5 26 69

John Herring

Plant Engineer
Pacific SW Region
American Cem ent Corp.

Dear John;

Thank you for sending to me a copy of your report
of the cement bags study. ¢

You have done an excellent job of accumulating
and presenting important knowledge in a decision

framework,

Best regards to you and your associates,

Larry Miles
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PACIFIC SOUTHWEST REGION==AMERICAN CEMENT CORP., 1500 RUBIDOUX BLVD., P.0. BOX 832, RIVERSIDE, CALIF. 92502 ¢ (714) 683-3660

May 15, 1969

Mr. L. D. Miles

Miles Associates

P. 0. Box 47k0
Washington, D. C. 20020

Dear Mr. Miles:

Enclosed is the final report on bags submitted by
our Packhouse Value Engineering Team.

We did receive word back that the Sales Department
took a good look at the draft of this report.

We would appreciate any comments you might have on
this study.
Sincerely yours,

Pacific Southwest Region
AMERICAN CEMENT CORPORATION

??2:4": ;;z’:;#%2222¢f::)
JAH 11 # J. A. Herring

enc. Plant Engineer

cc: CWBush
RCEntorf
File
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" INTER-OFFICE CORRESPON DENCE

(i}

RIVERSIDE DIVISION =AMERICAN CEMENT CORPORATION May 1k, 1969

To: R. C. Entorf
From: J. A. Herring

Subject: Packhouse Value Engineering Study
Cement Bags Project 2-345/v2-25

Attached is the bag section of the Packhouse Value Engineering
Study. Though there are no actual recommendations in the re-
port, the recommendation is made here that we take a very close
look at the moisture barrier, and at embossing.

Though this report completes the study, the project will remain

open and as recommendations of this study are implemented they
will be handled as subsections of this project.

For the ?tudy Tean,
A /
JAH 11 =

attachments (3 pages) J. A. Herring, Coordinator
ce: MwWBlack BGPreston
CWBush JPRoberts
RSFlynt RWSearle
PGFryer EMShull
WAFranz NWShurrager
COHall MDSmith
JLHendrickson *¥WRTrudgen
¥REHyche JWarren
AHIogan GAWood , .
MMertens File 2-345
WEMitze va-25
NPeckham R — S
RBPeterson *¥IDMiles

GMPetzar Miles Assoc.

*article, "Water Vagor Trancsiaigsion
: Through Sacks and Sack Papers" attached



PACKHOUSE VALUE ENGINEERING STUDY | " Page 1 of 2
BAG SECTION OF REFORT o _ ‘May 1k, 1969

The following is the report on the bag section of the Packhouse Value Engineering Study.

{

Due to the impact on sales of any variation in our packaging and as there were no sales-
men on our Committee this report makes no recommendations. This study developed and pre-
sents information which controls bag cost so that aesthetic factors can receive current
evaluation.

Based on the 1969 forecast this year we will spend approximately $550,000 for bags, not
counting the export order. A functional breakdown of this cost follows:

1.

+

1. Basic package-=—=-m=c-mm oo eeee e $340,000
2. Additional strength of package------cccoccmcanuoax $ 69,000
3. Ewmbossing for antiskid properties---------cceeo-a- $ 12,000
L. Moisture barrier-—c--cocomo oo —--3104,000
5. One-color identification-==-ceomomommcoecccccaea $ 23,000
6. Second color for identification-------cececoccaae= $ 1,400
T. Semi-bleached outside ply for sales promotion----- $ 7,000
8. Uth ply added strength (vhite only)----------acoen $ 8,000
9. Larger size bag (plastic and gun plastic)-------- $ 10,300
Basic package-==-===m- e e $340,000/year

The cost of the basic package is based on a two-ply bag, both plys being 1/70 base
weight standard Kraft with filling valve. This, in the Committee’s opinion, is the
least expensive package capable of containing cement.

