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INTRODUCTION

Purpose of Study

This thesis covers approximately one half of a
project undertaken by the writer for the United
States Army Quartermaster Corps Food and Container
Research Laboratories, Chicago, Illinois, It 1is
anticipated that in the future most i1f not all of
military food packaging will involve sterilization
by irradiation as opposed to such methods as
sterilization by heating, or arrest of bacterial
action by freezing. The reasons for this are
readily apparent. Once irradiated, foodstuffs can
be stored indefinitely under a wide variety of con-
ditions, ranging from below zero cold to tropical
heat and humidity. The only requirement to be met
is that of providing a barrier against contamina-
tion during storage.

For meats, one possible barrier (or package)
is a dip coating of some kind. This kind of package
is comparatively inexpensive, 1s easily and quickly
applied, and is generally easy to open, since, ideally
the dip coating material needs only to be slit once,
then stripped off the product. In addition, a
properly applied dip coating should provide a "per-

fect" seal with no joints or breaks to give discon-



tinuities in the package,

Since irradiated foods need no special storage
conditions, the 1ldeal package for these foods would
be one which can follow the product. That is, one
which itself willl withstand all conditions from
arctic subzero cold to tropical heat and humidity.
It 1s over this entire range that military food
must be protected. Ideally, any given package
should give protection over this range, thus elim-
inating many materials and many steps from the
handling of military foodstuffs.

With these considerations in mind, this phase
"of the study concerns itself with the water vapor
and oxygen permeability characteristics of dip
coating materials before and after sterilizing
irradiation doses when subjected to varying conditions

of temperature and humidity.

Scope of Study

Basically, the Quartermaster Corps contract
calls for investigation of two commercial cellulosic
materials and of waxes avallable from one manufac-
turer. The cellulosic materials are Ethocell, manu-
factured by Dow Chemical Company and Wascopak manu-
factured by Wasco Chemical Company. Ethocell is an
ethyl cellulose and the Wascopak 1s believed to be the

same.



The difference between the two is most likely in
the plasticizers used. These, of course, are not
known. The wax selected is a blend of 70% micro-
crystalline, 20% paraffine and 10% butyl plastici-
ger, manufactured by Kalamazoo Paraffine Company.
In addition, it wag requested that such other
materlials as were discovered be investigated. In
addition to the tests mentioned above, blocking
tests and impact tests were to be conducted on

all materials, In the interest of brevity, coher-
ence, and continuity, only the permeabllity tests
on the cellulosics and the waxes have been

selected for discussion in this report.

Definitions and Explanations

Dip coating 1s a definitive term. The product
to be coated 1s dipped in the coating material,
Normally this i1s a hot melt process, with cellulo-
sics heated to 300°F = 325°F and waxes - those used

in this study - heated to 200°F - 220°F. The coating
material adheres to the product at a thickness deter-

mined by viscosity, melt temperature, temperature of
the dipped product and time of immersion. Generally,
coating thickness increases with higher viscosity,
lower temperature of melt and lower temperature of
product. Longer immersion time also results in

thicker coating.



To say that the coating adheres to the product is not
entirely true, at least not in high degree, Actu-
ally, an ideal dip coating would not adhere to the
product at all, but would solidify around it and
by cohesive force alone seal it off from the
enviromment. The better dip coating materlals
approach this ideal closely, hence their ease of
removal. It has been noted that in cases where
spots of good adhesion have occurred, small pléces
of meat have been torn out of the block of meat
upon removal of the coating. This effect was
ordinarily associated with localized thawing of
frozen meat before and during dipping. This in-
dicates the importance of dipping frozen meatse.
Water vapor transmission rate or water vapor
permeability is defined as the weight of water
transmitted per unit time per unit area of test
specimen, This 1s easlly determined as the slope
of the plot of weight of water gained by a dessi-
cant versus time, The transmission of water vapor
is usually not constant over an entire determination,
but displays considerable variability during the
first few readings and again at the end of the test
when the dessicant approaches saturation. For most
purposes the slope of the eurve 1s computed from a

curve drawn on coordinate papers



However, for this study the slopes were determined
statistically in order to obtain a quantitative es-
timate of the variation occurringe.

Water vapor permeabllity data are, of course a
direct measure of the rate at which a material
transmits water vapor to or from the item it en-
closes, These data are adequate for the compar-
ison of different materials, but for a good est-
imate of package performance more information must
be known., Of prime importance is the amount of
moisture gain or loss the product can tolerate.
Also of prime importance is information regarding
such discontinuities in the materials as seals and
seams, In the particular case of dip coatings,
discontinuities may occur at the point of suspen-
sion of the product or at points of contact if the
package should be handled prior to complete setting
of the film.

‘The cellulosic materials studied are subject
to the accumulation of air bubbles within the melt
during melting and dipping. These, if included in
a coating, would contribute discontinulties to the
coating. Because of the unpredictability of all of
these sources of discontinuity, every effort was
made to avoid their inclusion in the study. The
results reported are for clear films without de-

tectable discontinuity.



Gas permeability is a concept similar to water
vapor permeability. By definition, gas permeability
is volume of gas transmitted per unit area per unit'
time at standard temperature and pressure, In this
study, the test gas 1s oxygen. The interest in
oxygen arises from the fact that this gas has a
deleterious effect on meat, affecting color and
palatabllity. Tbe same arguments and restrictions
epply to use of gﬁigAdata as were stated in the para-
graphs referring to water vapor permeability,

It has been determined that a proper sterilizing
radiation dose for foods 1s on the order of six
megarads radiation. ! Dunn, Campbell, Fram and
Hutchins(h.)2 report that spore forming micro-
organisms are difficult to eliminate and that these
are completely destroyed by 2 mega roentgens ra-
diation. They report also that all of the micro-
organisms in raw milk and soil have been destroyed
by 1 mega roentgen. The mechanism of radiation
sterilization has been stated nicely by Trump and
Van de Graff(13): "In the case of living tissue,
injury - and in the 1imit death = of a cell is the
result of physicochemical changes brought about by
direct absorption of ionizing energy or indirectly

by the reaction of surrounding irradiated tissue.”

(1) Private conversation with Professor Lyman J.
Bratzler, Department of Animal Husbandry,
Michigan State University.

