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ataamtioi of stAtie oIootrloitT^ la elottlag ijili tea kora 
taew for mmy ymn. At ao tlaa fcavtowlgr baa tka jrablaa law aw- 
■lAaraA aarloaa frw a allltafjr ataa^alat baaaaaa alth Mbrles aa* m

tte waamtlw ^ atatia tbmxm* «t aafflaiaat -ngpltati la aiaata a' 
praklaa wall la taiy wUtelx* Am bl|^ rtgrla jaiparitaa af aaal Ml 
aattw Mlar taaawallt «aMt**taia wA Inwliitjr i-iTnti af tka 
•tMaikaaa taM to fsaalMa tka —Mitiw af laaprwiy hi^ taltNPM

With tka aaa ia allltaiy alalklM 
M^ly hylTBikaite la aataia, 
tka llkanhod of ata«>la ■aaamtlaa, 
tiaaa kaa graatly lacaaaaad. 
aat Aaaart, tka kaaari fsw statlo 
yakklaa to tka laAialABal anA to « 
him.

*ha ataljr laportoA la tha foUovlas tM** *apiaawta a sariav of tka 
poraklao praaaataA ly atatla •aaaratiw la alettlM* aaA w awlaiotiam af 
tha methods ly MIA tka preklaa aaa la ■UlmlaaA aM tka itiatlM af a 
Aaxse la avalaataA w a elathlas ayatw.

this ataly aaa laltUtaA Issaaas of a lattar from tha Chlaf, Offlw
AaaalSfMmt, Mfiaa af tta Mtanaatar Oamana, lataA

17 Mkr 199% (fUa 9HtV ^.lU) Miaati Aati-Matla Fimlsh. Xt aaa 
that awaHawatlw ka flaw to tka aaoaas far tka 

orlclaotlag U tka flalA, aUagiM Umaalty tea ta atatla

I aoxk layertaA aaa ___________ _____________ _
Ua aatean af tka teatUa, OXatkl^ k faattaar MalsiM. 
wa yroniat aaaaaaatlaaly ly Br. tearaa K.

J. Xlsia, euaf, Matila

Malalw

9m. X.. WM, U. Oal., lie
WBiHiH «fflwr
te ■ aat I Oaotar Oyaxatioas
IIU X
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An analysis has baas aada of tbs aothod and sirnnsstancas by ^ileh 

static alaetrleal eharfsa asa «saarated on «asnsat asaabbllas and on 

IndlTldnals saarlnc than. 

Data obtained under a contrast vlth tha latlonal Borsan of Standards 

Indi cats that any olothlac system shlch pro Anees on a nan a potential ax- 

caedlas 3000 volts le hasardons be eneas It esn osase the Ifnltloa of «aso- 

llas-alr ádsctnrssi losar soltnsss are sufficient to detonate certain 

priasrs. It uns also shone that such soltares asa readily obtainable vlth 

(ament combinations Invslrlac vool and nylon at T9°P and 39)( ood 
even vlth cotton (nosnally not troublesome) at T5°F and hoddltbis lass 
than Wyf. Additional observations, ande In the dlastlo Ghaaher of the 

Quarts »mastar Beoaarch d fnnlnesrlng Obntar at -^0°F, have doasnstrated 
that potentials aa high as 0000 volts vers often recordad shea test sub¬ 

jects ísmni i I various contenants of the cold-dry uniform. The «mande 
hydrophobic fibers (as a class) pro dues voltages above those rofulred to 

prodaoo hasardons conditions. 

All contacting layers of a clothing aeoombly ays ten will require anti¬ 

static tractenet la order to aveld prêtions 4« to static. It la felt, 
hove ver, that tha underusar need not be eo treated «ns to tha faot that 

auch layara vlll sarry aufflalnst mslatura to bo oonftnetlvu. Bo treatment 
on the clothing oysten, per at, vlll ba aatlafnctory without slnultanaoua 

attention being given to tScTootunar. This siso «mt bo conducting If 
adequate dissipation of static charges la to be aohlswed. 

hi investigation la reported on the effbotlvenees and durability of 

12 antistatic finishes on various fabrics, sad ans flnlih Is pinpointed 

which poces soco the host combination of effectiveness sad durability. 

Fron a review of published Instrumental methods by which tha eloetro- 

atatlc behavior of a fabric nay ba aasasaad. It me concluded that none of 
these la aapavle of giving aa adaqnata, quantitative forecast of tha hasard 
Inherent in a particular noltl-layer eye ten. For this purpose, aa Instrument 

has been developed and la described heroin, demi Its obtained with this In- 

■tnawet agree with those obtained fron "on-the-Individual” type test. 



1. TUIA

mm trimm limr ot Ite riaU MoHmt, 
m to to iTi— fMM.
to* to4r anar to«t to* oi*«tot •lallar *11

V. f. Air riMtto 1* -mrr ■Hi
•ir tUUm, of ^puito oH 

HtoliiH afftoBfelto*.^ Zt 
toH MtolMln— *r «tol toto MBtototn^ mH
•ton* la to* Tl*laltr^rf^<|to A am^oav

or
Blto

aatlTlAgr. A* a s**«lt^ attoatioa ha* tooa ir—> to 
*t*i«tar aaA. la i*rU«alar, to hi* olotolas* •• to* 
4im**it^
t.

•tfttrltgr.

or aftort* (
iOTlOO i*

i
*A.wu ^.«asaa'9l».. JL .



3. D» fiai tica of Bt: 

Ib iicimcclaj ctatio clcctrielty, it is l^nrtsat that than ta a 
elaar ècfiaitioa of tiw tandaolacjr «ai tasie aathaaatical xalatioa- 
Ships shitth vill ta aaaât 

a. tatio electricity 

b. tuno (¾) 

Zf ca cèjsct aaarts «a alaatriaal faraa ca aaather cfcjaat. 
It is sail to ta rts api, fta foras aasrtaA is li>sai—t ca tha aasaat of 
the sharp) that is, a static sharp is ccaal4ara< as aasaat or paatltgr 
of slsstrioity. Zf a toAjr is alastrloally asotral, tha r> sal teat sharp 
Is sars. Xhs salt of static sharp, "sooMl”, csrrsfsaas to a sharp of 
6.29 s 10*® alastraos. ' 

e. Potaatial (▼) 

plate A sai B, 
of psitlss 

.tad tjr a paitioslp- 
af tha alaatriaal farsee 

ta a ts«r, tha todjr toais to 
i tody Is free sat boom la the 

«alt of ptsatlsl diffti 
a "os*" of 

frsa B to A 
A. fhs ptsatlsl is there* 

la a fioea sits* 

d. Distiaetioa 

Zt Is laprtaat to aoeld aoafosiaf tha 
«hlsh pasares tha exseee or dsfialaaoj 
', «hiah pasares tha ppihility of 

ehsrp is availahls to da it. Xa 
city sad «atar, electric sharp oerraepais to 

pteatlal 
flow. 

of alaatrps. 
if a 

alsatri* 
of «atar, 

i «star ta 

o—i*—— (««■ «—»Mr) tc) 

tha foroa field it la direct 
*. A.—4..4 + 4-.- + +V— 

of 
to the 

aesed^PP^d SS^ 
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(T) of th* contactor 1« proportional to Um chars* on it (q) : 

3 = c 

T 

«har» 0 v'ty dl fin it ion, th» eapacltanoo) 1» Um oon» tant for any giran 
contactor if a giran eharg» la aoeonalatad on a body of aaall oapaol 
taneo, tha potantlal of thla aaall o^acltaaoa could ba conaldarably 
hi^^nr than that obaarrad vhan tha idantioal oharga la placad on a 
body of largar eapaeltanea. 

*• Conductor and lon-Condnctor 

_ ** m—nl, a cgndiMtor la a aadlva through or on uhlch clac- 
tricity oaa pasa. A non-conductor, or Insulator, la a Madina rhleh 
ptaranta or raduoaa tka flow of alaotrlelty. lowarar, thara la no sharp 
distinction batman conductora and Insulators ; it la only a Matter of 
dagraa. tfader ordinary conditions, thara is no perfect conductor and 
no perfact insulator; Instead, natarlala oaa ba rated fxon good con¬ 
ductora to rery poor eondnetora or fron poor lasnlatora to mry good In¬ 
sulator«. 

•• taargy of a Charged Conductor (V) 

The energy uhleh is ralaaslbla fron a charged OMduotor through 
^ fomatioo of a spark can ba calculated fron the efuatioai 

W (energy) s 1/2 CT® 

Where C ia the capacítanos and V is the potential. 

h. Static Propsaslty 

Ihla la a «aalltatlue naaaura of tha tandeaey of a Material to 
acanmlate an electrostatic oharga. 

1—lo Theory on low Paotrioal Charnaa are generated on 

Whan two natarlala are plaoed ia eontaet vith oaa another, alnatrans 
pass fron ana Material to tha ether without tha ^IMtrn of ana ray. The 
direction of transfer of tha alaotrona dependa upon tha ralatim positions 
of tha energy levels of tha eurfboe alaotrona. fhara ara uaoant or mkm- 
e up lad anargy larala on both aurfaoaa; thoao are referred to aa ”hoieeN 

aaak tha louait araUahla energy lernl. Certain alnatroaa of 
one surface ham or occupy energy lamia higher than moae^lad lamia on 
the second surface; and so, aaaklag tha lomat amllahla laml, the alae- 
trona laam one surface for tha other. Aa a result, one surface collects 
a surplus of electrons and vlll ba aegntlmly charged; the second will ba 
deficient la electrons and will baeoaa posltlm. Aa long aa tha aurfaoaa 
mala In eontaet with each other or In does proa laity, the omoelte 
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Wbta th* rarfftoM tmwmxwAmt, th* vock Aick !• 4o— faiart tb* 
Mailag foroM ••tbkliatea a pcteatial sndlact katwn tte raarfaM«. 
Ihia potaatlal Alffartae« neta tc r—tábllah «lactrleal •failliri», 
lov •ffletl'wlj this 1« —toftais • tto ec^aetiTlty of 
•arfaoaa 1mto1^4. If loti rafa*» aia fool eoa*aotor> ( or ntbtr, 
foor laaalaton), tte trwuflrr»A •laetiaaa «a* smltaat 
■ollllty. firm tka fotaatlal grailot la «fflotl^a 1b tlaohaarflac 
■arfa— at aolata aim tto «arfam aapmt*. It, m V etomr hamA, 
both «arfloaa ua foot taavlaftan# tfcaa th* aollllty of alaotvaaa aal 
boita la vaatarlaM mA tha potaatlal Alfftsaaaa la aot offletlat 1b 

«g tha aaifitaa If aaa aarfaat Is a food laaalator tad «ho 
etbar a poor laaalator, tha abarata m tba poor laaalator is batat 
afblllty. Wamrar, a asilaba dlaobarft atm «sm sot taha »lasa 
baosass thm charata ob tbt «tad lasalator oaaaot flor ftoaly aad 
baaoa tbt raaa^lBStlcii of alsotroBa aad bolsa Is aot posslbla. 

bbta a tbaiji aalst« «a s aatarlal, tbs oxtoat of poaslbls baaaad 
dtpaada ^oa tbt fpsalfU iltatUos^bad t spuk Bast omr.^ It «aso- 

mr^Ptíamdly tbt fStsttloa af tbt cpCk^mt la at laaat afaal 
to tba or axaltatloB aatrfy rtfilrad to «ttoaata Iba basard- 
oaa atbatasas. A «park la a ralaaaa of tba aatrsy trm tba abarfod 
aialaai, aad tbla Is otl«sitial as abosa prarloasly fro« tba afaatloa, 
V • l/t Of®. 

