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- CONFIENTIAL

ABSTRACT

A new decontamination system for vesicants has
-=— - -- --- - .- -been developed, which consists.of-a chloroamide-dis=
persed in an emulsion of water in Perclene (tetra-
chloroethylene). This paste system was investigated
7 in detail to determine ““e effect of varying its
- compcsiiicn and the conditions of use on its effective-
ness as a decontaminant. The improved NDRC potassium
oleate paste was examined and both paste systems com-
. pared to TCE/RH-195 solution. TCE/RH-195 was found
to be the most efficient and the easiest to use of the
three systems for the decontamination of H in deck
paint.
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INTRODUCTION

Authorization

' 1. This work was authorized under Bureau of Ships Project No. 397/LL.
Problems proposed for study were given in Bureau of Ships letter 8-877-2(Dz) Ser-
ial 811 dated 17 December 15LO.

Statement of the Problem

2. This is a continuation of the study of the decontamination of C.
W. Agents, with special emphasis on the development of a paste system containing
a large proportion of water.

Known Facts Bearing on the Problem

3. The present NaVy standard decontaminatlon system for shipboard use
is a 10% solution of RH-195 in tetrachloroethane (TCE/RH~195). The objectionable
characteristics of this solution have been discussed in previous reports from this
laboratory. They include its toxicity, corrosiveness and injurious effect on var-
ious materials such as paint, clear plastics, rubber and cellulose acetate buty-
rate doped fabrics.

L. A paste system developed by the NDRC, which consists essentially

of Perclene (tetrachloroethylenc) potassium oleate and 8-461 or S-210, has some
advantages over the TCE/RH-195 system. This Perclenc/potassium oleate/chloroamide
paste was discussed in detail in NRL Report No. P-2211. This report also men-
tioned the preliminary work at this Laboratory on a promising cmulsion paste con-
taining Perclene, an emulsifying agent, a chloroamide and a large proportion of
water.

Theorctical Considerations

.

Se For shipboard use it would be desirable to have a decontamination
system requiring the storage of as small an amount of materials as possible.

One means of accomplishing this might be the substitution of water for all or
part of thc solvent, retaining a chloroamide as the active ingredient. Prelim-
inary examination of water systems indicated that an emulsion applicd as a paste
(too fluid an emulsion would run off vortical surfaces quickly) offered promise.
The emulsion should contain a paint penctrant, preferably one which will dissolve
certain chlorcamides to some extent.

bl

6. To decontaminate most efficiently, it was felt that the emulsion
should be of tho water-in-oil type so that the chloroamide<bearing paint penctrant
could come in contact with the contaminated surfaces. Furthermore, previous work
indicated that somo water-in-cil emulsions would stick to vertical surfaces,
whereas oil-in-water emulsions tended to run off quickly. The emulsion chould

be fairly stable so that it will not break rcadily when applied to a vertical
surface and allow the paste to run off.
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7. In the preliminary work toward dcvelopment of an cmulsion paste

a suitable water~insolublc solvent was needcd. Perclenc (tetrachloroethylenc)
was -selected as the most likely solvent to use on the basis of certain desirable
characteristics found in earlier work. One disadvantage of Perclenc as com-
pared to TCE is that Perclene is much morc volatile than TCE at ordinary tcmper-
atures. It was felt that incorporation in an emulsion would increase the con-
tact time of the Perclene with the paintcd surfaces, thercby increasing the effi-
cleney of the solvent.

Previocus liork Done at this Laboratory

8. Previous work donc at this Laboratory related to this problem has
becen prescnted in NRL Report No. P-19! 4, “The Use of RH-195 for thc Decontamination
of HS and -1, dated 8 Cetober 19L2; . TL chort No. P-2125, “"A Study of Pcreclene
(Tctrachlorocthylvnu) as a Solvent for usc in thc Dcecontamination of Airplancsh,

ated 29 July 1943; and NRL Report No. P-2211, YChloroamide Pastc Systems for
Dccontamination ‘of Vesicants" datcd 31 Decembcr 1943,

EXPERLENTAL
PART I. DIVELORMEMNT OF AN RNULSION FASTE FOR DECONTAMINATION

A. Screcning Tests of Bnulsifying Agents

9. It was desired to make an emulsion of water-in-Perclene into which
a chloroamide could be incorporated. Therefore, an arbitrary series of requirc-
ments for candidate cmulsifying agents iwas set up as follows:

(1) The cmulsifying agent must make 2 watcr~-in-oil type of emul-
sion in which Perclene is the continuous phase.

(2) The cmulsifying agent must makc an cmulsion which will adhcre
well to vertical surfaccs.

(3) The emulsion must be stable when chloroamides are dispersed
in it.

(L) The chloroamide-containing cmulsion must bec prepared casily
by stirring the ingredients by hand with a paddle.

(5) The emulsifying agent should preferably be soluble in Perelenc,
and this solution should be stable under various conditions of storage.

(6) A soacwhat viscous cmulsion would be desirable bccause it
would require less chloroamide povder to make a suitably thick paste.

Much cf the prcliminary work consisted of screcning the omulsifying agents on the
basis of thesc requirements. Additional factors vicrc cxpected to influence the
scleetion of the beat cmulsifying agent from those which satisfiod these six re-
quircmonts.
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(1) Preliminary Tests

10. Over 100 surface-active agents were tested as follows: One granm
of the surface-active agent was mixed «with 20 grams of Perclene and the mixture
examined for solubility of the agent in Perclene. Water was then added in 10 ml.
increments, usually up to a total of 50 ml., and the mixture stirred after each
addition with a Hamilton Beach high=-speed stirrer. The mixture was then examined
for {a) emulsion formation, (b) type of emulsion, (c) stability of the emulsion,
and (d) thickening action. The resulta are tabulated in Appendix A, Table I.

11. Those agents which gave no emulsion were dropped, as vere & number
which gave O/ emulsions. None of the 0/ type showed evidence of appreciably
thickening the emulsions. Of those agents which gave water-in-oil emulsions, a
number were eliminated because the emulsions broke quickly.

- .- -(2) Preparation of Hand-Stirred Emulsions Containing Chloroamides

12. The 25 agents vhich survived the screening tests were examined fure~
ther by a procedure similar to that described above, except that hand stirring only
was used. At the same time emulsions were prepared with the addition of 8-L51 pow-
der. In no case did the addition of S-LAl decreasc the case of emulsification or
stability of the cmulsion. In some cases the addition of S-LO1l improved the specd
of emulsification. From obscrvations based on these experiments, the cmulsifying
agents werc dividcd arbitrarily into threc classes: most promising, intermediate
and least promising. This was thc basis for the classification shovn in Appendix
A, Table II. In the most promising class were eight emulsifying agents, all of
which were lorg chain fatty acid cstcrs of sorbitan, mannitan or mannide, and all
were products made by the Atlas Powder Co.

(3) Decontamination Tcsts on Dceck Paint

13. Emulsion pastes wore mo- "> up using the eight most promising cmulsi-
fying agents with S-461, RH-195 and S-210, according to the folloving formula:

20 2. Pcrelene
1l g. Emulsifying Agent
30 g. Tap water
S g. S-b61) RH-195 or 5-210
14. Decontamination tests were made in the following manncr: Two-~inch

square stccl pancls previously painted with zinc chromate primer and two coats of
decck paint were contaminated with 2 drops (0.05 g.) of H spread on and allowed to
stand for onc¢ hour. The decontamination pastc was then liberally applied and lcft
for one nour, then washed with watcr under the tap, the pancls blottced and dricd
and tcsted at 35°C with Congo Red-S-328 test paper, in conjunction with sodium
carbonate filtecr papcr. The paper test times were recordcd in minutes and all
tests vhich were still ncgative after LS minutes wirce rccorded as ncgative.