(2) Numbers in parenthesis refer to references
appended.



We will see later that this mechanism is really a
modification of the general effect of radiation
upon materials in general,

Radiation dosage is computed on the basis of
radiation energy absorbed., Thus, any source of
energy may be used to produce a given dose, The
amount of energy required to produce a particular
dose will depend on the dosage unit used, the
material being irradiated and the particular
radiation source involved. Three units of dosage
are in common use, the rad, the roentgen and the
repe The rad is defined as the absorption of
100 ergs radiation energy per gram of material
irradiated. The roentgen (r) is defined as 83,8 ergs
per gram of air. The amount of radiation required
for this will produce 93 ergs per gram of water or
tissue., The rep (roentgen equivalent physical)
springs from the difference noted above for the
roentgen. This unit is equivalent to 83.8 ergs
radiation energy absorbed per gram of tissue or
water(12)e For purposes of comparison, the
following radiations will produce a one
roentgen dose of radiation absorbed (12):

1.1 x 109 2 mev )y rays / cm®
7¢2 x 105 thermal neutrons / ¢m?

7.2 x 10!/ 2 mev neutrons / cm >
he3 x 107 1 mevf particles / cm



v 100
A one rad dose would then be produced by 83,8 times

any of the above source radiations (e.ge. le3 x 107
2 mev Y rays / em?) .

The general effects of radiation on plastics
are quite extensive when they occur. Among these
effects can be listed(12):

Breaking of chemlcal bonds and for-
mation of free radicals

Dissocliation, or degradation of
the molecule, and

Rearrangement of the molecule.
These effects may occur at different levels for
different molecules; or, at low radiation levels,

they may not occur at all,



BACKGROUND

Irradiation
The effect under investigation is that of
irradiation upon three specific materials, two
cellulosics and a microcrystalline wax formula-
tion. The literature reveals some disagreement
among researchers as to the extent of the effects
of radiation on cellulosics as used in packaging,
One thing 1s clear, however, The one megarad
dosage included in this study 1s well below the
dose level which causes change in cellulosies,
while the six megarad dosage falls in a rather 1ill-
defined area where, apparently, changes may or may
not occur. Saeman, lLawton and Millett(ll) report the
depolymerization of cellulose at 107 roentgens,
but little effect at 105roentgens. Karel and Proc-
tor(6) report a deleterious effect on cellophane
at doses above 3.5 megareps, but attribute this to
the effect of radiation on coatings and plasticizers.
For example, they found the WVTR of coated cello-
phane to be as much as 2 = 2,5 times greater for
dosages of T megareps than for non-irradiated film.
The essence of the theory of the damaging
effects of irradiation has been stated by Slater(10);
"Radiation damage is the result of displacement of
atoms in a s0lid by particles passing through 1t,



of the particles which remain embedded in the solid
as impurities, and of the ionization produced by the
particles," He modifies this statement with the
explanation that the effect of radiation on covalent
compounds is one of electronic excitation rather than
atomice In the covalent bond, electrons are displaced
from one configuration to another and are there
trapped for a relatively long time. This effect can
occur at relatively low energy levels. It is not
necessarily damaging, since the shift in configura-
tion could bring about an improvement in properties
as 1s the case with crosslinking(l2). Charlesby(3)
points out that in order to be greatly affected, a
plastic must consist of linear or branched chains.
Here, then, 1s an indication of what might be ex-
pected. The cellulose molecule 1s of course not
linear or branched, its configuration being a three
dimensional ring structure. This would indicate
that a cellulosic material ought not to be greatly
affected, However, the plasticizers used in
cellophane and other cellulosics may be of a linear
or branched chain arrangement,(é) and here 1s where
the effect may occur, as was found experimentally
by Karel and Proctor as mentioned above,

With reference to the waxes, the wax itself is



a linear molecule(5) so it seems reasonable to ex-
pect that there may be some effect on the material
as a result of irradiation.
Permeability

The mechanism of permeation through a film for
water vapor and the permanent gases (0o, N, Hy) 1is
essentially the same, Obviously, in the presence of
holes or cracks, the movement of gas or vapor is
a‘mass movement , or diffusion governed by laws of
flow through tubes and orifices (1,8). This, how=-
ever, 1s considered to be outside the area of in-
terest 1n the investigation of gas barriers for
packaging, In the absence of these faults 1n the
barrlier, the mechanism is one of activated diff-
usion(9). That is, the gas or vapor dissolves in
one surface of the film, diffuses through the film
under a concentration gradient and evaporates from
the film at the low concentration, or low=pressure
side.

Under steady state (equilibrium) conditions,
Fick'!s law has been found to apply and the trans-

mission proceeds according to:
de
q: -D dx

where q is the amount of gas diffusing through
unit area in unit time, D is the diffusion con-
stant and de/dx is the concentration gradient across

thickness dxe.



Assuming D to be independant of concentration,
this expression can be integrated across the total
thickness of the film £ to obtain:

Q= D (e = ¢p)

L

where c¢; and c2 are the concentrations of the gas

in the two surfaces,

Normally gas concentrations are measured in
terms of the pressure, p, of the gas which is at
equilibrium with the film, and ¢ can thus be ex-
pressed by means of Henry'!s law ¢ = S°¢ p where S
is the solublility coefficient of the gas in the
film. Thus,

q 5 DeS (Ii]_. "P2)
A

The product D-S is referred to as the permeabllity

constant P, and we have

P- DS 1'9
(py - P2)

This treatment assumes that D and S are independent
of concentration., This 1s generally true for per-
manent gases, but deviations occur for water and
organic vapors. P is always found to be independent of
thickness.(9)>

Rogers and associates(9) and Riddell(8) have
shown that the usual expression for P is:

(3) This development of permeability theory has been

taken from Rogers, et al, "Studies in the Gas
and Vapor Perm ability of Plastic Films and
6oated Papers,” Reference Qe



where Q is the total volume of gas passing through
the film,,é’is the thickness of the film, A is the
area under test, t is the time, and dp is the
pressure differential between the two surfaces of
the filme The units for P are usually expressed as
cm3 of gas at S,T.P. per second per cm Hg per mm
thickness per square centimeter surface area,

.. Physically, diffusion can be thought of as
occurring through inter atomic "holes" which in-
evitably occur in the tangle of polymer chains in
the essentially amorphous film, Then, to an extent,
the diffusion is dependent on the looseness of the
polymer structure. Anything which affects the mo-
bility of the structure affects the diffusion.
Mobility refers to the freedom of the atomic
structure to move; lengthen, contract, entangle
or disentangle. During all of this, a greater or
lesser number of holes 1s appearing, disappearing
and reappearing. In a sense, greater mobility im-
plies greater effective looseness. Thus, addition
of plasticizers, or increase in temperature will
increase the mobility of the polymer structure
and so increase the diffusion through the film,.
Diffusion necessarily depends on the size relation-
ship between the interatomic spaces and the size of
the diffusing molecule, Thus, Rogers and associates
report a regular decrease in diffusion for the series

oxygen, nitrogen, carbon dioxide.