5. CUtbsd—tas is 

Ooatldarlaf a 
that a bib «ay la 
baaa aatlaatad at to® 

, It Is 
Ua otpaal 

Lat as 

aatsrlala 1b 
It tata poaltlcaly 
fabrlo laps«« 1b 
aad aast) Is aastvalj 

Is «paasat 
bar tba 

tbt first tltaatloa ta ladlYldaal lassls 
ablrt sad a ayloa aratr cast ovar It. 
1b a traaaftr of thatptt taoh that tb 
ad tba aylao atpstlsaly tbarpad. lit 

tr 1b oloaa proxlBlty, tba ayataa (aaa, 
la, tba is la 

itdts 
, is masad, tba li., tf ooBdaotinty of 

tba flear of tba tbarftt vblcb sssU rastosa 
Us sasslti- tba ladlrldatl la laft sltb a 



Um rala as« of tho spark torlags thm warn sat his shirt into olsstrissi 
kaisaos. Bst«rthsLoss, if tho asa sahoafoaatljr motas ths aool shirt, th» 
\o4j is loft vith uaawyaasstsA shazvss sad a ssaoaá spask saa ha rslaasaA 
oa ooataet aith a troaaisi ssaAaskor. fhs first spark aashlaA ths hair ta 
taha op alastróos to aaatraliao tho poo it las «harp» la ths shirt | s^tss fasst 
rsaotml of tha shirt Isatao ths hoir vith aa axoass of aapstlta AaspM. 
fto alsetroas vhieh aovad ta ths hair io ths first sparh aov laava it la a 
oaaaoi. Pipara 1 illastratas ths sáfanos of Staats la ths sltaatlsas ds- 
sexihsA. 

Ths sssoai sxparlasatal sltaatiea asas ths ssos »osshhls, hat ths osa 
is groaaisT lbs saas dlstrlhutloa of eharpss Is piaAaaad oa ths vool sad 
arlo* hat aov vhan tho arloa tost is roaotad, tha aahalaaaa af aharpta oa ths 
hoir Is asatmllstd hr slsotroas Issadiataly tshsa ap froa grasad, aad tha 
asa's potsatlal Is vaaltaiad. Msr saeh eoadltioas, aa spark saa tabs plast. 
Vhsa ths shirt is rsaotad, tha flav of alsetroas is isaadistslr to grsaad. 
Thas »psIn so spark osa ha rsalliad. 

Zs prastioa, va ara ooasaraad asst sftsa vith ■—thlsg hstassa ths tas 
•xtrsas sitaatioas dis soasad shot«, fha dsgrss af lasmlatioa hats» sa ths Ma 
aad pro—a lo asaallr asithsr lafialts aor asro. Mush <s|—is m his fsot- 
Mar sad oa ths aatars of tho oarfaoo apoa vhlsh ho »toads or oa abatotar 
ssparstos his hair froa graft. 

6. BsarVr Plamhla iahstsaass, tho ithsr Pastor la laaasdsf iitf tloas 

As prsrloasly otatod, ths soaaofssasss of ths rslsaas of a spark ispsad 
apoa ths spsslfi» sltftloa la thisk tha ladlvldaal fiais hlasslf. Xf as 
hssardsf skhotsass Is pressât, tha oaly rasait of a spark is ils staffs rt to 
tho laiiviiaal. If a hosardsf sShstaass is prasaat, ths oxtaat of ths kauri 
Asps ais, as prsvloaslr aotsd, apf ths ssaaat aai rats off rslsaas af saarpy 
vhioh is seats last hy ths oharp»i systaa sai ths aoMoat of fstpy lapsiiad to 
imitiato ths hassrisf saastiaa. 

7. tha lasaHaf Pastrisal "PiUlai" Por method Mm 

Zs arisr to sxplors ths prahlf of statfts la slothlag syataf from ths 
■tsaipslat of ths posslhla hasard lassnad, ths hsartsnustar Oorps saa- 
taasksd far a stair ths Istloaal Bams of Staat aids. 3* is part af this 
stair, •» isvsstlpstlsa vas asió af ths SMipp lapsliai to laitiats varioas 
oxplosivs xaaotioas. Muss art listsi ia Mis Z. Also listad is ths potsa¬ 
tlal to vhiah aa laiiviiaal (0 . BOO s 10"1* tarais) vsali have to Bs shsvpd 
la arisr to toa tala this Sfsoifis sasrgr* 
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■ylon Wool Mm Vyloo Wool mm 

Initial conAltlon 
(tofor* contact) 

I 

î 
t ♦ 
I 
♦ 

After traaafor 
botoooD layon 

♦ 
I 

K 
I 

Wool Mu 
-H 
+ 
i 
t 
4 
4 
I 

After rMonl of 
outer nylon layer 

Wool Mu 

Ihn approach** ground: 
flnt spark 

Wool Man 

After grounding 

♦ 
i 
i 
♦ 
i 
I 
f 
I 

! 
I 
4 
I 
I 
•f 

I 

After renoval 
of eool layer 

i 
t 
t 
♦ 
i 
♦ 

again approach** 
•second spark 

final condition 

Figure 1 flejinne* of spark* produced Vy a mb Insulated fron ground, Maxing 
eool shirt sad a nylon axnor met over It. 
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TAHJt II 
n as apirmiAL ■cmbait foi xamzzos 

Initios «Mrsr Corrvspcadlas pottatial 
(in ■UII'JoqLm) MMBMxy tor Ifaitlaa 
___(to.TrtJai)- 

Ht thaï» 0.3 

OasollM 0.8 

Sttaar (diathjl) 0.2 

OFelopropaat 0.2 

2150 

2650 

1330 

1330 

2150 

2350 

130 

650 

Zt la awn that aay elothlaf ay taw «blefe prodapaa a potantlal oa tba 
Man asoaadlac 2650 «alta la eapabla of lyltlaf saaoilaa-alr alxtavta aa 
«all aa all tha other ooHpoaltioaa 11atad. k pataatlal of 630 «alta la 
thaoratlaall? oapabla of laaltlai cartela allltarlly laportaat primr aatar- 
iala, audi aa load aalda.Ä^1»^ 

Baaaaaa 0.3 

Aoatoaa 0.6 

Copper Aeatyllde 0.002 

Ua4 Aalia 0.04 
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PART I: KXnorr OP ELECTROSTATIC HAZARD 
Data Prca Individual Tints of Static Chargee 

1. latioaal Burean of Standard» StaAlas, at 75°P 

The data aa Igaitioa energies appearing in Tabla I supply a basis of 

refarenos by uhlefc the nature and extent of the problem any be assessed. 

The above-asaticaed prograa at the Eational Bureau of Standards **• 1o«*- , 
cally extended to the aeaeureaeat of the voltages generated on the individual 

toy malvulatlng coaponeats of the easehble shich be ms rearing. This study 
Included fabrics of nylon, vool, cotton ^saponified acetate, and s'»01/1^^0 

bland. Tbs aeasuxuasats aere nade at 75°F and at relative hmiditiee of 

35Í, sad aojt. The experiaeatal design vas sial lar to the first condition 
utilised in the application of one of the theoretical situations previously 
dlaemeed, that is, the nan insulated fron ground. The conclusions of this 

study any be smunrlsed as follows : 

a. iffhot of Beaovina Oamsnts. Io significant voltages vers obtained 

unless oas of the garaent layers vas renovad. 

b. Effect of Bunidity. The following tabulation sueaarises the results 

at various hxed.dltiesl [ÎSe teaperature was 75°P in each situation) 

65^RH: leas of the garaent combinations produced potentiale 
— required for the detonation of tha neat active of tha 

nata rials studied by the Rational Burean of Standards. 

39dRR: Oaraeat combinations containing nylon and wool, nylon 
aad cotton, end nylon and wool «nylon, produced poten« 

tials in excess of 2650 volts (this represents the 
potential required for the note active waterials ). 

20flRg. The garaent combinations listad abovs (for 35^RH teat) 
caused higher potentials} also, high potentials were 

obtained with a wool and cotton combination. 

Belov 2O0RH: Sigh voltages were produced on the nan, even with cotton 
(normally not a troublesome fiber). The voltages so 
prodassd are of a degree considered dangerous for the 

group of prias rs sad other ante rials studied by the 

Rational Bureau of Standards. 

2. Qiartor—tsr Cold Chsmhsr Studies 

Tha ruaulta outlined shows were all obtained at ahbiant laboratory te^er- 

atures (75«P). It is generally believed that static phenomena are nors préva¬ 
lant at lower temperatures sad lower humidities. This has been confirmed by 

experience la cold-dry arses. In view of this, it was dsensd necessary that 
a study be mads st very low tenge ratures end low humidities. The Rational Sureau 

qulred ãvãluatlan waa aceoapllahed by the authors in the Clinatic Chaabars at 

the CR ME Oenter. A tempsmturs of -bO°F was used (principally because at 

that time tha Clumber was bsiag operated at this temperature for other studies). 
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a. Ttoat Oondltlooa 

Prarlous work bad •■tabllshad that •l^alfieaat Toltafaa mn ofc- 
t«1—d oaly «tea a layar of tte cloth Inf aaaately «aa raaoaaA. To alanlata 
a typical altaatloa oeovrrlaf la tte flalA, it aaa fait that am pvotehl* 
teslfn eharaetarlatle for tte asqparlaaata la tte dte^an aoolA ha to haca 
a aaa «atar a allfhtlj teatad ateltar ha fort raaorlag his oatar •aswata. 
In praotlaa an Individual aoald ha aost llhaly to r—oai this clothing on 
aatsrtag a steltar. Aeoordlnglj, a tant «as piloted las Ida tte Qhteter and 
teatad vlth two alaetrle radiators to a taaparatar* of 49CPf. Msaanxansats 
«»rs nada both In tte teatad tant and also In tte aashaltarad (-hO°T) part 
of tte Cold Chatear, firas, tte totettetara la tte Cold Chatear aaa -&T, 
and tte tote» »tura laolds tte tant «as t20°F. pipvood «as osad as a plat- 
fora la tte tant and a nahfearlaad fabric trsatelU-balt «as osad In tte opa* 
Chahbar. 

b. Tsst SuhJacta and Clothing 

T«o s«bJacta (A and 1) «ara «pad la tte toots. 

fbo cold-dry sasstela «as «ora hj aaeh snbjaot (aaa Appandla for 
e(nplatc liât of Itans). Tte three itans at principal ocaoazn for thaaa 
tests «erst 1) tte «ool-ayloa shirt 2) tte cotton field Jacket vlth linar 
and 3) tte nylon body amor «sat. 

e. teaaMTina lastruncat 

AU of tte reportad data «ors obtained vlth a Klethley Modal 200 
Usetronstar utilising a 1000-1 voltage divider, fhla ootelaetlce pa ml ta 
the nsasuranent of alaotroatatlo potaatlala over a range of -10,000 to 
+ 10,000 volte vlth rsepect to ground. 

Za addition, n toon on Klestroetatle Yol tse ter, Type JIB, vaa need to 
check tte reliability of tte Klethley Inatn—at. Tte Yoltnstar had bean 
calibrated to -10°? and since it doss not contain say alaotronlo conponants. 
It vaa thought to te nora iapa»d*bli at tte astrane temperature (-tC^F) usad 
In tte taat. This lastnaraat «na not used for obtaining data be canoe It 
does not differentiate potentials as to siga or -). 

d. Test Pina 

Tte Itans of the cold-dry ensátele directly Involved in the testa 
(tte field Jacket vlth Its frlam/fortiaaa linar, tte nylon body amor vast, 
and tte vool/nylon shirt) «are conditioned overnight In tte test Chatear at 
-hO°P. The rast of the clothing «as kept la the laboratory and pot on and 
taken off there. 
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Tb. fUld jutet, w.t, wd »hlrt «n brought tato th. °L““ 
niÄtie Chuter and danotA Jost prior to «tartlaf tho tooto. fho too ooh- 
S.« -* ~-1-* »40 20 **«V’ 
»bout At th» «ad of this parloA tho »ub>et»t ooo at a tioa, .« 
írticttlaí platfom aaloctoA (aitter th» mbbariiod fabric at -*£* *?*“ ' * 
Smd Chatear or tha plywood af^ÄW ia th» h»atad taat). Aa »aoh 
2Ttu», raaorad th» »arioga fanwat layar», tha othar sabjoet r»cord»d th» 
voltaf»» d»a»lepad. 

