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ABSTRACT

Eighteen transparent plastic films of various thick-
nesses were made into bags. Bare steel panels, panels over-
wrapped in vinylidene chloride copolymer, panels coated with
an emulsifiable rust preventive and panels protected with
VCI materials were sealed in the bags. These packs were
then subjected to fresh water immersion, statir. %nd dynamic
humidity, cyclic exposure and one year of indooi storage
tests to determine the suitability of plastic bags for
packaging applications. The extent, nature and intensity of
the rusting of the test specimens were noted through the
transparent bag materials.

The control packs, after one year of indoor exposure
at ambient temperature, provided adequate protection without
the use of VCI materials. It was also determined that the
packs were unable to provide adequate protection to the
control panels when immersed in fresh water and exposed to
high humidity conditions. Cyclic exposure revealed that
the emulsifiable rust preventive coating was unable to
withstand exposure at high temperature. Incompatibility
between polystyrene and the vinylidene chloride copolymer
overwrap was noted at high temperature. A yellowish colora-
tion was also noted on several plastic bags containing VCI
materials.
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CONCLUSIONS

It is concluded that:

1. Transparent plastic films, which can be made into
interior packaging bags with the conventional heat sealing
machines, will find suitable application for the packaging
and preservation of Ordnance items. Films which tear easily,
are difficult to seal, cannot be sealed on themselves, leave
the seale in a porous condition on cooling, or contain pin-
holes, may find a limited application.

2. The permeability of the film to water vapor or corro-
sive gases may also limit its use in providing protection to
items sealed in a bag where corrosion protection is necessary.

3. A bag material which is not compatible with VCI may
deteriorate or cause the item to corrode more rapidly.

4. Polyethylene (0.004") and vinylidene chloride copoly-
mer (0.0015"1) bag materials provided the best protection for
the bare steel panels sealed in the packs, in the fresh water
immersion test.

5. Heat shrinkable polyethylene bags (0.004"1) provided
the best protection for the bare steel panels sealed in the
packs in the static humidity test at ambient temperature.

6. By sealing 0.05 to 0.06 grams of VCI in the packs
with the bare steel panels, the period of protection was ex-
tended in the static humidity test.

7. Polyethylene (0.004") and polyvinyl chloride acetate
copolymer (0.008") bag materials provided the best protection
for the bare steel panels in the humidity cabinet test at 90
± 20 F and 95 to 98% R.H.

8. After 164 days of continuous exposure in the humid-
ity cabinet at 100 ± 20F, and 95 to 100% R.H., (a) the rate
of rusting of a bare steel panel sealed in a pack was quite
uniform. Each bag material varied in its permeability to
moisture vapor and this was reflected in the rust rating. (b)
An overwrap of vinylidene chloride copolymer applied loosely
around a bare steel panel followed the contour, decreased
the void and provided a slight amount of additional protec-
tion from corrosion. (c) An emulsifiable rust preventive
compound provided a thin film on a bare steel panel and af-
forded a period of protection until breakdown occurred. Then
the rate of rusting on the polished panel face proceeded at
a slightly greater rate than that on the sandblasted face.
(d) The VCI inserts provided protection to the bare steel
panels; however, when the VCI was decreased by loss through
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small openings, or Incompatibility with the bag x.terials,
the rate of rusting vas Increased.

9, The control packs In the cyclic exposure tdst of
NIL-P-S16, Test A, were unable to provide protection when pin-
holes were present in the film. When 0.10p gram of VCI was
sealed in the packst they were protected from rust.

10. When the packs were submitted to high and low temp-
erature changes no leakers developed on exposure to the Quick
Leak Test; however, vhdn the packs wees subsequently exposed
in the cyclic exposure test of MIL-P-116, Test A, dIfferences
In the rust ratings of the control jacks were noted.

11. Alternation of the conrol packs at low temperature
followed by exposure at abbient temperature was too mild a
test to produce rdst on the steel panels.

12. Bare steel panels sealed in plastic bags were free
of rust after one year of indoor heated storage.

RECOMMENDATIONS

It is recommended that:

1. The test methods used in this report be adopted to
evaluate transparent plastic bag materials for interior
packaging applications.

2. The following films may be used in the preparation
of bags because of their flexibility and ease of heat seal-
ability.

a. Polyethylene/polyglycol-terephthalate, laminate.

b. Polyvinyl chloride-acetate copolymers.

c. Polyethylene.

d. Cellulose acetate butyrate.

e. Vinylidene chloride with contzilled shrinkage
of seal.

3. The following filmsbecause of inherent physical
characteristics, may not be adopted for bag packaging
application:

a. Polystyrene - (tears easily).

b. Cellulose acetate - (seals with difficulty
and tears easily),
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c. Irradiated polyethylene - (difficult to con-
trol shrinkage of heat seal without the use of
special equipment).

d. Polyglycol terephthalate - (cannot be sealed on
itself without adhesive).

4. In an environment with prolonged high humidity, trans-
parent plastic bag materials should not of themselves be re-
lied upon to provide adequate protection to bare steel surfaces.