Solubility 1s highly dependent on the principle
of "like dissolves like," In the case of gases,
condensation is of even greater importance, the
more easily condensed gas being the more soluble,
Barrer(l) reports a linear relationship between the
logarithm of salubllity and the boiling point of a
gas dissolved in rubber,

Permeation by water vapor follows the pattern
outlined above, but certalin special effects must be
considered. Many films (e.g. cellulosics, nylon) are
hydrophilic substances, These films are plasticized
by the water vapor, and diffusion increases with
increased plasticizing. This explains the observed
phenomenon of increased water vapor permeability
with increased relative humidity.

The behavior of waxes when exposed to gas
or vapor conditions conducive to permeation 1is
characteristic of crystalline substances. In a
crystalline substance, "holes" do not exist within
the crystal, that is, there is no free space for the
unhindered passage of a molecule of vapor or gase.

In addition, the solubility of gas or vapor is de-
creased by increasing crystallinity. Fox(5) des-

cribes waxes as platy, crystalline substances., He
reports the fallure of waxes to follow the permea-
bility statement of Fick's law, and attributes this

to the platy structure.



He proposes that the only practical path for gases

and vapors to follow through a wax film is one which
requires.the molecule to seek a route through the
microscopic cracks which exist between the crystalline
plates existing in waxes, This argument seems to
explain the extremely low permeabilities reported

for waxes., Brabender(2) reports that a 100% micro-
crystalline wax passed only 0.01 grams of water

vapor through ten square inches surface area in

twenty-seven days.



EXPERIMENTAL
PROCEDURE

Preliminary Vork

The first step in the investigation was that of
determining the thickness of coat of each material
when dipped at the manufacturer's recommended tem-
perature., Here a direct approach was used, Frozen
meat was cut into blocks approximately 2" x 3" x 1V,
the size being dictated by the size of the melting
pot availlable, The meat blocks were then dipped into
the molten material and air cooled,

After cooling, one-half inch strips were cut
out of the coating, the length of the strip running
from top to bottom of the meat chunk. The thickness
of the strips was then determined by means of a
T M I deadweight micrometer, It was found that
there was a regular increase in thickness from top
to bottom for all samples., This is attributed to
the considerable run down of molten material which
was noticed during the cooling period, For the
purposes of this study an average was taken of all
readings top to bottom. Here the tacit assumption
was made that the variation in permeabilities would



be linear with variation in thickness, thus allowing
the taking of averages on a simple numerical basis,
The averages determined were .8 mils for Ethocell;
42 mils for Wascopak; and 65 mils for microcrystalline
waxXe

Having obtained an average coating thickness,
it was necessary to cast sheets of the materials at
the average thickness determined for each, It was
desirable to cast fairly large sheets, since one of
the tests to be used requires a sample of five
inches diameter. After some experimentation it
was found that the most effective casting plate for
the cellulosics was one of aluminum, # inch thicke
This thickness was found necessary to support the
welght of the material without bending. The large
mass of metal also speeded cooling of the caxt
material, The sides of the plate were built up to
the required thickness with masking tape, this being
repidly applied and easily varied as to height. The
most easily handled sheet size was found to be
6" x 12", two sheets being cast on a 133" square
plate. Once the material was poured on the plate,
it was necessary to remove the excess with a doctor

bladee.
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To avold too rapld surface cooling and consequent
scuffing of the cast sheet, the doctor blade was
heated in a 100°C oven for several hours and then
returned to the oven immediately after each use,
While it was essential not to chill the air-sheet
interface, it was found just as important to pro-
vide a quick chill at the plate-sheet interface.
With anything less than a quick chill, gdhesive
forces came into play making removal of the sheet
difficult or impossible. Proper use of the doctor
blade proved to be an art. Variations in pressure
and speed of travel across the sheet surface could
cause variations in sheet thickness of as much as
20-30 mils, Practice, however, yielded results,
and samples were obtained with extreme variation of
5 mils on either side of the desired thickness.
Casting of the wax involved yet another problem.
The adherent properties of the wax are marked.

A 1" aluminum plate was used, but this did not pro-
vide a sufficiently rapid chill to prevent adher-
ence, It was decided that a safe release agent
would be petrolatum. This proved to be effective.

Petrolatum was selected because of its similarity



to the wax itself. Excess petrolatum was removed from
the sample by wiping first with a dry cloth and then
with a cloth saturated in acetone,

No special procedure was used to obtain re-
presentative samples, since in most cases only
small lots were received from the manufacturer,
In addition, it was assumed that the melt process
of manufacture would provide uniformity within
each batch, at least,
Water Vapor Transmission Rate

The test used for water vapor transmission was the
Technical Association of the Pulp and Paper Industry
(TAPPI) Standard T lj;8m-L49, Water Vapor Permeability

of Paper and Paperboarde This test was specified by
the Quartermaster Corps for water vapor permeability
tests. Briefly, the method specifies that a membrane
of the material to be tested shall separate an atmos-
phere below 5% relative humidity at 73°F from one of
50% relative humidity and 73°F, The low R.H, atmos-
phere is attained by means of a dessicant contalned
in a test cell, the mouth of which is covered with
the test material, The edges of the specimen are
sealed into the cell by means of a wax mixture of
60% microcrystalline wax and LO% crystalline par-
affine wax, The test area 1s defined by a template
placed on the specimen around which the molten wax.