Extra strength-m--emomeoooooooo SRRSO SRR PR SRS PSRPROOSS $ 69,000/ year

Going to a three-ply bag with the two inner layers of 1/50 base weight and an outer
layer of 1/60 base weight all-extensible paper for added strength. Of the $69,000
$36,150 is the cost of the extra 20-base weight which gives added strength against
tearing. The remaining $32,600 is for the extensible paper which gives added '
strength against inside pressure and impact.

EDOSSINg === == === = o m e e e e e e mmm— e ————— $ 12,000/year

Bags were originally embossed to provide antiskid properties, with the cost assumed by
tke bag supplier. Then the supplier decided to pass along the above additional cost

to us. Embossing raises the average slip angle of the extensible paper sack from 32.3°
to 33.5°. Since that time, however, the entire surface of the outer bag is treated to
give it antiskid properties at no added cost. This treatment gives extensible paper
an average slip angle of 37.0°. The average slip angle of extensible paper, embossed,
and treated is 38.0°. ‘It is accordingly suggested that embossing and its $11,000 an-
nual cost be given.close scrutiny.

MO1STUre DarTier - e - oo dm oo e $104,000/ year
Approximately two years ago we added this moisture barrier to our bag cost we are told
essentially because our competltlon did and it was then considered essential in order

to avoid sales loss.

It was found however that the bags couldn't be filled - blew up like balloons - so to

nacea 2



Packhouse Valué Engineering Study N Mey 1k, 1969
Bag Section of Report. ' ' -Page 2 of 2

facilitate filling we found it necessary to have openlngs lanced through the bag,
approximately 800 on 1" centers over its entire surface, which the supplier dld
without passing on added charges to us.

Much of the extra cost which nov goes into this expensive barrier is thrown away
by the 800 holes. Reference is made to paper by R. L. Reeves & W. E. Kilgore en-
titled, "Water Vapor Transmission Through Sacks and Papers”.

We still occasionally have cement returned to us because of moisture penetration.
More prudent use of the $10L4,000 may call for different action. Some feasible al-
ternatives to our present course follow: '

Alternative I The use of minipoly coating would reduce cost by $22,000/year and
after similar punching of holes probably provide essentially the
same barrier.

Alternative II Ship cement in bags without barrier during the dry summer months,
May through September. We ship 49% of our bags in these five months
which would make a saving of $63,700/year.

One-color identification-- =-e-coeomoooo $ 23,000/ year

This cost seems to be well worth the expense as some means of rapid identification
of types is necessary and with our present method we also receive an advertising use
factor from this expense.

Second color for identification-se—-moemeommm oo ool $ 1,400/year

All but $200 of this cost is for the second color on our white cement bag. The func-
tion here is to provide a distinctive package to promote sales of white cement. In
the case of the $200 which is the second color on our rapid takeup gun plastic sacks
the function is identification which could be taken care of by using a distinctive
shade of green from the green of our regular gun plastic. Though the savings here
probably do not warrant a change due to the low volume shipped this second color cost
should be taken into account on future new products so that we do not get caught with
a two-color package on a high-volume line.

Semi-bleached outside PLY---eccommmmmcmcomcmmmmm———m e e e $ T7,000/year

The function of this item is to provide a distinctive package to promote the sale of
white cement.

Fourth ply added strength for vhite cement bags--------cceecmmcemeacaa-$ 8,00Q/year
The function of this extra strength is prestige. We have a more expensive prestige
product so we put it in a more expensive bag. Does the customer know this is a stron-
ger bag?

Larger size bags for plastic and gun plastiC------ccomococcmmmmcmmo——=s $ 10,300/year

The function of the larger size is to contain the product; plastic cement is less
dense than regular and gun plastic has the asbestos added to it.

JAH 11 | | ‘fééiﬁiﬁa«-
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FUNCTTONAL BREAKDOWN OF OUR BAG COSTS ~ . = - = .