5. The emulsifiable rust preventive compound, MIL-C-40084
(ORD) applied as a preservative film in a sealed pack, should
not be heated to 1650F because it is unable to withstand the
temperature.

6. Polystyrene bag material and vinylidene chloride
copolymer film should not be placed in contact with each other
and exposed to a temperature of 1650F because the vinylidene
chloride film becomes incompatible with the polystyrene and
renders it opaque.
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PACKAGING IN TRANSPARENT BAGS

OBJECT

To investigate and evaluate transparent plastic films
for suitable use in the preparation of bags for Ordnance
packaging applications.

INTRODUCTION

The packaging of Ordnance materiel for the prevention
of corrosion has been practiced by the Department of the Army
for a long period of time. The criterion of packaging has
been embodied isilitary Specification, Methods of Preserva-
tion, MIL-P-1164) . In this specification the methods have
boon outlined in detail so that uniformity will be achieved
throughout the system. In the specification, however, the
use of opaque barriers, based on previous years of experience,
have been prescribed.

At the present time, a now kind of barrier material has
made its impact upon the packaging systems - transparent
plastic films. These films of many kinds are being used in
commercial pLckaging, and their use in Military Packaging
System will be but a matter of time. These films have two
advantages - transparency and flexibility. These films can
be m&d4 into bags or pouches. An item sealed in a trans-
parent bag can be easily inspected. The same item in an
opaque bag would have to be removed, inspected and repackaged.
The identity of items in transparent bags can easily be
established by observation.

The Depa;tment of the Navy has investigated transparent
plastic films"' and items packaged in alms are being used
on board Naval vessels and submarines.•I

Military Specifications for the procurement of these
materials are: MIL-F-22019(Aer), Film, Transparent, Flexible,
Heat Sealable, Volatile Corrosion Inhibitor Treated; MIL-B-22020
(Aer), Bags, Transparent, Flexible, Beat Sealable, Volatile
Corrosion Inhibitor Treated; MIL-F-22191(Aer), Films, Trans-
parent, Flexible, Heat Sealable, For Packaging Applications;
NIL-B-22205(Aor), Bags, Transparefit, Flexible, Beat Sealable
for Packaging Applications.

This Arsenal has been designated to investigate trans-
parent plastic films for their applicability in military
packaging methods.

Sealed packs containing bare steel panel* with and with-
out the use of a corrosion preventive were used to evaj)cgt*.
the films for (a) waterproofness, (b) moliture-vaporproofness,
and (c) high and low temperature changes.

1 63-2583



ZXPZRIMZNTAL WORK

Materials Employed:

The commercially available transparent plastic films
used in the investigation are identified in Table I by
film number, material and gauge. The conditions under
which the seals were made with a heated Jaw type sealer are
also listed.

Two volatile corrosion inhibited materials were used:
(1) a coated Kraft paper containing approximately 2 grams
of VCI per square foot and (2) a VCI crystalline material.

Panel Preparation:

Open hearth, low carbon steel, Federal Specification
QQ-S-636 was made into panels 2" x 4" x 1/8". They were
surface ground on one face to a 20 to 30 microinch finish.
The panels were then scrubbed with solvent soaked rage and
rinsed in hot VU & P naphtha to remove any residual corro-
sion preventive. The unpolished face and the edges were
then sandblasted with clean, white, silica sand, sprayed
with naphtha and then placed in hot haphtha. Each panel
was then hand polished with number 150 grit silicon carbide
abrasive cloth and ftnished with number 280 grit silicon
carbide abrasive paper to renew the surface. The tailings
were removed with a soft brush. The refinished surface was
rubbed with surgical gauze to remove the remaining super-
ficial dust. The panels were then positioned in a rack at
250°from the vertical and sprayed on each face, flushing the
test surface progressively downward. The panels were then
placed in hot VU & P kiaphtha, withdrawn, allowed to flash
dry, and then given a final rinse in hot anhydrous methanol.
They were placed in a desiccator to cool.

Rust Rating System:

The panels were carefully inspected through the trans-
parent films for any rust and rated on three factors 1 (a)
extent of rusting, (b) nature of rusting, and (c) intensity
of rusting. For example, 1-5/dSA/1,2,3. The first figure
1-5 denotes the extent or percent of the surface area rusted
where 0 denotes "no rusting" to 100 for complete rusting.
The letters d, S and A, denote the nature of the rusting,
that is, d for dots, S for spots and A for an area. A dot
is numerically considered to be 1 mm, a spot as 2 mm, and
an area as 2 to 4 mm. The intensity of rusting is arbitrarily
defined as (1) light, (2) medium, and (3) heavy rusting. It
is noted by the buildup of corrosion products.
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Bag Preparation:

