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Biodegradable products are necessary because of swelling
landfills, and there is a demand for electrical equipment
packaging that uses a biodegradable film with similar
properties and price to a nonbiodegradable film. This
article describes a biodegradable film that provides
excellent contact, barrier, and vapor phase corrosion
inhibition, while qualifying as an anti-stat

biodegradable corrosion inhibiting film.
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he use of polvmer films for thor-

ough protection ol electronic

equipment during shipment or

storage should take o account
the prevention of electrostatic discharge
ESD), corrosion, and the disposal of the
flm after use. There 1s an industrial need
for a biodegradable lm with similar
properties and price as a nonbiodegrad-
able hlm.' An anti-stat biodegradable
carrosion [ABC) flm s a polymer film
that not only provides thorough protec-
tion, but offers anti-stat ESD protection,
corroston inhibiton, and bodegadation,
These film properties facilitate a modern
packaging material for electronic equip-
ment that is truly complete. The most
recent property additon 1o this film is
biodegradability.

Biodegradation 1s a term used for ma-
terials that convert o another species,
within a reasonable amount of time, such
that the original matenal is no longer pres-
ent. To dehine this nme factor, there are
several organizatons, such as the Biode-
gracable Products Institute (BPL, that re-
quire specific test procedures and biodeg-
radation rate requirements for a flm o be
certified biodegradable under its rade
name. The BPI uses the test method
ASTM DG 1o test for biodegradabilivy.

Asecond property thar makes an ABC
film a viable packaging material for elec-
tronic equipment is the lm’s ability 10
eliminate electrostatic discharge. Electro-
static discharge 15 the vansfer of elecie
charge between two or more objects with
dilferent electrical potentials that come
inta contact. This How of electrical cur-
rent is olten irrelevant, but in the case of
electrical equipment, serious damage can
oceur durnng storage and shipping il the
Proper precautions arc not met, l]iunh!.:r
such as tribocharging can oceur when
friction generated by the rubbing of ma-
terials leads to large differences in electri-
cal potential. Even more damaging are

the effects of electrostate induction,



TABLE1

Surface resistivity of
common materials?

Surface Resistivity
Material (£} square)
Plastics =10"
Anti-static 10'%-10"
Static dissipative 105101
Conductive 10-10¢
EMI products 10-10¢
Metals 10107

which happens when the electrically
charged object is placed near a conduc-
['he

presence of the charged object creates an

tive object isolated rom ground

electrostatic field that causes electrical
charges on the surface of the other |||:i|'| L
to recistribute. Even though the net elee-
trostat ||1:L:'ul il 1||-:' 1||1i:'1'| has not
changed, it now has regions of excess
positive and negative charges. This can
cause irreversible damage to several fypes
of electrical equipment, most notably in
microelectronic COMPOnents.
Electrosiatic {II\k'El.lI"_'\'!' (4l |'\'|'|||[||.||
through the use of film packaging must be
done using a conductive material that can
be incorporated into a film. Three types
ol matenals are available for incorpora-
tion into a blm: anti-stat, static dissipative,
Fable 1},

For static dissipative and conductive

and concductive matenals

materials, a sienificant amount s incor-
porated into an entire laver of the Alm,
which causes the film to become static
dissipative or conductive. Since the film
contains a significant amount of static
dissipative or conductive material, it will
not biodegrade within a reasonable
amount of tme.

Anti-stat materials have a lesser degree
of conductivity, and the loading amount
i film is very little, Therefore, ann-stat
matenals are a prime candidate to use for
the prevention of ESD damage. An ABC
film contains an internal anti-stat, as op-
posed to an external -!|1|I_'L1'~1|:u|1it al anu-
stat, which 15 incorporated into the film
at a 1% or less value, Initally, this inter-

I'..I| .1tlli-.‘-[:ll :l(lililﬂ.'q' il_,n- a8 |'|I_|H|_HHI,'|]I|||'1

Test specimen S

Enlarged view of “F"

