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JD&EWOOD AllSE1AL 
~F CfUJI G PROCESS 

DIRECTIVE .0. 18 

MA.lIUP'AC1't1RING PROCESS DI RECtIVe: 'F<IR IIIPRF.,GNA'rINO PRO TECTIVE 
~4RM~BLE OLOTHING 

-
I. PURPOS! • 

. To hlpTegnate aeTTice olothing .a lhted tn C.W. 3 . Draw1ng 
10. 00-81-1 with .. teri.l. _hleh wl1l render the fabrio r eaietant to the 
penetratloa of B8 aDd other lba11ar oheaic81 agent •• 

It. GIDRAL. 

!he t&pregn tlon proce., con,l,ts •• sentiaily in the 1mme~sion ot 
th. «arment. to be treated. in a heated eolution ot imp~egnatlng materi 18. 
allowing ti e r.r co.,l te Ittur tion a~d tinally removing t he eXCeS8 elut ion 
and drying the .rtiole. of olothlng. After i pregnation, the "armente are 
te,ted tor tBprec-1t. I content and re.i.tanc~ to H8. 

lll. APPARATUS. 

1. fhe following appt.ra.tu. wu u •• d at Edgewood Arlenal, and round 
.atl.tac~ory 1 principle. 

• .II1xing b.Ak, eo~per linea, 200-ga.llo capaoity, with rotat1J1~ 
ite .. 0011, copper cOTered. 

b. Impregnator. wt.her 28-in. x 4o-in., with rotating drum, 
r..rhaIl Laun4ry .... ohinery 00 peny. 

_e C.ntrl~, ••• xtractor. SO-in. diameter, under drlTen. 

• Dryer, drying t\lJll~ler. "G-in. x 64-in., herb n Laundry 
~ohin.ry Oompauy. 

e. 8tora,. 'ank. iron, 300-~allon oapao1ty for storing u.ed 
T4.terlorated) .olutlon. 

I.,. LaBoQr centritugal. -
£. thermometer. 3, pr •• iaion. Metal shield (2). 26-1n. 8t.~. 
TO_110°C. a~d (1) tnt1e lo-140·0~ 

'ebrua.1'1 ", 1.81 
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IV • PROCEDURE. 

1. Pr.parl~ the Solution. 

a. .torial. 
'the •• lution. 

The tollowing teriala are used in making up 

(1) Impregnite I, U.S. A~ Speoification No . 91~-il. 

(2) Chlorinated paraffin. U.S. Army Speoiftcation 
No. 4,-603-127. 

(s) AcetyleDe T tr ohloride. U.S. Army Specification 
10. 4-502-12. 

~. J1x1ng. The I~pregnlt. I aD~ ehlorin~tee paraffin in equal 
weights shall be mixed with aoetylen tetrachloride ( ••• Table 1) . 
Th. three material. are plaoed in a tank. and .team at about 

. 5 pounds per equare inoh pre.sure is passed through a steam coil 
whioh is rotated to keep the material thoroughly mixed. hen the 
mixture is thoroughly dissolved and heated to the de.ired tempera­
ture (60~C.) it is ready to b passed into the iJapregnator . 

• T atin, the Solution in Chlorine Oontent. During the 
tmpretnat{ng prOCOBS, the impregnating solution May be to.ted 
for available .hIorin. to insure the maintenance of proper 
oDcentratlon. ~i~e 00. of the solution is weighed in a 

gl •• 8 stoppered Erlenmeyer fla.x. Fifty OQ. of acetylene 
tetraohloride, 40 00. of 6 per oent potauiUll\ iodide solution 
and 10 00. of glaoial aoetic aoid are added. The mixture 11 
titrated ~~edlately against 0.10 I 80dium th10.ul~te solution, 
us1n~ ~taroh a. the in41cator. 

00.0.10. th1olulfat. x 0 .. 0122 x 100 :t: per cent IlIlpre~n1te I 
weight of lampi. - . in .olution. 

2.. IF p:eG.nationl .t Saturatin,. The garment. to be impregnated are plaoed 
Tn the i.pregnator and the impregnating solution run in, in 
8uffioient quantities to eompletely tltUrtlt~ the g rJrnt nts. Arter 
.tanding for about 10 ainute. , the solution ie drawn off and the 
garment. are rot ted and tu bled and allowed to drain until the 
rabrio 1s free from unab.orbed liquid. !hi. operation allo 
requires about 10 minute •• 
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~. Cen~r~tu,ln, . The garmentft are next transferred to the 
oentr1~,ing maohine and rot ted at 350 r.p ••• until all the 
.olutton in excels of the required unt 1. remoTed fro the 
g~rments . 