The transparent plastic materials shown in Table I were
each assigned a film number for ease of identification.
Bags made from these materials also bore the assigned number.
A heated jaw type sealer was used to make the bags. The
inside dimensions of the bags were 3 x 5 inches to accom-
modate a 2 x 4 x 1/8 inch panel. The bags were closed with
a one-half inch exterior seal. The conditions under which
each of the films were sealed on itself is shown in the
Table. In order to make smooth seals, or to control the
contraction of certain films, and to prevent the molten
plastic from sticking to the heated jaws of the sealer,
aluminum foil was folded in the form of a V and placed over
the two edges of the film belore it was sealed-.thhs;,acting
as a heat buffer. These bags were used in fabricating the
experimental packs used throughout the many test phases.
Some of the bags were not too flexible, some tore easily
and some required the use of aluminum foil to control the
shrinkage. Bags made from material: numberd 1, 2, 3, 4, 5,
6, 8, 9 and 18 were very flexible. Those made from material
numbers 7, 10, 11, 12, 14 and 15 were less flexible and were
slightly stiff. Material numbers 7, 9 and 18 were heat
shrinkable under the jaws of the heat sealer and required
aluminum foil to control the shrinkage. Bags made from
material numbers 16 and 17 were difficult to seal and on
cooling, the seals were porous to moisture vapor.

PROCEDURE AND RESULTS

The films were fabricated into packs and tested under
the following conditions.

Fresh Water Immersion Test:

One set of 18 packs, consisting of bare steel panels
sealed in plastic bags, were subjected to the Quick Leak
Test of MIL-P-116. They were then immersed in fresh water
at a depth of about six inches at ambient temperature. The
packs were inspected daily through the plastic films, except
on weekends, for a period of 30 days. At this time the packs
were again subjected to the Quick Leak Test to determine if
any deterioration of the film could be noted. Final in-
spection was made of the polished and samdblasted faces of
the panels after they had been removed from the test. The
film numbers, days of inspection, rust ratings and ambient
temperature of the water are shown in Table II. The rust
ratings of the packs are listed at the bottom of the Table.
Film numbers 5, 6, 10, 11, 13, 15, 16 and 17 failed at the
seals within four days of immersion, whereas film numbers
1, 2, 3, 4, 7, 8, 9, 12, 14 and 18 failed to provide pro-
tection from 21 to 30 days after immersion. Film numbers 4,
polyethylene, 0.004" and 8, vinylidene chloride copolymer
0.0015"1, provided the longest periods of protection to the
bare steel panels. 4 63-2583
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Static Humidity Tests:

Three static humidity tests were conducted. In the
first test a bare steel panel, with one face polished and the
other face sandblasted, was inserted into each of the 18
numbered bags with a metal hook and sealed therein without a
preservative. The plastic films were in contact with the
panel faces. Each of the packs was then placed in a large
desiccator over distilled water at ambient temperature so
that the effect of moisture vapor on the packs might be ob-
served. Inspection of the panel surfaces was then made
through the transparent bag. Table III lists the plastic
film by number, the periods of inspection and the rust
ratings noted on both the polished and sandblasted faces.
The average rust ratings on the faces of the panels after
31 days of exposure are listed at the bottom of the Table.
They have been summarized as follows: One pack, film number
18,. heat shrinkable polyethylene (0.002") was without rust.
Nine packs, film numbers 1, 2, 3, 4, 8, 10, 11, 12 and 14
had from 1 to 5% of the panel surface area rusted. Eight
packs, film numbers 5, 6, 7, 9, 13, 15, 16 and 17, had from
6 to 25% of the panel surface area rusted.

In the second test, conducted under similar conditions,
small glass vials were placed in the packs so that the
plastic films were distended and not in contact with the
panel faces. Figure 1 shows the heat sealed pack contain-
ing a bare steel panel and the glass vial. The packs were
subjected to the Quick Leak Test to insure that the seals
were adequate and would prevent the ingress of moisture.
The packs were placed in a large desiccator over distilled
water at ambient temperature. The packs were inspected
through the transparent bags after 6, 13, 20, 27 and 30 days
of exposure. The rust ratings were noted on both the pol-
ished and sandblasted panel faces and an average value of
these ratings is shown in TablelV. They have been sum-
marized as follows: One pack, film number 18, heat shrink-
able polyethylene (0.002") had 1 to 5 % of the panel surface
area rusted and provided the best protection. Eight packs,
film number 6, 7, 10, 11, 12, 13, 15 and 17 had 6 to 25% of
the panel surface area rusted. Four packs, film number 1,
8, 9 and 14, had 26 to 50% of the panel surface area rusted.
Five packs, film numbers 2, 3, 4, 5 and 16 had 51 to 75% of
the panel surface area rusted.

Each of the packs failed to afford satisfactory pro-
tection to the bare steel panels indicating that some type
of preservation was necessary to prevent corrosion.

On comparing the average values of the rust ratings of
Table III with those of Table IV, it may be noted that the

6 63-2583



4 4 4

m A .1

.4 4 .41 .4
N. N N N

7 63-2583'-.