15. The results obtained for the decontamination of deck paint with the
emulsion pastes arc given in Appendix A, Table III. Satisfactory decontamination
was obtained vwith all pastes except S-L61 and RH=195 with mannitan triricincleate,
RH~195 with mannitan diricinoleate and S-210 with Span LO and Span 60.

R
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In general, pastes made with S-461 were most viscous, less viscous with S-210, and ]
the RH-195 pastes were thin. Mamnitan diricinoleate and mannitan triricinoleate
emulsions were the loast satisfactory with all three chloroamides. They gave poor
emulsions which broke and dried out on the psnels, especially with RH-195. Arlacel

A was somewhat botter, but not as good as the remaining five emulsifying agents.

Span 4O, Span 60 and mannitan monolaurate made the thickest pastes when uged in the /
above formulation. It was later learned that the manufacture of derivatives of
mannitol had been suspended. The mannitan derivatives were in general no better

than those of sorbitan. Therefore, only a few additional experiments were made

with mannitan esters. '

B. Factors Affecting the Efficiency of Bmulsion Pastes for the Decontamination
of H:

16. Because of the promise shown by the emulsion pastes in preliminary
tests, a study was made of the effect of changing the proportions and ingredients.
At the same time the decontamination efficiency for H. under various conditions was
studied. =

(1) Effect of Varying the Perclenefliater Ratio

17. The first tests werc made with a Perclene/water ratio of 20/30 by
weight. In another experiment emulsion pastes of S-L61 were prepared in which the
amount of water was increased to give a ratio of 20/50. This data is included in
Appendix A, Tablc III. These pastes de.ontaminated about as well as did similar
20/30 pastes. The increased water content made the pastes more viscous.

18. In another experiment four S-L6l emulsion pastes were prepared using
a 20/80 ratio of Perclenc/water. The emulsifying agents used werc Arlacel C, Span
80, Span A0 and Span LO. Thesc pastes decontaminated H satisfactorily as shown in
Appendix A, Table III. However, increasing the Perclene/water ratio to 20/80 made
it more difficult to preparc thc emulsions by hand. The emulsions were less

stable and allowed water to separate.

15. The Porcleng/water rotio was varied also in other experiments. It

was found that a smaller proportion of water gave less viscous emulsions which

tended to run off vertical surfaces. A larger proportion of water gave unstable
ecmulsions which were more difficult to prepare by hand stirring. As a result of v
these experiments a 20/50 ratio of Perclenc/water by weight was chosen as nost ;/
likely to give good results. {-

(2) Effect of Varying the Amount of Emulsifying Agent

20. Pastes with a Perclene/water ratio of 20/80 were prepared using 5%
S-L61, RE=195 or S-210. Thc amount of ecmulsifying agent, Span {0 or Span 80, was
varied from 1%, S% to 10% of the weight of Perclcne. Thesc pastes were tested for
decontamination of H in deck paint. All the S-L61 and RH-195 pastcs decontaminated
H completely. The data for the §-210 pastes is given in Appendix 4, Table 1V.
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21, There was no significsnt difference in decontamination efficiency
due to variation in percentage of em)l. fying agent. The emulsions made using 1%
Span LO or Span 80 were difficult t. pr jarc and broke quickly. Tho 5% and 10%
emulsions wore satisfagtory exe~r  {cr .e RH~195 pastes which were lcss stable.
The 10% cmulsifying agent omrisiun w ce the most viscous, the S% somewhat less
viscous and the 1% were quit: <-.u. This cffcct was noted in other cxperiments in
which thc amount of cmulsify - -4ent was varied frum 5% to 10% and the Percleno/
water ratio was 20/30, 20/50, 20/65 and 20/80. On tho basis of thcsc and other
experiments, a 108 solution of omulsifying agent in Perclene was considercd to be
the most satisfact _;

(3, cChoice of Chloroamide

22. As a result of a number of preliminary experiments some of which
have already been described, the characteristics of RH-195, S-461 and $-210 in the
emulsion pastes had been noted. The RH=195 and S-210 used had becn micronized.

The cmulsions containing S-L6l were stable and the .decontamination cfficiency was
good. S-210 emulsion pastcs werc not as viscous as those made with S-L461 and did
not dccontaminatc quite as wcll, zlthough they werc stable. RH-195 cmulsion pastcs
were thin, unstable with "leaking' of water, and were not suited for application to
vertical surfaces. iVhen applied to horizontal pancls decontamination was usually
obtained.

23. Of the chlorocamides listed above, S-46l gave thc best ecmulsion pastes
However, S-L6l1 is casily ignitcd and dccomposes pontaneously fter ignition., A
numbcr of other chloroamides and mixturcs of S-L61 vith matcrials designed to in-
hibit thc dccomposition of S-L6l on ignition were tested fer use in cmulsion pastes.
Attempts were madc to preparc 20/50 type cmulsions containing 5% by wcight of Span
20 (sorbitan monolaurate) or Span 80 (sorbitar monoolcatc; in Perclenc and contain-
ing thc chloroamides or mixturcs listecd below in the amount of 10% of the final
pastc:

(2) 8-330 (micronized)made good stiff cmulsions with
" both Spans, witk no sign of breaking after 3 hours.

(b) 8-222 madc good, fairly stiff cmulsions which were
still quite good after 3 hours.

(¢) 8-300 cmulsions madc with Span 80 brokc within a few
minutes., They worce rcadily re-emulsified, but werc
thin and brokc quickly. S-300 cmulsions made with
Span 20 werc much better than with Span 80, although
they "lcaked" sonmc after an hour and werce definitely
thinner after threc hours.

(d) S-1L5 omulsions bcgan to break after about onc hour.
Span 20 was better than Span 80.

(¢) RH-851 emulsions with Span 20 had broken slightly

within an hour; with Span 80 thcy broke quickly and
bocame quite thin.
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(f) 5<L36 rcacted vigorously with Span 80 with the
evolution of heat. Howcver, stablo viscous
cmulsions containing S-L36 werc prepared using
Span 20.

(g) S5-UBl/Infusorial earth mixtures in Pcrclenc prevented
emulsification.

(h) 1Infusorial earth prevonted smulsification.
(1) S-L6)/Bentonite mixtures prevented emulsification.
(3) Bentonite prevented cmulsification.

2L, Of those listed above, S=330, 8$-222 and S-L36 madec the best emul-
sions and were tested for thc docontamination of -‘H in deck paint. ~The results are -
given in Appendix A, Table V. Except for $-330 pastes made vith Span 80, none of
these pasts deconteminzated satisfactorily. The pastes made with these chloroamides
skated" over the panels where liquid mustard was still standing and did not mix
well with the H. This is in contrast to S-L6él, 8-210 and RH-195 pestes, which
seemed to absorb liquid H rcadily, adhering as well to the places silwre liguid H
vas still standing as where liquid H was not present.

(L) Substitution of Sca iater for Tap Vater

25, The cmulsion pastes stullecd thus far were made with tap water. Be-
cause it would be desirable to be able to make these pastes with seo water as well
as fresh water, some cmulsions were preparad using a Wsynthetic" sea water. Emul-
sion pastes prepared with sz water, Poerclene, S-L61 and mannitan monclaurntc, Span
L0, Span A0 or Span 80 were thin and broke quickly. They were unsttisfocotory for
application to vertical surfaces, but when applied to horizontal deck pairt pancls
dccontaminated H satisfactorily. Sca water cmulsion pastces made with S-L36 had
fairly good physicel propcrtics, but decontaminated H poorly as did similar $-L3%
criulsions made with tap vater.