Ib tha latiooal Buraau of Staodaad atadiaa, th» 
rutted viforoaaly afaiaat tha lanar *ara»nt and thaa ruorad. Thia prooadara 
aa» thoutet »OMtehat uaraaliatlo aad «xafftratad aad, thaxafor», aot 
tbl» imtlfaUoo. laataad, th» taat ate>eta al^ly j«t ^ 
walked around for a »hört tia» aad th»a raaoaed th»a. lha potential» ob¬ 
servad aad herein recordad aere daeolopad in this aaaner. 

a. Beottlt» at »to0?, Rubberised Platfom 

fh» voltaf»» aboen belov wer» recordad 
B rcaoved the flazweat» teila atoadla« óa a 
•kQ°T taaperature: 

the tost subject» A aad 
fabric platfor» in tha 

Aftar 
aittaaa h 

in*: Jacket aad 
vont 

llaer 
■fe j£t 
5333 7833 
2333 6100 

-CA or I]- 
2000 
8000 
6900 

of throe a» nt» Th» remita ia th» terne tabulation 
for each aubjaet. 

f. he»ult» at 420°F. Plywood Platfom 

fh. potanttal. (ta wlta) Itatad tal*. »«• 
t«»t .ub>eta ram« th. gumta tatta ataadtag « • 1/8 tata pU^o* Pl»t- 
fom ta S. b..tad tant (+XPT), «bleb 1-4 bta. pltctad ta th. Chuter: 

3. 

mitten» aad laaert» 
After reaovia«» Jacket aad liter 

vest 

cfi-rtmwMcter laboratory Study, at 8t°F. 

300 
2700 t833 
1200 4100 

tip 

ta «. .bow> Utort, th. —gbltni. of th. r..«lttag wltag. u doutent 
on vb.tarar uparat.« th. tadlrtdMl txem groted. I“ _ 
mirnntitmtivm »xatel» of thi». teteureteata ear» nade with th» teat subject» 
standing altexütel¿ oa l/2 inch plywood (• wUtively 
ud l/* Inch ta.it. (. good tantattag ■atartaD. Tb. ^xpo^u^to^llln.trat. 
the aaater in which the voxtof»» wnmiwmm mrm *w — TT“:'’".- 
tios afforded by ta»t »ubjoef» footwear «*th. ante rial«» 
standing. Theoe Obaervatiooa ter» aada ia the ^aartcraastar laboratory at 
ambient conditions (84°P and 130 *■)• 
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*• ▼oit—» tolmUA to iMttlatloa (FUtfom) 

9m followlac teta teov Xbm Tartetloa of potootlal (la Toit«) 
vlth tefTM of lasalatloa (l/2 laeh lue!to or l/2 laeh plywood) for swk- 
>«to A aad Bt 

After 
■Itteao aad laoorte 

raaorla®: Jackat aad llaar 
waat 

Laalta 
A % 

83b tôo 
IA33 8000 
1600 kOBB 

Zt la okrloaa frai tha akoao that tha woltapas raflatarad aad nnaaafiaaBtlx 
tha hasard la aartedly affhatad hy tha tefraa of laaolatlca laroload ha- 
tmaa tha adh^aot aad grouad. 

h. foltaaaa Balatad to Partlaalar OanMata 

Zt vlll ha aotlead la tha prarloaa tahalatioaa that tha hl0wr 
Toltefas vara «taarally oktal aad hy teat ahb>at B. te ester ta tetemlaa 
if this asa daa to diffhraaaaa la dothlag or dlffhraaaaa hataaaa ladlwl- 
daala (l.a., oaa halas ■osa aaaoaptlhla to thaaa iiîiiawas thaa aaathar), 
• ••tla* of ohaarmtloaa otra aate abosa tha test aahjaata srnhaasat tha 
teatOy Jaehata, aad shirts. 9m fbllovlag tahalatlcM glaaa tha aarlatioa 

potaatlal (la volts) aocordlag to partlaolar garaaatai 

After 
alttaas and lasarte 

roaa^lasi Jaehat sad llaar 
vaat 

As aosa 
la teste 
I-1 J33 Wb 

33 8000 
1600 4033 

teat A Jhehst 

706 6o9 
1800 2000 
1100 3100 

Shirt ealy 

1300 1000 
3900 1300 

9m raaalts ohtalaad ladleata that, at laaat la part, tha dlffhraaaaa aara 
Aim to olothlag# te particular to tha aool/ayloa shirt. Boaovar, testa shbse- 
tteot to thoaa have also shoaa that oaa fiffrltail my ho aosa *****- to 
affhats thaa aaathar. 

87 ratlaaallslaf tha sl^tifiaaaoa of tha data jast praaoated, la tem of 
•«teal aaar aaaditioaa, aas aast rroanlate that: 

(1) Static charges la aaaaaa of those which could laitlate córtala 
kaaasdoua raactloaa la Militarily slgUfioaat aatarlala ara MMcrated la cloth- 
las, ayateos. 

(8) 

possibly separated 

ipt aa 
elethlas aoagaaaata. Aa laas ■ 

•Titea la aautral haoauao positivo 
, aro la sufflclaat d rax laity to other to ha vlthla tha 
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nornal fl« Id of aomtv«! laflMMO má, 

li) Ornly |- —f 9t th* aothiM »—«*1« 1» 
ottaar to te m*t «aiMttto. Thto, la • Ijltoa toloh iMTolro. u outer 
lajor ftorlt, m lamitattat Ugn, má * Itola« U toirt too lUl— mmUaU 
• olMat of ilmlallar tooroatorlattn, oaly tho llala« aooto to to 
troatod. 

(*) 
to tho bldh rtgalB obtalaobl* 

(9) Tootmr Mt b« omAmU^í. 

(6) Tb» outor layor of tte —«^1> noaU aot aomlly rtf«ir« tojat- 
■oat to Umsoom 1U «oadoetlTltyj bom*»r, bn—« of tto «M«ar of 
♦1^1 ecatMt binnii tlw «lotted a«a «te otter ««rfteM (loatter or ylootlo 
■oat«, rtelalo«, êtrmm, ote.) tte ««tor layor iteali te tmted la tte«« oa- 
«otelo« «blah «so oo*a tter« teaar«« art lltely te oeoar. 
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PART H: ITALDATKM OP ARTIST ATIC FIE K1.I 

1. Flai«h» T»tt»d 

To al M th* hasard and di*confort causad by tha alactrlfieation 
of fabrla, toa chanlcal ladaatry has da galopad a aarlaa of ucnp minia hmmm 
ma "antlatata. " Tha baalo proparty 1 apartad by thaaa flmiahaa to a fabrla 
la aa laaraaaa U fabrla aurfaoa coadaetlrlty. Thla hl^wr oondaotirlty 
oaablas tha traaafarrad eharpaa to aont ñora fraaly aeroaa tha fabrla anr- 
faoa and to dlaalpata to tha layara laaolaad aa haa bann la acribad la Part Z 
of thla raport. Tha praaant aactlon reporta the fladlaca of a aaraaalas of 
•onaarelally avallabla ininpmniila diraotad to tha aalaetlon of thoaa aganta 
vlth tha boat conblnatlon of affaetlnaaaaa and durability for villtary pur- 
poaaa» Tha producta ta a tad nara liad tad to thoaa 'Aleh nara rapraaantad by 
tha aappllar to baña durability to Inundarla*. Thla naa aaeaaaltntad by tha 
faut that raappl lent ion in tha flald ana not eonaldarad fbaalbla. Tha 
flnlahaa haau baan eraluatad on tha baala of aurfaoa raaiatlalty (ana Part 
III for datalla of taat nathod). 

2. Iffaatluanaaa 

Tha following tabla aunaarlsaa tha fladlnga of tha Rational Buraau of 
Standards Obtalnad on four fabrics of different fiber composition which bad 
baan trantad with six different antistatic Meats. Thaaa raaelts haws basa 
axpraaoad in tazna of tha log of raaiatirity par a««ara unit of anrfaoa. 
Tha data ara awariíad in Tabla n. 

Aa a basis of establishing the lewel of affactlwanaea, Industry's pvaa- 
tloas in thla regard have baan aeoaptad. Industry considers any nata rial 
hawing a aurfaoa resistivity, ln log R units, not sxoaadlng 11.0, to haws 
good ohnraataristiea. A fair rating is given to any nata rial idileh dans aot 
asesad 11.5 log «alts, and any notarial axoaadlag 13.1 log «alta la acnaldarad 
toas %t la factory. In reality, the aatabllshaant of a vaina of 11.0 rap rasas ta 
tbs anoaptaaos of cotton fabrioo aa a frena of rafaraaoa for atatlo propaa- 
aity. Ootton fabrics have baan knowa to praaant no serloas prohlana with 
raapaot to static generation, although aa will ha ahom later In thla raport, 
static developnent on ootton fahriea baooons posalhla under eartaln condi¬ 
tions. 

The antistatio agamia which ara tha auhjact of Tabla n are idantlflad 
aa fallows: 

1. Aqueous diaparalon of a polyuerlc oatlanlc nata rial. 
2. An orgaalc aster. 
3. A cationic polynarlc nato rial. 
k. Polyvinyl pyrrolldene derivativa. 
5. Conductiva caaban applied fron alcohol diaparalon - Concen¬ 

tration on fabric i (1%) 
6. Conductive carbon applied fran an a«aa<ma diaparalon - Ocn- 

cm mhl-l«J fid) 
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afr.i.-»°y 2fr.i.32°r 70^.1.32°^ 50^.1.7^ 2^.1.122°? 

17 

17 it 
10.8 
17 m 
«i 
m 

17 M 

IO.9 
17 I« 
If 
9« 

17 •« 

U.* 
17 
I« 

II 
H 

4« oonoij 1 ■ ' * 6 OS. GKPOHD 

155 
I5.3 
U.O 
I5.3 
IJ.? 
lí.? 
I5.5 

10.0 
9.7 
9.3 

10.0 
9.0 
10.0 
10.0 

1i 
9.3 

10.3 
10.0 

10.0 
10.0 

b. WOOL. 16 OS. 

TABU II: OTFACT RBBISHWITT (LOO »/«H2) OT k 7ABRI08 VIH 6 ABTI8TATIC 
FIIISHfS AT VARIOOS THPBU9VRB AID RRLATXVB imttott— 

Antistatle 
Agsnt 

Itatrsatsd 
1 
2 
3 
k 
5 
6 

tfatrsntsd 
1 
2 
3 ( 
5 
6 

ItatvMtsd 
1 
2 
3 
k 
5 
6 

Uhtrsstsd 
1 
2 
3 
b 
5 
6 

15.7 
13.7 
12.9 
19.8 

15-z 15.8 
15.8 

15.7 
15.3 
12.6 
15.6 
13.5 
15.7 
15.5 

12.3 
U.O 
10.3 
U.3 
12.6 
12.3 
ia.3 

12.3 
u.o 
10.0 
U.6 

“•2 U.o 
12.0 

wa/m, 3 os.qpHp 

15.0 
0.9 
9.9 

U.5 
10.9 
u.3 
12.3 

d. mi. 1» OS. DOCK 

15.8 
13.3 
13.0 

iyi 13.8 
13.3 
15.8 

^-5 8.0 
9.6 

U.6 
9.9 

!3.7 
13.6 

Thx— rsosntly ds*»lopsd •atlstntle __ 
7# Ö# Md 9, mtm not nTailskls for 

of Stonteds. Hoot tBvoo protests otro 
•nd orolmtod 1« tbs tesrtr—tor Lsboroto 
chomlcolly Idsatlflsd m (7) tbstamotttef 
tbs ooapooltlon of Protest #9 is vmkmam to ■ 4 •« «1*4 _____%- * n s - WAtsM —â A AC 

U.5 
13.8 
U.8 
U.5 
U.3 
U.3 
U.3 

16.O 
U.3 
10.6 
15.0 
15.8 
15.9 
17.0 

lk-i 12.8 
IO.5 
U.O 
13.8 
U.8 
13.9 

15.3 
12.6 
IO.5 
13.8 
U.3 
U.6 
U.9 

Idsatlflsd fttrthsr 
at tbs Batloasl Barssn 

to 3 os. nylon oxford fabric 
of tbs tbrss jonodaots art 

«ad (8) sa orsMle sstsrj 
't probably an acrylats 

U.3 
9.7 

10.0 
12.3 
13.0 
U 
13 :J 

V9 
10.0 
U.9 
9.9 

U.O 
13.7 

it 



I* HI lista tha paaiatirity obaaraad vlth thaaa «atariala at -varloaa 
ta^pa ratara a aad hoddltiaa. 

tails xn - vmum MsiiTiriTi (loo i/wit8) res 3 oo«d ïssass» 
vm um ramm 

Agwt 1^1.1.^¾¾^ itiS.M.aO0! 