A - Water retainer—Aluminum tube
114 mm in length, 16-mm outside
diameter (OD), and 13-mm inside
diamater (ID). The tube shall have a
capacity of 16-mL distilled water

at 24 +2 *C

B - Rubber stoppers—Two no. 8
13-mm rubber stoppers with a
13-mm hole bored through
centers

C - Jar lids—Plastic screw-type lid,
with 30.mm holes drilled through
the center with two 6-mm holes

25 mm apart near the edge

D - Jars—1-L size, mouth size
60-mm diameter, 177 mm in
haight, 136-mm ID

E - Insulating sleave—13-mm ID
rubber tubing, length 38 mm

F - Steel spacimen—16-mm 0D,
13 mm long with 8- mm-deep
flat bottom hole drilled in center
(8-mm wall cup)

VIA test.”

FIGURE 2

VIA test results for ABC film.®

Plug #1

Plug #3

Plug #2
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TABLE 2
Results of ABC film surface resistivity and anti-stat testing
Position Position Position Position Position Position
No. 1 MNo. 2 No. 3 Mo, 4 No. 5 No. 6
(a) Outside Film 46 10" 28 10% 2.3 0. 16 10% 1.6 109 14 109
Surface Resistivity
(£)/Square)
(b Inside Fitm 12 p® 1.7 1™ 1.2 10® 1.2 10m 1.1 10" 1.1 10®
Surface Resistivity
£}/ Square)
(c) Static Decay (.86 0.1 0.9z 0.83 093 0.93
QOutside Surface
+5,000 W
(d} Static Decay 0.88 092 0.83 0.93 0.95 0.96
Inside Surface
+5,000V
(e} Static Decay 0.86 0.3 0.89 0.92 0.2 0.94
Outside Surface
5,000 vV
(f) Static Decay 0.82 0.B6 0.86 0.87 0.87 0.B9
Inside Surface
-5.000Y

and premature failure of the item is the

result, A manufacturer ol electrical coup-

TABLE 3
Razor blade and SD test results

ment could possibly reevaluate the ex-

(a) Razor Blade Test Results for CS

pected lifetime of a product. not knowing

Material Panel No. 1 Panel No. 2 Panel Mo. 3 that an ongoing corrosion problem is the
ABC film Pass Pass Fass culprit of the filure, Several vwpes ol cor-
Cantral film Fail Fail Fail rosion inhibition protection are available,
Maote: Razor blade test is graded on a pass or fall scale such "?‘ -, ”."i“:"_"-::’l””"."”“l barrier phase
COrTOSINnn |11r|1|'ll|l1|1. Contact F:ll'“l-\'-' L=
(h)/Razol Eiace Tent Hesuits for Copper rosion inhibiton occurs when the cor-
Material Panel No. 1 Panel Mo. 2 Panel No. 3 e e e e
ABC film Pass Pass Pass the metal. The next type of corrosion
Control film Fail Fail Fail inhibiting protection 1s barrer phase cor-
Note: Razor blade test is graded on a pass or fall scale rosion inhibitor, where the corrosive
(c) SO, Test Results species has to penetrate through the cor-
Material Panel No. 1 Panel No. 2 Panel No. 3 rosion inhibiting material :” 'mrlf e
N surface of the metal. A third wype of cor-
C:BC f|'||;'||'| Gr:_def Gr;dT4 Gf:dTIi rosion inhibiting protection 15 the vapor
ntrol fm al al al

phase corrosion inlibitor, where the in-
Note: The SO, test is graded on a Grade 1, Grade 2, Grade 3. or Grade 4 scale. A Grade 4
signifies no comosion, whereas, Grade 1 is extreme cormosion

hibitor has 1o act ar a distance.

Experimental Procedures

distribution throughout the film. but
eventually it diffuses to the surface of the
film, ‘This buildup on the surface of the
humidity-dependent anti-stat additive is
hvdrophilic and auracts humidity to the
film's surface. Any buildup of charge on

the package's enclosed item is pulled
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away from the item and wward the ilm
surface. Two distunet tests that measure
the ilm's ability 1o perform this task are
surface resistivity and static decay.
Corrosion inhibiting properties can
prolong the hfetme of o wrapped hem.