HEAT SEALED PACK CONTAINING BARB
STEEL PANEL WITH GLASS VIALS
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rust ratings of the packs containing the glass vials were
much greater in extent, in most cases, than those in which
the plastic films were in contact with the panel faces.
This can be explained by the fact that the glass vials pro-
vided a larger void about the surface of the panels and
the moisture vapor was able to permeate the space more
easily.

Where the film is in contact with the panel, the film
follows the contour of the panel and the void is at a mini-
mum. The amount of moisture vapor impinging on one face
may vary with the number of openings or pinholes in the film
and the amount of rust may be localized at these openings.
The surface area of a sandblasted panel is greater because
of the hills and valleys. Localized corrosion is more in-
tense than that under similar conditions where the moisture
impiages on a smooth polished surface.

In the third test conducted under similar conditions,
0.05 to 0.06 grains of VCI crystals were placed in the pack
in contact with the steel panels and the plastic films.
Table V lists the plastic films by number, the days of in-
spection and the rust ratings of the packs after 31 days of
exposure. No rust was noted on the polished panel faces,
however, on the sandblasted faces, pack; numbers 4, 5, 9,
13 and 15 exhibited a light rust. The panels in pack num-
bers 16 and 17 were wet with moisture, however, no corrosion
was noted. Film number 6, in contact with VCI crystals,
developed a yellowish color. This made observation through
the film more difficult.

No explanation can be given for the differences in the
rust ratings between the polished and sandblasted faces other
than immediate contact may set up a cell-like action in the
presence of moisture to cause corrosion. The polished face
offers a surface which is less active to corrosion.

Dynamic Humidity Tests:

In all the previous tests, the sample packs were sub-
jected to static humidity conditions. In the following
tests, the packs were suspended in a humidity cabinet in
which the moisture-laden air was circulated around the packs
suspended in a vertical position. Two tests were conducted.

In the first test, a bare steel panel was placed in
each of 17 numbered bags with two small glass vials inserted
so that the plastic films were not in contact with the panel
faces (See Figure 1). The packs were sealed and suspended
so that the weight of the panel was supported by the bottom
seal. The packs were prepared in quadruplicate. One set of

10 63-2583
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packs was used as a control. This set was exposed at ambient
temperature. The three remaining sets were placed in a
humidity cabinet at 90 ± 2 0 F, and 95 to 98% R.H. Inspections
of the panels were made through the transparent films. After
8 days of exposure the packs were removed and the final rust
ratings were recorded. The results are shown in Table VI.
The ratings of the control packs at ambient temperature, the
percentage of the panel surface area rusted, the intensity of
the rust, the days to initial failure and the pack ratings
have been tabulated in Table VII. Initial failure was noted
when the surface area of the panel was from 1 to 5% rusted.
The pack ratings are shown at the bottom of the Table by
film numbers.

The bare control packs exposed at ambient temperature
were without rust.

The pack ratings show that film numbers 4 and 6, poly.:.:
ethjylene (0.004") and polyvinyl chloride-acetate copolymer
(0.008") provided the best protection for the bare steel
panels.

In the second test, transparent plastic film numbers 2,
3, 4, 5, 6, 7, 9, 12, 14 and 15 were used. Packs were then
fabricated with steel panels as follows: (1) one panel was
used as a control; (2) one panel was overwrapped with a film
of vinylidene chloride copolymer; (3) one panel was coated
with a film of Water-Emulsifiable, Oil-Type Corrosion
Preventive Compounds,MIL-C-40084(ORD), 1 to 10 dilution, and
dried overnight and (4) one panel was placed in contact with
a VCI insert, size 2" x 4" of MIL-P-3420. These panels were
then placed in plastic bags6 heatsealed and placed in the
humidity cabinet at 100 ± 2F and 95 to 100% R.H. Periodic
inspections of the packs were made through the transparent
bags. The rust ratings of the panel faces have been plotted
in Figures 2 through 7 by film number, bag material and
exposure periods. Figures 2 and 3 show the plotted rust
ratings of the control packs on the polished and sandblasted
panel faces. The rust ratings agree quite closely, however,
the rate of rusting varies with the kind of bag material used
and the number of days of exposure.

Figure 4 shows the rust ratings of the packs with an
overwrap of vinylidene chloride copolymer film with expos-
ure of the polished panel face. The graph shows that a
secondary overwrap applied loosely around the panel without
sealing prevents the moisture vapor from reaching the panel
surface and provides an additional amount of corrosion
protection.

Figures 5 and 6 show the rust ratings of the packs with

a film of emulsifiable rust preventive compound on both the

12 63-2583
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polished and sandblasted panel faces these-graphs show that
a rust preventive compound decreases the rate of corrosion
and extends the period of protection, however, the rate of rustbgof
the polished surface is a little more rapid than that of the
sandblasted surface. The packs containing the panels show-
ing the lowest percentage of rust after the greatest number
of days of exposure provided the best protection against
corrosion.

Figure 7 shows the rust ratings of the packs containing
an insert of VCI with exposure of the polished panel face.
The graphs show that VCI extends the period of protection
for the steel panels, however, when the a~mount df volatile
corrosion inhibitor is decreased by loss in volatilization,
the rate of rusting is greatly accelerated. On comparing
the graphs of Figure 7 with those of Figures 5 and 6, the
rate of rusting vs. time can be .noted.