COST PER

FUNCTION ) DESCRIPTION OF ITE: ‘ o ° MILLIOH BAG
Basic package $ 59,330
Inside ply 1/70 base veight standard Kraft ,
Outside ply 1/70 base weight standard Kraft
(including fill valve, etc.)
Strength increase® | . $ 12,020
: . Inside ply 1/50 base weight extensible
Second ply 1/50 base weight extensible
Kraft $6) 320
Outside ply 1/60 base weight extensible 35,700
Antiskid | - -0-
Antiskid coating (outside ply)
Antiskid ' $ 2,000
Embossed (outside ply)
Moisture barrier $ 18,100
75 mil film laminated to.2nd layer
Identification . | $ 3,950
One-color printing ,
Advertising $ 1,k00
Second color printing (white only)
Semi-bleached outside ply (white only) $ 8,150
Larger carzacity
Gun plastic 3 5,L00
Plastic $ L,900
fPrestige .
Wnite only
L-ply 1/50 base weight extensible (=24d) $ 9,650
JAH 11



SHIPMENTS BY YEAR IN I‘E[LLIOHS OF SACI’S

(not including export order)

XGun Plastic

. White  Total

Year Regular Block Plastic Gun Plastlc
1967  2.55 .09 1.55 072 .820  5.324
1968 1.98 ..104 ‘ 1.67 .099 .869t 5.012
1969 | ' | - |
Forecast . 2.352 .108 1.920 .1ko 864 5.724
CAICULATIONS OF YRARLY COSTS
(based on 1969 forecast)
Function Cost/millionl | Million/year Cost 1969
Basic Package 59,330 5,72k 339,600
Strength 12,020 5,72k 68,800
Antiskid 2,000 5,72k 11,500
Moisture Barrier 18,100 5.72k 103,600
Identification (1 color) 3,950 5.72h 22,600
Advertising (white & XGun) 1,400 1.004 1,400
Semi-bleached (white only) 8,150 .86k . 7,000
Wnite only L-ply bag 9,650 .86k 8,000
Largef Sacks
: ‘ Gun 11,150 ..180 5,400
Plastic 2,550 1.920 %,900
273,000
JAH 11



INFORMATION SUPPLIED BY INTERHATTONAL PAPER CO. | e

Slide angles of various Kraft papers with and without processing for antiskid charac-
teristics: :

: AVERAGE
PAPER SLIDE ANGLE
50  Standard Kraft 30.0°
50+ Extensible 32.3°
50 Erbossed extensible : 33.5°
504+ Standard Kraft w/antiskid coating 36.0°
50:F Extensible w/antiskid coesting 37.0°
50:% Embossed extensible w/antiskid : 38.0°

Average moisture vapor transmission rates for most of the commonly used barrier papers:

30 - 30 - 30 Asphalt 2.5

MP 100 : 2.4
MP 150 1.6
MP 200 1.1
MP 300 ' - .8
MP 400 .6
~ W75 mil film .95

These fTigures constitute the meximum average water vapor

permeability at 70% R.H., 100° F. g/100 in. 2/2h hrs.

JAH 11
5-1-69
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R. L R..EVES

A ReunnLe means for determining
water vapor transmission rates through
converted  papers and  multiwall
sacks requires production machine-
- made samples, filled with the material
actually packaged and stored under
__..specified conditions until a constant
rate of moisture gain is recorded, which
usually requires approximately 15 days
storage. It has been found that mois-
ture penctration, as recorded by this
—method, tends to correlute more closely
with field performance of multiwall
bags than any other means of measur-
ing water vapor transmission rates.
This is attributed to two reasons:
(1) The test specimens have almost all

the characteristics_of the commercml__
" bag. (%) The product tested is the
- _actual material packaged. Thus, any
side reactions that may occur in the
field often occur under the accelerated
- storage conditions, and since normally

several dificrent constructions are
_tested, comparative conclusions may be
drawn.