26. It was found possiblc to make fairly satisfactory cmulsion pastes
with sca wcter by adding polybutenc or other stabilizers in a2ddition to the emul-
sifying pgente In the ovent that cmulsior. pastes should be considcred practical
for use, suitable modification could coubtless be madc to allow the usc of sca
watcr in the formulations.

(5) Length of Timc of Application of Emulsion Pastc

27. 111 provious triels for decontanminction of H in deck point were made
by lcavinz thc paste on for one hour. $-210 postes using both Span 20 and Span 80
were uscd to deconteminote H in deck peint, the paste being left on for 20, LO or
60 minutcs. The results of thesc tests arc given in Appendix &, Table VI. It is
apparcnt that 20 minutes is not sufficicnt timec and 60 minutes gives somcwheot bet-
ter results than L0 minutcs. On the basis of thesc recsults it was judged that a
f0-minutc application should be uscd.

CONFIDENTIAL -6 -
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(6) Effect of Temporaturc on Preparction and Decontamination

28, Pastes were mado using Span 20 or Span 80, Perclene, S-L6l and water
as follows: (1) ice water, (2) tap wator at room tomperaturc, and (3) tap water ot
7C°C. Viater at all throc temperaturcs was oasily omulsified. Therc was a slight
ditfcrence in the viscosity of the pastes, tho hot watcr pastes being less viscous
than the cold. The cmulsion pastos mado v’ icc water wore kept at L°C, thosc
nade with room tomperaturc watcer were kopt at room tomperature, and thosc made with
70°C water were kept at LS5°C for one-half hour. Thero was no cbscrvablc change in
thesc pastes during that time,

29. The decontamination of H in deck paint at low temperatures was tested
as follows: Deck paint panecls were contaminated at room temperaturc and lcft for

L5 minutcs, thon placed outdoors (11°C) for 15 minutes and finally kept at 3°C for
15 minutcs before the paste was applicd. The.pastes werc 20/50 type with $-210

" and werce prepared from (1) S& Span 20 solution in Perclens kept at 3°C for 6 days,

(2) 10% Span <0 solution in Perclenc kept at 3°C for 10 days, and (3) Sx Span 80
solution in Pcrclenc kept at 3°C for 18 days. The watcr used was at 3°C. There
were no significant differences in the casc of preparation or stability of these
pastcs comporced to pastes preparced from similar materials previously brought to
roon tcmperaturce. The pastes preparcd at 3°C werc applied to the H-~contanminatced
pancls and left ot 3°9C for onc hour, thcn the pastes werce rcemoved and the pancls
tcsted 2t 35°C.  All rosults showed complete decontamination under thesc conditions.

(7) Scquence of Addition of Ingrcdicnts

30. It was found that S-461 cmulsion pastos could not be preparcd by
first mixing the S-L6l1 with watcr, then adding the Purclenc solution of the crnulsi-
fying ~gent. Bmulsifying agents tricd were Span L0, Span 60 and Span 80. Bmulsien
nastes containing $-210 and RH-195 could be prepared by mixing the chloroamide and
vatcr first. Paulsion pastes of all three chlorocmides wierce successfully preparcd
by cdding thc ingroedioents in the following order: Perclone solution of Span, water,
chloroamide; or Perclene solution of Span, chloroamidc, water. The lattcr proccdurc
vas the cas’cst to usc. It was concluded that the best method of preparing the
cnulsion pastcs was to wet out thc chloroamide in the Pcrelene solution of thc cmul-
sifying cgent first, and thon add the water with vigorous stirring.

(8) The Usc of Other Solvents

31. Although Perclenc wes a desircsblce decontamination seolvent in many
vizys, certain tusts indicoted that Perclene was morce volatile than desired, cven
when used in the cmulsion postes. For this rcason scveral other solvents were
exanined.

32. The charactcristics of the solvents werce as follows:

Hoxachlorobutadienc (Hooker Elcctrochemical Company) is non-inflem-
mablc, b.p. 210=220°C., m.p. -15 to -22°C., and is not casily hydrolyzcd by watcr
or mild alkalics. Bmulsion pastcs madc with this solvent werc physically satise
factory and did not harm dcck paint cppreciably.
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Hexachloropropcne is non-inflammable and has a high boiling point
«ad 2 low melting point. It likewisc was rcadily emulsificd and did not hnrm deck
paint.

Chloropropane Liquid 170 (Hooker Electrochcmical Compeny) is non-
inflammablc and has @ boiling rangc of 160° to 260°C and does not frecze but beecmes
quitc viscous below =50°C. Good crnwulsion pastes were made with this solvent which
did not harm deck paint.

Butyl laurate is a rclatively non-irflammablc, high-boiling solvent
vith 2 melting point ol less than -12°C. Bwulsions made with this selvent werc not
very stable, although there was no indication of a rcaction bctween chlorosmide and
solvent.

33. The results of decontaminotion tests with pastes madc using thesc
~solvents cre given in Appendix A, Table VII.. Nonc. of the cmuision pastes--contain=-
ine thesc solvents decontaminated deck pointed panels very woell.  Slurries of
chloronnides mixed with these solvents did nsi decontaminate wwell cither. Deter-
ninttions of the solubility of chloroamides in hexacnlorobutadicnce and hexachloro-
propcnc (Table VIII) indicated that the failurc to decontaminotc was probably dot
duc to lack of solubility of thc chiloroamides in thésc solvents.

L. Several other solvenic were tried, but they did n-* perforn well in
he pastecs. Tetrachlorocthanc made good timulsion postes, which, . swrever, completely
trippaed the paint from the test pancls, so that no tosts were made for complcteness
{ decontamination. It was corcluded that Forclone was the best solvent of thosc
ricd for :sc in thosc cmulsion pastcs in spitc of its volatility.

(9) Conclusion
as. As a rosult of the studices outlined ~bove, the following ingred-
3

ignts, proportions and procccurc werce sclected for the preparation of the cnulsion
typc decontamination postes:

Ingredicnt Parts by Wcight
Perclene 18

Span 20 (sorbitan monolaurate) 2
or Span 80 (sorbitan monooleate)
S=-461 or §-210 7
woter 50

The paste is preparcd by mixing the chloroamidc with the Perclene solution of the
crnulsifying cgent and then adding the victer with stirring. This paste is then ap-
plicd to the contaminated surfoce and left for onc hour, after which it is flushed
off with a strean of water, using brushes if necessary.

C. Deccontanmination of H in Various lkiatcrials

(1) vict Dock Paint

36. In thc tcsts of the cmulsion pastes for the decontanination of H
dcseribed thus far, stecl pancls painted with deck paint were used cxclusively,
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The pancls uscd worc dry. Further tosts were made to determinc wiicther the cmulsion
pastcs would dceontominate deck paint wot with frosh watcr or sca water. Aftoer the
H had becn left on the panels for onc hour, thcy were wet down with fresh weter and
sca water respectively, and then the emulsion paste was applied. Tho pastes ad-
hered very well to the wet panols and did not harm the paint. The paper tcest times
arc given in Appendix A, Table IX. It is evident that decontamination of H in dock
peint vas suecessful under thesc eonditions alse. It may be notcd herc that the
cmulsion pastcs did not have any harrful cffect on deck paint, wet or dry.