_~ ~1n,. The ga enta are next rotated and tumbled 1 • 
ourr nt of heated air until dry . Berore drylnr.. the 1.~egnated 
garments m st not be lubjeoted to sun or other strong light, ., 
.aoh exposure tends to i.eolor the clothing. 
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1he f'ollcnring table sh0W8 the tJerof!ntage conrpolition by Yeight of the i.preenatine 
solution and the time 01' centrifuging for the va.rious l'!l!l.terie.18 or g8.l'!lleuta listed t 

Ga.rment or Impreplte I Chlorinated • Acetylene I Time or 
terirA.l • % • Paraffin " aTetrachloride t CentrifUging 

s • % : Minutes 
t 1 l I 

Gloves, ootton, oliTe drab . s 8.0 I 6.0 • RelR&lneer t S 
Gloves, woolen. ,10.0 " , 2 • 10.0 
Breeches, oottou. , 9. 5 " • 1 9.5 
Breechea, wool~n. ,11 0 6 

It s 1 11 .. 5 
Shirt, Cotton. , 9 ,,5 " I 1 f 8.6 
Shirt, woolen. ,10.0 " 1 t 10.0 t 

Underwear, cotton. s 9.& to 10.5 " 2 6 to 10 9.6 to 10.5 a 
Underwear, wool~n . s 9.0 

It 
f 2 9 .. 0 I 

Stockin';8 , light ·~ oolen ... ,10.0 
n I 4, 10.0 : 

Stookinga, ~eaT1 woolen. • 7.0 " I 5 • 1.0 s 
Leggins, canTas. .IZ.!) 

It • 1 · 12.0 s · Hoods , cotton. : 9 .. 0 " • 3 c 9.0 • 
Coverall , cotton. .10.0 • 1 : 10.0 I 

Belts, Web t 90 0 
It : 2 : $ .. 0 

'. 



AI the acetylene tetrachloride is toxic, eyery precaution should 
be taken to preyent an ac 1atlon of the fumes of the i pregnatin~ solutiono 
This oan be done by mean of fanl, hoods, tanka, ~oyerlngs or other protective 
aealurea. 

VI. -rESTS. 

10 Requirements for 1mpreGnation and UUltard Re.i.t~nee . 

a , Protective Tr atment. '!'he aMount of Imprer,nite I 
remainln~ in the oloth after impregnation ot the varioul 
article. of olothin .hall be al tollowl, 

(1) 

(2) 

($) 

(4 ) 

(5) 

(6 ) 

(T) 

(8) 

(i) 

Glo,," '. Cotten or Y~ oolt'ln. 

I pr gnite I - -- - .. .- 8erT !: 1~ 

Bre ehe. 
IJllpretn it I in cotton - - 9-02 + 1% 
lspregnlte 1 in woolen - - 8.1 .. 1_ -
Shirt •• 
Impregnlt6 I in cotton - .. G.2 + 1~ 
Iapl'eg.''l1 t. t ill, woolen g.s I 1.1% 

Underwellr. 
IJIlpregnite I in eotton -- 8.7 + l~ 
Iapregn1te I in woolen -- 7.4 ! 1% 

St~ckln6S, Light or Wea!y Woole.e 

lMpregnite f in Li~ht weight - -
I pregnlte I in hea...y weight 

9.8 + 1.1~ 
.7! l~ 

Le5£itn', Canva •• 
Impregnite I - ------- 7.8 + 1" -
Hood , Cotton. 
XlIlpregnite I - ---- 9.2 !. 1% 

Coverall! Cotton. 
filpregn1te f - - - - .. - - 90 2 ! III 

Belts! I. eb. 
IlIlpregnite I ... ----- 70 8 !. l~ 

b. lU.tard Be.latanoe . !he l~pr.,n.ted oloth shall re.1st 
penetr~~ton by nustard Tapor ror at l •• st the duration of time 
at ted ~or he varioul artioles of clothint when ~u.tardl1.ed air 
at a oonoentration of O.&O.ag. of mustard per liter i. drawn 
thr~ugh the oloth at a linear velocity ot 4.' 0 •• P r minute. 

Direotive o. 1 

Appendix C 
- 5 -



.' 

(1 ) 

(2) 

(s) 

(4 ) 

(fS) 

Gl.,.,.8 •• 
Cotton -

olen ....... 

Breeoh ••• 
Cotton .. -

oolen - .. -..... 
Shirt •• 
cotton .. - ... ... ... 
'-Golen - -

nde,..,eaJ:'. 
Cotton -
floolen ..... - ., ., 

Stockings! Woolen. 
Light W.1&ht - ... ... 
Bea~ Weight ... - .. 

~g6ins, Canva. -

Hood, Cotton - • 

1-1/2 hr. 
9-1/. hr. 

