking care that it is not wrinkled or stretched. Place the
die on the spot to be cut out and pound it with a hammer. Experience
will show how hard It is necessory to pound. More thon one layer of
cloth may be cut ot once.

Place from threse to six discs in an Erlenmeyer flask and add
50 ml of chloroform=acetic acid mixture. Shake the flask vigorously
and then allow it to stand with occasional shaking for ten minutes. Add
about 50 m] of water washing down the stopper and sides. Add 0.5
gram of potassium icdide crystals and titrate with thiosulfate in the -
same manner as for analyzing suspension. Do not waste potassium
iodide as it is expensive. It is suggested that the contents of the
flask be kept swirling while the thiosulfate is being added. When
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the end=-point is reached, stopper the flask and shake vigorously. If
the blue starch color does not return, the end=point hos been reached;
otherwise continue titrating until the blue color does not return on
shaking.

D. Analysis for Zine Oxide
(1) Suspension Samples

‘Weigh out above flve grams of suspension ond transfer to an
Erlenmeyer flask as directed for active chlorine analyses. Add from
a pipette 25 ml of 0.2N sulfuric acid. The wash water used in
transfeiring the suspension sample from the weighing bottle should be
about 25 mi. Shake the contents-of the flask igorously to make sure
thet the acid dissolves all the zinc oxide. Add three drops of methy!
red=methylene blue indicator and titrate with 0.2N sodium hydroxide.

“(2) Clath Samples

Liss from thres tasix cloth disct cut out with the die for enalysis.
Add 25 ml of 0.2N sulfuric acid from a pipetts to the semples in the
_ Erlenmeyer flack. Add an equal volume of water and shaks the flask 3
,,,,,, -~ - thoroughly. Shoks the flask frequently over o period. of ten minutesin
order to extract all the zinc oxide from the fabric. Add three drops of
indicator and titrate with sodium hydroxide. It is harder to get the
- zinc oxide out of cloth with the dilute acid than it is to dissoive out
impregnite with solvent, Therefore it wiil be necessary to shake
harder and longer for zinc oxide determinations. Do hot attempt to
determine the zinc oxide content of woolen gloves.” Test only the
Arnzen suits and the socks.

E. Methods of Calculating and Expressing Resulis

There are four or five methods of expressing the results obtained
from titrating cloth samples for active chlorine, The method in use at
the lorge impregnation plants is to express results. in percent by weight
of CC~2. This requires weighing out the cloth samplas to be analyzed.
It will be necessory ta know this value for purposes of marking the
clothing with the marking machine,

Another method of expressing the titration resuits is in units of
milligrams of CC-2 per square centimeter. A4 third mathod is to express
the results in units of miiligrams of active chlorine pe- square centimeter.
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$ince the lctter values range from 0.Cto 0.8 the fourth methed I3 to
express the results in units of tentht of a milligram of active chiorine
per square centimeter.

The die used to cut out cloth discs has an orea of 11.4 square
centimeters. Thersfore any of the units based on area an be used.
To avold weighing the cloth as well ai cutting out u given areq, the
following faciws are glven to permit the =caversion sirce percent
CC-2 must be calculated for marking clothes. To convert mililgrams
of active chlorine per square centimeter (mg ClI+ /cm?2) to percent
CC=-2 multiply by:

for_- Arnzen suits 20
for socks 20
o - for gloves B : .

In calculating the active chlorine value for cloth samples, it is
necessary 1o know the number of die cufs vied, the milligrams of
thiosulfata required, ond the normality of the thiosulfote. The formula
-for calculating the milligrams of active chlorine per square centimeter
Is: T - : — -

m! x normality x 17.75 ml x normality x 1.555
or

no. of discs x 11.4' no. of discs

The figure 17.75 is the number of milligrams of octive chlorine
squivalent to 1 mi of N thiosuifate. There are 11.4 square centimeters
in one disc of cloth cut by the die. To change to units of mgCG~2/cm?
divide by .145. Example: Three die cuts of Arnzen cloth required -
10.8 ml of 0.0963 N thiosuifate

10.8 x 0.0963 x 1,555 = .54 mg Cl +/cm?
2 or 3.7 mg CC-2/cm?
or 10.8 percent CC-2

In analyzing suspension samples the percent by weight of CC~2
in the suspension is desired. i is necessary to know the weight of the
sample, the milligrams of thiosulfate required and the normality of |
thiosulfate. The formule is: '
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mi x normality x 0.01775x 100 ml x normallty x 12.2

wt of sa_le x 0.145 er

‘wt of sampie

The figure 0.01775 is the grams of active chlorine equivalent to one
mi of N thlosulfate, 0,145 changes weight of octive chlorine to
weight of CC=2, and 100 glves the answer In percent. Example;

A 2,18~gram lampie of susponslon required 17.6 ml of 0.1071 N
thicsulfate.

