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Packaging of miniature aerospace components in antistatic polyethylene or nylon is generally
considered an attractive route to eliminate major problems in their handling and storage. Although
most electronic components appear compatible with antistatlc packaging materials, lubricated parts,
such as precision bail bearings, can apparently be adversely affected. Surfaces exposed to lubricants,
for example , may become non-wetted or the lubrican t become grease-like after relatively short
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potential problems involving unwanted surface-active effects for non-lubricated parts as well.

Our recent studies indicate that the surfactant material incorporated into the packaging film
may be responsible for the adverse effects observed.
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PROBLEMS ENCOUNTERED WITH ANTISTATIC PACKAGING

BACKGROUND

Precision miniature ball bearings (as well as other delicate dust
and moisture sensitive components) require packaging in materials tha t
can be used in a clean room environment as well as preserve the special
operational characteristics of the components throughout transport and
storage. The need for clean room conditions poses special requirements
for packaging materials : they must be dust—proof , moisture—proof , have
a low ra te of particle sloughing, be cleanable , and be iner t to the
cleaning solvents and lubricants. Additionally, their proper ties of
transparency , light weight , low volume, toughness, and the ability to be
heat—sealed , make several polymers (polye thy lene , Mylar and nylon)
materials of choice for clean packaging.

A major drawback associated with the use of these non—conducting
polymers is the build—up of large electrostatic charges on their surfaces
(1). This static electricity is generated when contact is made and
broken with a polymer surface; thus any kind of handling or movement can
be a source of charging. Once charged , the non—conducting polymer has
no path for dissipation of the charge, allowing its build—up to high
levels (2). These charges can tenaciously attract dust and damage
contained parts by spark discharge (3).

Polyethylene and nylon film are now available with antistatic
additives incorporated directly into the films (3,4,5). Packaging
fabricated from these materials effectively decreases or eliminates the
static electricity and the concomitant problems from dust and charging
(5). These antistatic materials have gained wide acceptance, particu-
larly in clean room operations and handling of electronic components for
the aerospace industry . Bags made from antistatic films have recently
been introduced for Navy precision miniature ball bearings, and are
procured under current military specifications for electrostatic—free
packaging materials (6—9).

Long chain surfactants are used as antistatic additives in polymer
packaging films. These surface—seeking and surface—active agents are
incorporated into the resin formulation during extrusion in about 0.5
percent concentration (10). A microscopic layer of the surfactant is
generated on the film surface; if remove4, this film regenerates at the
surface from the “reservoir ” in the bulk film. The surfactant has polar
groups , and those which arrive at the film surface are hygroscopic,

Note: Manuscript submitted September 12 , 1978
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at  t rac t  lug W a t e r  rem h it’ at mosp ht’re. The polar groups and t h e  water
c r t . I t  e an e l e c t r i ca l  lv conduct  1mg s u r f a ce  on the  po lymer , a l lowing  the
di ss ipat ion of stati c charge’s.

To he e f f e c ti v e , an ant istat Ic  surfact ant  add I t  lye must  he:

I) compatible with t he  polymer so t h a t  de sir ab l e  f i lm
properties such as toughness and f l e x l h i  1 ity are not weakened;

2) amphipathic , having an affinity for water by containing
both polar and non—polar portions;

3) surface—seeking when incorporated into a hulk film ;

4) non—reactive with the polymer.

Although current additives conform to these criteria and effectivel y
reduce surface charging, there are problems associated with their use .
These may be observed in miniature bearings and other contro l system
components in which lubrication with minima l quantities of lubricant is
required. When these components come into contact with the surface
active additive on the packaging films , the additiv e may he t ransferred
Into the lubricant or onto t he  metal if It has an affin ity for the
lubricant base stock , its formulation additives , or the metal. Pre-
cision bearings are typicall y lubricated with as little as I mg of oil.
Thus a transfer to the oil of only 10 micrograms of antistatic agent
(the amount calculated to he’ on the inside surf.:ct’s of a 2” x 2” hag)
would be needed to create a contaminant concentration in the oil of one
percent, a level competitive with the additives in the formulated
lubricant itself. This amount of surfactant can easily alter carefully
formulated lubricant properties. Antistatic additives can be transferred
dire ctly to metal bearing surfaces by rubbing contact with the package
or b~’ adsorpt  ion f r o m  the  l u b r i c a n t , result 1mg in the format ion of a low
t ’n t ’r gv su r face  f i l m  no n—wet t ab le  by the  l ub r i c a n t .  l f  the  h a l l s  or
raceway are a f f e c t e d , premature bearing fa i lure due to lubr ican t  starva-
t ion  would be a l i k e l y result.