..._.-———-}.o-satﬁfactor} method has bee'l
devised for assimilating or duplicating
i*~—~—the" creasing, breakmg, and {rictional
drag that the multiwall bag tuber's
former blades impart to barrier plies

- situated as the inner (barrer side
facing inward) or outside ply (coated
side facing outward). The extent of
damage to a barricr ply may be great
or little, and depends on the overall
bag construction, lubricunts used on
_._the shect (when - ;:momu as the inoer
Ply), type of & . ply ‘.o-mon draw
rolls, web ten:...u etc. Beccuse of
theae variables, the pl‘ewg" practice of
evaluating a barsier ply .y its water
vapor transmi=-. » (WV7, wst in the
roll, so to spesl rather than by its
WVT rating zi.or the tresses and
strains of conv. . ..¢, is zot eompletely
satisfactory fo: p-oject'.n' deld per-

formance ofits £ -had bax.
¢ definitio..  water vap.c trans-
‘mzssion is the .ute of wuter vapor

permestion through a barrier under -
“specifed conditlons of temperature,
, relative huniidit:  unit arex and time.
' TAPPI test eow. -tions (T 445 m—49)
e oospeelly T3°F an.. 309, Qif oun one
© side of the sampi.  ad less thwn 55 on

L. Rl:rv»- Sugerviser of 'l-cl\mr.xl Salcs
Service, and W, . Kienre, Laboratnry Teche
nician, International itiper Co Dazpak Division,
Camden, Ark.
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Water vapor transmission through sacks and sack papers is often of paramount
Importance to the multiwall bag menufacturer and the bag purchaser for obvious

regsoas.

Many dissertations hove been wrilten concerning water vapor

parmeation through unconveried coated and leminated sack popers, unattached
plastic films, ond lominated cnd coated plastic combinctions. There is a signifi-
cant difference between wcter vapor transmission rates of an unconverted’

barrier vs. a coaverted barrier.

Often the cbility of a coating to withstand

creosmg and cbrasion, plus stitkching and gluing of a multiwall bag, is a more
critical factor as far as successfully pcckcgmg the product than moisture penetra-
ticn through the barrier ply. This papar is primarily concerned with moisture

penetration through borrier plies at "wulnerable areas”

of a gusseted multi-

wall bag, such as glue seams, closure ends, and gusset crecses tested at 100°F
and 95% RH, p!us a means for derermmmg the moisture protechon necessary for

packaging a given product.

the other. General Foods WVT tcsc‘
method calls for 92¢; RH on one side

_of the sample and less than 5% on the

other, at 100°F. Most investizators
accept the basic theory of the water
vapor penetration mechanisin as that

‘of activated diffusion, with the vapor
pressure differential between the two-

different relative humidities being the
driving force acruss the test specimen.
In gusseted multiwall sewn bags, the
passage of moisture through thre.lds,
unprotected areas, and sheet deforma-
tions adds significuntly to the rate of
penetration through the bag asa whole.

Methods commonlv used in designing
multiwall bags for product.v requiring
moisture protection are trial und error,
plus expericnce, which often involves
lengthy warchouse storage tests of two
or more constructions, and trial pro-
duction order shipments. Generally,
these methods are quite conclusive
in determining a satisfactory bag
design and construction. However,
they are expensive and time consuming,
plus the fact that a bay developéd during
one season and in one climate may not
necessarily be expected to purform in
the same manner during another season,
or in another climate. Thus, for any
packaging application, the most severe
environmental conditions encountered
which are critical to the product and
package compoaents, plus the amount

of moisture gain or loss th.ough the

barrier, govern the degree of resistance
to water vapor penctratiii. This
concept determines the test ~onditions

of bags designed by the a-celerated
storage method. . :

CONV:RTNG

Bag types most commonlv used for
packaging highly hygroscopic products

are sewn gusseted open mouth, sewn
open (wusscted) mouth {flat tubed), or
sewn valve.