(2) Airplanc Paints

37. Docontaminetion tests werc made for K on both MLBS and DuPont 71
Linc locquers over zine chromate primor on steel. These pancls were contaminatcd
with H and decontominated with tiic pastes in the seme manner as crc the deck paint
pancls.  Jhe results of the tests on MUBS lacquer are siven in Appendix A, Table X.
The I'lBS zaint was considcrably softecncd so that some of it wes rcmoved during the
renoval of the pastc. The DuPont 71 Linc panels were decontamincted completcly by
the crnulsion paste troentment cven after 20 minute application, and were cpparcntly
unharned by the trestment.

(3) Doped Fabrics

38, §-L61 ~nd S-210 cmulsion pastes using Span 20 or Span 80 were used
to decontomincte H in deped febriecs, both cellulosc nitratc and ccllulosc acct-te
butyrate types. The results are given in Appendix 4, Taoble XI.  The ccllulosc
nitratc doped fabries were deconteminated but the ccllulosc acctate butyrate fabries
were not. No harmful cffcet was noted on cither type of coating. The cxpcriment
Ww2s rcpented on ecllulosc neoctate butyrate pancls, except that the pastces wore left
on for two hours., Slightly bctter results were obtainced. To detcrmine the effcct
on the tensile strength of faobrics contaminated with H and decontaminated with the
postes, or fabrics trintid with the pastes only, mocosurcments were made on the sur-
ics listcd in Appendix A, Toble XII. Each contamin~tion and decontamination treot-
ment was made threo times at threo dey intervals. Where H vas usced, it was loft

at least onc hour before op;lying the pastes. The tensile strongth measuroncnts
(onc=inch greb test) were made ~fter two wecks outdoor exposurc following the last
trectment.  Eoch figure given in the table is the average of four mcasurcmonts.

The dote show thot tensile strength of thesc fabries was procticzlly unaffcoeted by
thc cmulsion pastcs opplied wAth or writhout previous contamin~tion with H.

{L) Clcor Plastices

39, Dccontaminavion of H in Lueite, Plexiplas and cellulosc acctate
sheet vos attempted with pastes of the 20/50 Perelonc/wnter type mode with §-210
and 5-161. Span 20 and Sp~n 80 wcre tiac cnulsifying cgents. Two drups (0.05 g.)
of §wes left on 2" x 2% plastic ooncls for onc hour ond the paste applied ~nd 1lcft
for onc hour. All the pancls were conplitely decontaminated cxeept onc Plexigles
pancl, which gave & acgative tost ~fter 2L hours. No demage to the plastics was
cpprrent cxcept that ccused by the cexposurc to liquid H.
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D. Decontamination of Other C. W. ﬂggpts'

(1) Decontamination of HV

L0, Bnul.sion pastes of the 20/30 Perclene/water type made with S-l61
using 5 different emulsifying agents were used to decontaminate HV (H containing

87 cltlorinated rubber) on deck paint panels. The HV wae left on for one hour be-
fore application of the paste. The remults of the paper tests are given in Appendix
A, Table XII1. The decontamination was good and the paint was not harmed.

(2) Decontamination of L

Ll. S-li61 emulsion pastes of the 20/30 Perclens/water type, using §
different enulsifjing agents were used to docontaminate L on deck paint panelo.
- The L was a’lowed to remain for one hour before decontamination was attempted., DT
paper was used to detect any residual L after decontamination. If no positive test
vwas obtained in 120 minutes at 35°C the test was recorded as negative. The results
are given in Appendix A, Table XIII. In all cases decontamination was complete.
The panels were bleached and pin=point blisters vere numerous on each panel wherever
I had been spread. This is the usual effect of L on deck paint.

(3) Decontamination of Nitrqgfn Mustards

. (a) Hi=3
L2, Deck paint panels (2" x 2") were each contaminated with 0.05 g. of

Hii=3. After one hour, decontamination was attempted by sevoral different methods.
Tests for residual HN=3 worv made with godium carbonate pupers spotted with Dbe-3
reagent used in conjunction with a filter of sodium carbonate papor. If ro positive
tcst was obtained within 30 minutes, the tests wrere rcported as negetive. The
results are given in Appendix A, Table XIV. In addition to emulsion nastos of 3-21C
anc $-l6l, decontamination was attempled by spraylng the panrcls with a aolution of
RH4=155 o1 S-u36 in TCE. Comparison vith the blank sho.ss that all the muthods us.d
vtere helpful in the removal of H“-3 but that the spray of TCE/S-L36 s/as outstanding
in its brnoficial effcucet.

(o) Hi=1
L3. Tests similar to thousc for HNe3 viore mado using Hhel as tho cone

taminant. Thc results are given in Anpondix A, Tuble XV. Thn 8=436 omulsion pastu
wag the best docontaminatin: systom and the spray of TCE/S-l,36 was gond. None of
the other mothods:werc very offcetive, althouph tho surfacc contamination was ro-
moved.,

(4) Docontamination of Lachrymators

L. Some attompte iviore mado to docontaminate CN and BRC in dock paint.
The cmulsion pastos vcre not vory offoctive in the romoval of oithcr of those
lachrymators. The Porolono/potassium oloatc/3-L61 pasto discussnd in a provious
rcport vas very offective in removing CN but did not decontaminate BDBC completoly.
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E. Other Considerations Ro.lrdigl Brulsion Pastes

LS. Tho emulsion pastes were oxamined in regard to several otiw. proper-
{ tios of importance for a decontaminating system. '

! f (1) Storage of Perclene/Bmulsifying Agent Solutions

Ls. Solutions of Span 20, 8pan O, 8pan 60 and Span 80 in Perelene were
stored at 5°C., room tomperature and L5°C. for | weeks. The results are given in
Appendix A, Table XVI. At 5°C there was coasiderable separation of Span and
Span 60 from a 5% oolution. The solutions of Span 20 and Span 80 showed no separa-
tion except for a slight amount nf insoluble material which did not increase in
amount :n standing. Solutions filtored before storago did not show this slight
scparation.

} e ‘Porclene solutions of Span 20 (5%) and two different samples of Span_ . _-
' ST 80 (each 10%) wero placed at -20°F for 2L hours. All tho samples were frozen.
Whon warmed to room temparature ocach moltod with tho separation of the Spans which
{ rcdissolved easily whon the mixturos wore agitated. The samples were again s..:~d
' 3 at =20°F. Aftor L8 hours the temporature was raiscd to 0°F. The solutinns werc
‘ N homogenoous whon axamined 24 hours aftor raising tho tomperaturc. The samples were
thon stored at room tomporaturc for 5 monthe. There was no separation or evidence
: of reaction or decomposition of thou crnpononts.

L8. Solutions of Span 20 and Span 80 in Porclone made satisfactory emul-
sion pastos aftor oight months storago at room temperature, whioh included summer
temperaturos oxceoding 30°C at timos. Thoro was no evidence that any doterloration
of Lho solutions had occurred.

(2) Storag: of Prepared Emulsion Pastes

L. Tho stabilities of cmulsion pastes madc vith Span 20 or Span 80 and
8~L61, 8+210 or RH=195, storud at room tomporaturo and 45°C arc tabulated in Ap-

| pendix A, Table XViI. Examination of thc data shows that 8~210 pastus lost no

i active chlorine whon kept at room tomporature for 8 weoks., 8-LS1 pastes made with

. Span 20 wore likowiso stablo for 8 wooks but thosc made with Span 80 bogan to de-

! 3 toriorate aftor L wooks at room temporcturoc. Pistos made with RH=-195 wore some- A’/
: what loss stabloc than thosc mado with 8=L01.