Mi n i a t u r e  bearings are some t ime s packaged In an excess of oil to be
cent r i f u g e d  away p r io r  to use. This p rac t i ce  allows much more o il . —

packag ing f i l m  contact , and may al low an even larg er amoun t of a n t i -
static additive to be leached from the package onto the metal , enhanci ng
the possibi l i ty  of lubr ican t  s t a r v a t i o n .

The an t i s t a t i c  p L oper t  les of the packaging i t se l f  can he’ dest royed
by contact  and in te rac t ion  w i t h  o i ls .  S i l i c o n e  o i l s , for  example , we re
shown to be impossib ie to remove from an a n t i s t a ti c  f i l m  su r face ,
resul t ing in the permanent impairment  of the an t l st at l c  properties of
the f i l m s  ( 2 ) .
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The prob lem of I n t e r a c t i o n  ot packag ing  m a t e r i a l s  w i t h  t h e i r
c o n ten t s  is not new; over  h) v c ar s  ago , t or t’xamp le , t he waxed pape r used
as a mois tu re ’  b a r r i e r  wrar was t caced t o  be’ a source of hearing con—
t aminat ion (11 1 . In I i  gu t of the present  need for greater re 1 lability
of p re’ c 1st en compo nt ’n t s in sopii I st I ca t  e’d Ins t  rume ’n t a t  ion , t he’ consequences
of a d d i t  lye I n t e ra ct  tons  w i t h  l u b r i c a n t s  or metal surfaces become more
si gu t  I I can t  . The ’ St  ti’l V 01 some’ o I the more’ r e l e v a n t  i n t e r a c t  ions

-; I nvo I vt ’d is t l ie  sub 1cc t of t l i i  s I nyc ’s I I ga t i o n .

F.XPF R 1MENTA I.

- : M a t e r i a l s

Four t y p e s  of packag i n g  films , b—ni l polyethylene (PE) with
and wi t hout  an ant I stat Ic (AS) add it lye , and 2—mI 1 nv len (NY ) with and
w i t h o u t  an a n t i s t a t  Ic  a d d i t  iv were obtained as 2” x 2 ” bags from Naval
fac  i l l  t It ’ s and is sheet film f r o m  t h e  m an u f a c t .

l u b r i c a n ts  K~ — 8O , S R ( — l h O , t in t o r m u l a t e d  base’ s tock  of KG—8 () ( a l l
“ supe ’r re t  m cd” mine ra l o i l s ) , and Terre ’sse V— ~S (a f o r m u l a t e d  mine ra l
o i l )  we’re obt a I ned I rOn N a v y  sour ces .  —

D isc s  of 52100 st e e l  1 ” diamet er x 1/8” thick were p o l i s hed  to a
m i r r o r  f i n i s h  w i t h  0 . 3  rn alumina betore cisc.

I’o l vct h v l e ne  powder “M i c r o t h e n e  EN 510” was used to melt  press an
experimental film contain ing the a d d i t i v o  normally used in an t i s t a t ic
nylon.

M ethods

l u f r a — r e d  ( I R )  spec t ra  were obtained fo r  a l l  m a t e ri a l s ;
polyme r samp les were stud ied is hu lk  f i lms , and l iqu ids  as f i l m s  between
ca I t  plates. Fourier transform IR with attenuated total reflect ion
(FTTR/ATR) was employed to give enhanced information on polyme r su r f ace
composition. Luhr icant—antlstatic additive interactions with metal
s u r f a ce ’s were s t u d i e d  in t h i c k  f i l m s  deposited on polIshed 52100 steel
specimens, l ong—term e f f e c t s  were s tud ied  by s t o r i ng  s t ee l  specimens in
the  dark , l u b r i cat e d  side up, I n  1” x 2 ” polyme r bags at ambien t  con—
di  t ions (ca. 24 °C and SI )  R . H .  ) . Photograph i c  records were made of
changes at l u h r i c a n t — m et a l  in terfaces .