The problem of mwoisture penztra-
tion through the sewn open mouth

" (fat tube) has been practically elimi-

nated as far as the manufacturing
difficulties are concerned, by placing a
seamless polyethylenc fint tube as the
inner ply and heat sealing (thermal or
dielectric) the tube above the sew ing
line throuzh the kraft side walls.
The bag user seals the top end likewise,
after ﬁlhng. Many carload shipments
of bags filled with a highly hygroscopic
material have pl'oved this feature to be
most satisfactory in ficld performance.
Since films of narrow gage (1 to 3
mils offer equal WVT resistance over
equivalent gage films coated on kraft
paper, it would be de-irable theoretically
to package ali products requiring a
significant degree of moisture protec-

- tion in bags possessing a free film inner

ply of pul\'ethylenc. Thus, the uner
ply could be sealed and the greitest
protection potential could be re..zed
due to the optiraum closure as rien-
tioned above. However, becaus. .ol
converting difficultics ar this
peither lightweight polyctiivlene -iiet-
ing nor gusseted polyethylene t. g
can be uniformly wnd econon. . -
placed as the iiner ply of 8 gusscied
bag by  multiwaii bag tuber.  Gusseted
bags are by far the more desirable
from the ;t..ml,mn.. of filled bag
appearance and ease of palletizing.
Thereiore, as a rule, ,\ni-'co'\..m' vl
is used as the barrier ply in gbmud )

PO

type bazs. :
Attention is drawn to the "\'~:'e:
ci'e:rses_ (Fig. 2), for here eracking and

abrusion of the coating have cau:c:.
extensive and costly bag failures in

warchouse storage.

Val 47 Na 7 lulv 1964 1 Taoai
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 Face area

- seamline erea » snblnru'shd ’

- 19.84 25.52 . 19.8¢ . ¢ 1767 - .. 60.45

20.30 31.62 “19.84 17.36. . -59.63

20.00 . _. 39.21 . -__.A....__2.0,93 18 60— -33.32

35.50 lS 14 . eee ’ 17.2¢ 100.60

38.75 23.87 . 19.22 18.29 -44.80

1411 16. "5 oo 12,40 70.06

13.33 14.73 vee 12.25 19.07

—_— 1488 - -15-19 - —13:48 —rTm12725 TTTTTTI9.07

In the manufacturing operation in
.order to form the multiwall tube,
the barricr sheet is unwound and fed
through a web and then drawn over

- —— —-carrier rollers to the croxs-paste section,

where adhesive is applied to spot
paste and tie the plics together at the
bag’s opeued end. The plics are im-
mediately brought togcther with stag-

".-gered edges for the lougitudinal seam

paste application. From this point
the sheets travel downward to a “heel”
where the paper changes direction at
an angle of approximately 45°. The
heel guides the paper over the former
and initiates the _tubing of the shcets.
Simultaneously, projecting rods acting
as guides lift the back folds upward,

- ~—guiding the sheets over the former

blades. Here the gusscts are formed

----a3 the sheets are forcefully folded in and

around the former blades, of which two
for each gusset are attached to the heel

.- and situated one above the other,

exteading the entire distance of the
tubing section (from 6 to S ft). The
middle gusset crease is formed by a
blade attached to the tuber’s frame
which protrudes inward immediately
between the two blades attached to
the heel. The paper drawn over the
blades forms the gussct of the bag.
The paper piies are stazzered so that
the back folds and laps each succeeding
ply over itself by a.ppm:cimatcly 1in,
thus forminy the side_ wall _seams.

throu"h the tube by spring-loaded

draw roﬂurs

The pulling of the paper around the -

heel and over the former blules does
more- damage to the barrier ply than
any other phase of the converting
process. The sheet is pulled around
the heel, aud the portions which be-
come the gusset and back areas are
simultaneously elevated where a crum-
pling and cracking occurs in the arca of
the face gusset crease (Fig. 1). These
breaks range from no visible cracks,
in some cases, to a Y, in. break in the
cross direction of the sheet. Pinhole
and _water vapor transmission tests
in these areas show a substantial WVT
increase.