is poured,



Shrinkage of the wax during cooling is negligable,
so the test area is defined as belng equal to the
area of the template in contact with the specimen.
This area must be accurately known for computation
of the water vapor transmission rate. The area was
found to be 53.28 cm® and 54,20 cm® for the two tem=-
plates used., The test cell is a small dish about
3 inches in diameter, with a grooved lip to accept
the edge sealing wax, (See Figure I) The dessi-
cant used was silica gel in a quantity of about
30 grams occupying approximately LO cubic centi-
meters volume. The same method was used for
evaluation of water vapor transmission rate at
1000F and 90% relative humidity, which conditions
were additionally specified by the Quartermaster
Corpse

Preliminary tests showed that for the Wascopak
at 50% and 73°F an inflection point was reached at
about the 130th hour. From 0-60 hours a straight
line was obtained, and again from 170-280 hours a
straight line was obtained. It should be noted that
this second straight line had approximately the same
slope as the first segment, For this reason, and
because the first 60 hours is probably the most
significant in applications to food, it was decided






Tiecnure 1
WVIR Test Dish and arnle




to continue the tests for sixty hours then stop. Five
specimens of each radiation level (0,1,6 megarads )
were tested for each sample of dip coating material,
In most cases nine readings of weight were obtained

on each specimen before the sixty hour period

elapsed,

Oxygen Permeability

The Quartermaster Corps specification for this
test was only that a currently approved standaid test
be used, Investigation revealed that a test develop-
ed at Dow Chemical Company was winning wide favor,
In fact, a standard test recently published by the
American Soclety for Testing Materials (ASTM
Designation D1l}3l-56T Tentative Method of Test for

Gas Transmission Rate of Plastic Sheeting) 1s based

on this test. The ASTM test was used for this deter-
mination.

Basically, the method of conducting the test is
as follows:
A sheet of the material under test 1s exposed to pure
oxygen at a pressure differential through the sheet
of one atmosphere. The flow of oxygen through the
sheet 1s measured by means of its effect on a cap-
illary mercury column, the rate of depression of the

column being proportional to the rate of flow through
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the sheet.,

The apparatus used consists of a vacuum tight
cell and manometer (See Figure 2) in which the spec-
imen is tightly clamped. The gas is introduced at
the top of the cell by means of appropriate tubing
from a pressurized cylinder of gas, (See Figure 3)
The system 1s closed at a vacuum pump which serves
the purpose of evacuating the system prior to in-
troduction of the test gas (See Figure 3), The en-
tire system 1is evacuated and flushed with the test
gas several times to insure that the permeability
being measured is that for the test gas only. In the
final step of preparation, the system i1s evacuated,
the cell valve closed, and the mercury dumped into
the cell manometer from the storage bulb, Then the
gas 1s introduced into the system to a pressure
differential of one atmosphere as measured on the
U-tube manometer (See Figure 3).

One of the cells used in the apparatus was pur-
chased from Custom Scientific Instrument Company
Model CS-89., The other three were manufactured
locally. The cell manometers for the locally
manufactured cells were purchased from H. S, Martin
and Company, Chicago and were calibrated in the

School of Packaging laboratory.
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The first step of the calibration required the deter-
mination of the volume of the capillary in cubic
millimeters to three significant figures, This was
done by mercury emplacement, A mercury pressure
system was devised using a Yale hypodermic syringe
of 50 cc capacity. This was mounted in a locally
manufactured screw operated closing device (See
Figure 5).

The entire system was filled with mercury and
attached with a spring clamp to the inverted cell
manometer (See Figure l)s A glass tubing connector
was flanged and ground in the packaging laboratory.
The face of each flange was lightly greased to aid
in sealing. Between the two flanges was placed a
three component slide system, The slide was copper
shim stock 0.012" thick, about two inches long by
three eighths of an inch wide with a one eighth inch
hole drilled in the center (See Figure li). This was
placed across the middle of the lower flange area,.
Two smaller pleces of the seme material were placed
on each side of the slide to provide support. The
manometer was then lowered into contact with the
slide assembly and the whole assembly clamped to-
gether. By means of the screw operated hypodermic

plunger, the mercury was forced into the capillarye.
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Care was taken to obtain as flat a meniscus as pos-
sible. This meniscus was then aligned with one of
two marks scribed on the tube, The slide was then
pushed through, sealing the mercury into the capillary.
Then by weight difference the amount of mercury and
consequently the volume of the capillary were de-
termined. This wvolume was determined for two sec-
tions of the capillary - one from the opening to
the first scribed line, the other from the first line
to the second, a distance of 65 mm t 0.,2mm. These
volumes were determined by the above method with a
variation between highest and lowest wvalues which
was of the order of 1% of the average volume, At
least three determinations were made for each vol-
ume of each tube, From the volume and the distance
between the scribed lines, the area of the cap-
1llary was determined., These values will all be
used directly or indirectly in later calculations.
The remaining volume - in the body of the cell - is
determinable from the direct measurement of the
openings in question. These measurements were made
with a Starrett No. 122 Vernier Caliper graduated

in 0.001" on the vernier,



The problem of constructing an adequate vacuum
system consumed & large portion of the research time
avgilable, The method used specifies that a vacuum
of 0.2 mm mercury or better shall be attained. This
is not considered to be a high vacuum and so this
range 1s not diséussed in high vacuum literature,
Experience proved, however, that this degree of
vacuum 18 neither easily attained nor easily held
once reached. Since the vacuum was originally felt
to be rather easily attained, a plastic tubing
vacuum sjstem was trled, using polyethylene tubing
with brass compression fittings manufactured by
Dekoron Products Company. The highest vacuum ob-
tained with this system was 5 mm, probabl¥ as a
result of the multiplicity of threaded fittings in
the systeme The system was then converted to
copper tubing, using solder joints and flare fittings
treated with glyptal. The flare fittings were in-
cluded for easy take-down of the system when nec-
essary for cleaning purposes. This system attalns
a vacuum of 0.8 mm mercury using a Cenco Hyvac 2
vacuum pump and cold trap to remove oil and water

vapors., Cooling is accomplished with acetone and

dry ice.