%0, At L5°C, tho 8-210 pastos did not show loss of active chlorinc over
aftor 8 wooks. 8-L6l pastos worc fairly stable for two vicoks and RH-195 pastcs
showod considorablo loss of astivo chlorinc after one vook.

(3) Addition of Thickoning Agonts

51, A numbor of formulatirne for omulsion pastes werc made using poly-
butenc and aluminum socps ns thickonors. The thickonors wero dissolved in the Per-
¢lenc aftor solution of the Span. 1In ovory onsc the rosulting emulsion vas casy to
prepare, smooth and gave moro offoctive ndhosion to painted panels. Docontamina-
tion of H wae offoctive, but the dricd pasto films conteining the thickoners were
more difficult to rumove complotely from tho panols, cuxecpt vhere aluminum oleato
was the thiokoner. Bocausoe of the b..ter adhosion, it is to bo rocommendod that,

: if omulsion pastos aro oonsidored for uso, a thickonor such as alwninum olcate bo
addod to tho oxtont of 1 or 2% of tho Purcleno solution. Buch solutions including

‘ 8pan 20 or 8pan 80 show no separation or dotorioration aftor storage for 8 months

at 5°C,
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(L) Corrosive Action of Emulsion Pastes on Metals

52. It was observed that the emulsion pastes were less corrosive to
metals than was TCE/RH-19S solution, The MDRC group studying decontamination at
the DuPont Experimental Station also observed this and stated that the emulsion
pastes were about as corrosive as the Perclene/potassium cleate/S-L6l paste. This
latter system was found o be much less corrosive than TCE/RE-1%5 solutiorn.

(5) Storage of S-L61 in Perclene/Span 80 Solutions

53. §-1:61 powder is believed to be unsuitable for storage aboard ship
becausz of its inflarmmability. Numerous attemnts have been made at this and other
latoratories to redvce the hazard by the addition of water, hydrated salts and
inert materials such as bentonite. MNone of these attempts proved successful from
a procticel standpoint, Likevise mirtures of S-L6l with as much as 607 of a non-

“"inflammable chloroémide, such as 8-210 and S-h}é'did'not'inhibit the decomposition ~~ =

of 8=L61 sufficiently.

ch. Because of the statility of the emulsion pastes to loss of active
chlorine, it seemed possible that S-L61 might be stored in the Perclene/Spar. solu-
tion. Accordingly, mixtures of 3-46l in Perclens/3pan 30 solution were put i
steroge at rocm temperature, 45°C and C0°C. The storage tests were dropped after

3 vegks because of lack of stakility of the mixtures due to 1lnss of active chlorine.
The resualts are civen in Appendix A, Table XVIII.

(6) Attempts to Camouflcse Enulsion Pastes

(a) Addition of Dispersibie Figments

55. A number of S-LS1l emulsions were prepared using Span 8C as the emul-
sifyin; czent and viih 2 Perclene/water ratio of 20/30, 20/5C or 20/83. DuPont
nuwabers TLX-1A and TLX=08 were blue pigment pastes and TLX=-6% was 2 carbon black
pastc. Sultable blue-zrey pastes could be prepared by mixing one of the blue pig-
mernts with TLX=6%. The addition of TLX~-l4 made it difficult to prepare the emul-
sions and the resulting emulsions were less stoble. TLX-60 and TLX-69 did not
aflect the emulsiorns. It has been reported by the NDRC that carbon black cannot

he stored ith chlorocomides without loss of nctive chlorine. Consequently, at-
tempts verc rade to store TLX-63 and TLX-G9 as a dispersion in the Perclene/Span
solution, TLX~65 alonc shoied very little scparation after three wecks, but TLX-89
ond o mixture of TLX=63 ond TLX=-6% shoved considerable separation “ithin o few days.
Becouse of this sepcration, other means of camouflaging tihic pastes were scught.

(b) Addition of Perclene-soluble dyes

56, A number of oil soluble black ond blue dyes were obtcined and tested .
as follows. Onc grom of the dyc wes dissolved in 100 g. of Perclenc. Solubility
and color of the solution vas noted. Enulsion pastcs were then prep~red using Span
80, S-L461 and a 20/50 ratio of Perclenc/woter. The color of the paste, both wet

and dry, vos rccorded. The results arc shown in Appendix A, Table XIX. [ixtures

of 0il1 Black 6115 PDR, 0il Black 24087 or Calco Oil Black 8603 with AZP 01l Dlue
Black B, Cnleo Oil Blue Goo or Sudan Blue GA 2L7LS9 incorporated in the pastes gave
sntisfoctory camouflage colors. Storage of these dyes in Perclene/Span 80 solutions
wos sctisfoactory. It was concluded that the usc of Perclene soluble dycs wes the
most sctisfoctory way of coloring the pastes.
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PART II. .CCGiiPARISON OF THE EIULSION PASTES WITH OTHER DECONTALINATING SYSTEMS

A. Decontamination Efficiency

57. A number of experiments were carried out in an attempt to determine,
for each of four decontamination systems, the relative coverage in sq.yd./gal.
which would effectively decontaminate H in deck paint. At the seame time observa-
tions were made rogarding the ease of handling the various systems. The systems
used were TCE/RH-195 solution, S-L6l or S-210 emulsion pastes, Porclenc/potassium
oleato/S-L61 paste and a modified potassium oleate paste. This improved potassium
oleate paste is described in NDRC Report OSRD No. 3927, WImproved Decontaminating
Systems", August 1, 19LL. The NDRC (DuPont QGroup) found that the addition of a
specisl wax (Aristowax 160/165) to the potassium oleate/S-210 pastc considcrably

- improved -its -decontaminating efficiency and made-it somewhzt easier to rcmove than

earlicr pastes of this type.

8. Each of these systcms would require the storage of two components.
Represcntative formulations used were as follows:

Parts by Weight
System Component A Component B
TCE/RH-195 1 part RH-195 10 parts TCE
Emulsion Paste # 1 part S-L61 2.6 parts Perclene

0.3 parts Span

¥ Qlpate Paste 1 rort S-LEY 3.3 parts Perclenc
1.7 parts K Oleate

Improved Kk Olcate Paste 1 part 5~210 ©.53 parts Perclenc
1.75 parts K Qloate

(28% H20)
0.27 parts Ba(OHp).8

H,0
O.iS rts Aristowax
160/165

% BExclusive of viater used for make=up.

59. Navy 20B bluc deck paint on stecl was the surface usod in all the
decontamination tests. Small pancls (2" x 2" and 6" x 12") were uscd indoors at
room temperature and outdoors at tempereturcs as low as L5°F. A 3-inch Navy gun

cnd mount was decontaminated at tcmperatures from LSOFE to 80°F. Stecl pancls, 36"

x 72%, were used in experiments, most of vhich were corried out in a large gas
chamber at 95°F. In all cases where used, TCE/RH-195 was sprayed on the contamin-
ated pancls. In the larger scale tests both the Navy 3-gallon and the Armmy 3=gallon
sprayer viere uscd. The Army sprayer was the morc convenient to usc in applying the
solution =fficiently to a small arca. In the larger scalc tests, the pastos were
sproyed writh the 3-gallon sprayers or applicd with a paint brush. Dctails of some

" of these cxperiments arc given in Appendix B.
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60.

On the basis of the data from Appendix B, it was estimated that,

with most efficient usage of each system, H contamination of 0.75 og/sq.yd. could
be decontaminated safely by the application of 0.7 1b. of TCE/RH-195 solution,
1.5 1b. of S-LS1 emulsion paste, 1.5 lb. of K Oleate/S-LS1 paste, or 0.9 1b. of

Improved X Oleate paste per square yard of contaminated surface.
applied by brushing in most cases.
minute interval between sprayings.