17.6 « 0. 10."1 xl22 _
T - = 10.5~=percent CC-2
2.18 :
The methods of calculating zinc oxide ore similar. However, zinc
i oxide content I3 usually expressed in terms of percent by weight of thc S
< - - = — CE=2—This-necenitater having onorﬂwchionnrdem'mincﬁon e e

toF -v-ry m‘a thit 1a ggwﬁn N PiAE e tosh. - -

The formula for calculaiing milligrams per :qum centimeter crf . i

zine oxide ls; Lo

- _; ﬁiimﬁfyﬂﬁﬁ’*' T ‘mi’iﬁﬂiﬁﬁf?’x IS5 o
no. of dises x 11.4 * no. of disey

. The miiligram and normality refer to the omount of acld actuaily used
by the zinc oxide. The burette reading of the sodium hydroxide 1v used .

“to caleulate the equivalent amount of acld. This value is subtracted ' T
from the total amount of acid ond the diffa-ence represents acid o
neutralized by the zinc oxide. Example: Six discs of Arnzen cloth : "
required 18,1 ml of sodium hydroxide normality 0.1975. The acid _ oo
used was 0, 2046N. It Is first necessary to convert the milligrams of . )
base ot its normality to milligrams of acid at the acid normality.

18.1 x 0,1975 .

| 0. i =T .
ml 0.2048 N acid 0. 2046 or17.5ml

Thereiore, 25-17.5 or 7.5 m! of ocid was t-.ued by the zinc oxide.

7.5x0,2046 x 3.56 . - 2 . : e
. 908 mg ZnO/cm




39

Assuming that the cloth anulyzed for 3 8 mg (:Ci'-Z/t:m2 then the per-
cent ZnO would be ,908/3.8 or 25 percent. ,

Anolym of suspomlom for zinc oxide also requires that the
burette raading of the base bs zonverted to its acid equivalent at the
normality of the acid. Knowing the amount of acid actually used by -

_ the zinc oxide and [ts normality tha percent zinc oxide i3 cuICuland

by the formula;

" ml x normality x 4.07 = - percent ZnOin somple

wt of somple . =~ - ’ ' ' !

Tha figure 4,07 is one hundrad times the wolght of zinc oxlde,,
equivalent to one mi of N'acid.

_ INSPECTION, HANDLING, AND MARKING OF CLQTHES

C A }mp.gmsn and Surveying Clothing

Under certain condltions the relmpregnuhon of clathing might
————— — become o mojor factor for the portable impregnating plants, It is I .
' necessory, therefore, to be able to examine impregnated clothing )
corefully with regard to strength. Flrst examlne all garments for
_ tears, rips or other imperfections which might permit passoge of gos.
If any defects aie found, the clothing should ba cilscarded or repaired.
While the clothing is being examined for defects it should be tested
for strength. There is no quantitative method of doing this in o
simple manner and much will depend on the experience of the man
in charge. Grab asingle layer of cloth in the pants or jacket vith
both honds and give it o quick hard tug. If it gives way the cloth
has rotted and must be discarded. Another test is to try to poke o
5 thumb or pencil through the cloth. If this can be done easily the
' clothing should be discarded. Another simple test is to pull on some
of the |oose strands at the end of the drawstring cround the bottom of
the jacket. Until experience Is galned In testing fr strength, an
umimpregnated gorment should be used for reference,

Sacks and gloves should also be tested for deterioration in a
similar manner. However, since the socks ore part wool and the gloves
are all wool, less deteriorafion is to be expected from the standpoint

of loss of strength.
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If the clothing has been found satisfactory from the standpoint

- of defects and strength, it should be tested next for active chiorina
content, However, if the clothing is dirty and requires laundering it is
best to walt until after laundering for making active chliorine tests, In
the avent that tha garments appear to have cii odequate active chiorine
toading and may not require reimpregnation, check the results on
representative sompius. If this shows that the clothing Is odequately .
impregnated, It may be relssued without being reimpregnoted.

A value of &porcent. CC-2 has been established as the lower Hmit -
for clothing which 1 to be reissed from any impregnating plont. In
cuse of doubt, .it is always sate.. to reimpregnate clothing.

Clothing that has been worn, awpecially if exposed to gas, must
be examined thoroughly and- complelely

The sree of wit to bs aacdwzezé ‘e.- impregnite conlent is defermined
by its past history, If the clo'hfny hat always been in storage, use the
pnekabs e aacket flaps fG analysis in order 10 save the garment. Suils

~ that have been warn or sxpoted to mustard gos must be examined in
areas moit likeiy to have los? impregnite. For the jumper thisis the
_—— top of thoshoulder, the eibow, ond the hood. The crotch, seat, and
knee should be tested on the trousers. Since suniight causss impregnated
" clothing to deteriorate more ropldly, carefully examine rhon areas of
sits that have been unduly ¢ wud to light;

-
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