For the sake of efficiency, and in order to have
a continuous record, electrical recording of the
mercury depression in the cell manometer was selec~
ted. A platinum wire was incorporated in the cap-
illary leg of the manometer by the manufacturer,
This 1s connected in parallel with a 50 ohm
variable resistor to a Minneapolis-Honeywell Model
Y153 x 6l - W8 Brown 8 point recorder with range 0-2
olms plus an adjustable padding resistor for range
0-8,7 oms. This arrangement provides for range
spreading as well as for zero adjustment. The
changing resistance as the mercury column rises
or falls is in this way recorded automatically for
each cell,

This system, of course, required calibration
and this was done as follows: mercury was admitted
to the manometer and the level adjusted to zero
reading, the level reading being made with a
cathetometer. The mercury column was then lowered
by steps until several different levels had been
read with the cathetometer. For each mercury level
reading, the recorder position was recorded, and a
graph prepared of mercury level versus recorder pen

position (See Figure 6).
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The slope of the line so determined 1is taken as the
recorder travel constant to be used in later cal-

culations as specified in ASTM test D1L3L-56T.



RESULTS

Data Treatment - Water Vapor Transmission Rate

Raw data (cumulative weights) were converted
to weight gained, and this data was treated
statisticallye, The regression of weight gain on
time was calculated using a standard regression
analysis (see sample calculation, Appendix II,
Table VI). Where lack of significance of the re-
gression was Indicated, the regression coefficient
was not calculated, The coefficient has the usual
statistical notation, "b",.

For the Wasco material, two cases were found,
by means of the gap test or the test for stragglers,
in which the values were "wild". In order to com=-
plete the variance table, these were treated as
missing values and an appropriate value was found
by using a series of approximations.

In determining the effect of radiation levels,
a two way analysis of variance was employed using
the "F" statistic, The variation, T, was obtailned
as a result of the calculations in this analysis
table. The 5% level of significance was used in

determining effect of radiation.



Water Vapor Transmission Rate Results

The results of the WVIR tests are summarized
in Tables 1 and 2, Appendix I, while the analysis
tables will be found in Appendix II.

It was found that for both cellulosic materials,
the radiation had no effect which could be shown
with the statistic used. The fact that some sam-
rles show an increase in WVIR with increased ra-
diation while others show a decrease can be accepted
as evidence that all values represent normal
variation from the true mean, which mean 1s not
affected by radiation doseagee Of greater interest
is the tremendous variation observed in some WVIR
results, A part of this variation may occur as a
result of undetected discontinuities in the
specimens tested, Another source of this error
could be thickness variation., A brief attempt was
made to determine if this were the case. A plot
was made of WVTR versus thickness for two samples
of Wascopak (See Figure 7)es This proved incon-
clusive, however, since in both cases the re-
gression degenerated into a hodge=-podge of
apparently unrelated points. Many more than five
samples would be necessary to make a sensible
estimate of any correlation between these two

variables,
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In addition, although it 1s not much discussed in
the literature, there is evidence that the re-
lationship between thickness and permeability is
not linear. This, of course, complicates the
problem of finding the relationship with any degree
of accuracy.

The léck of effect of radiation on the cell=-
ulosic materials 1s not surprising, in view of
the statements made earlier., It would be ex-
pected that there would be little or no effect
if the plasticizers were not affected. This
seems to have been the case,

Water Vapor Transmission Rate Results with
Microcrystalline Wax, The microcrystalline wax
behaved much as expected. In the tests run at
73°F and 50% R.H., the wax showed a regular de-
crease in WVTR with increased radiation doseage
(Table 2, Appendix I)e This behavior was pre=-
dicted earlier in the discussion of the effect of
radiation on linear and branched chain materials.
The fact that this effect begins to appear at 1
megarad doseage 1s somewhat surprlsing.

The behavior of the wax at high temperature
and himidity was not expected., If anything, the
results noted above should have been more pro-

nounced.



Under these conditions, only two of fifteen spec~
imens showed any significant regression at all =
where lack of significance is shown, the WVTR is
taken as zero. This result, coupled with the fact
that weight loss predominates seems to indicate
that some volatilization is occurring which covers
any WVTR which does exist. An explanation of this
may be found in the method of sample preparation
discussed earlier. It may be that entrapped ace-
tone, or even petrolatum is volatilized at a tem-
perature of 100°F, Several attempts were made to
take data (Tables VII and VIII, Appendix II) which
would provide an explanation of this. These show-
ed that specimens treated to eliminate entrapped
acetone or petrolatum generally showed a weight

increase, but no significant WVTR,

Oxygen Permeabllity

Because of continuing equipment difficulties,
no data have yet been taken on oxygen permeability,
However, the test equipment is functioning and
project testing will begin Immediately.,



CONCLUSIONS AND RECOMMENDATIONS

Water Vapor Transmission Rate

It is evident that from the water vapor per-
meabllity standpoint, the best of the materlals is
the microcrystalline wax., However, other tests
have shown this material to be lacking in low tem-
perature flexibility. In this case, then, the pre-
ferred material is the Ethocell, which does remain
flexible at low temperatures and which displays no
effect from radiation,

Further investigation could profitably be made.
These materials should suit well the investigation
of the effect of thlickness upon permeability, since
it 1s relatively easy to obtain any desired thick-
ness, This constitutes an area of baslc research
in the packaging fleld. One problem which needs to
be solved is that of positively excluding air bubbles
and surface discontinuities in the case of the cell=-
ulosics,

The behavior of the wax samples would provide an

interesting study.

Oxygen Permeability

The gas transmlission testing apparatus is al-
ready under study with an eye to lmproving it with
regard to flexibility and mobilitye.
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A redesign effort will attempt to put it on a rolling
cart for transport to various conditioned atmos-
pheres. A varliation of the test being planned

1s that of providing for controlled humidification
of the gas introduced., This will provide a means

of studying the effect of moisture on various
hydrophilic films, as discussed earlier,

The wisdom of using a one atmosphere differ-
ential can be questioned, since this 1s not the
normal condition for a packaging material, A
solution to this problem is the use of a nitrogen
sweep gas on one side of the film with no pressure
differential, If this sweep gas is fed to a gas
chromatograph, permeability determinations should
be quick and accurate.