RF.SII1 .TS

FTIR/ATR Spe se’opy

FTIR/ATR data were obtained on AS and non—AS PR and NY packaging
film samples. Subtracting the  PE spect ra  f rom t ha t  of t he  AS PE revealed
t he presence of the’ AS addi ti ve on t h e  surface , FI gure 1; similar results
were o b t a i n e d  w i t h  t he  NY and AS NY spect ra  showing t h e  AS NY add i t ive
flS a s u r f a ce ’  component ot the’ po ? yme’r f i l m , FL gure .~ .

- ~~~~~~~~~ ._ 
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E f f e c t s  icant-Covered Metal S~~~ imens in Contact  w i t h

Specime ns of 52100 steel w i t h  the test oils laid down as fi lms
on the polished surfaces were stored for one year in contact with the
four types of polvuiers , as described above: the results are summarized
in Table 1.

‘the samples in PE and NY were unaffected by the packaging ; lubri-
cant films remained fluid and wetted the metal surfaces after the full
storage period . Samples exposed to 60 °C for one hour after 24 hours
contact were likewise unaltered.

All of the lubricant fluids studied interacted with the AS FE bags,
retracting from the metal surfaces after a few days. KC—80 base stock
and formulated fluid reacted more rapidly than the more viscous SRC—l60.
After 24 hours at room temperature , heating at 60°C for one hour showed
no further change in their surface appearance. Storage of these samples
at room temperature for one year , however , caused the lubricants to
retract further, indicating the interaction continued during the long
term storage.

Oil films on the metal surfaces in AS NY bags showed no changes
either in the short term storage , or after heating for 1 hour at 60°C
after 24 hours contact. Storage for one year , however , caused two

— effects to occur : (a) the metals became partially non—wetted , and the
oil thickened , becoming sticky and grease—like , and (b) the side and
bottom surfaces of the 52100 discs , which were not originally treated
with oil , rusted in the AS NY bags . Rust was also observed on samples
in the non—A S NY bags, but those in both types of FE were unaffected .
The low moisture barrier properties of nylon film which is likely
responsible for the rusting, may contra—indicate the use of nylon for
packaging anticipated to be in a high r.h. environment. (One of the
anomalies, to be discussed later , is that nylon, even with the AS
additive , may not become antistatic until it is exposed to r.h. levels
high enough so that its ineffectiveness as a moisture barrier could
itself be a severe problem (2)).

Interaction of Lubricants with Antistatic Additives on Class Slides

KC.—80 and SRC—l60 lubricants were applied to cleaned glass slides,
forming smooth pools of liquid. The viscous li quid an t i st a t l c  addi t ive
used in AS FE film was then applied in several drops to the lubricant
sur faces .  Photographs were taken of the slides at ca 10 minute  interv-
als. As seen in Figure 3, there was a dramatic  r e t r ac t ion  of the
lubricant from uniform films Into non—wetting drop lets , ind ic at ing  the
antistatic additive effectively displaced the oils from the surface ,
leaving a film of the additive on the glass. This displacement occurred
in about 1 hour , after which little further change occurred. In this
experiment , to Illustrate in a more obvious manner the displacement

4 
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princ iple , the amount of AS additive in contac t w i t h  the  su r f ace  was
probably larger than that expected to be encountered in packag ing
practice; the displacement was also seen on the metal specimens listed
in ‘l’able 1.

A s i m i l a r  exper iment  was performed with KC—80 and SRC—1b0 lubri—
can ts  and the AS NY a d d i t i v e . The a d d i t i v e , a waxy solid at room
t e m p e r a t u r e  ( m .p .  4b °C ) ,  was dissolved In an I sopropano l/ ace tone  mix-
ture , and again applied dropwise’. Figure 4 shows the photographic  t ime