The pastes were

The TCE/RH-195 was sprayed twice with a 10-
The density of each system was found to be:

TCE/RH-195, 13.2 1b/gal.; emulsion paste, 9.5 1b./gal; K Oleate/S-L6l paste, 11.3
1b/gal; and Improved XK Oleate paste, 12.1 1b./gal. From these figures was cal-

culated the coverage in sq.yd./gal. £x each system.

below:
Lb/yd?
Systen Needed
TCE/RH-195 0.7
BEmulsion Paste 1.5
K Oleate Paste 1.5
Improved K Oleate 0.9

From these figures,

Density
Lb./Gal.

3.2
9.5
1.3
2.1

Coverage

8q.Y

gal.

19.0
6.3
7.5
13.h

sprayer

These figures are tabulated

Coverage

Sq.yd./3 gal.

57
19
22
Lo

it is evident that TCE/RH-195 solution would be the most con-

venient to use because it will cover a larger area than that covered by a similar

volume of paste.

B. Storage Requirements

61.

Using the values for the coverage by each system obtained in the

preceding paragraph, the relative weight and volume requirements necessary for
decontaminating a square yard of surface would bte as follows:

Bmulsion Paste, S-461
TCE/RH~-195

K Oleate Paste, S-l61
Improved K Oleate Paste

Weight to be carried (Pounds)

Solvent or
Solvent Mixture

0.3 #
0.63
1.25
0.81

Chloroamide Total
O . lh o. 53
0.07 0.70
0.25 1.50
0.09 0.90

# This does not include 0.97 lb. of water qeeded.

Pmulsion Paste, S-46l
TCE/RH~195

K Oleate Paste, 8-LAl
Improved K 0 paste, B8-210

Relative Volume to bu carried

Solvent or
Solvent Mixture

0.24
0.39
1.00
0456

Chloroamidess  Total
0.3k 0,58
0.14 0.53
0.62 1.62
0 L] 18 o ’ 7 h

w# Assuming density of 8-210 and RH-195 is 0.5 and of 8-LS) is O.L.
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6. These calculations show that the paste systems would require as
- much or more space to store the necessary ingredients than is the case with TCE/
RH-195. Furthermore, if S-210 were used ’ : the emulsion paste somewhat more paste
would be required per unit area. Alsc it should be pointed out that for a lighter
contamination of H, it might be possible to apply the TCE/RH~195 more thinly. It
is doubtful that the emulsion paste could be effective in a much thinner layer be-

cause the vaste would dry téo quickly. The improyved potassium oleate paste could ke
gsgg1égea somewhat thinner layer because the special wax retards the evaporation of
S0 L.SNe .

C. Precparation and Application

63. The TCE/RH-195 solution is readily mixed and easily applied by
spraying or with swabs. The prepared solution is stable for sevcral weeks at med-
erate temperatures, but should ordinarily be prepared shortly before uses The
residues should be hosed off with water, but this offers no difficulty as the res-
ldues arc readily washed avay.

oL. The omnlsion naste is readily mixsd and may bc applied by spraying
or brushing. It is morc apt to clog any spray nozzle than is the TCE/RH-1Y5 solu-

! tion, and it is morc diffisult to clcan from the 3-gallon sprayers. Thc preparcd
saste is stable for scveral months at mederate temperatures, put it is not recom-
merded that it be preparcd in advance. The residues arce usually readily dislodged
ty hosing with woter but may require scrubbing vith a brush in some cascis. The
rcsiduss arc much more voluninous than for PCE/itli~195, and disposal of thcn will
roquire more attention to drainage facilitles,

65, “he Perclenc/potassium oleoatc/8=210 vaste is ea3ily mixcd but re-
quircs morc stirriug than do the othor two systems. The solvent mixturc, bofore
adding the 8-210, will scparatce to somc oxtent on storape and is difficuit to re-
mix vwwen cold (39¢ - LO°PR.). The wrepared poste will losce much of its activwve
chlorine vithin tventy-four hours and must he preparcd fresh shortly beforc use.
This ;astc also is more apt to clog the spray nozzle and is difficualt to rcemove
from the 3-gallon sprayer. The residucs are more difficultly removed than for the
othcr two systems and reoquire scrubbing in addition to hosing with watcre. The
rceiducs from this pastc are likewiso voluminous.

Seey

D. Othcr Considcrations

65, Doth thc emulsion pastc and potessium oleatc paste would requirc
the addition of dyes or pizacnts to camouflage the white color of the pastes or
naatc rcaiducs. 8Satvisfactory means have beon vinriced out for doiny this. TCE-[tH-
155 solution rcquircs no camouflages Also, cakinz of tho chloreamide would in-
erccse somevhct the work of stirring up the pastes, o8 comparcd to the TCE=-RH-195
solution,

E. Summary of Comparison of Systoms

67. The comparisons of the throe best systoems under discussion arc sum-
mariz.d in Table XX. From this table it 13 scun that the chicf disadvantages of
the TCS/RH-1¢S solution arc 148 toxicity, corrosive effccts on mctals and harmful
cffeet on plastics, The pastes arc much better in thesc réspects but suffcr from
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lower coverinrs power, somewhat greater storage requirements and greater difficulty

- in application and removal. It should be noted also that S-210, which is used in
the pastes, is not in production at present although it can be manufactured on a
large scale.

68. Theo potassium oleate paste is a better decontaminant for thc nitro-
gen nuastards than are tho other two systems, The potassium olcate pastc will de-
contaminatc CN, for which thc other two systems are incffective.

TABLE XX

Comparison of Decontamination Systems
for Use on Shipboard

. ... _.._..  ...TCE/RH-195S _ Improved . Bmulsion/S-210
Solution K Olcatc/S-210 Pasto
Decontanination of H Good Good Good
Dccontamination of L Good Good Good
Decortanination of ilM Fair Fair Poor
Decontzniination of CF Poor Nnod Poor
Dccontarination of EIC Poor Fair Poor
Dezontamination of wet surfaces Poor Good Good
Dicon. at hich tomp. (95°F) Good Good Good
con, 2t 1lovw temp. (S0°F.) Goozd Gaad Good
Irnflommability of ieoterials Non: Nonc Honc
Availarility of Matcericls Good Good Good -
Lowest usable temperaturc About -30YF About <L°F About 72°F
Camoufiaps necessery e LGS Yes
Toricivy of vepors Nad Goad Sood
Skin irritation bad fad, if hot Tod, if hot
Easc of Preparation Goc«: Fair Fairly good
Stability of jliixture + Foou Foir Good
. Ense of Application Good Fair rair
: Erse of Removal Good Requires scruthing fay nced
scrubbing
Disnosnl of Residucs : Good Bad Fair
u¢‘\ct on aeck reint nad Little cifcet Little officet
rision rair Good Good
Zi'fucth on plastics Bad No cffect My o ffcet
nclaiive vole, off matirials requircd 1.0 1.4 1.1
Covering pongr, yd2;3-gal. sprayer 57 LC 15

: §-210 is not in production at present datc.
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SUIHIARY AND CONCLUSIONS

69 . A now decontamination system, the emulsion paste, has been developed
which consists essentially of a dispersion of a chloroamide in a viscous emulsion
of water in Perclenc. Viater makes up 657 of the total weight of the system. The
chloroamide giving best practical results is $-210. VWith the exception of its
inflammability, S-461 is better than S-210. Span 20 (sorbitan monolaurate) and
Span 80 (sorbitan monooleate) werec found to be the best emulsifying agents for this

purpose.