7 12.5 U.2 
8 12.7 11*1 
9 15 13-5 
fltatraataA 
Ootta« 15 1^** 

1781.1.80^ 270.1.8(^1 

10.2 10.0 9*^ 
lo.H 10.5 9.7 
9.6 9.Ô 7.6 

«Ltas than 10.1. aaa obtalsad by aaolosln« tha apaelaaaa «ouat«d cb aUatroi«« 
la a ohflÉbar oaleitaa aulfataj amovatlaf tha ohnAiar, raai^tblaf 
«ir f«ry alovly throogh » drylaf taba; «si ecaAltlonlBf k teyi bsfors 

Slaos tha Oaartszmatsr probls« is asworast at sstvsMly Ary asA cold eoa- 
dltloaa, as aasaiastlo« of tha abort data of Wblss n a»d HI abort tha follow- 
lac sroapiiic la orlar of affiaiaacyi 

Z Afloat 2, 7, 8 
H Afloat k, 9 
m Afloat 1, 3, 9, 6 

Xt will ba «otad that tha afltata raprasaatsd by araap HI hart yraotlaUly 
ao «slat a lata tub aurfaoa rasistlrlty of tha traatad fabric is asasatiolly tha 
sans aa tbs Btraatad fabric. 

Tha abort tablas faraiah aridamaa that ta^paratara alosa, 1m 
ralAtlra bHddity, osa altar tha aurfaoa rasiatlrlty aad that tbs 
taaparatara, tha hilhar tha ralaaa for say flirsa prodaat. Tbsss ( 
that far a«y fftaaa afloat, a cutoff yoiat eaa ba aatlaipatad iliieh 
■iaad by tsuparatar« or huBidity or by both fasten ecafelaad. 

of 

Tha tables draa abort Ao aot spaeiflaally dafiaa tha arffbet of nlatlra 
basldlty. par sa, basanes absoluto, rather than nlatlra, hoalAlty raíaos an 
probdbly tha «on critical. Xa Tabla If tha syaalflo affaot of nlatlra hnld- 
Ity on be aaaa. All da tanisations ran nsda at 80*7 as aylos fabric. 

miwrw if . n flBfAOB AHlBTlViff CT ItLQS VMZO ( AflfUSTAHCAILT 
T9SASD) UTS VJRZIO BWZVXTT (80°F. ) 

Afloat b80.1._270.1. 180.1. 00.1. 

13.9 
11.1 
13.3 
11.2 

1 
k 
A 
7 

10.¼ 
’•I 7.6 
9.¼ 

11.9 

1:1 
10.0 

12.¼ 
10.¼ 
9.6 

10.2 
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TMU T . WWW» n «TAB» Mumm 
er warn nmxo (arzsiaticalli 

80^ 38°» 

14.0 
I3.9 
11.1 
«.J 
U.8 

I5.O 
I5.O 
12.7 
I3.O 
18.5 

Cotton 
1 
k 
6' 

7 

rurtàmr tete an , 
65> polmaUr, 35* ra 

«turas of 6B°r, &>f t ^2 

TAKX ▼! - C8AKB 2V 8WPACB —^_ _ 
(A8n8*maSiiMSSr™,îÎ£2S2Sc* 5P® rjan<> WillUïRBB - Ojte.I 

-li»r 7 • 

Mo finish 
Orates 
4«tet 7 «rar 
A#snt ô orar 

diî> 6B°r 

finish only 

3. Durshilli 

Although ths 
fttrthsr eotelterntion 

>13 >14,6 
1{>.3 13.« 
14.3 13.7 
13.4 12.9 

>14.0 
13.9 
13.O 
11.8 

B* fshrles sslsetsd ra 

tete furnish info; 
*11 hut 3 of tes 

11 diffismt 
*• te follous: 

•tlsn telsh uoulá 
ts ■ tutes A, 

tepllsd to 3 
tsste rara 
fabrlea. 

CJ«th, grite for Alter, 14 os. 

Cl0th> O..' 

*tsdí hoterar 

«tete 
tlons. 

antis tet le aspan ts tests* tm„i» ■■ , , 
, muwT, JT?\SírSS*ÍL^Í2J^“ «—r. 

•S“»« *• th. ftkrle Î. TTl^!!!^, tT*’"*1’* ««»«»-»iMt 41.- 
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t*0 «MltiowLl «xparlamt« tmf eo4»4 #10 Má #10«. All MMta 
mtm «ffpll^t im MeoiáaaM with amfMtuwr'« imommíaUom. Im ox4»r 

mmm th* AnrMillty to loMêirlag» tho toot was aooáuotod ia m Atloo 
»tor «oiac tho follovlag óyela: 

ZboomI toboa ocatolalat 50 a tool Milo, l/km U 
tloMtor aat wolAhla« a total of 51 emo. 

Llqaid too al of a 0.8# oolatioa of aa aaioale oarfaotMt 
tbo ahoailaal aoMooitloa rapraaoatod Vy tha 

Tiaa of that - *5 

- 105®? 

AU ««Vi«« wora riaood Miar naalaf «olá watar at tap 
ä aákjootoá to aaltlfla lOMiorla^ prior to — "-iruiiil 

qf awrfaoa raolstirlty otra aot árloA botwoaa «jalao. AU «Malas «axa air 
”*?*•**• •“* "^•r at ^Uoli xaolstlwity «otor- 
alaatioM ware aohodalod. «ha daxahility of a apoaifla a«eat aao «walaotoà 

wlatirlty aaaaanaaata aftor 1,3« 5 Md io oyalao of tho ohooa 
««•rtii« yxaaoàaat. Iha laoalto ara »lottat aa aotaal laolotlrlty aalaoa 

1» laaiotiTity U oráor that tho praalao yoiat at 
MM tho fiaioh mo ao loagor oflhotiao aaalt ho 
fUttoà la Fltaroo 8a to te laolaolao. 

fho ioofootiM of thoao flcuao xaoalto te 
Moorttef to tho iarahlUty orhlhltod Vy tho 
pnfooo, tho «hoolato roolotlTlty aalaoo hato 
fthrto te «aao lia rot teAirUaaUy. «ho ratio 
for aoot daxahte «ht a ratios of XT for tho )ooot 

te «aaotiaa. Por this 
» 

of Z 

17 



***** 

I 
II 

1 

Wool/lfrloa Bxirtinc l6 o».(rii 2d) 

I 
XI 

XIX 
IY 

X 
XX 

XXX 
XY 

1,3,7 
0,9 

t 

k. —Of Yiallw Tor Ith »fff»— —ä PurtfcUlty 

Ab «UBlMLilOB of thB ésta ZBlBtiBC %• Wtt •ffBOti^BBBBB iBTB- 
fellity iBBiB to tl» followlai conclu» iOMI 

B. A#»at #T, a ttemoMttiaf v»»1b, «Aitlt» th» W»t M*lna- 
tloa of yroportloB. 

t. Aptmt #8, »hiok 1» as organic «»tar, anâ th» Boot »ffh»- 
tif» with raapact to raalatlrtty, baa baaa fonaâ to b» non-to-abla. 

e. Agant #1. «a aquaoua Aiaparaion of a cationic polyaarlc nata rial, 
and Agent #3, a aatortal of tha aa»n gana ral elaaa# ^lah ara «arabia to la*m- 
darlngJara aot affaotim la radaalag aarfao» raaiatiTity. 

4. Agaat fô, an organic »atar conpoun«, abona fairly good durability 
on dynal and wool, but ia non-darabla on nylon; hovavar, thia product diaplaya 
good affbctlvaaaaa. 

a. Agaat f9, a Modified acrylate reala, la only aodamtaly aatlafac- 
tory. I ta propartlaa with re »pect to both affbotlveaaaa and durability arc 
average aad o coa Ida red laaufflalaat for Quarte maa tar parpoa»». 

One carbon black diaparalea of high conductivity (that ia, It baa a rea 
tirlty of 5 log uaita ) baa baca found which will vithatnnd ten Inunda ringe in 
-, ^ mm4 h>V W WM W»WWCB»Mtarlal. howawar. would poca prob- 

a %bbmbwp ee a eeac ceaoaa naaw w vw «mm— » - “• — — — —— * ■ # 

fTrcti tha ataa^polat of oolor and vue ccnaldarad laaa deairable than any 
of tha organic producta which ware ta atad aad which lapnrt little or no color 
to tha fabric. 

IB 



rifu* te - 3 M. lyioBj teriatloa of terteoo tealatlrltr 
with îwlirte» «Til B.1.85^ 

n«uo te - X4 os. IjrlMj terUtloo of terteoo teaiaUTltj 
vite LMBAtrtas TiTT 
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Fifurt Se - 9 os. DpMl; tSrUtloB of SsrfSoo üsslstlTltx 
with LMMtorlag. koi B.I. d5°F 

ri«a« M . is «. Wool wtu» aartiac (1..1. frMtM) 
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When th* AATCC OoMlttM on Antistatic finish«*, on «hieb the Quarter- 

■aster Corps vas reprtsanted, sspressad an Interest in the problem, it vas 
decided to conduct the stuft? under tbs auspices of the CoMdttee and thus 
to involve a mteber of other laboratories. This eas considered beneficial 
both to the CoMittee and to the Oovenment. The procedure established in¬ 

cluded periodic investigation and recording of the effects of storage. 

The ■ai« objective of the Oonmittee vas to devise methods by which the 
loss in effectiveness incurred during storage night be duplicated by acceler¬ 

ated techniques. Three fabrics, a triacetate, a polyester and a polyamide, 
eere each treated in the facilities of the Quartermaster Research 4 Enginesr- 

Ing Center, vith 7 antistatic preparations. The 7 antistatic preparations 

are as follona: 

1. UA-OO-91 

2. Quartemaxy 310b 

3. Alltel VAC 

k. LPR-5001-U5 

5. Holllsan batch 660-93 

6. Experimental Antistatic Agent #1 

7* Experimental Antistatic Agent #2 

These 3 fabrics eere then distributed to all participating laboratories. 
The Quartermaster laboratories subjected the samples to 3 specific test situ¬ 
ations deslgMd to accelerate ageing. Theae mere as follow« : 

(1) Simulated storage under moderatf to normal conditions, for 

this purpose, the samples ears meumted on a piece of copper screening located 
30 Inches in front of a fan. The period of exposure vas lb days during *klch 

the aaribleat temperature averaged 80°F to 05°f and the relative hialdty, 60fc. ( "fan" ) 

(2) Simulated storage under conditions, for this pur¬ 
pose , samples were placed in an oven at l60°f. The oven vas fitted vith a 
pan of water located beneath the samples. The test period vas 7 days. ("Wet Oven") 

(3) Simulated storage under hot-dry conditions. The sample« 

were set in an oven at l60°f for 7 days. ("Dry Oven”) 

(See Table VII) 
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ZASU TU 

SOTACB RMIflTlTlTIKS» CT 

Trlaoctat« 

FoIjMttr 

1 
2 I 1 
7 

1 
2 2 
3 
6 
7 

1 
2 
3 ( 
5 
6 
7 

Control 

9.1 
10.7 
11.0 
9.5 

10.2 
10.0 
9.9 

9-3 
12.1 
11.¼ 
9.¼ 
11.¼ 
10.0 
10.¼ 

9.6 
10.8 
10.9 
9.5 

11.1 
10.0 
10.2 

*Lof K units 

9.5 
12.6 
11.7 
9.« 

10.9 
10.5 
10.¼ 

9.¼ 
12.9 
12.6 
8.8 
11.8 
10.5 
10.6 

9.8 
n.a 
11.8 
8.2 
12.¼ 
10.9 
10.7 

Oum Wit 

9.¼ 
11.8 
12.8 
10.3 
11.0 
10.9 
10.7 

10.0 
11.6 
13.6 
11.0 
*3.6 
11.1 
11.3 

10.2 
10.9 
13.0 
10.7 
I3.O 
11.0 
11.3 

9.6 
11.1 
13.6 
10.5 
11.1 
10.6 
10.5 

9.e 
12.8 
13.6 
11.2 
13.6 
11.0 
11.¼ 

10.5 
11.¼ 
13.6 
11.1 
12.8 
11.5 
11.1 

oomnoM 

Ths data given ln TUbla TU ahov that tha flmlahaa 
afftoetad. 

this la further home out by Tabla VUX «Mgfi ihowa 
raaiatirlty valuaa In log R units for each fabric for 
of test. 

vara not uniformly 

the distribution of 
conditions 
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TABLE Tm 