study of this series, Precipit ation of the additive caused opaque
spots , as seen in the early photograp hs. The slide was heated gently to
melt the preci p itated addit ive : at that point , retraction of the oils
occurred , again showing some displacement by the a d d i t i v e . The oils
became grease—I Ike and thickened as well  as being disp laced.

Pr t T ar a t  ion of Fx p e r im en !  a Po~~’ethyle iw _F~i

P o ly e t hy le n e  powder (“ M icr o t h e n e  FN 510”) was mi xed w i t h  a ca 5 wt
percent isopropanol/acetone solution of the AS additive used for NY to
form a paste’. and allowed to dry. ‘I’he mixture was melt—pressed at 170°C
and 2500 psi to a film. 52100 steel was satisfactorily wetted by both
KG—SO and SR (—lho after 72 hours of contact with this new AS FE film.
,\f:er 2 hours at 60°C, sli gh t non—wetting occurred . After storage for 1
y ear  the  o i l s  became s t i c ky  and g rease—l ike . While th is  th ickening could
in p ar t  he due to the hIgher t h a n  usual concen t r a t ion  of add i t i ve , i t
nevertheless indicates the tendenc of the waxy solid to thicken the oil
at room temperature.

1)ISCI.!SS ION

The l abora tory  s tud i e s  descr ihed  al l  indicate  t h a t  the li quid
ant i st  at  Ic  agen t  used in !‘E p a c k a g i n g  can readi lv t r an s f e r  to a lubri-
cated metal  or glass su r face , causing mineral  oil—based lub r ican t s  to
become non—spreading. The AS NY additive becomes a soft solid in
contact with the lubricants studied , and is slower than the AS PE
additive to displace the oil from the metal. Evidentl y the higher
melting point and lower mobility of th e AS NY additive makes it less
likel y to transfer to a metal surface when incorporated into either
nylon or polyethylene , and/or to disp lace an oil from that surface .
This additive Is also more paraffin—like and less polar than the AS
polyethylene additive and has some attraction for the polymer as well,
which results in its lower mobility and lower transfer rate. We find ,
however, that eventually this material adsorbs on the’ metal surface , but
not as much as the more polar and mobile surfactant. The paraffin—like
mineral oils, having fewer or no polar groups to compete for the surface ,
are likely to be displaced by any of the antistatic agents more readily
than more polar ester oils , but othe’- categories of lubricants , e.g.
esters, also appear to be able to interact with the packaging additives
to some extent.
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Tue lesser i n t e r a c t  ion of nylon a n t i s t a t  Ic  a d d i t i v e s  w i t h  the
lubri cants studied would see ’m iiiglv make the AS NY combinat ion a sound
cho i~ t ’ . Nvl on • h ow e v er , i s  i t  se’ i f  a poor no i st tire barr icr , and this
p r o b . t b lv  is  responsibl e’ for the’ ru s t  ing noted earl icr of i n i ti a l l y non—
lu b r i c at  c~I p or t  ions ~ t I hc S2 l U ( )  ~ p et ’ imons st ored in NY bags . F u r t h e r ,
t h e r e  is  some i n d i c a t i o n  t h a t  t i i i r l v  l a rge  amount  of w a t e r  is
nece’s~-clrv for films with AS addi t i ves  to have a nt i s t a t  I c  p r o p e r t  les .
Woodu (2) m d  I cat C ’S that nylon with A S add i t  i vc  re’qui re’s r.h . ‘

~ 50% to
he et oct I v e l  v non—conduct l ug .  Ander son  (1 )  s tat e s  t h a t  ny lon  a lone
pi~~k t i p  enough wat ~‘r at r . h . va 1 tie ’s ~

‘ 407 t o  he’ ant is tat i c , even
w I thotit add it i Vt ’  . Ot t r s I  tid I c ’’4 took p lace at a fa i r lv constant r . h. o f

who re th1 t : -it i stati c ’ prope’rt Ic ’s si toul  d thus he o p e r a t i v e .  The high
attr act i on  f o r  1,- i t er :II~ d t h e  pot ential fo r  m o i s t u r e  p r ob l e m s  i n s i d e  the
ac k ,~ : : i g .  howt ve’r , i nd i cat  i,’ c an t  ion shoci id be used in the use of this