A summary of the rusted areas of the steel panels re-
corded in Figures 2 through 7 was made after 62 days of ex-
posure. The results were as follows: Each of the control
packs on both the polished and sandblasted faces was more
than 25% rusted. Each of the panels wrapped loosely in the
vinylidene chloride copolymer on the polished face was more
than 25% rusted. The panels protected by the water-emulsi-
fiable rust preventive compound were rated on both the
polished and sandblasted faces. Five were without rust, two
were from 1 to 5%, two from 6 to 25% and one from 26 to 50%.
The panels protected by the VCI inserts were rated on-thea
polished faces because the sandblasted faces could not be
observed. One was without rust, five from 6 to 25%, two
from 26 to 50% and one from 51 to 75%. One was not rated
because the weight of the panel forced the seal to open.

The water-emulsifiable rust preventive compound
afforded the best protection.

A summary of the rusted areas of the steel panels after
164 days of exposure was made as follows: The control packs
on the polished faces showed that one face was from 26 to
50% rusted, five from 51 to 75% rusted and three from 76 to
100% rusted. One pack failed at the heat seal. On the sand-
blasted faces, one face was from 26 to 50% rusted, four faces
were from 51 to 75% rusted, four faces were from 76 to 100%
rusted and one pack failed at the heat seal. Each of the
panels overwrapped loosely in vinylidene chloride copolymer,
on the polished face, showed that three were from 26 to 50%
rusted, five from 51 to 75% rusted and two from 76 to 100%
rusted. The final ratings of the sandblasted faces showed
that three were from 26 to 50% rusted, six from 51 to 75% and
one from 76 to 100% rusted. The panels protected by the
emulsifiable rust preventive compound on the polished faces
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showed that one was without rust, one from 1 to 5%, three
from 6 to 25%, one from 26 to 50%, two from 51 to 75% and
two from 76 to 100% rusted. On the sandblasted faces, the
final ratings were as follows: Four were free of rust, three
from 6 to 25%, two from 26 to 50% and 1 from 51 to 75%
rusted. The panels protected by the VCI inserts on the
polished faces showed that one was free of rust, five from
26 to 50%, three from 76 to 100% and one pack failed at the
heat seal. The final ratings on the sandblasted faces in
contact with the VCI inserts, when the panels were removed
from the packs, showed that four were without rust, one
from 1 to 5%, two from 6 to 25% and two from 26 to 50%
rusted.

Cyclic Exposure Tests:

Four cyclic Exposure Tests were conducted.

Cyclic Test A

Eighteen plastic films shown in Table I were made into
bags, as previously described,to accomodate steel panels.
The bags were used in preparing four sets of experimental
packs as follows: One set contained only bare steel panels
and was used as a control. The three remaining sets were
prepared with 0.10, 0.20 and 0.40 grams of VCI crystals,
respectively. Each of the experimental packs was then
checked for leaks in the Quick Leak Test. Subsequently
the packs were placed in the cyclic exposure test of
Military Specification MIL-P-116, Test A, as outlined in
Appendix I.

Final inspection of the packs was made through the
transparent films for entrance of moisture and corrosion of
the steel panels in the presence of,as well as in the absene
of. the VCI crystals. The results are shown in Table VIII.
There is evidence to show that plastic film numbers 1, 2,
3, 4, 5, 6, 7, 12 and 18 did provide some protection to the
control panels. In those cases where the rust ratings were
from 1 to 5%, it was noted that pinholing in the film
allowed moisture to reach the panel and produce rust under
each pinh6le. It was noted that the use of VCI in the amount
of 0.10 gram protected the panels from rust even though a
few were wet with water. When the seal is defective and the
panel is retained in the pack with a large quantity of water,
the VCI may be dissolved and drained away. A black corrosion
soon developed on the panel surface. Since 0.10 gram of
VCI provided adequate protection for the bare steel panels
in the packs, the addition of 0.20 and 0.40 grams was only
exploratory. A yellowish coloration was noted on the in-
terior of the packs of film numbers 5, 6, 9, 11 and 15.
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Table VIII vdjo summarized as follows:

PERCENT OF PANEL SURFACE AREA RUSTED

No VCI No
Controls Rust 1-5% 6-25% 26-50% 51-75% 76-100%

Film Nos. 1,4,6, 2,3,5 8,13 9,14 10,11,15,
1,12,18 16,17

Total No.
Control Packs 6 3 0 2 2 5

Packs With
VCI (gms):

0.10 18 Packs 0 0 0 0 0
0.20 18 " 0 0 0 0 0
0.40 16 " 0 0 0 8.18

Cyclic Test B:

In this test the experimental packs were prepared in
triplicate as follows: A bare steel panel without a pre-
servative was Aealed in each of the transparent thermo-
plastic bags, film numbers 1 through 18, and used as a
control, Two additional sets were prepared in a similar man-
ner except that 0.05 to 0.06 grams of VCI crystals were
added as a preservative. Each of the packs was given the
Quick Leak Test to detect any defects in the seals. The
packs were then placed in a gravity convection oven at 165
± 2 0 F for 24 hours. They were then removed and again given
the Quick Leak Test to note any changes caused by high temp-
erature. The packs were then placed in a cold box at -650
± 1°F for 24 hours. After this period the packs were
allowed to remain in the cold box until the temperature was
400F7 They were then removed and allowed to reach ambient
temperature. Again they were subjected to the Quick Leak
Test to detect any leaks. They were then subjected to the
cyclic exposure test, MIL-P-116, Test A. The results of
the tests were as follows: After 24 hours at high tempera-
ture and 24 hours at low temperature, the Quick Leak Test
showed that no leaks were present. Wide variations in temp-
erature did not affect the plastic packs. The results of
all the cyclic exposure tests are shown in Table IX.

Table IX is summarized as follows:
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PERCENT OF PANEL SURFACE AREA RUSTED

Controls No
Without VCI Rust 1-5% 6-25% 26-50% 51-75% 76-100%

Film numbers 4,7,9, 2,3 1,5,6 - 8,13,14 10,11,15,
i2,18 16,17

Total No.
Control Packs 5 2 3 - 3 5

Packs With
0.05 - 0.06 17 Packs 1 Pack 0 0 0 0
gins. of VCI

On comparing Tables VIII and IX, the following differ-
ences can be noted in the rust ratings.

RUST RATINGS OF CONTROL PACKS

FILM NO. TABLE VIII TABLE IX

1 No rust 6-25/A/1-2

6 No rust 6-25/A/1

8 26-50/A/2-3 51-75/A/1-2

9 51-75/A/1-2 No rust

The rust ratings for pack numbers 1, 6 and 8 were
greater after the high and low temperature changes. Pack
number 9, however, has a rust rating which does not agree.
The seal in this case became defective during the cyclic
exposure test.

In comparing the summary of Table VIII with that of
Table IX, it can be noted that the control panels do show
some differences in the percentage of the panel surface area
rusted. The packs containing the VCI crystals also show
some differences; however, where differences do occur, it
can be attributed to pinholes in the films or inadequate
seals.

Cyclic Tests C and D:

The ten transparent films previously used in prepar-
ing the bags were fabricated into packs with steel panels
as follows: A bare steel panel was placed in each of the
ten bags and used as a control. A bare steel panel was over-
wrapped with a film of vinylidene chloride copolymer and
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inserted into each plastic bag. A bare st~*1 panel was
coated with an emulsifiable rust preventive compound, MIL-C-
40084(ORD), dried overnight and inserted into each plastic
bag. A bare steel panel was placed in contact with a 2" x 4"
piece of Kraft barrier material, coated with VCI of MIL-B-3420,
and inserted in each bag. The sample packs were prepared in
quadruplicate and divided into two sets.

Each set consisted of duplicate packs of the ten plastic
materials. They were tested as follows: Cyclic Test C was
conducted in a cold box at -65 ± 10 F for 6 h8 urs alternated
by exposure at ambient temperature (82 to 85 F) ior 18 hours
for a period of 24 days. The packs were exposed at ambient
temperature over the week-ends. On completing the test, the
results did not disclose any failures to the bare steel
panels protected only by the plastic bags. The packs in
which the panels were protected by the plastic overwrap, the
MIL-C-40084(ORD) compound and the VCI inserts, were also free
of rust. Since none of the control packs failed, the test
was considered too mild so it was discontinued.

Cyclic Test D was conducted in an oven at 165 ± 20F
for 6 hours alternated by immersion in fresh water overnight
at ambient temperature for 18 hours for a period of 10 days.
The packs were left immersed in fresh water over the week-
ends. The results are shown in Table X.

Summary of Rust Ratings of Table X after 10 Days of Cyclic

Exposure:

PERCENT OF PANEL SURFACE AREA RUSTED

Experimental No
Packs Rust 1-5 6-25 26-50 51-75 76-100 Remarks

Bare Control One pack
Panels - 2 5 - 2 - Opened

at seam.

Vinylidene
Chloride Over- 1 3 5 1 -

wrap

Emulsifiable
Rust Prev. 1 - 2 5 1 1

Compound

VCI Inserts 7 0 3 0 0 0

Each of the ten plastic films failed to protect the bare

control panels from rust. Each of the bare steel panels,
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overwrapped loosely in the vinylidene chloride copolymer
film and then inserted into the plastic bags, afforded
slightly better protection than that of the controls. The
emulsifiable rust preventive coating on the test panels was
unable to withstand the exposure at high temperature. When
the packs were subsequently immersed in fresh water, the
coating contributed to the formation of stain and corrosion
on the test panels. The bare steel panels with the VCI in-
serts were afforded the best protection.

Incompatibility between the polystyrene material and
the secondary overwrap of vinylidene chloride film was noted
because the polystyrene became opaque and the panel could not
be rated visually.