DismsunoB or tarxoob abtistatzc runssn vxn iospbct 
TO RE8ISTXYITT TALDXB UKDCR THREE OODITIOW8 OP TB8TB 

ViSt 
Fabric« Coadltloos Antistatic Flalabas 

Fan 
Triacetat« Wat Oten 

Dry Oan 

Fan 
Polyester Wet Oran 

Dry Oven 

Fan 
Polyaalde Wet Oven 

Dry Oven 

(0.3 to 0.6)» (0.7 to 1.1)» (1.8 to 1.9)» (2.6)* 

1.6.7 
1 
1.2.6.7 

3.5 
2,4,5,6,7 
4.5 

(0.1 to 0.$)» (0.7 to 1.2)» 

1,5,6,7 

1 

(0.6 to 0.6)» (0.9 to 1.3)» 

2,3 
1.6.7 
2.6.7 

1,7 
1,2 
2 

2,3,5,6 
4.6.7 
1.7 

2 
3 

(1.6 to 1.6)» (2.2)» 

4 
4 

3,5 
3,5 

(1.3 to 2.1)» (2.7)* 

3,5 
4,5,6 

»Hants of Lof II White 

A further eonparlson is shoea In Table IX. In this, ‘'a", "b", and "e" 
define a decreasing order of efficiency. 
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TABU XX 

Llamo* or avtzstatzo tjmuêmb áooamm to owABASxfi 
A I f 

Antistatic 

Mminh_Fabric_Fan Wat Oatn Pry Q*m 

1 Triac« tate a 

PolxMtar a 
Polyaadda a 

b 

a 

a 

b 

2 Trlacatata e 

PoXyaatar b 
Polyamide b 

b 

a 
a 

a 

a 

a 

3 Trlacatata a 

Polyester a 
Polyaalda a 

b 

b 

b 

c 

b 

c 

Trlacatata a 

Polyester a 
Polyaalda a 

b 

b 
b 

c 

b 

o 

3 Trlacatata a 

Polyester a 
Polyamide a 

6 Trlacatata a 

Polyester a 
Polyamide a 

a 
b 

b 

b 
b 

a 

b 

b 

b 

b 

7 Trlacatata a 

Polyester a 
Polyamide a 

b 

b 

b 

a 

b 
b 

*a « Highest efficiency; b * medium efficiency ; c 2 lösest efficiency 

The tas time of the Tarions fabrics took snfflelent time so that 

certain samples placed la aosmal storage sera aiposal for 11 months before 

the testing mas collated. Xm this time, the finishes had mot dsterlorated 
sufficiently under monad storage to permit a o payer Is cm. Hesse data are 
(Iren la Tkbls X. 
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Ib* ¿Arce nrittf » ecatlan»4 tte for a porlod of id aontha 
and, at that tlaa, eoaelvAod that tho utaij should bo to rainat»4 la tIov 
of tho fact that tho oo^loo had changad Insignificantly during tho id 
■ontha. 

tmr»a 

Fabric 
Antistatic 
Agent Initial Talas Aftor 11 Months 

Trlaeotato 1 
2 

3 
k 
5 
6 
7 

9.1 
10.7 
11.0 

9-5 
10.2 
10.0 

9-9 

9.2 

10.7 
10.6 
9.6 
11.2 
10.¼ 
10.1 

Folyootor 1 
2 

3 
k 
5 
6 
7 

9-3 
12.1 
U.s 
9.4 

11.¼ 
10.0 
10.4 

9-5 
lt.1 
11.¼ 
10.1 
11.9 
10.3 
10.6 

Folyoaddo 1 
2 
3 
¼ 

5 
6 
7 

9.6 
10.6 

10.9 
9-5 

11.1 
10.0 
10.2 

9.5 
11.¼ 
11.9 
9*0 
11.9 
10.8 
10.7 

Zt ana ohoonot that ahora a opoclflc toot condition shoood an affect 
on a clean aoapla, tho offbet did not nacoaaarily carry through andar a 
aooond oMftltlcn. fba data shawi nsay raaaraals in raoults. On tho baais 
of tha aboan oboo raations, it amt bo eoneladod that any predictions as to 
agslhC conditions of an antlatatie fabric vill haao to ooasldar tha spociflc 
typo of storoga anticipated for tho nato rial. 

In svmary, fron tha data preaoatod in tha prarious paragraphe, it has 
boon poasibla to dsaoaatrato that mtlatatle agents are aaailahls ahlch art 
durable to mltlnla laandariñas, fhs data further ahov that there is a 
a pacific cutoff point, dm to tamnxmtaxm factors, for oach antistatic agent. 
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», th* data «hoir that than la a cutoff polat laflmoad by ralatln 
n«il41 ty factor«. Accor '«ly, tha ooahlaad affbet of both U^axatara 
•J4 h??f4ity l*ad a ayaelfle cutoff polat la raapaet to latría- 
ala afflelaaey for aach aatlatatle a^ant. Ala tea baaa fboad to bo tha 

Vbr aUltary ra«ulraaaata, it mit 
ara amllahXa for tha traataaat of 
«Ina ahora aanaat that thaaa abanta «o 
Aloh vat ba ait for typloal oold-dry 
aanra for hot-dry ooodltloaa aad la 
coadltl 

ar, 
-fiber 

, that aatlatata 
ca, bat tha «ata 

9m altaatloa la laaa 
farorabla for uot-cold 

Mala« aathoda 

for 
lac Military 

» to 
r, a 
for 

ebaractarlatlca. 

of aatlatatla «cmta, 
opoa tha apoalflo 
of traato« fahrloa fallad to 

ita thloh ooold otharalee coat nlnaaat to 

ftaadltlnaa of teata 

j 

i 
j 

i 
I 
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PAKT III: THB QUARTERMASTER DOT CE TO MEASIHE STATIC ELECTRICITY 

1. Introduction; Th»ory —A D>flcl»cl»« of iKlitlag llitliod« 

*• »Tj KooUtl^ltr of > fd>rlc — n aßnm of otntle propunclty. 
In orter to •▼nlunt* tho stnil« bnsard Internat ima gl^na cloth ln« MMifcly 

ays ton, ona nuat dctoralna tbo Charta that la danalopod on tha «tarar aban 

tha apaelflc layara of tha aaaanbly ara aaparatad. Thla naaaurenant nay be 

nado dlractly on tha aaarar, an éaaerlbad la Part I of thla rayart; ladl- 
ractly by laneatltatlaf tha propartlaa of a fabric Itaclf. Thla Fart aan- 

atltutaa a raalav of tha laatranaatatlon ahlah haa beat raportad for naaaor- 
ing tha atatle propanaIty of taxtUa natarlala. 

Tha electrical raalatlrlty of a fabric nay be uaad aa tha criterion of 
Ita atatle propanalty. Let ua eonaldar tha eharpa dor*loped on a clothing 

Ita» andar eondltlona aa da acribad la the Introduction to thla report. For 
tha naba of dlaeaaalon, lot It be aaowd. that inataad of cool and nylon aa 

tha co^onaat alananta, nora conduct Ire natarlala had boon uaad. Tha trana- 
far of chargea ahlch ana obaarrad in tha aaeahbly aya tan aould atm taha 

place aith nora conduct Ira natarlala. Bat In thla Inatanoa tha higher eon- 

duetlrlty of the nata rial anablaa tha alactrona and tha reaultaat "holea"* 
to nora nora freely orar each of tha eurfacea. Thla laeraaaad nobility alloua 

the charge to concantrnta and to derelop potential gradiente at pointa of 

aaparatlon of tha tro aurfneea. Thla brlnga about a dlaoharga of tha aurfeea 
In tha aana nannar aa an laolatad conductor can be dlaehargad by touching a 
grounded rlre to one adga. 

If only one of tha tro surfaces la capable of conducting, tha chargee 
on that surface can nora anally, but those on tha non-condnetlre surface rill 

rtnain unaffected. In thla oaae, than, since tha chargea on tha non-conduct¬ 

ing fabric are not free to nora about, nt each point of aeparatioo only a 
snail area of tha conducting fabric rill be neutralised. This night be con¬ 
siderad as analogous to an attenpt to dlaoharga an alectrlflad fabric or other 
non-conductor of large surface area with a grounded rlre. Tha portion of tha 
non-conduetor which la neutralised depends on tha nobility of the chargee on 

it and tha length of tine tha grounded rlre la In contact with it. Tha neces¬ 

sity for having both surfaces conductive la further enphasised whan it la con¬ 
sidered that even a natal plate can be electrified by rubbing it nth a non- 
conductlve asterlal, such as s fabric. 

The above qualitative considerations suggest the use of reslstlrlty of 

the fabric as a gauge of atatle propensity. Also, the use of this ne asure nent 

agrees nth the suggestion nade by Kaggln‘1 that the aaount of static charge la 
constant for a given process and la independent of the aaterlal upon which it 

la developed. However, the ennunt renalnlng depends upon tha rate at which the 
charge can leak away. Hear la1® has pehllahad a rerler of tha work that had baen 
dona up to 1952 on the neaaureneat of the resletlrlty of a fabric. Appendix B 

describee various raya to datamlna raslatlrlty aa sell as other qualities. 

*A hole is the tern applied to the deficiency of one electron and therefore aa 
aaount of positive charge. 
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(2) ttw of ooaiM—r lächert» A — oii m^boá for wooamriat 
hl^jb rasl«tlYlty utlllMa th* Aiscbarfi of o oomiomomr. Vm choxw» « oa 
a anna—tr of capacitan— 0 Initially of abasia at any ti—, t, «orine 
ita diaoharfa throng a raalatan—, X, let “ 
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S 

Aa 1.«., oendan—r 
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lo—rt 
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■»••urtBMt aay be vede vlth the fbUovlnc circuit (Figure 5) s 

S 

Figure 5 Circuit VtUlclag Coodeneer Dieeharge Principle For heaUtinty 
Neeeureaeat 

f 
la 

tej 8 
for 

parallel i 

.r la the preeedlag Alagrae is illustrated external to 
■oewuir, la the asasuresaat of high resistsaoes. the la¬ 
sa of tha elactreatatle eoltaster* (la aore reoeat in- 
) is suffloient.aa Vlth lower resistanoes, of trsatsd 
Pjf» It a^r be aasessasy to add aa external eapacltaaoe 
the as tor. As eapaoi tapes C would than ba tha aim of 

*Ja aiactroatatlc ^oltaater consista of a fixed and a ex«nx 
potential to be asaaursd la applied directly between theae elamta. Tha 

JJ* °“ the alepwjta are of opposite polarity (one eleaeat being coa- 
naoted to ground) and attract each other according to aiactroatatlc forcas. 
»a fbroa of attraction la translated lato a notion of tha poring eleaeat 

rotates against tha tor*» of a control 
Pfzfi Î of ■•“wing tha potential difference. The usual 

T7tT*i î*?*11*1**00 Ä f10" ot «wrent for its operation; the electrostatic rox«a«er oocs not. 

"sufficient'' 
tias required to 

it that it will not discharge bafora a length of 
an accurate deteralaatloa - about 1 minute. 
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e. LlaitatloiM of iMtr—nt tof In tMurlag »tatlo propmlty 
of IMOTfclt« —i i 

«hila ttM raalrtlTltjr tetamlMtlon 4o»a ylald lafoxw^tian aa to tha 
alaotroatatle baharlovr of a fabric, It oanaot ba iaAloarlalaatalj «*4 
aa a —aama of tha atatle probLaa aa a «hola, tat of tha lialtatloaa 
ara Alaeaaaad balov. 

(1) Ihiogarata for a toxtilo fabric, fha alaetrloal raalatlrlty 
of a taxtlla «arlaa rltii tha roltafi avpüa«; "that la, taxtllaa 4o aot 
follov OHi'a lav, l/l • K. Ooaflzmtloa of this fhat Is foaaá la tha lit- 
aratvra. Thaaa rafaraaoaa eoaalAir aatsaatat aatarlal bat tha vrltara 
haoa aota4 tha tm thlag a&th traatad fabrics. Ficara 6 show tha rarl- 
atloa la tha alaetrloal raolstlrlty vlth aoltaca avpllal for a 3 os. ayloa 
oxford fabric traatad vlth aa antistatic finish. 