In order to obtain relative ﬂr'urea
demonstrating the effect of fomnnv
gusset creases in a barrier, s:imples
were selected from a run in which the

. overall - construction, machine speed,

The folded *antmuous tube is drawn

applied lubricant, and web tension
were kept constant as far as the
machine allowed. = Water vapor
transmission and pinhole tests made in
the gusset and adjacent face areas
indicate that the moisture vapor trans-
mission rates are significantly increased
due to the converting operation.

Table I illustrates the water vapor .

transmission rates across each gusset
and the adjacent face areas, plus the
water vapor transmission rate across
the_seamline of .PE .to kraft bonds.

- It is readily seen that the extent of the

«
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Fig. 1. Opan gussated tube

. -.section prev iously L
. marked increase over the face arca of

" seamless

,_,WVT tests by this gravimetric me

© 8, Wax dipped

described) shows

the same sample. The increased water
vapor transmission rates obtained by
the accelerated storage method as
against the GFWVT method is partly
attributed to the greater amount of
water vapor transmitted through the
damaged areas. ’
By varyving the machine =pecd on
different paper samples of different
coating weights but otherwise identical
bag constructions, it was found that
there was no systematic increase ot
decrease of pinhole count or water
vapor transmission rate in the gusset
creases. Thus it was tentatively con-
cluded that the machine speed is not a
significant factor in causing the cracking
of the barriers in the gusset creases.
The cause is primarily attributed to the

" tension applied on the roll in the web,

plus the type and amount of lubricant
sprayed on the sheet pnor to tube

. formatxon

BAG CLOSURES -

There are three principal methods
of sealing bags for moistureproofness:

1. A polyethylene wax adhesive
and coating combination extruded on
kraft tape, which in turn covers
stitching. -

2. A placement of a: pol)ethxlene
ube inside a flat tube open
mouth multiwall bag (nongusseted)
and then heut s .;hn-' the end of the
polyethylene tube above the sewing
line with thermal or dielectric heat. ‘

3. Dipping the sewn ends in hot
wax mixture. ) .

GFWYVT tests made on the seal por-
tion of a seamless tube across the
diameter of the cup in conjunction with
the adjacent areas of the tube have
shown no significant water vapor
transmission difference. On the other
haud, special cups prepared for making
shod
through the t.tpul portion of the end
of the bug.rccor(‘.cd significaptly in-
creased moisture rates over the barrier
ply. Cups were especially designed for
making these measurements. Results
of several closures at 13°F and 30%
RH are:

@/m3/25 ke

127.51
100.78

Type closures

1. Sewn through (no barrier)
2. Wax under t: e
3. Extruded pol) ethylene

~ wax mixture -3
4. Asphalt tape-over-stitch 3

73';"
116
16.8

[]
x




- ~———point when the coating is positioned as

——cedures;~such as -TAPPI-T 454 m-60, -

“**.at room conditions and observing for

—_ ___gusseb creases are actually not pinholes,

Table il

-Pinhole Count for 31 sq in.

s R;’dﬁ! guszet -

© Positioned as the number 3-ply io & G-ply bag.

“PINHOLES

Pinholes are commonly referred to as
. small areas of coating voids. These
voids are detected by various pro-

the lower coating weights have a
pronounced two-sidedness; that is, when
the coated side is in contact with the
- high-humidity conditions, the water
vapor {ransmission rate is lower than

and"by the method of detection used
i th“? Iabornt?ry. Th‘e Ia}t»er .sxm;zly explained by Bhargava, Rogers, Stan-
involves smearing penetrating oil over it d Sgware in this :
a predetermined area of the coating meth, and Szwarc In this manner,
- - ...considering that with a fibrous