It was recently pointed out by McAvoy (17) that
a serious drawback exists in present methods of
calibrating the transmission cell. The present
method of calibration, according to McAvoy, does
not account for the pressure effect on the filter
paper used as a pad for the transmission sample.
He reports volume changes under these conditions
of as much as 1% of the total volume of the cell,
and recommends a calibration method utilizing com-
pressive loads which sirmlate actual test condi-
tions, This new information will be investigated
inmmediately.



APPENDIX I



Table I
Results of Water Vapor Transmission
Rate Tests on Cellulosic Materials
(100°FP, 90% ReH,)

Radiation
level b 5 WXTR Zﬂ'
Material Megarads g/hr/50cm~ g/m</2lhrs g/m</2ihrs

Wascopak 0 0156 The9
1 .0167 80,2 89.3
6 «0178 85.l

Dow 0 .00711 3Lel

Ethocell 1 .00827 39.7 5e62
6 «00815 39.1

Micro- 0 Not computed

Crystalline 1 1.,22x10" «586(1 spec.)

Wax 6 9.02x10~> JL33(1 spec.)



Table 2

lesults of .ater Vapor Transmission

gate Tests
7377, 50, Rele

LVER

~/hr/50cm” g/m2/2lhrs g/n”/ lhrs

Redietion
level b
Iaterial megcarads
“Wascopak 0 .002;?
1 .00203
6 « 00256
Dow 0 «00115
Dthocell 1 «D0107
6 «00109
licro- 0 3.§6x10_2
Crystalline 1 2.h11x1072
iax O -7.1 x10~°

11.9 ,
12, 2540
12.3



Teble 3
Thickness of .cter Vapor
Transmission “necimens

(A11 Tests)

Specimens tested ot 1000, 00/, Relle

Dose

liaterial Level Spvecimen Thickness, mils
1 2 3 L 5
Tthocell 0 g L2 50 113 0g
% 37 3 37 L2
Yo scopalk 0 [i2 35 35 il 36
1 Il Lo 35 L1 fg
6 hi b1 5 i1 11
icrocrystolline O 65 66 6O 03
Lax 1 66 H2 65 61 ol
6 70 6% 65 60 65

Specimens tested at 73°F, 50,5 Relle
Lthocell 0 Le LS h7 e
1 51 50 5? Lo 51
6 78 Sl L5 51
Jascopak 0 Lo ho [1 l.5 [1
1 38 30 Lo l.0 30
6 ﬁe ! 30 i1 03
llicrocrystalline O 65 66 68 62 OiL
Jax 1 68 10 60 65 70
6 71 06 60 71 09



Table
Lieirnt Gain of

I

ater Vanor

Tronsmission fﬂmwTeo
Lasconak 30-ChA
l"‘OO” C ;IL.L.‘..

TTon irradisted

Llansed cisht Gain, grams
Tine, hrse 1 2 3 ﬂ S
.03 0.05C7 0,1026 0.N005 040700 0640007
&.00 0,118 0,10h8 0,123¢ 0.1i73 0.13'5
12.15 0.1032 0.,2603 0.1655 0210 061085
111,16 0.2150 043207 0.2111 0.2501 062276
20403 06313l 0.178l 3000 o.gsux 042330
27.§g 0,103 0.6127 01137 0.1706 041501
?S.o NS 0470250 0.5303 o K“g; Oe70
15,00 00030 0,0320 046700 047101 0.7203
1 Te~a»ad 2esdiction Dose
Elapced i~ht Gain, ~roms
Tine, hrse 1 2 3 b 5
11e08 0.0705 040695 040737 0. 07356 040001
Ce08 01503 0.1373 01470 041503 (.21C2
12,16 0.2100 042105 042205 042333 042303
11,16 0e2L06 o./»23 002539 062023 0e20cl
20463 0.3603 043563 043713 O 30;2 Oe 3603
274C 0.0:757 o.LCbl 0.1001 041793 0.1:805
35453 0,001, 046193 0.0l20 0. 6051 0. oO)o
[5.08 0.7!:50 O 7701 0.0073 0e71172 067175
5001'? Oo(:'?es _0031/.!__ 100721 OQC"?SB 009780

6 I'egorads
Dlapsed
Llﬂc, hrc.
b. e
12,50
22400
27«02

0433
|7.ﬂ(°
52.03
61450

Radiation Doce

1

Oe OCOQ
De? oO

.u307
Oe: 003
Oe od?O
1l O?Or
100270

veirht Gain, grams
f 2 -

2 3
0.0736 00,0501
062135 (41(52
0.3722 0.2058
O.[‘G()}_L O. JUC()
0.6322 0. %17&
0,282 0.0Uﬁ)
00207 O 1“0)
1,0733 060002

0.0695

2120
Oe 3773
Oo |k )l
O.OLUO
O.CCl?
0.C21%
1.0639

5
040503
Oe 1071
Oe hu32
O.H?QC}
Oo “O(O
Ce 70"
Cabr1n
0eCTi5

I3






Table 5
“eight Goin of ‘ater Vanor
Transmission Samples
Ungseopak 30-ClA
73°1, 507 ReHe

Iion irradiated

Llapsed “veicht Gain, grams
Time, hrse 1 2 3 ! 5
lie08 04017 0,018 0,020 0.016 0,018
Coli2 04030 04031 0,036 0,028 04033
12,08 06030 0 oﬁo 0,017 04038 04003
21.08 0,061 0,003 06075 04058 06,070
28,56 0,079 0.082 04097 064076 0.091
?6.08 0005 0,008 0,11 0,002 0,109
.58 0,13l 04117 0.136 0,110 0.131
53ei12 0.13L 0,137 0,159 0.129 0.153
58.92 0,16 0.1L9 0,173 04110 0,166
1 Illegarad Radiation
Llepsed weight Gain, zroms
Time, hrse 1 2 3 IL 5
lLe08 00017 0.016 0,017 06016 06015
8.2 0.0?2 o.o?o o.ogz 0.022 0402l
12008 0001.3 0601010 0.0‘LZ 0003 00039
21.08 0,069 0,066 04068 0,063 0400
28450 0090 0,086 0,000 0,082 0,00k
35.08 00108 0610l 06108 0,009 0,101
Le58 0.130 0126 0.130 0,110 0,122
53ei12 0153 04148 0.152 0,110 041
58402 04167 04162 04106 0.153 04158
6 llecarads Radiation
Elapsed Weight Gain, grans
Time, hrse 1 2 3 I 5
ire0bd 0,015 04019 04017 0.0l 0,012
8112 04029 0.02[1 04033 0.028 0.025
12,08 06039 0.033 0.0}5 04036 0,03k
21408 00005 06055 06073 04060 04050
28458 06086 06075 04007 0.080 06075
35,08 0el05 0,001 04116 06097 0,0C1
Il 453 06126 06110 04140 0.117 0,110
53,12 0,149 04130 0.165 0,139 0.129