Indoor Storage:

Eighteen transparent thermoplastic films, shown in
Table I, were made into bags. Five sets of packs were pre-
pared: One set consisted of bare steel panels sealed in
each of the bags and used as a control. Each of the four re-
maining sets was prepared by inserting the following quantities
0.05.- 0.06, 0.10, 0.20 and 0.40 grams of VCI crystals, re-
spectively, into the packs before they were sealed. The five
sets were placed in separate racks and exposed indoors at
ambient temperature from about 75 0 F in winter, to over 100OF
in summer. After one year of indoor storage, the packs were
removed and inspected. The results were as follows: No
rust was noted on the control packs or on the packs with the
VCI crystals. Since no rust was noted on the control packs,
the films did provide protection for the panels for one year.
A light yellowish coloration was observed on the exterior
of the following pack numbers: 5, 6, 8, 9, 10, 11, 14, 15 and
16. Since no coloration was noted on the packs containing
the bare steel panels, it was shown that some incompatibility
did exist between the plastic films and VCI crystals.

DISCUSSION

The Department of the Army is interested in the appli-
cation of transparent plastic films for packaging to deter-
mine the condition of the item prior to issue. Transparency
will provide "see through," eliminate repackaging during sur-
veillance inspections and permit visual identification by
observation. This report discusses the behavior of the
transparent plastic films in affording protection to steel
panels sealed in a bag, with and without the aid of a
preservative.

Fresh Water Immersion Tests:

Since the sample packs containig the bare steel panels
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were low in weight and small in size, no difficulty was ex-
perience in placing them in a large desiccator and subject-
ing them to the Quick Leak Test of MIL-P-116. This was done
to detect any leaks which could result from inadequate seals
or defects in the plastic film. In the fresh water immersion
test the pack is subjected to two factors: First, the film
may have pinholes through which moisture may enter the pack
and second, on continuous exposure, the moisture has a
tendency to enter the seal through minute capillaries which
the Quick Leak Test is unable to detect. In time of an
emergency it is possible that a box with its contents may be-
come immersed in water. If the items were packaged in trans-
parent thermoplastic bags, it is probable that they could be
identified, salvaged, stored and issued after a period of
submergence. At least the package would not have to be
opened for inspection. The experimental work has shown
that certain packs are capable of passing a 20 day water-
proofness test.

Static Humidity Tests:

Three tests were conducted on bare steel panels sealed
in plastic bags. In the first test, the bag film was in
contact with the panel faces. The film prevented moisture
from moving freely within the pack. Pinholes in the film
allowed moisture vapor to penetrate into the pack and rust-
ing of the panels usually occurred at these openings. The
differences in the rust ratings between the polished and
sandblasted panel faces can be attributed to differences in
the contacting areas and the ingress of moisture through
the plastic film and the seals.

In the second test, small glass vials were inserted to
keep the bag film from contacting the panels. The bag film
was distended by the glass vials and the larger void created
about the panel allowed the moisture-laden air to permeate
the space more easily. The rust ratings in most of these
packs were slightly greater in extent than they were in the
first test.

In the third test, a small amount of VCI crystals was
placed between the bag film and the panel faces. It was
thought that a small amount of VCI might provide the necess-
ary protection. The results were very gratifying. None
of the polished surfaces were rusted; however, on the sand-
blasted faces, 13 were without rust and 5 showed initial
failure. Two of the packs were wet Inside yet the panels
were without rust. Incompatibility between one film and
the VCI was noted by a light yellowish coloration. A bare
sandblasted surface needs more protection from rust than a
polished one. This may contribute to small differences in
the rust ratings.
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Dynamic Humidity Tests:

In the first test glass vials were used to separate
the bag film from the panel faces. One set of sealed packs
containing bare steel panels was exposed as controls at
ambient temperature. Three sets of sealed packs, prepared
in a similar manner, were exposed in the humidity cabinet.
(Referenm page 10, this report). The control packs exposed
at ambient temperature were without rust. In the humidity
cabinet, the air was practically saturated with moisture vapor
and it was circulated about the packs. The permeability of
the film to moisture vapor was at a maximum. Some films on
a comparative basis, were more permeable to moisture vapor
and this was reflected by the amount of rust noted on the
steel panels sealed in the plastic bags. The glass vials
prevented any incompatibility between the bag film and the
panel faced.