31 

Flfvra 6 Tarlatlea of avrfaoa raaiaUrity vlth valtafs ^»llad 
traatad 3 os. ajrlaa, 80)1 1.1., ®®°f. 
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û“* • »«IstlTlty wHmmrmmmt to âotosaftao tho mto ot ^lofc a 
•tatle ebmrfp m a Mbrle irlll Imvm it. fhlo rata of nhorai âiaolpatioo 
ï***Ü!LÎ**!*î1ffî*4 ^ B^*k • O«—7 Froponoitjr Itetor «oaorilM« 
la »maãix B. fhla laotrvMat hao baaa wldily atad. Zt aaaawao. andar 
eoatroUad afnapfcorio oaaditlana, tte rato of «touy of a ehami on a 
fibrle. 9m rata of daoagr of tha otaarvi eon ba tanta an Airaotlr zalatad 

^ aaalatiTity. Flfara 7 plato tha rata of daaoj of too tiaatod 
» a cottoa fthr10 and a dyaal fthrie. fhaaa too aanplaa oontradiet 

tha rNaonlat bahlad tha aaaanrüMat^alaoa tha traatad eotton «hieb haa a 
raaiatlTltgr of 12.2 loe «alta diaaipataa a static abana naoli 

«aiakly thaa 1ha traatad dyaal ahioh has a raaiatitity of 11.6 loa 
salts yar aait Sfaara of fabric ssrfhoa. 1ha nslaUritlas sasa aaaamd 
Bafois and aftar tha ahorvs sns gnarated and on that asna portion of 
fabric \&on shich tha static sac dasaloped (Pifan 7). 

10 - 

Tina (Minutos) 

Fl«ais 7 da listan sa than tha Usaistlrlty Maaasnaaats an 
Jrnmwm to ths Bata of dhaift Dissipation 
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Aa laspactloB of tho teooy ooro— obtolaod vlth thooo 3 ffebrloa ah ova 
that, olthootfi a portion of tiia oharpa on tto bland fabric dota lanío, tba 
atatio proponaity la not ala&lfloantly dlffarant fron that of tha all-dynal 
fabric. Zt certainly doaa not ochara favorably vlth tha raanlta obtalnad 
vlth tha all-oottoa fabric. «Ma tboao tarn fabrloa ara naaauraâ by oboorr- 
lac Aha voltacaa prodnoad than tha fabrica ara vom la an anaadbla by an la- 
Alvldaal, or by datamlalac tha total oharp daaalty (la aloro-alero ooulo^bo/ 
la*) aa la poaalbla vlth tha aav baartamaator darloa to bo Caacrlbad later 
la thla report, va fiad that tha atatle propeaalty of tho 750 dyaol/ C50 cotton 
blaad la aat différant fron that of tha aU-ootton fabric. Kbit ZZZ elm 
thaea Cata. 

CMU ZZZf CT BUE., _ 
(la alero-alero eooloMba/la î1)* 

iBSiii) 
100 

A 
ta 

75 

Qaartoraantar 

Ootton(^) 

0 

•5 

Carloe 

1760 
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To further inwstlcat« tta» aacanlous rosal ta obtainsd with tbs Js/sk 
and Ch it—j- iastrv—at sa eoaporsd to tbs data froa a elotbsd iaAlrldoal, 
a floes of polysstsr fila» shlob la slsotrloally extra—ly trcaAloaoas 
ander box—1 eoadltlons, eas coated oa oas aids with eoadostlss carbon 
black. A charas ana than asas retad «a tbs —atad sida using tbe Bqrsk 
and Chronsy laatrunsat and obssrsatlcaa ssrs nade on the rate of charas 
Alsalyatloo. lo significant Asprsolation of tbs oharas uas apparsnt. 
lbs iMgils uas then rsnnrsfl ft— tbs laatr—t and dropped lato a atesl 
bsabsr attached to an sleets—star. Tbm nstsr Indicated that the fila —a 
neutral elth no resulting oharas. Tb» as—la —s then replaced on the 
laysk and Chr—sy lastre—nt snd, without further rubbing, was r—eaewsed. 
fhs laatr—eat Indicated that tbs fila still ecatalnsd a charas and» la 
fact, had not dissipated any of Its charge. 

When tbs flln wee in the natal bealnr, It was swlAsat» ft— tbs feet 
that It stuck to tbs sides of tbs beaker, that there were localised oharaes 
oa It, yet tbs s—satlon of oharaes on the flln was aero, as was ladloeted 
on tbs electronster. 

ft— tbs foregoing Observations, It auet be concluded that tbs 1—rows- 
asnt of tbs static propensity of a syntbetlo fabric by blending a noe-coe- 
dnotlvw fiber with a fiber of hl^ar oondaetlng power, dose net result ft— 
tbs aore conductive fiber providing a path over ^ioh tbs charges — the 
noa-oonduetlve fiber oan bleed may. Käther, It suggests that the eons con¬ 
ductive fiber first dissipates say charas which has daweloped on It ond then 
takas up e charge opposite to that oa tbs aon-oondootlve fiber so as to 
produce a neutral configurât ion. Apparently, ta laetrv—nt vdilch —asures 
rate of decay, such as tbs Keyek and Obro—y lasts—sat, os—et carry out 
this evaluation and leads to srratle results. By tbs sane token, devises 
which ne asure resistivity, per so, give only part of tbs total Infos—tlon 
with respect to tbs static prop—sity of fiber blende. 

d. Criterion — 
Z, interest is net' 

lag Layers, but rather 
la turn, is 

pessary for 

— the voltage produoed oa tbs individual. 

In 
tbs cloth- 
This 

I- 

1. Tbs degree of Insulation ft— ground — determined toaeloally 
by his footgear) 

2. The —at of static oleotrlolty developed by late recti— of 
the fabric leyere la the clothing cyst—) 

3. The rate of oharge dissipation aoroes the eo——sat layers 
of tbs o loth lag oystea) 

b. Tbs capacitenoe of tbc eyet— being eo—ldered (that Is, tbs 
cep—It—— of tbs a— sad his clothing)* 

Accordingly, tor a no—lets s valant 1— of the static behavior of a 
fabric or — e—e—Is ef Mbrlcs, it la ns csss ary to eetsbllsh all of these 
factors tb— — a o—es sed. In aAditl—, a —sh—1—1 nee— fbr generating 
the sbarga Is preferred bees—s of the obvio— —ortu—legs ef —el —ode. 
Zn TUble ZZZZ, the —the— have listed tbs— f—t—us wbioh they belie— a—t 
be —t by lastre—ntati— if a rsalistlo appraisal of static propensity is to* 
be —hie—d. 
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Zb tte tot* of n«iu« U, 12 m^Ibb bbtc «mA for BBoh AttandaBtlOB 
■at ttaua tte attract tbIub dktaiaat r*px«Mats aa ara* of cloth «qual to 
•boat ooa-fourth of tte araor ■»■t, m aa aza^pla. 

5. Ooterlaoo of rtiBlt« vlth oa-tte-latlTitaal tata 

Zb orter to eoqp*** raaulta ohtalaat vlth tte tevlw vlth svBvltB oh* 
talaat oa latlrlftaala, 7 fterlca vara staAlat la aarlow Mtelaatloas, hr 
aaeh aathod. Tte fabrica «Mt vara vdoI/btIob, Tiaoooa/daoroa, cotton, 
arloa, aylte vlth aa aatlatatle flnlah, tjaal, aat tytel vlth m antlatatla 
flalah. Tte tattlag vaa aocote^tahoA la tte teurtesaaatar Oolt flhteter at 
20°r aat 90)( B.I. 

■valvatloe of thaaa fabric ocafclaatloaa vlth tte tavloa vaa oarrlaA oat 
In tte naaanr daaerlbad abova. Tha non-tte-lntlTldxMkln typa taatlag vaa par- 
foxaat by vrapplac oaa of tte tvo fabrioa about Sdbjaat A aat ttea terlaf 
8ub>et 1 nd> tte aaooat fabric acroaa A'a book aat ttea raaova It. Tbm vol- 
ta#a protnant on A aaa aaaaaxvt by hla touch laa tte hl^bi tandaal of tte volt- 
aatar. 

Tte raavlta obtalaat vlth aaoh aathot vara ttea atitelttat to a a tat la- 
tleal corra Intica (••« Fijara 12). Ja aaeh aa aaalyvla, a ooafflelaat la 
ealaulatat vtxlsh la a aaaaura of tte axtaat of llaaarlty batvaaa tte tvo 
aathoda. Uhnn ^ tte aanla ootelaatloaa ara lanLwtat. tte aoafflalaat 
of aorralatloa la .37# thick la law (aaaat llaaarlty vault raqolra aoafflalaat 
of 1.0). Zf, how Tar, thoaa untelaatloaa laralrlac tlU vool/aylaa ara os* 
alvAat, than tha oorralatloo eoafflclant baateaa .73* 

Tte resulta obtalaat by tte Batlteal luraoa of ttaniaráa ahov aooaltarahla 
▼oltaoa Tar&atlon aoooc camaata aaolpulatat la tarloaa vaya. Thla vaa portlov- 
larly appamat ataan tte farvaat aaaatellaa laalutal tte wool/aylea fabrlaj la 
oaa aaaa, voltapa* of bfOO, l600 ant hOO vara racortad vlth tte ante fanant 
eotelaatloa aad uadar tte aaaa oontltlaaa. 

Zt vaa eoaclutat that tte coafflelont of *73 i* • alfnlflcaat ooa aad 
that tte iavlatloa fron ahaolvta llaaarlty ^ eoafflclant of 1.0), arlaaa not 
fron tte davloa but Inataad fron tte look of onlfomlty of tte "on-tte-lniivl- 
dnal" typo taata. 

6. Typical Infnnaatlon avaUabli vlth rarloua aaoonA aarfnaoa 

Tabla ZZ Uluatrataa tha typa of lafoxuntlon obtainable vlth tte laatiunaat. 
Thaaa data wra recordad In a colt roen la tte Qunrtaruaatar Cllaatlo Ohateara 
Bulltlaf at 20°r and Y# B.I. Three blanda ara lac luda t, aa voll aa aylaa ant 
dyaal, both untraotad and trantat vlth oartala aatlatatle flalatee. ño raavlta 
ara llatet no tte auribar of alero-alero auuloate daTalopad par afeara Inch of 
fabric aurfnoa. 
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TAUX 
(la »i«ro-«lopo ecvlorfba/lB2) 

Anti- MeoaA Fiarlo lwrf>—a 
W—g1> Static Cotton Moron/ Moot- Xylon Wool/ lÿloa 4 
Fobric_Finloh (ontr) Rayon omSf (mtr) lylon Fin 7 

lÿloa 
lÿloa 

lÿaol 
BÿMl 
Voal/oÿlaa 

untr 
7 
9 
2 
1 

«ntr 

980 

3500 

3*00 
1220 

*00 

udo 

1060 
510 
210 

£ 
*350 
1370 
3650 
1750 

5*0 

90 

6*0 
5*0 
70 

100 
2170 
870 
56O 

1350 
•30 

60 

60 

560 
770 
560 

£ 
3600 
1*00 
1*00 
150 

630 

1250 

870 
8OO 
*90 
370 

3*50 
3150 

7*0 

1*0 

1010 

•Si tto M*rtemuter MtIm, tiw MMn* fabric crvan tte rollar. 
Mfhat X», no nnooni fabric 1 ttan otbnr oarfaua can tbat of tba baca rollar» 

ooatat vitb conteetlro om»m black. 

It nnÿ ba naan that laaffbatlaa fl alabeo nay aataally baaaan M trino atol 
(▼la., Asant 1 on ayloa), and that blaaia of tba acre oonâactlra fibers vitb 
aM-oonAaatlva flbora ara affbotivo in laaaaalas tba atatlo yropaaalty of 
trobblaacwa aatarlala. 