m ateri a l c’spt’c i , i I l v  b r  long term storage’ and/or for u s e  in b i ght r .h.
t ’e’fld I t O i ls

l~1icn i t  ‘~~~ ‘-~ are ’ double—wrapped , i.e • , an i nterme d l a t e  wrap is
e’nc ’,is ,, ’d in  an outer wrap , the  charge f r o m  the i n n e r  wrap  must  he d i s —
s i p a te d  f o r  the p r o t e c t ion  of th e ’ c o n t e n t s .  G r o u n d i n g  t e c h n i ques to
assure’ b leed o f f  of  charge ’  f rom the i n t i m a t e  p a c k a g i n g  are d i scussed  by
Anderson ( 1 0 ) .  lIe’ suggests seal  ing  a f i n e  wi r e’ or mesh or o ther  con—
d u c t in ~ m a t e r i a l  to  e x t e n d  f r o m  the  a n t i s t a t i c  inner  wrap to the outside
of an outer wrap w h i c h  rra~’ not i t s e l f  be a n ti s t a t i c .

S i n c e  the ant  i s t a t  Ic prop e ’r t  ies  depend p r i m a r i l y on su r face  con-
duct iv i  t y , a ny t h i n g  t h a t  i n t e r fe r e s  w i t h  or coat s  over the packag ing
f i l m  w i l l  advcrse l~’ a f f e c t  tho~ e’ p r o p er t  ics .  ~ i 1 icone ’s  and o t h e r  o i ls
have such an adverse  m a s k i n g  e tie ’c’t  . A n t i s t a t  ic p o l v e ’t h ~’lene contam-
i n a t e d  w i t h  s i l  i cone  o i l  h a s  been shown to d e v elo p  and hold  a charge of
l~ KV ( 7 ) ,  and once p re sen t , the  oil cannot be readi l y removed.

There are a number of approaches  which  can he employ ed  to create  an
a n t i s t , u t i c  polymer s u r f a c e .  W h i l e  some allow for  an e n t i r e ly  conduc t ing
p o lv r i e ’r (12 , 13) , most r e q u i r e  the  incorpora t ion , or at least coating, of
a p o lym e r i c  or f a t t y  ac id  derivative material having a f a i r  degree of
p o l a r i t y  i n t o  the  polymer f i l m .  The a c t i v i t i e s  of some additives are
fur ther enhanced by various radiation treatments (14).

Very little information on antistatic additives is reported In the
U . S .  l i t e r a t u r e ;  the bulk of i n fo rma t ion  is f r om forei gn patents usually
issued on the chemical composition of the additives themselves (15—19).
There is some notice taken in the open literature of the specific
problem of the untoward e f f e c t s  of the use of a n t i s t a t i c  add i t ives  in
the  packag ing of foods (20 , 2 1 ) :  new r egu l a t i ons  concerning the i r  use are
in the making ( 2 2 ) .  The t o x i c i t y  of a n t i s t a tic  addi t i ves  wi th  respect
to t h e i r  use in toys as well as in food packag ing has also been investi gated
( 2 3 ) .

6
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SUMMARY AND CONCLUSIONS

We have demonstrated that a variety of liquid lubricants (base
stocks and formulated mineral oils) interact with antistatic surfactant
additives from packaging materials , re~u1ting In surfaces no longer
wetted by the lubricant. An additive used in PE films causes rapid non—
wetting and retraction of the lubricant. The AS additive used in NY
packag ing films interacts more slowly, but deleterious effects were
noted after one year of storage . Oils exposed to this additive become
sticky or grease—like .

In the case of precision miniature bearings , antistatic additive
transfer from packaging films , resultant interactions , and the con-
comitant lubricant starvation on contacting surfaces may result In
premature bearing failure. The Incorporation of an extraneous surface
active agent into carefully formulated oils may change critical oil
prop erties such as stability , v iscosi ty ,  or clarity, and may also be
associated with a reduction in performance. Since precision bearings
are often lubrica ted with a very small quantity (one mg) of lubricant ,
it requires  ex t remely small  quantities of an extraneous additive to
change perceptibl y the composition and thus the properties of the
lubricant. The development  of a n t i s t a t i c  packag ing ma te r i a l s  fo r