In the second test, the effect of high humidity on
the sealed packs was investigated with and without the use of
VCI. No glass vials were used in the packs. Four sets of
experimental packs were prepared. One set consisted of bare
steel panels sealed in the plastic bags. They were used as
controls. One set was wrapped loosely in vinylidene-chloride
copolymer film, as a secondary wrap, and sealed therein.
One set was coated with an emulsifiable rust preventive com-
pound and one set contained a VCI paper insert. After 164
days of continuous exposure the following information was
obtained. By reference to Figures 2 and:3, each of the bags
was unable to afford complete protection from rust to the
bare control panels. The rate of rusting of a bare steel
panel sealed in a pack is quite uniform, however, each bag
material varies in its permeability to moisture vapor. It
can be noted that pack numbers 2, 14 and 15 rusted the most
rapidly. Pack number 3 rusted slowly. A comparison of
Figure 3 and Figure 4 shows that the vinylidine chloride
copolymer film, used as a secondary wrap, provided a slight
amount of additional protection from corrosion. Figures 5
and 6 show that the emulsifiable rust preventive compound
provided tempovary protection for the steel panels. It
extends the initial period of protection on the polished face
until breakdown occurs, and then the rate of rusting pro-
ceeds at a uniform rate. Figure 7 shows the VCI rust ratings.

Cyclic Test A:

Eighteen plastic films were fabricated into four sets
of experimental packs: One set of controls and three sets
containing 0.10, 0.20 and 0.40 grams of VCI crystals, re-
spectively. They were then subjected to MIL-P-116, Test A
(see Appendix I) to determinehow the packs would behave.
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On completion of the test, the following information was
obtained. Of the control set, 5 packs were without rust,
the remaining 13 packs had varying degrees of rust. Since
the sets containing VCI crystals were prepared with varying
amounts of the protective medium, it was found that 0.10
gm. was sufficient to prevent corrosion in the packs.

Cyclic Test B:

These experimental packs were prepared in triplicate,
one set of bare controls and two sets containing 0.05 to
0.06 gms of VCI crystals. The three sets were exposed in
an oven at 165 ± 2 F to determine the effect of high temp-
erature on the plastic bag materials. Any change was to
be noted in the Quick Leak Test. The three sets were then
placed in a cold box at -65 ± loF to determine the effect
of low temperature change on the plastic bag materials.
On reaching ambient temperature any change in the film was
to be noted in the Quick Leak Test. The three sets were
then placed in the cyclic exposure test of MIL-P-116, Test
A. It was shown that 0.05 to 0.06 gms of VCI crystals were
sufficient to afford complete protection for the packs.
High and low temperature alternation, prior to the cyclic
exposure of NIL-P-116, Test A, did not produce failures
in the bags when subjected to the Quick Leak Test.

Cyclic Test C:

This test was conducted on ten sample packs contain-
ing bare steel panels as controls; bare steel panels with
a secondary overwrap of vinylidene-chloride copolymer film
bare steel panels with a coating of MIL-C-40084(ORD) rust
preventive compound and bare steel panels with a VCI paper
insert.

The packs were subjected to low temperature in a cold
box and alternated by exposure at ambient temperature for
a period of 24 days.

This cyclic test proved to be quite mild and no fail-
ures of the packs were noted. Test was discontinued.

Cyclic Test D:

This test was set up as previously described, except
that the packs were subjected to high temperature in an
oven, alternated by immersion in fresh water at ambient
temperature for a period of 10 days of cyclic exposure.
This test was considered satisfactory because each of the
ten plastic films, by itself, was unable to protect the
bare control panels from rust.
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The vinylidene-chloride-copolymer film wrapped loosely
about the bare steel panels served as a thin transparent
secondary wrap. Its purpose was to provide additional corro-
sion protection to the steel panel.

The coating of NIL-C-40084(DRD) material was unable to
withstand the oven temperature, and,on immersion in fresh
water, the coating contributed to the formation of stain and
corrosion on the test panels.

The VCI paper inserts afforded protection to the bare
steel panels as long as the concentration of the inhibitor
was sufficient, however, the high temperature drove off the
volatile matter and, on repeated cycling, the packs reached
a point where rusting of the panels appeared to be acceler-
ated.

Incompatibility between the polystyrene bag material and
the overwrap of vinylidene-chloride-copolymer film was noted
on the packs heated in the oven and alternated by immersion
in fresh water. The polystyrene bag became opaque and lost
its transparency.

Indoor Storage:

A bare steel panel, polished on one face and sandblasted
on the other, was sealed in a plastic bag. Eighteen kinds
of plastic films were used to make the bags. The packs were
stored indoors at ambient temperatures. The relative humidity
varied with the seasons. Dust was ever present in the atmos-
phere. After one year in storage, the packs were removed and
inspected. The panels were free of rust. Each of the packs
provided protection for the bare steel panels under the
storage conditions for a period of one year.
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APPENDIX NO. 1

CYCLIC EXMPIS TEST
EXTRACT FROM MILITARY SPECIFICATION MIL-P-116

4.4.5.1, Test A:

Overnight at 1200 to 13001.
Two hours of watsr spray at 500 to 60°F.
Two hours at -10 to 0 F.
Two hours of water spray at 1200 to 1300F.
Two hours of water spray at 500 to 600F.
Overnight at 350 to 5007.
Four hours of water spray at 500 to 60 0 F.
Two hours at 350 to 5001.
Overnight at 1200 to 1300F.
Two hours of water spray at 500 to 600F.
Two hours at -100 to 00F.
Three hours at 350 to 500F.
Overnight at 1200 to 130°F.
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