58402 0e153 0,113 0.180 0.152 0.1kl
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weight Gain of
Transmission

Table 6

fithocell 3
100°F, 90,5 R.He

Ilon irradiated

Elapsed
Time, hrs. 1
h-'33 000235
12.75 0.0762
22425 041509
28,08 042072
36450 0.25C2
[7.16 043393
53,00 o 3621
61.58 )héO

2
040202
0,086
0.18¢
0.2052
062668
o 212

3010

.LySLJL

iater Vapor
Samples

Jeirmht Gain, greans

3
0.0229
0.06C8
Golollo
0.1650
0.2110
o.3o81
003180
0.3601

i
060280
00839
0.1626
0.1936
0.2513
Oe 356

07
W

““Apparent failure after L7th hour

1 Megarad Radiation Dose

2
Oo’,,\'ZCS
0.0872
Oe 1’30
Oe lul;
O. )1.!
0e310H
Oe 3506
0.1162

2
040329
00601
001170
DelDP2
0.10€1
067713

3200
Oe 30)5

Elansed
Time, hrs. 1
lLe25 040107
12,58 00760
22408 041550
28.00 0.20nE1
?6 Ji2 0.2722
6,02 «3038
52.75 0el1123
61.h2 0.118n9
6 liecorads Rediation Dose
Elepsed
Time, hrs,. 1
53 040302
Ce33 Ne0725
15,01 Oe 1379
22401 061005
28,01 o.°306
bO 95 u. )200
J6.11 3853
52,50 fhoi
62.50 o.f27

wLicuid water

OQ]'BC]

Welght
3
040319
040909
061061
062162
062807
0. 605
Oe Llou
0.62l11

weight

3/
040307
060065
061321
0.1°19
O.??Bh
03159
O.E693
045051

Gain, ¢

040012
0411l5
041060
042561
043315
Ol 307
0411057
0e57011

S
045199
00659
Oe 1175
0elE0
0.203
042700
03050
063529

Gain, groms

Iv

0.0?78%

060010
o.129§
06173

Oe /2&)3‘
Oe 31u0
O.)TMO
0.1127LL
Oor“J‘l']?

on surface of sample

g
Oe 0°l7
O OO J}_L
Oe 11“0
0.1830
0e230L
O. 310[
Oe 7u2
061260
045927






Table 7
weight Gain of .iater Vapor
Transmission Samples
axthocell
73°F, 505 R.H.

Non irradiated

Zlapsed welght Gain, grams
Time, hrse 1 2 3 L 5
lie 7, 06006 06005 04007 04006 04005
£.08 010 710 .012 .01l .01l
DeT5 SOl 4013  L017 L0106  L015
21.25 .02 .025 030  .,028  .027
28433 <03 .033 L0040  .033  .037
"O.f‘,o oorJh. 0 !8 0058 0050 QO)
£1.92 002 055 L0006 L0603 4001
60408 071  L,063 076  L.072  L0T71
1l Ilegarads Radiation
Elapsed eight Gain, grams
Tlme, hrse 1 2 3 5
.75 06005 0600l 04005 06005 0600/
U.O QO].O 0009 .OlO «010 0009
10475 01l 4013  LO01lli  L015  .013
21425 026,025  L,025 .02 «025
2Ge33 <03l ,03lL  «030 403 .03
116408 <050 o050 4050 4051  ,050
51.02 05 <057 4056 LO057  .057
60,08 e 00 0065 L0055 40006 4000
6 liegarads Radiation
mlansed Weipht Gain, grams
Time, hrse 1 2 3 0 5
lLe75 0,00l 0600l 0400l 0,003 0400
8408 <010 o010  +0N8 007 =005
10475 .01l L0l .012 .01l =.00i
. loﬁt; .027 .OO'Z .(\7»-) 0021 o'r."OU‘
28433 <030 4030 4031 029  L017
6406 .055  L055  L0ib .o)3 031
,1.O° 002,062 J0%3  L0l9  WOoLl

60,08 .072 072 .oéo «057

<08

-r\——

o~
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Table 8
weirht Gain of ‘ater Vapor
Transmission Sarples
I'icrocrrstalline ..ax
100°F, €05 Rells

lion irradiated

Elapsed .eisght Gain, zroms
Time, hrSe 1 2 3 Iy

lle2 =0eN107 =040005 =040178 -o.ooéf =0.0056
10458 - «00G5 = ¢0C09 = ¢0150 - 4N00L - .OOoh
21450 - <0105 - 40009 - ¢2177 - .0052 - «000iL
2725 = ¢008L = ¢NNO3 = (0070 = 0050 = .0052
0408 - o001 = ¢07ES - .,16P = #0004l = L0010
15e25 = 0106 = 0000 = L01C = 40068 = 00260

52,25 - o007L = 40003 = L0157 = 0039 = 40030

1 lezarad Radiction

Llapsed weight Gain, gronms
Tlﬂo, hrs. 1 2 3 I 5
Le33 -o mof? =040018 =0,00l13 -04001:0 =0400L1
10650 eNNCO = &0020 = 40050 = 0019 = #0037
21402 - .oooo = o0012 = ¢00H0 = 4001l = L0012
2Tel7 - 0001 ¢ .0“56 - ﬂo;s - o0017 - L0021
30400 = ¢0070 # 40001 = 40001 = ¢NCO9 = 2013
h&.l? = 0007 = o033 = 40002 + 40008 = 001
5217 = D075 = 0012 = L0055 + #0030 = 0005
6 leparads Radiation
Dlarsed ei~ht Gain, grems
Time, hrse 1 2 3 i 5
lle33 ~060013 =040023 =040072 =047030 +#0.,0021
10,50 = o002 = 40010 = o3718 = ¢0930 + 47020
21,012 - oo)u + D102 = 002 = (N020 = L0000
27e17 = 20010 4 01ND = 0007 = 0011 - $00C1
0eNO = #0050 + o0103 = 40703 4 40070 = .,000
hEgl7 = 0001 4+ 7020 + 0011 # 40000 - (00Ch
52417 = 0003 4 u0N32 4 u00D3 = L0000 - $0073
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Tlon irradiated