Zt aboalá bo naatlona* tbat tba ralativo narita are apecifie to tba teaser- 
atnre/knadAitÿ ocaAltiona aao4 (QXfiw and yof Rtl. ). Ae tba data given above bare 
deannetratad, tba aav Qaartamaatar darloa tbaa fivaa a arena of ¿etObllabias 
tba apaolfie value of a fabric aeeaShly eye tea la tama ehloh ara naanlaffbl ln 

Vitb tbla dcTlae, it baa boon paaaibla to abov tba narita of blanda, aa 
vail aa an tie tata, aa notbada for tba dlaalpatioa of a abarse, lev ver, it 
aboald be ebated tbat tba saaiativitj naaaurenaat la afaally aa ovltabla far 
tboao oaaaa tbleh Involve a fenoticnal flniab applied uniformly to a fabric 
aurfaoe. Ibera a fabric aurfaoa baa Aiaoontlaaitlaa vitbln it, a davioa anob 
aa tbat daaeribad or on tba Individual-typo teota nuat bo oOadewtad flor tba re- • 
aalte to be neanlafful. 
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PAKT ZV: CHMPAtABZLXrr QT AVTISTAfB WITH OBOER FTMI8EE8 

In prior Metloos of this rtport n» diseussod tht Mloetlon of an 
antistatic finish to asot a military raçalrsant and at lasst oaa facat of 
a ftaaral aasassaaat of ths prob lam of ma^atahillty. We hams looted at tha 
■attar of storafsahlllty. Wa hams detandned that thars is a poeslbla cutoff 
in efflelency im relatiom to ths physleal aamiroaasnt, as controllsd by tea- 
paratmrs sad hsalAlty. 1st thasa are only two oat of aaay factors in a mili¬ 
tary Aamsloparat. 

Military rsfuirsasats rarsly achia vs oo^llaaos throat tha usa of a 
singla finish) in aost casas, sa vs ral ehealeal systems are naadad and used. 

lbs antistatic finishes which meet ths rsqnirsamt of durability appsar 
to ha resina Shiah rsact sith and croasllmk tha fiber and contain solsturs- 
oansltlssd groupings. As baa bean shown In aarllar pagss, thars tenda to ba 
a degree of specificity of tha astis tat to ths substrato, lhas, as wa attest 
to apply an satis tat to a fabric surface which has already beam ao&lfied with 
another additive finish, ths problaas of coapatibillty and specificity most 
ba resolved. 

Psifcaps ths antasaa case, la ths speetrsa of additive fiaiahss applied 
to military textiles for one pmpoas or aaother, la that of a wnter raps liant 
finish. By its wary nature, n mater rapelleat resists nonal noistura Influ- 
anoaa oa a taxtlls aatarial and thus asan a normal 3y satisfactory textile 
aaterlal (fros tha standpoint of static development) can be conn trowblasone 
shea it in water repellent treated. 

A casa shlah bas aohlemed a statua spprssnTilsg adeptlca baa bean Butt 
of doth, Folysstar^Myon Twill, 8.3 os., used la the experlaental mechanics 
coveralls. This fabric in its virgin state ns ate tha basic criteria for low 
static proponslty. In practice, ths Industry gimas this fabric a crease-re¬ 
sistant finish Miieh is usually based on s eyslle ethylene urea formaldehyde 
resin. Brim addition causes s satisfactory fabric to bacons poor Is static 
propensity. To meet the silitsry requirement, am antistatic finish has been 
applied. 

Is tha field tests oondneted by Of ABO and Arctic ftst Board on the 
fermenta mads from this fabric, ths reports on static propensity were noet 
favorable. However, there was a problem with battery Mid penetrating ths 
fabric. Tha problea mas rtsolved by using a mater repellent. Bebia XV |lmes 
data on 3 mmter repellent systems) a non-dumb la aluninva soap-max emulsion, 
a silicone and a quarte raary pyrldlnlun hydrochloride complex. Tbs antis tat 
mas a polyanlns conplax having good durability and high static efficiency. 



TABUS XT: HFLUDKS CT VASKR RKPSLIXR FX1UH OK STATIC 
DI88I? ATIBO POUR (F A POUAKXÏÏM AVTX8TAT 

PoIyt«t«r/Ra7on Twill 65/35# 6.3 os. 

Trsat—nt 

1. Basle fabric - untrsatad 

2. Cto as« rosis tant troatsd 

3* Basle fabric - aatlstatlcallx trsatad 

#3 - ooortroatcd with 6)( s 111 com U 

5« #3 - owortrsatsd with durabls fsartaraar/ 
pyrldlaluB hydrochlorlds U 

6. #3 - owortroatod with sa alvadaua soap 
oax oaulslon WR 

7* #2 - antistatlcally trsatad 

8. #7 . owortroatod with alcalatsi soap 
wax sulsloa WR 

9* BUlsoas WR ooor basic fabric 

10. CBaartaraary pyrtdlnlua hydzoehlorlda WR 
owsr basic fabric 

11. Wea-darablo aluBlnua soap - wax —»ï 
owsr basic fabric 

Surface Rsslstlwlty* 
(obxs/sw aalt) 

1 X 1011 

1 X 10*5 

5 X 10? 

3 X 1010 

1.6 X 1010 

1.6 X 1010 

8 X 10* 

3 * LO10 

1013 ca IO1* 

6 X IO*2 

1.6 X 1012 

It can thus bo concluded that ccqpatabllltj exists between water 
repellante and the specific antistatic agent used. In those exparlaeats, 
the water repellent was applied ower the axtlstat. When the water repel- 
lent la on the fabric prior to application of the an tie tat, problem in 
durability of the antlstat result. In general, the aatlstat bocones non¬ 
durable. Bxperlnents conducted by slaultaaeouely applying the water 
repellent and certain antistatic finishes which are coagatlble la the 
treating bath, hawe ahown that both the water rapellaaey and the atatle 
propensity suffer In degree of effectlwraeas. 

Thus, compatibility of aatlstats with other functional finishes appears 
to exist, but each ccsd>lnation nuet represent a special study. There appear 
to be no fixed rules to guide the experlaonter. 

•Surface reelstlrlty of untreated cot toa 9 os. lei 3 X 10^ 
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The present study bee shown that the generation of static electricity 
la "g assemblies eaa create a hasard to the nearer. Biis study aad 
the related IBS project sponsored by the (fciartennster Research k Saglneer- 
Ing CosBMnd di enlose that sny gainent ays tea which develops a potential of 
approximately 3000 wolts or more on the Individual places hla In a position 
In which, through a shock to a grounded conductor, he could release a spark 
of sufficient Intensity to igelte gasoline-air mixtures. Voltages exceeding 
this value hams been obtained vlth many standard clothing Itena at 75°* “w* 
relative himddltles less than 35^. In addition, It has been demonstrated' 
that the hasaxd Is Increased under lower te^eraturee and lower humidities. 

The mechanism by Which static charges generated on clothing layers can 
result In the wearer developing hazardous potentials has been discussed in 
Part I. It was concluded that this Is a conaeqnsnoe of the lack of conduc¬ 
tivity of the surfaces Involved. In Part H (Antistatic Finishes), it was 
demonstrated how certain chemical co^otads Whan epplled to fSbrlcs, make 
the fabric surfaces mors conductive. 

Also, we have considered how these finishes might be utilized In a 
garment assembly. Pert I also explained that unless both surfsces Involved 
are conductive, a collets discharge cannot take pises idwn the surfaces 
are separated. Consequently, sny two surfaces idiléh nay be separated In 
the vicinity of explosive mixtures must be mads conductive. This does not 
Include surfaces are not separated In garment removal, a.g., the 
friese surface of tbs liner which renslns buttoned Into the field Jacket 
or the layers In the armor vest. Such an asseafely Is Illustrated in 

Figure 13» 

Cotton 

Field Jacket 

_Wool/ify 1cm 
I --Cotton or Wool/ 
* * Cotton 

y u 
— Underwear 

Shirt 

Schematic of Layers In a Cold/Wet Asseafely Including 
Armor Vest 

Figure 13 



Also, unter conditions of tMqisrsturs sad hunldlty uhidi produes trouble- 
som conditions, the use of satlststle finishes uould hs required on the nylon 
lining of the field ¿sehet, the nylon lining of the ansor east, end the wool/ 
nylon shirting sad wool trousers of the bssle underlayer. The all-cotton or 
the wool/cotton uateruear does not refaire treatment for two reasons: 

(1) The existence of a high no is ture regain due to proxlaity to 
the skin. 

(2) The fact that the cotton is a good oondnotlag fiber under 
nornal temperature and htnddity oonditions. 

Vornally, the outexnoet or shield layer of the enawdils need not he 
treated, ■owewar, uhexe the wearer is lihely to xvb against the seat of the 
vehicle he is driving, or dther egulpneat, the enter layer should he treated 
for narlnwe safety. The study has tenons tratad that the eondeotlrity charac- 
terlstlce of the footwear are fnntenental to extrene safety even uhea the fthrlo 
leyere have been treated. 

An laveetlgatlon of oonereially available antistatie Bo^onede has pin* 
pointed at leaat one finish, effective soaevhat helov 32°F and leee than 1% 
R.K., vhleh vlthstaads 10 severe letterings on all ths fUbrles tasted. The 
sffeetlvensss appears United by temperature be canse even the best agents 
available, though affective under alaost bone-dry conditions, bacons inef¬ 
fective as the temperature is lowered. 

Antistatic agents show specificity with respect to surface. A change in 
surface properties due to ths applisaticn of a functional finish to an other- 
vise satisfactory textile notarial any require antistatic trsatasat. Compat¬ 
ibility between antistate sad other finishes has besa discussed sad it has 
been dentaos tratad that such exists with vetar repeliente, lowcver, the ac¬ 
túenos of addition of the funstlonal finish and the antietat nay be found to 
bear significantly on ths static propensity characteristics as well as on dur¬ 
ability of ths antistatic finish and ths eoneonltantly applied functional 
finish. 

A study bus been nade of tbs accepted procedures for the laboratory eval¬ 
uation of ths electrostatic propensity of fabrics, sad this has tenoastrated 
that aone of these, because of certain inconsistencias, inaccuracies, or inste - 
fuse iss, is capable of supplying the couplets Inforest Ion believed necessary 
for Quarte mas ter Corps needs. As a c masquemos, it baesan necessary to design 
sad construct a nev iaatrunsnt. It haa beca danonatratad that data fron this 
iastrunsnt correlate well with data fron Noa-the-laAivldaalN taste. It has 
basa further shove that tbs electrical properties of a fabric or fabric combi¬ 
nation nay be evaluated by the use of this tevioe la a naaner vhleh provides a 
quantitative es asure of the hasard incurred. 
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Also, It hM boos prcrvoA bj om of this terloo, aaA conflzvad by 
"oo-tho-lndlrltoal- typo toots, tbot flbor blondo eonolotlnc of o aoxo 
eondnetl'OB flbor (such oo cotton or riscoso royen) «ith o t mirtilo o «i 
ooo ( such oo dyaol or doeron), rooolt In looorlng tho ototle propensity, 
lho flboro lo tho blond or lo ooablantlon aoot bo in their pnsnot otnto. 
It Is obrlons that tho ^pllootlon of n functional finish to ouch a fabric 
noy prorlde a no« ourfaoo vlth oatlroly different proport los. As each. If 
tho finish Is not condaetlre, tho effect of the coadaotlnc flbor In tho 
•ystea «111 bo «old. 

The de vice is a laboratory tool. Appendix C carries a suggestion 
for equlpaent sad procedure «hleh nsy bo need for ncn-tho-lndlvidualn type 
tests. This any orercone sons of tho aberrations noted in this typo of 
test dno to tho Inability to reproduce such conditions. 
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Itras ia aat-eold snlfot» 

1. Pppt *o*j 

a. Usdsratalrt, mb's 50* cotton, 50* wool, fnll lon«th aloows, 
natural. 

b. Shirt, uool/nylon, l6 oa. wt., 00 91 ihaia IOS. 

c. ftuapan&srs, trouaors, aeisaora typs hnck, 00 Cpl ahaSo 10T. 

d. Liasr, coat, mb'c aatarai, aohair frlaac» fortlaaa, 

l6 os. vt. 

a. Coat, ana's, • lacis brsastad body styl* ¥/0 1|0?4» 0?ÎÎ0?14â,- 
vlaA-rsslstaat satsaa, wator rope liant txaatoA, 00 91 shada 107 ( 

Jaohst). 

f. Vast, body amor, ayioa. 

2. Losar body 

a. Drawers, aen's, sabla Xsnfth, 50* cotton, 50* wool, rlbbaA 
bait, unblsachad. 

b. Liasr, trousers, arctic, «chair frlasa, natural. 

o. Truss in, mb's, cotton, wiad-rssistaat satsaa, 9 os* ¥t*» 
Oa 91 shads 107, watsr-rwpsllsat trsatsd. 