., hr. 
1-1/4. hr • 

6 hr • 
4-1/2 hr. 

3-1/2 hr. 
6-3/' hr. 

5 hr. 

(6) 

(1) 

(8) Cov~rall, Cotton - ... 6 hr. 

(9) lelta, ~.~ ... - - - No test lpeoitied. 

2. thqd o~ 'eat, • . 
_0 S plea to~ tsR!egnlte I and M!.tard Re.l.t~noe , •• t •• 

(1) G1OTea, Cotton or oolen. A .ample, on. toot .quar , 
or the knifted good •• ot the same t~r1.1 a. the ~love't 
shall b. obtained artd 1M regn ted at the aame ttm~ with. eh 
number (81~.) of 600 pair. ot glovel or fraction thereot. 
!he sample. ot glove fabrio ahall be treated during the 
1 pregn.~1on prooe •• , exactly as the «lovea. and ahall 
reoe Te no other treatment t the gloves. .At least two 
muBtar reststanee test. ples 4 Inche. in dl&meter ahall 
b8 t~"n trom each one toot Iquare ample ot impregnated 
glove fabrio. Eaoh sa pIe shall be tested ror ~.t rd 
r .i. rtce. Two additional teat sampl.a, each three inch •• 
I us.re, shall be eut fro the one foot .quare ,sample. ch 
aa ple .hall ~e teltea tor I . regn1te I. 

D1reotlve o. 18 
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11' STS (CON't" D) 

(2) Ir.echea , Cotten or Woolen. A sample, one yard square, 
of the cotton or woolen eloth, of the .ame material a. the 
breechea, .hall be obtained and 1mpre~nated at the eame tiNe 
with eaoh batoh or 600 breeohe. or fraotion thereot. the 
•• pl •• of the ootton or woolen cloth Ihall be treated during 
the impregnation prooess exactly aa the breeohe. , and ahall 
reoeiTe no other treatment than the breechea. Two teat .ample. 
8 inche •• quar .hall be eut from the yard .quare sample . Each 
sample ahal be t~.ted tor t.pregnit to Two additional test 
samples , inches 1n diameter .hall be cut trom the saMe square 
yard a~~ple and t .ted tor .tard ro.tatance. 

(8) Shirts, Cotton or Woolen. A .a~ple. one yard square , 
ot the cotton or woolen cloth, ot the s • material a. the 
,hirts, Ihall be obtained and impregnated at the .ame time 
with each batoh or 500 Ihirt. or fraction thereot. The 
e pIes of th ootton or woolen cloth shall be treated during 
the impre,nation proce •• , exactly as th Shirt., n ahall 
reQeiTe no other treatment than the shirts. Two test sample. 
3 inchel .quare shall b. Gut trom the square yard ample. E:aoh 
te.t. ple .hall be te.ted tor Illlpref:nl.te I . Tlro additional 
teet ampl.fJs," inches in diameter , .hall be 0 ut trom the .a 
.quare yar~ s ple and te.ted for mu.tard re,iatance . 

(4) Underwear, Cotton or Woolen. A lample, one yaTd .quare, 
of the cotton or wool n knitted goods. of the same material 
a. the underwear, .bAll be obt 1ned and impregnated t the 
same tim. with eaoh batch of 600 undershirt. er dr wers or 
traction thereot. The sample. of the cotton or woolen knitted 
fabrio Ihall be treated during the impregnation prooe.8 exaatly 

• the hirta or drawers and shall receive no other treatment. 
Two teat samples 3 inohes Iquare Ihall be cut trom the .quare 
yard tample. Each sample .hall be tested for Impregnite I. "0 d41t1onal te.t L~ple8" inahe. in diameter .hall be cut from 
the, •• quare yard sample and te.ted for mustard re8ietanoeo 

(6) tooking', Light and BeaTY Wo~ Sample. of the 
t.pro~nated stockings shall be taken in the ratio of one pair 
of stookings to 600 pairs of .tockings or fr etion thereof. 
Test sample. ! inehe. square hall be out a, follow., One eaoh 
troll! the toot of eaoh stocking and one eaoh from the ankle of aoh 
Itooklnt. E oh teat .am~le lhall be tested for tmpregn1t~ I. 
Additional sa~ple8 , inches in diameter of the impre~nated atookint8 
ahell be t ken in the BL~ ratio, and t~ated for mustard re istanoe. 