bearings which would not interact significantly with the lubricants is
thus  a m a t t e r  of considerable  impor tance .

The observed interaction of presently used antistatic surfactants
and lubricants suggests a number of areas for further study:

1) The nature of the interaction should be defined — additional
studies might reveal whether simple displacement or more complex reactions
are occurring on lubricated surfaces.

2) Surface active antistatic additives to be used for bearing
packaging should minimize non—wettability of the bearing metal surfaces ,
and not interact adversely with the lubricants used. The practice of
stor ing and shi pping hear ings in an excess of oil (to be centrifuged off
later) contained in antistatic bags should be examined for possible
changes in lubricant composition and effectiveness from this lubricant!
surfactant contact.

3) The possible effects of transfer of AS additives from packaging
onto non—lubricated components should be examined .

4) Grounding methods , and combination packages may need to be
examined , for a combination having best moisture barrier as well as bc~ t
antistatic properties. This is especially important with the use of
nylon, and with corrodable contents such as precision bearings.

7



—
~

‘-

5) F u r t h e r  s tudies  are needed in general , on the e f f ec t s  of
environment such as humidity , corrosive or salty atmospheres, heat , and
t’V radiation to determine the effects of these variables on the packaging
of critical components.
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Table 1. I n t e r a c t i o n  of L u b r i c a n ts  on
52100 Steel with Antistatlc
Packaging

1 Week 1 Year
Bag T~~~~ Lubrican t Interaction I n t e r a c t i o n

PE KG 80 l u b r I c a n t  satisfactorily No change
we t s  s teel

SRG 160

KG 80 base
stock “ “

Teress’o V7 8 “ H

AS PE KG 80 Non—wetting Non—wetting

SRG 160 Some wetting Non—wetting

KG 80 base
stock Non—wetting Non—we tting

Teresso V78 Non—wetting Non—wetting

NY KG 80 Wets steel satisfactoril y Wets and rusts on
non—lubricated edges

SRC 160 “

KG 80 base
stock ‘‘ H

Teresso V78 “

AS NY KG 80 “ Thickens and rusts

SRG 160 “ Thickens and rusts

KG 80 base
stock “ Thickens  and rus t s

Teresso V78 “ Thickens, n o n— w e t t i n g
and rusts
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PLAIN

SUBTRACTED SPECTRA: AS ADDITIVE

I I I I I & I I I I  I I I I I I I  I I I I I I  I I I I

3000 2000 1000

Fig. 1 — FTIR/iVl’R spectra of the surfaces of AS PH and ordinary PH . and
the’ subtracted spectra showin g the additiv e on the AS PH surface
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PLAIN

CTE~~ SP ECTR A: AS AD D ITt VE

I I I I i I I I I I I I I~~~I I I I I I I I I I I i I I

3000 2000 1000
Fig. 2 FIt R/ATR spectra of the surface’s of AS NY and NY . and the

subtract ed spectra showing the ad ditiv e on the AS NY surface’
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Fig. 3 — lnt eract~on of antistatie additive of AS PH with KG—80
and SRG 160 on glass slides

(a) KG—80 and SRG— 160 lubrican ts are spread on glass in a
thick film

(b) 3 drops of the antistatie additive were placed on oil at
t = 0

(c) at 5 minutes , the drops were smeared with a glass rod

(d) at 20 minute s both oils have retracted

(e) at 25 minutes further retraction occurs

(f)  at 70 minutes oil is in droplets on a thin base film; little
change occurs

15
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Fig. 4 — Interaction of antistatic additive of AS NY with KG—80
and SRG—l60 on glass slides

(a) KG—80 and SRG— 160 lubrican ts are spread on glass in a
thick film

(b) 3 drops of a solution of the antistatic additive in isopropanol
acetone were placed on the oil surface at t = 0

(c) at 10 minutes

(d) at 20 minutes

(e) at 60 minutes

(f) Slides heated gently to melt the additive. Slight retraction is
occurring; the oil and additive become grease-like.