3. lead 

a. Oap, field, cotton pile, 00 

b. Hood, winter, 00. 

k. toads 

a. Mitten lasarte, wool sad ayioa, 3 fta§ßr, CD. 

b. Mitten sat, arctic, cotton onford gauntlet, CD, Typa I. 

5* tost 

a. Socks, nan's, wool, CD shads 9» w/ewshlcn sole, 13 l«sh las 

length. 

b. loots, coabet, ms's, rubber, black, piala toe, ahewroa, eienW 

sole sad heal. 
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1. 

AFFSTOXX B 

Ifcthoda nd for wrlag «f tie cbmrwß a»nr>t#d 

Attraction of dirt partid»» 

Um presence of sa electrostatic charge on a surface is nsaifesteB 
By tbs forces of attraction or repole ion ahlefe the enríaos exhibits. this 
is tbs principle tere used, tbs fabric enter test is rebbsâ oner a second 
fabric and then held abone a "standard" soil, fbe sample is rlsnally in¬ 
spected: tbs beerier tee dirt plebap, the greater tbs static propensity. 
Two such soils bane been tea cribs d: 

Soil 1 - 20)( coal ash, fcOjl pljpent grade carbon black, koi bone 
ladirldmlly gra—I to pans a 200-nesh screen 

SoU 2 - 80i fins sifted Fooabontes ash, 20% easbon black 

2. PeTioe for testing static aoeranlatlng properties of textile fibera 

(r. T. Ott of Os lances Corporation, tels denies is described in 
Patent 2,t21,h30 dated 3 Jtee 1^7, and is illnetrated la Vlgurs 1¼. ) 

Tbs static tearge la generated by causing tec cmmIs fabric or fibers 
to be nibbed by a rotating disk. By pressing tee mg (A) tenwmrd, a fabric 
is placed vitela It. teen tbs counter vel*t (W) la released, It pushes tee 
cup (A) and smglc la it tg against tee frlctlcnlag and collector plats (B). 
The noter is teen tuned on far a astear of raualutlons or a given length of 
tine. After it is stopped, tee cup (A) is depressed nd tec ter (K) aate to 
touch tbs collector plate (»)• »otehlag tee oollaeter plate (B) vite the 
key (K) charges the condenser (0). dosing evitch (B) cunees a change In the 
potential of plate (l). A change la tee plate potential altera the current 
floe la tbs grid circuit. This change in grid current la a neaeure of tee 
charge generated. 

The inventor states that tbs fractioning dick nay be rads of different 
substances. It raulA appear that tbene different stestanees rant of nsoss- 
slty be conductors, otherwise the oontnet hey «raid discharge only n very 
enall portion of the disk. 

3. Boater end oloctrootatlo voltneter 

(D. J. Lehnicte, Bayun Bepsrteent, B. I. défont de tenon» 4 Defray. 
This arraageraat is deserlbed la tbs Ararle sa Dyestuff déporter, 
20 Bov. 19¾) 

A charge is developed on a stela of fibers by nanlpul sting the stela 
telle nearing a synthetic rteber glove, tee abela la then drepped into an 
nlra tara beater ettached to tee hi# end of an eleetrastatle velteeter 
0-50XT and the indicated voltage weeded an a neaeure of static buildup. 
A V * ~ M V.*» 4>Wa m ■— in n — mm 
m * Wte Site uñara jra» a a ran mmm VA venra raransra j^ra*ravran* 
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Saqplt 

ligero 
A Cup 
B Coll*ctor Plate 
C Condenser 
D Switch 
B Plate 
K Key 
V Counter Weight 

tf 

Figur* Ik Ott Device For Testing Static Accumulating 
Properties of Ductile Fibers 
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fc. c- Itethod^c ■odiflad 

A aodlfleatlon of this has bsen dstolopsd by 
labontorlss of Oeoeral An 11 loe A FUm Coxp. 

Ch—leal Research 

Modification of LehaielBS De rice 

Crt 

Figure 15 



To evaluate a fabric, a 6" x 6" a quart of cloth la squeezed rigor- 
ouely in tha hand, Hearing a ■eoprene glove, and laaedlatelj toaaed Into 
the natal beaker. Thia Induoea an equal and oppoelte charge on the beaker 
and in eo doing, chargea the rotary condeaaer to which the beaker la at¬ 
tached. The rotary condenaer (3000 rpm) In tun Induce a an alternating 
potential on the oecllloecope. The amplitude of the résultant ware la a 
■ensure of the charge on the fabric. The results are reported In roi ta. 
The second condenser la used to scale down the roltegaa obtained. The 
gloves are seabed in acetone before xeune. 

Attention la directed toward the annuel Method used to develop the 
charge. 

5* The static propensity water 

(Bajek 4 Chroaey, Jackson laboratories, B. I. duPont deSanoure A 
Company. This Instrvannt la described In Inerlcen Dyestuff Reporter, 
9 March 1991- ) 

Figure 16 Bajek 4 Chroaey Static 
Propeaslty Miter 

In thin darloe, a noter turns an 
altnrtmaa wheel (A) at 300 rpn. 
Thera ara six raanvabla portions 
on tha wheel 1-9/8" x 1$". These 
eeetloae (1) ara held In plaoe by 
nprlng clàqps and ara desliad to 
hold tha fahnde which la being 
tested. When the wheel (A) spina, 
it la anda to rub against a second 
eubstenoe Mounted on a braas strip 
(8). Tha praaaurt between the 
wheel and the strip la controlled 
by a spring (K). With the Wheel In 
notion end rubbing against the 
eeeoad eubateaoe, a static oherga 
in developed on the angpla. Since 

the pleoee arc Mounted Intermittently along the toael, an alternating potential 
la net up on tha extamal grid of a 6 J 7 tube (T). The Magnitude of changa In 
plate currant la a manure of the charge on the fabric. 

If the rubbing la stopped but the vbtel kept In antlon, the rate at which 
tha eleetroatatlo charge leaves the fabric any be observed. The charge Is 
dissipated to grotad through tha an tal wheel. 

It in la this Banner that tha device baa been ueed la the (tnrtemaster 
laboratory. 
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6. Um »tatlft ■odnlmtor 

(J. ¥. Ballou, Ifcxtll* Mbar« Dupärtmmt, I. I. âtífcmt UWtmom 
Ca^maj. fbl» Atrio« io AtooriboA ia tho Vtxillo ■tooaroh Journal, 
FtbroaxT 195^- ) 

CopAtnoor 

L 

R 3 
Choppor (D) 

Volta« tor 

A i ti*- of «loetrifioA fabric U 
broogbt atar tiM inaulatoA top Attoe> 
tor plato (A). A char«t 1« iadaooA oo 
tho plato (A) oaá a fiolA «ot «p in tho 
ooaAtator (C). Tho choppor (D) lator- 
rupto thin finid aaá la oo Anlac proflucot 
oa altomatlaff eurrtnt ia tho fitwnd 
load (L) «hioh in ataonrtA with a 
rae» ttíbo roltBttoiA(V). Thin rolt- 
attor ■tonnrot tho potoatlal Arop through 
tho roaiator (R). Tho rolt»tor rtadin« 
indioatoa tho rtlatlwt «acnltoAt of tho 
eharpt on tho fabric. Thia rtadlnf will 
ehaapt with tha proximity of tha eharpad 
fabric to tha collector plato, boeauao 

thia diatanoo will mry tho In- 
AuooA chare». 

Meurt 17 Ballou Static 
Modulator 

•A rae» tubo rol tat tor io a rtetlflor ia which tho input roltapt oauaot 
a ohaapt la plato eurrtnt. Tho d.c. plato currant Inertaaoa aa tho altor- 
aatiap eurrtnt oxeltatlon of tho grid incroaaoa. Xt ia boeauao of thia, 
than, that a chopper ia uaoA ia thia arroaptmoat, 1.«., thia typo rolt- 
■Btor rtqulxwa on a.e. excitation for ita operation. 
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T. • 1 MithoA • «odlfUd 

A miltUm* ne of this 
JMBlOOl BBthot 

tea boos wêíê by tbo Bote A teM 
trotlac tte rfeotle «teste 

neuxo IB Bote A tete Hoáif loot loo of Bolloa Static Boéulator 

ohofftr (I) o Sallar 
proTiooaly AaaerlbaA la looatad 

To iMMrata tte atatic «Aarte» • 
to that la tte ■oAnlator (liioadan—r) _ _ 
tte flrat ah otear aaA tte Aatootor plat« oo^poaaata aro raaoteA. fte fabric 
la MtetaA «bote tte MooaA «tepp«'- «»«a this aaeonA ehofpar tuna, It al- 
tenatolj rtea tte fábrle «aá «rpoaoa it. «tea It la «xpo^, tte eharsK 

a flau «bo«« tte »lat« (V). »la flail la Interrupt«! br 
«batear «A tea a.«, currant «saín a«t ^ la tte «rouai laaá (L). 
of »oteottlala teaaund vlth tela arrnafteaat la aa hl# na «,000 
a träntet fabric, na lov na 8 volta ob treated fabric, »cm volt- 

te Uiva trate tte ooaBarlaoa napa avallabla. 
volte 
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8* Th« fabric potential »fr 

(■. T. Nekean, General Bnylnaarinf Laboratory, General Electric 
Oovany. ) Th la darlce, (ricuxa 19) la deacrlbed in the haerlcan 

Dyestuff Reporter of 15 July 1955. 

A fabric la aouatad on the loner 
«rounded electrode (A) and tabbed 
by head vlth a aecoad aube ten ce. 
The loner electrode (a) la then 
releed to that the fabric eoaee 
in contact vlth the upper electrode 
(») vlth the avltch (8) cloned 
(that la, the upper electrode la 
at ground potential). The upper 
electrode (l) la than dlaoonaocted 
froa ground and connected to an 
electroaeter (I). The loner per- 
—aptly grounded elaetrode (A) 
togather vlth the fabrle la aov 
canead to aove to a set *****r*~+ 

froa the upper oae by tripping 
the trigger (T). The voltage 
registered la charaeterletlc of 

Figure 19 McLean Fabric Potential Matar 

the "electrostatic potential produced on the cloth." 

Uhen the charged fabric le brought to the noeantarlly-grounded upper 
elaetrode, an opposite charge la Induced on the electrode. Zt la this charge 
that producea the Indicated potential and aa euch the Indicated potential 
would be of a elgn opposite to that of the fabric. 

Tha tlae required to nahe the Indicated aanlpulatIona vlU detemlne the 
extent to idiidi the fabrle la dlacharged before aeaeureaent le aaite. This 
voiLUt be aore noticeable aa the conductivity of the aurfaoe Inervases, that 
la, tha arror would be auch nora relevant uhen Investigating treated fabrics. 
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AFFflDH C 

A po«»lbl> dir»et mtboA of •Talwfctiag «t>tlc tl^ctrielty 

It has ton «uifnntad that a Aixaet wthoA of «Taloatloa ■hou1^ 
ploy «oMthlnc •lallar In prlnclpl* to tía Ito of tha copiar a-, that 

mm*. Mt a ifi i T filotíft 1t vi th tia fábrica of lataiaat, anâ 

& S£i2.*«ÂÍ^ —* - -r,lt^2i,SÄ5Lto ssr^Ärs07«: ssrÄLTS" 
mU to tOO al«ro-alcro farto, tea Mbrlc 1x1 

1 ba ftraiafl crowd this cylindar. The cacoad fabric aljnt 
ha Mwtad oa tha tolda of a oaeoad oylladar tí&lch cnoloMo tto fliat. 
ÏÎ SfE/ta-i ImTL«. «o rcrt.t.10 •> «ooMtrle fühl« (that !.. 
UtoiBlttntlr Utmbimt th. «U of th. «fr ^11^) f * 

ctod. After aa allottad tto the outer eylltor could «priai 
i tto toar, folta#« could ba recorded by aa eleetroctatic 
otad to the eoadaetica aurfaoa of the toaar cylinder. La 

the cath to crowd frea the toar eylltor could ba eceh that 
ateríala could ba laaartad, thua aaebllnc tha tasting of ef- 

of carieua fcotoar aad flooring aatarlala. 

6U 







dfined Services Technical Information Agency 
ARLINGTON HALL STATION; ARLINGTON 12 VIRGINIA 

UNCLASSIFIED 
1 