70, This system will satisfactorily decontaminete H in deck paint under
various conditions. It will decontaminate L and HV rcadily, and will partially
dccontaminate HN-3 and HN-1, boing as effective as TCE/RH-195 in this respect.
71. Cellulose acetate and mcthyl methacrylate clear plastics are readily
decontaminated from H by the emulsion paste without further damage than that caused
by H. Aircraft paints are fairly readily decontaminated from H, althcugh ML8S
lacquer is softened and looscned by thc paste, Cellulose nitrate deped fabric is
dccontaminated and cellulose acetobutyratc doped fabric partially decontaminated
without damage by the paste to the coating or fabric.

72. The cmulsion paste system is much less toxic, less corrosive to
metals and less hArmful to paint and clear plastics than is TCE/RH=195. The cmul-
sion paste is not quite. as easy to handle as TCE/RH-195 and would requirc slightly
mcre storage space., The mixed paste huas about onc=third as much effective covering
power per gallon as does the TCE/RH-195 solution.

73. An improved modification of thc NDRC potassium oleate paste hag been
examined and found to be about twice as efficient as the carlier potassium olecate
pastc. This improved pastc would rcquire more storage space than cithcr the TCE/
RH=195 solution or the emulsion pastc, and is more difficult to remove after decon-
tamination. The improved potassium olcate paste has about twice as much covering
povicr per gallon as doecs thc cmulsion paste,

RECOIRENDATIONS
7L, None. Thc TCE/RH-195 solution is more efficient and is easior to
handlc than is any paste systcem thus far examined., The pasta systcms warrant con-

sidcration if the taxicity and deletcrious cffcet of the TCE/RH-195 solution on
many surfaces should ever make it nccessary to use some other system.
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TABLE II

Classification of Brmulsifying Agents

These agents were arbitrarily divided on the basis of ease
of emulsification of water in Perclene by hand stirring,
and their stability in the presence of S-L6l.

Most Promising ’ Intermediate
Arlacel A . .. . _ _ . Diglycol laurate
Arlacel B Glyceryl monoricinoleate
tamnitan diricinoleate Hannitan monooleate
Mannitan monolaurate liannitan tetraricinoleate
liannitan triricinoleate Sorbide monolaurate
Sorbitan monooleate Sorbide monostearate
(Span 8C)
Sorbitan monopalmitate Sorbitan monolaurate (Span 20)
(Span LO)
Sorbitan monostearate Sorb*tan nonoricinoleate
(Span 60)

Sorbitol laurate
Triton B1956

Least Promising

Glyceryl monolaurate

Glyceryl monostearate
Glyceryl oleyl triricinoleate
lead re-inate

Sorbide dipalmitate

Sorbitan trioleate

CONFIDENTIAL
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TABLL IV

Decontanmination of Ii in Deck Paint with 20/80
Baulsion Pastes of S-210

Erulaifying Agent % of Welght Paper Teat Tinmes
of Perclene 1 Hr. 2L Hre.
Spar: 1,0 1% neg.
5% 2 neg.
2 nes.
S o - _ -iO,é 2 neg.
< neg.
Spnn GO l,:: 2 nego
3 ne;;.
L 10, 2 reg.
ne;

VALLD V
—

Decontamination of H i1 Deck Padine

Teper Test Times

Prrclone/ inter Percentare of JLLT 8nan o0 ~Ath Span B0
latin Chloroamide Imed. <L ilrs, LinCe 2l HY's.
2, o0 5.0 3«30 18 neg. neg.
10 neys. nef
; 20/50 1046 3=330 1 & neg
3 1 9 neﬁ'
20/50 ) 8=222 1 2 1 3e
1 2 1 b4
20/50 105 8-222 1 3 1 3
1 nes. 1 3
20/50 107 8=U36 1 Yy 1 11
1 3] 1 neg.
20/30 105 8-330 neg. neg.
. A neg. nern,
20/30 108 8-222 1 neg. 3 neg.
1 12 3 neg.

COLYIDEITIAL




; TABLE VI
) Decontamination of H in Deck Paint
) .
' Application Test Time
| N Bunulsion Paste Time (Min.) Tred . 3 Ars. 7L Wrs.
Span 20/5-210 20 1 5 neg.
1 2 15
) Span 20/5-210 Lo 9 neg.
) 30 neg.
| Span 20/8-210 60  neg.
) neg.
Span 80/5-210 20 1 5 neg.
1 10 neg.
! Span 80/5-210 Lo neg.-
| ‘ neg.
| Span 80/5-210 60 neg.
i neg.
i
TABLE VII

’
: Decontamination of H on Deck Paint
Paper Test Time (ilin.)

Prulsion Paste TImmed. <y Hrs.
% HCB/Span 20/5-L61 ! 2
< 3 b
' s HCB/Span 20/R#-195 R 1
' <1 1
HCB/Span 20/5-L36 8
3 neg.
' % HCP/Span 20/8-L36 3 21
5 30
% CP/Span 20/RH-195 <1
. —1 #HCB = Hexachlorobutadiene
HCP = Hexachloropropene
¢P/Span 20/8-L61 <1 CP = Chloroprepane
_ ' <1l BL = Butyl laurate
' CP/Span 20/8-L36 <1
. - 1
% BL/Span 20/8-L6L <1
<1

CONFIDENTIAL
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TABLE VIII

. Solubility of Chloroamides in
Hexacnlorobutadiene and Hexachloropropane

Solubility

‘ Solvent : " Chloroamide . /100 cc. Sol'n.
;l Hexachlorobutadiene §=461 . 0.015
| " RH-19% 0.82

t " o 8-L36 Y 1Y L
; - I{éxs_tchloropropene S-L61 0.03

f " RE-195 1.00

. 5-36 5.10

!

|

f TABLE IX

} Decontamination of H in Wet Deck Paint Panels

; The pastes were prepared with 5-461, Perclene, Water
\ and the enulsifying agents licted.

: Paper Test Times (Minutes)
j

viet with et with

’ Bnulsifying Agent Fresh jlater Sea water
: Arlacel C neg. neg.
Span 80 neg. neg.
; Span 0 neg. nee.
| Span 60 neg. neg.
Mannitan monolaurate - neg.
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TABLE X

Decontamination of H in ML8S
Airplane Lacquer

Papor Test Time (Minutes)

Bmulsifying Application 3-210
Agent Time (Min.) Trumed. 2 Hrs. 8.,
Snan 20 20 2 28 ] 3
i L2 1 1
"~ ‘Span 80 20 - "~ 6  neg. — "1 -l
L L2 2 neg.
Span 20 60 2 8 neg.
6 neg. neg.
Span (C 60 2
neg.

Enulsion Paste

Span 20/5-210
Span 20/8-161
Span §0/8-210

Span 20/8-461

TABLE X1

Decontamination of H in Doped Fabrics

Application CN «Fabric CAE #Fabric
Time (Hrs.) Trmed « immod., ¢4 Hrs.
1 5 1 L
2 - 1 9
1 nag. 1 N
2 - 1 neg.