Ofien corrasion is unseen within an item

Surface resistivity measures the resis-
tance of electrical current How across the
surface of the flm., This property is mea-
sured in accordance with ASTM D257,
where a film sample is exposed 1o a con-
ditioning period of 48 h at a temperature

of 73 °F (23 *C) '£5 °F, and a relatve



humidity of 50% 2%, Another 48 h of
conditioning 15 done in the test chamber
where the temperatre is 73 £5 °F and
relative humidity is 12% £3%. After
conditioning, the ilm sample is tested a
six points on one face of the Alm, and
tested at six points on the opposite side of
the film, using a Monroe Electronic Sur-
face! resistivity meter. The recorded value
for surface resistivity must fall in the range
of TO™- 10" 8/square.”

Hliltit'{ft'i'iil' i‘i -:“l.l'x“‘i'r”l‘['& i|'|.'||.7|.ilj'|.![|1
test because it allows the user 1o know
howw Fast a material will dissipate or re-
move an applied charge. For the ABC
hlm, the test procedure MIL-STD-3010
test method 40467 was used to test lor
static decay because it is a U.S. Depart-
ment of Defense test method standard for
packaging materials. In additon, the
|H'I'|il|‘||!:|m:' l|‘i||{i]'i'1l|l,‘||1 MIL-PRF-
d1705D" s the industry standard for
static decay. During rescarch and devel-
opment of this product, any product that
did not have a static decay of 2 s or less
was eliminated.

The test procedure calls for the film
sample w be exposed for 48 h ol condi-
tioning at a temperature of 73 £3 °F, ancd
a relative humidity of 12% £3%. After
the conditioning period, a Faraday cage
15 charped to +5.000 V and the film is
testec for static decay on both Fces of the
film, Immediately alter, the Glm is
charged to—5,000 V and the film is tested
for static decay on both faces of the film
again. Four test scores are abulated for
each film sample. Six film samples are
tested for cach lot of produced film."

Corrosion inhibiting properties should
be considered when allowing a product
to b used in a modern packaging mate-
rial for the protection of electronic equip-
ment, Contact, barrier, and especially
vapor phase corrosion inhibition are
properties that allow the material 1o have
a longer useful life and prevent the mate-

I'racle mame

CHEMICAL TREATMENT

TABLE 4
VIA test results
Material Plug MNo. 1
ABC film Grade 3
Control film Fall

Plug No. 2 Plug No. 3
Grade 3 Grade 3
Fail Fail

Mote: The VIA test is graded on a Grade 0, Grade 1, Grade 2, or Grade 3 scale. A Grade 3
signifies no carrosion, whereas, Grade 0 is extreme corrasion

FIGURE 3

(a)

(c)

Lifecycle biodegradation process. (a) Prior to insertion into compost pile, (b) after
three weeks in compost pile, (c) after six weeks in compost pile. Less than 10% of
the original weight of the film is remaining after six weeks in compost pile.'

rial from corroding and causing product
lailure. Contact phase corrosion inhibi-
tion testing is performed by what is called
the razor blade test. Carbon sieel (CS)
panels composed of 1010 CS and 100",
copper panels measuring 1 by 4 in (25 by
102 mm) are cleaned in methanol, Two
drops of detonized water are then placed
onto the surface of the metal and the Alm
is placed onto the water (thus forming a
sandwich of metal, warer, and film). Alter
2 h, the film is removed, water is wiped
away, and the surface is observed for any
signs of corrosion.

Barrier phase corrosion inhibition
testing is performed using the sullur diox-
ide (S0 },) test. I'his test is performed by
creating a SO, gas environment in a |-gal
3.785-L) jar where the film is wrapped
around C5 1010 panels, After a 20-h
conditioning period, the S0, gas is cre-
ated and a 24-h test period is started. Al
the end of the 24-h test period, the pancls
are observed [or any signs ol corrosion.
Testing 15 done in triplicate, with one
control panel wrapped in a noncorrosion
inhibitng film.