Directive .0. 1e - 1 -
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(6) teflin., Oanva.. A sample, one foot .quare, of the 
eanTaa 0 oth. ot the .ame t~rl.1 a. tne leg&1n., shall be 
obt i ed nd impregnated at the lame time with e80h batch ot 
500 irs of leggins or fraotion thereot. The samples of 
the 0 nT.a fabrio .hall b treated durln~ the impregnation 
proces •• exaotly .a the leg~ins nd shall reoeive no other 
treatment than the leggins. Two test samplea, ~ inehe. 
square, .hall b cut from t he foot equare sa pIe. Eaoh teat 
sam 1e ahall be tested tor I~pregnite I. Two additional test 
Ikmpl~. 4 inohes in diameter shall b~ taken from the re lnin~ 
foot .quare sample and tested for mustarc reslstanee o 

(7) Rood, Cotton. A sample, aIle toot 'quare, of khaki cotton 
oloth, of the aame material "'8 tho hood, shall be obta1neCl and 

J)re,nat d .. t tho eame time with eaoh b tab of 600 hoods or 
fr etion thereat. The sarn nle of the khaki ootton cloth 
shall be traated during the 1mpr.tn~tion proces., exactly 
as the hood, aIW shall reo iTe no other tr~t_ ant than the 
hood. Two test wampl.s, a inches .quare, .h 11 be out from 
the toot .quare sample. Each .a~ple 9h~11 be teat d for 
Impregnite 10 ~o additional teat e mplea, 4 inches in 
diameter, ahall be taken from the re~ainlng toot .,u.r. 
sa pl and tested tor .t&rd reei.tan e. 

(8) COTerall, Ootton. A sample. one y rd squar , of the 
ootton oloth, o~ the same m terial •• the ooverall, ahall be 
obtained and impreKDated at the 8.~. time with eaon b tah of 
250 .oT~ralla or traction thereof. The sample. of eotton 
cloth hall be treated during the 1mpre~nation prooess exactly 
as the cOTerall. and shall reeieTe no other treatment. TWo 
te t eamplea, S inohee square, hall be cut fr~ the ftquare 
yard sample. Each t at sa pIe shall be tested tor lmpregnlte I. 
Two ~dditioOAl test samples, • lnohel in dlam ter. shall be out 
trom th square yard .a~ple and te.ted tor .uatard reBletanoe. 

s~ ~ ,nite I Teet. The aocurately weighed teat aample ot the 
tmpre,nated oloth i, plao d in a 750 co. Erlenmeyer flalkJ 50 ~O. of 
ohlor torm i poured in the flaek, .0 cc. of water and 10 00_ ot a 10 per cent 
.ol.tlon of potassium iodide and 10 co. of ~laoi.l aoetic aoid are added. The 
content. of the fIa.k aTe than titrated with 0.1 normal sodium thioftultate, 
ullng .taroh a. the indicator. 
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t . ~.tard Resistanoe 'e.t. The 8 ~l. of iMpre~neted oloth to 
be ta.ted 18 tl~htly ola ped between the two el0' fitting sections of a 
oircular bral. o~p (see Dwg. IAI-S- T96) . The protrud i ng edges of the cloth 
are closely tTl ed and the joint 1, cOTer ed 'with p8Tsttln to inlure an 
air- tight ••• 1. he ~'8taTd T.~or8 in known Tol ume and concentrftt1on are 
pass d through the cloth tor a . ea.ur~d l~ngth of time . The con truction 
of the up 18 $ ch th.t must r~ Ta~or •• nt~r t.he oup at the elreu~ference 
ot one s etion , ~u thr.')ugh the oloth , .n~ out of the oup at the oenter 
of the •• oond • otton . Thie proTides tor uniform contact between the teet 
sa_pIe of i regnated cloth .nd the stard T pore . 

Air is seed through a rlo tar to determine its r~tft of 
flawJ throuLh .~.ll ~la.s chamber 0 rrying a ther.momte~er to determin 
it. temperatuT J through a tla •• bubbler oonta1n1~!, liquid lstnrd 
(1 reed in a .w.ter bath tor tam erature .ontrol) to saturate it with 

star~ T pora, through tho cup oonta1ninr, th~ 8 pIe of i.pre~nated 
cloth, ~nd tinally. through 8 buubl .r (likeyi e in 8 wat r b th tor 
temperatuT8 contr 1) nontalninr, a .ol~tion of the dichromate indic tor . 

Th6 te ~rature of the fttr of the buubler . oontai ning the 
liqutd muatard. ano ot the muatard Tapor t 18 ~intained at 26·0. The 
diohr te Ind1 ~tor. oonaieting ot 10 co . of 0. 002 no~al pota.ei~ 
tHohr ate oont81nbg 20 er cent of IJultur1e acit'!, is kept at 80oe . 
Th teat t. eom~let~d ..nen the oolor of the indieator 1e dleoharg d . 

DlreotiT lIo. 1 - 9 -

AppendIx C 