1 neg. 2 S
2 - 1 6
1 neg. 1 5
2 - 1 29

#CN = cellulosc
#CAB= collulosc

CO!FIDENTIAL
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TABLE XII

’ Tensile Strengih Measurement of Doped Fabrics
) : after 3 Successive Treatments and 2 \eeks' Qutdoor Vieathering
' J
Tensile Strength (Lbs.)
) Telluldsc Telltlose
! Treatment Nitrate Acetobutyrate
, 1. Blank . 113 127
----2. Span 20/8-210 Bmulsion - - - - - - 107 - - - 120
3. Span 20/8-461 Pmulsion 115 131
4. Span 80/9-210 Bmulsion 113 117
S. Span 80/3-L61 Emulsion 106 120
6. He+ (2) | 116 130
7. H<+ (3) 113 129
8. H+ (L) 110 129
9. H+ (5) 114 125
TABLE XIII

Docontamination of HV and L on Deck Paint
with 8-L61 20/30 Perclena/water Pastos

, Paper Test Time (!in.)

Emulsifying Agent av L
Imned. <4 Hrs. Immed .
' Arlacel C 23 neg. neg.
15 neg.
) Marnitan monclaurate r.2g. neg.
Span 80 nog. neg.
: Span L0 nog. neg.
' ' Span 60 ' neg. neg.

CONFIDENTIAL




TABLE XIV

‘ Decontamination of HN=-3

Paper Test Times (lin.)

Dscontamination System Immed. ¢l Hra. L0 HArs.

Span 80/5-L61 emulsion paste 10 2L
10 27
Span 80/5-210 emulsion paste 10 21
: 10 21
Spray twice, TCE/RH-15 10 2,
10 27

Spray twice, TCE/$-436 26 neg.

26 neg.’
i Blank 3 10 20
3 10 19

TABLE XV

Decontamination of HN-l
Faper Test Times (ifin.)

Decontamination System Imned. 3 Hrs. L8 Ars,
Span 80/S-L461 emulsion paste 3 6 16
L 6 16
Span 80/5-210 emulsion paste : 5 6 16
5 6 17
’ Span 20/5-L36 emulsion paste neg.
neg .
Span 80 emulsion, no chloroamide L 5 16
5 é 20
Spray twice, TCE/RH-195 L L 11
3 I 9
Spray twice, TCE/S-L36 5 23 neg.
6 23 neg.
] Blank 2 1 5
2 1 S
LY
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TABLE XVI

\ ¢ Storage of Perclenc/Span Solutions
) Separation on Storage (U ilks.)
3 Porclene Solutions % Span ReTe >°C L5°C
Span 20 10 None V.>slight Nong
Span 2C 5 ~ None None None
Span LO 5 V.slight# Considerable V. slight
- "~ 'Span 60 7 % V,slight Considerablc ~ V. slipht
Span 80 S V.slight V. slight V. slight

#V. slight separation appears to be duc to insoluble
impurities such a2s so-bitol.

TABLE XVII

Stability Of Emulsion Pastes on Storage

Storage Emulsifying % c1*
Temp. Agent Chloroamide Orig. 1 WK. © WKS. L WKS. B WKS.
R.T. Span 20 5-L61 2.30 2.79 2.85 2.83  2.82
" 20 §-210 1.85 1.86 1.87 1,90 1.67
L 20 RH-19S 3001 3-03 2-98 2096 2062
Spar, 80 S-L61 2,56 2.62 2.62 2.54 2.1
w80 5-210 1.78  1.78 1.79 1.73 1.80
* 80 RH-195 1.85 1.82 1.79 1.74 1.657
Lsec Span 20 Svlbl 2,80 2.74  2.62 1.91 0.28
w20 5-210 1.85 1.91 1.9k - 1.67
" 20 RH-195 3.01 2.30 1,49 - -
Span 80 S-uél 2 . 56 2 ohh 2 ohl 2 . 31 1 053
w80 5-210 .78 1.77 1.78 - 1.62
w80 RH~195 1.85 1.3L4 0.87 - -

CONFIDENTIAL




TABLE XVIII

Storagc of S-L6L/Span 80/Porclene lixtures

Storage Time

Original
3 days
7 days

22 days

JOUFIDENTIAL

5 c1t
R.T, 5°C ZoC
16,52 16.37 16.30
15.62 15.20 1L.80
15.10 15.58 14.34
15.14 15.00 13.43
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- APPENDIX B
Dedontamination Efficiency of TCE/RH-195 and Paste Systoms

1. A series of decontamination experiments was made with ths paste systems
using 6" x 129 blue deck painted stoel panels. Eagh panel was contaminated on 2-
inch squares with H at a density of about 20 g./yd®. The temperaturc during the
tosts was 95°F. One hour after the X was applied, tho pastcs were brushed on, left
for one hour then removed by hosing with water and brushing if nccessary. The re-
sults of the tests for residual H are given in Table I.

TABLE 1

Efficiency of Deconteminating Systems (Small Panel)

Vicight of Paste Used Paper Test Time (linutes)
Pasto Lb./yd? Tmmeds 3 Hrs. 20 Hrs.
E.P. S-L61 1.6 neg. - -
» " 1.1 8 - neg.
" u 0.7 1 - ncg.
E.P. §=21C 1.7 S, neg. neg. -
" " 1.1 2. 2 14, 28 neg.
" " 0.8 <l L neg.
K Oleate/S-L61 0.9 kL - neg.
n n 0.6 2 - neg.
" “ 1.2 1 - neg.

2. A series of oxperiments using several decontaminating systcms were run
in which 36" x 72" blue deck painted panels were used. Data were obtzined for
TCE/RH-195, the pogassium oleate pastc and emulsion pastes. The H contamination
vas about 20 g./yd- The temp.raturc durin: the tests was 85 to 95°F. The tosts
for residval H arc giver in Table II.

TADLE II ’
Efficiency of DccontamInating Systems (Large Panels)
Application “velzht Uscd Paper Test Time (Min.)

System Uscd kethod Lb/yd Immed. 3 Hrs.
E.F. Span 80/5-210 Spray 2.% <I(F) 2 %o ncg.
E.P. Span 80/5-210 Brush 0.5 <1(4) 1,«<1(3)
E.P. Span 80/5-L61 Brush 0.1 3,1,1,2 5,3,2,3
E.P. Span 80/S-L61 Brush 1.25 2,4,6,ncg. -
K. Clcatc/S-L61 Spray 1.2 15,20,ncg.(2) -
TCE/RH-195 Spray 2.7 5, neg.(3) -
TCE/RH-155 Spray 0.7 9,30,20,ncg. 30,neg(3)
TCE/RH-195 Spray 0.7 7,26,ncg.(2) -
TCE/RH~195 Spray 0.8 10,15,20,ncg. ~

Note: Figures in parcntheses indicatc the number of tests which gave the same
paper test rcadings.
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3. Ingredients for the improved potassium olcate paste were obtained from
the NDRC group at the DuPont Experimcntal Statlon. The potassium oleatc suspen-
sion had the following composition by weight:

Tetrachlorocthylene (Perclena) 67.3 parts
Potassium Olecte (28% water) 18.0 parts
Barium hydroxidec octahydrate 2.75 parts
Aristowax 160/165 1.6 parts

To preparc the paste, 11.5 parts of S-210 werc mixed with 100 parts of the above
dispersion. Decontamination tests for H using the paste wecre made on 6" x 12w
_.deck painted stcel panels. The H contamination was.approximately 20 g./yd%. The
tests for residual H arc given in Table ITI.

TABLE III

Decontamination of H with Improved Potassium Oleatc Paste

Anmount_Used Paper Test Time (i‘inutes)
Li/yd? Tmncd. 3 Tks. 71, Wrs.
0.0 L, L L0, neg. neg.
C.9 10, neg. neg.
0.9 _ neg.
1.0 : neg.
1.1 neg.
1.5 neg.
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