Vapor phase corrosion inhibition abil-
ity (VIA) testing is performed by sanding
CS plugs with 120- and 240-grit sand-
papers, such that all lines on the plugs are
in straight lines, ‘The plugs are then in-
serted into rubber stoppers attached o
l-in diameter aluminum pipes that are
fastened w plastic lids, These lids are 1=t
(00.95-1) glass jar size. Then | by 6-in (152
mm) strips of film are hung from the

underside of these lids (Figure 1), The test

Jars are placed onto a laboratory bench

for a period of 20 h. Alter 20 h, a glye-
erol fwater solution is added to the jars,
The jars are again placed on a laboratory
bench for an additional 2 h before being
placed into a 40 °C oven for 2 h, After
the test period, the plugs are observed for
COFTOSION.

The test is performed in triplicate
along with a control plug. The control
plug corrodes heavily ar the end of the
test period, and the ABC lm plugs are
unchanged [rom their original appear-
ance (Figure 27),

Biodegradability testing was con-
ducted in accordance with ASTM DGA00
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Section 6.1 with requirements listed in
Sections 6.2, 6.3, and 6.4, These require-
ments state that no more than 10%s of the
tilm’s original dry weight will remain after
sieving on a 2.0-mm sieve alter exposing
to laboratory-scale composting found in
section 7.2.1 of ASTM D60O02,

Results & Discussion

Laboratory tests performed were sur-
face resistivity, static decay, razor blade
test, VIA test, SO, test, and ASTM
DGA00 testing.

Results for anti-star testing (Table 2)
clearly show that an ABC film is a product
that will provide static decay and surface
resistivity when exposed o extreme condi-
uons.” For static decay, applying £5,000
NV 1o the film has been determined as a
sulficient way to test a film for surface
resistivity, and test results show that an
ABC film can clearly eliminate this charge

quickly—the charge was removed in less

than | s, well below the requirement of

2 s, For surface resistivity, the resistance

to electric current [low across the flm’s

surface falls within the acceptable range
{or an ant-stat material."

For contact phase corrosion inhibi-
tion, a razor blade test” indicated that the
film can prevent the item from corroding
il moisture becomes trapped between the
item and the film. A control flm with no
corrosion inhibitors 15 used as a control
Table 31

Barrier phase corrosion testing, as al-
ready mentioned, is conducted in accor-
dance with a 50, test.” This test deter-
mines if a corrosive gas can penetrate
through the film and then displace the
corrosion inhibitors that have d{*p:‘.-:-;itn(l
on the surface of the metal [ Table 2).

Vapor phase corrosion testing is argu-
ably the most significant of the corrosion
testing becanse of the level of sophistica-
tion involved in developing a product
with this attribute. Often a product will
have contact phase corrosion inhibition
and also barrier phase corrosion inhibi-
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tion, but more than likely, vapor phase
corrosion inhibition will be absent. Vapor
phase corrosion is a propeny where the
inhibitor sublimartes from the solid phase
into the gas phase, and then condenses
onto the metal surface. This condensation
{orms a layer of corrosion inhibitor on all
metal surfaces of the part; thus preventing
contaminants from reaching the surface
and corroding it. The VIA test” as men-
ticmed previously was performed on ABC
film. Table 4 shows test results:

For biodegradability testing, results
provided by an independent lab must
show that AS TN DEAO0 requirements will
be met, with a weight of no more than
1% of the original dry weight remaining
after the test period.” Testing is to be con-
ducted according to laboratory-scale
composting as found in ASTM D6002."
Figure 3 shows a life cvele of the biodeg-
radation process, starting with film prior
to insertion into compost pile (a); three-
week midterm (b, 1o the six-week end tme
(¢)." The ABC Alm is stretched across the
frame and placed into the compost.

Conclusions

Modern packaging materials for elec-
tronic equipment are becoming more ancd
more important in an age where highly
sophisticated electronic equipment is
more readily available, Packaging with
polymer films must take into consider-
ation everything that might damage this
type of equipment, such as electrostate
dissipation and corrosion, and disposal
concerns of the package alter use. A
product such as an ABC Alm will provide
static dissipation, prevent corrosion, ancd
biodegrade when exposed o compost

condinons,
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