Tlapsed
Time, hrs,
5e33
12,00
22e33
’39.07

b 78

VM.ME

)

60412

1l legarad Radiation

Zlapsed
Tj;me’ hrs,
523
174,00
“7e33
20 Q?
|!;.EQ
shali2

6 llegarads
Blepsed
Time, hrse
5e33
12600
22633
29.65

g

oﬂe
60 L2

Table

Q
samples

R.TI.

water Vapor

.elght Gain, crams

3
00028
.0036
.00l
0053
oOOA?
<0053
0050

Jeirht
3ﬁ
0.0010
«001Q
«0021
«0023
.0016
«0010

vieight

0eN0ON3

«0002
-e0003
-«0011
-e0023
-e0032
‘00035

welsht Gain of

Tranemission
Ilcrocrystalline .iex

73°F, 507

1 2
040025 040022
.0032 «0033
.On'» OO 7

.ooﬁg .oo
.OOx? .ooho
001 <0016
OO ?)H3

1 2
00021 0.002;
0026 40026
«N028 0028
0038  J00l2
o 091 <003l
.()O:.!.2 OOOSO

Radiation

1 2
040008 040018
L0001l L0026
00023 0027
«N015 «0037
«0015 .0027
«0005 0036
«0007 «0031

I
00023
e 0027
0031
.ooﬁL
<0031
» 00!y,
«0039

e

0.0é?h

«0031
.OO S
oOObO
0051
0055
«0053

Gzin, crams

L.
00022
«0027
«0030
«0037
«0033
«0037

5
«0026
0035
.00l1

-00L7
.OOHB
oOOU?

Gain, groms

00001
-QOOOM
-00012
"00011
-00028
-e0031
‘00036

5.,
060000
0073
0075
«0077
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APPITDIX II






Table I
Analysis of Variance
ater Vapor Transmission Rate
wascopak
100°1", Q0% Relie

Specimen

0 1zbx 203 150 156 160 623
Rediation 1 162 173 180 161 157 833
Levels 6 201 177 11 175 156 850
T 517 553 L71  Lhe2  L73 2500
These values are b x 1oh
Source of Sum of l'ean
Variance Sauares df Souare \'a I
Total lha,000 1
Replications 7,000 Il 1,750
Radiation
Levels 157,000 2 78,500 2¢25 NeSe
Lrror 277,000 8 3l,600 186

True ¥ e = 0,0180 gy g/hr



Radiation
Tevels

H O\ O

Source of
Variance

Total
Replications

Radiation
Levels

Error

Table II
Analysis of Variance
.ater Vapor Transmission Rate
tiascopak
73°1", 5055 ReHe

1
2324
270
268
770

Sum of
Scuare

57hlx103 1l
2615x103 I

578x10° 2 :

Specimen

2 3 I 5
237 275 225 208
26l 270 28 261
232 205 250 233
733 8ho 723 762
alues are b x 1OS

I'ean

s d4df 3quare B

2351x103 8

20li%103 §,)2x10°

True Ve = 40052 gﬁzg/hr

T
1237
1313
1276
3828

.98 NeSe



Table ITI

Analysis of Variance
Vjater Varor Transmission Rrate

Dow =thocell

10097, 90:) R.MH.

Specimen
1 2 3 L 5
0o 7hlise 873 62L 727 508
Rediation 1 326 685 039 olo  7L7
Levels 6 gho 001 806 839 900
T 2l10 2200 2369 2506 2235
(o
> These values are b x 10~
Source of Sum of l'ean
Variance Squares df Square L
Total 166,826 1l
Replications 17,217 L
Radiation
Levels 10,779 2 20,389
Frror 108,830 8 13,603 116,8

True Ve = ,00117 ¢

B0/

.

550

5
107

11709



\n
w

Table IV
Analysis of Varionce
water Vavor Transmission Rate
Dow Ikthocell
73°F, 50,5 ReH.

Specimen

1 2 3 L 5 T
117:+ 102 122 118 115  5h7

0
Radiation 1 107 108 106 107 109 537
Levels 6 120 120 110 o5 o5 tl0
T 3k 330 338 320 319 1651
These values are b x 1O5
Source of Sum of I'ean
Variance Squares df Sauare T F
Total 1035 1l
Replications 169 i ll2.25
Radistion ,
Levels 160 2 £0.00 NeCe
Error 706 8 C8e25  QLlt

True Ve S 400009 gi,o/br



Table V,

Analysis of Variance
Wlater Vapor Transmission Rate
Iiicrocrystalline ‘ax
73°F, 5055 ReH,

Specimens
1 2 3, I 5 T
0  3.5:% 5.2 360 3.0 5.0 18.3
Radiation 1 3.0 .6 0 Pl 362 1342
Levels O O+ 0 -Tel 0 0 ~Tel
T 65  Te8 =365 5ol 842 2Ll
These values are b x 1O5
4 ‘/here regression proved not significant,
the value is entered as 0O,
Source of Sum of Mean
Variance Souares df Sauare 'z F
Total 126,10 1L
Replications 31,0 I
Radiation
Levels T2e3 2 36,1 12 ¢ hsese
Error 2341 8 2.9  1.7x107°

Ve = ,000017 g/nr

sk






Table VB
Analysiec of Variance
water Vapor Transmission Rate
Ilcrocr* talllne vax

73°T, 50,5 R.ile
Specimens
1 2 3 L 5
0  3e5% 342 366 340 50
Radiation 1 3.0 10 =140 2l1 342
Levels 6 =lel 24,0 =7.1 =ha7 =0.1
T _E)’.b. 0.8 