surface such as kraft...the cellulose
fibers ... penetrate the' coating com-
. pletely, whereas with thicker coatings,
-most of the fibers only partially pene-
trate the plastic ilm. The fibers swell
in the humid atmosphere and act as

penetration within three to five minutes.
Penetration is detected by discolora-
tion of the kraft substrate s
” -To a large extent, pinholes in the

as described by the above definition,
but cracks and rubbed areas where the’
coating has actually rubbed off. The
face and - back creases of the gusset
are areas where the rubbing occurs.
The middle crease is the area where the
eracking of the coating is most notice-
able, although the former blade is not
in contact with the coating at this

completely or partially through the
film. Thus when the paper side is
exposed to the higher humidity, a

found than when the ‘wicks’ are on
the dry side. Those wicks which
penetrate the flm completely are

the inside ply with the coated side
facing inward. The reverse is true
when the coated ply is the outside
ply with the coating facing outward.
Face creases (Fiz. 1) often exhibit
the most proncunced cracking and
creasing. In this area, there is 2 more .
rapid penetration of the oil, and a

" - . _ingof the barriers (Table II).

wicks and carry water vapor either .

greater water vapor permeation rate is

Foce 5 Middle Back
aumber ercose © e grease erears
1 20 23 .~ " "T18
-2 4 38 2]
ey 19" " 52 oI
-4 25 . S0 2 E R :
S 19 - 37 15 4 K
6 19 34 ;19 . 65 21 M
e T e ___45 . e_ . 18 50 23 e S )
) 8 48 . 14 40 b 4. 11
-9 3 43 18 25 2 1 0
10 7 33 .16 30 33 3 . 0 S
11 67 . 17 104 . N 6
.12 75 - 12 .90 .. -8 3
13 6 51 17 $2 43 3 - —.1 e
14 11 37 12 30 50 -3 s . 0 :
15 5 40 10 35 . 37 2 4
16 8 43 17 30 20 3 4
17 4 4 8 23 2 0 0
18 . 35 62 ’ 11 24 93 24 .8
19 38 18 120 - .. - 50
© ® Almost a continuous break. : <
® Exceedingly speckled with very small breaks, .

side is exposed to the higher humidity,
and lead to an overall higher rate
of permeation for the barrier” (I).
" These results correlate with the find-
ings of Violette in the study of pinholes

when the krait substrate is facing the  of polyethylene-coated papers. It was
higher humidity. Similar findings are -

found that there was a tendency for
the number of pinholes to increase as
the surface of the substrate became
rougher and as the moisture content of
the substrate diminished at the time of

" coating (2). The exact relationship

between the number of pinholes and
pinhole size and water vapor trans-

_mission rates has not been determined.

DOUSLE BARRIERS

Some products require more moisture
protection than is supplied by & single
coated sheet, or at times it is desirable to
position moisture barriers within the
walls of a sack for more advantageous
protection, such as inside-coated plies ..

——equally _effective _regardless of _which .__facing inward, and outsi@e—coated plies

“

greater area 1s staincd beaeath  the
coating. Practically all water vapor
penetration is atiributed to-the crack-

PLY POSITIONING

. At times in buy construction design-
ing, it is possible to inerease the mois- o
- ture resistance effectiveness of the -
barsier plies by exposing the coated
sside to the hizher humidity.
Numerous water vapor transmis-
sion tests. of polyethylene-coated
papers have shown that, in particular, ‘ ..

Fig. 2.

z; /TER CTiNs o
" Bact casess

CENTER
CUSSET CREAST

FACE & 3AX
At

TAre

>

Filled sewn guuieted bag



lyﬂhy'ci‘o eonﬁad ;

»
O

{4,

1b/3000 sq #t

t

:

| R
~Ne,

l_

4

15.5 31.0 46.5 62.077.5

WYT, g/m?/24 he (90-9555 ’H, 100° F}

Fig 3T Waier vapor transmission of low-density
. polyethylene

facing outward. This provides the
kraft plies with protection from product
attack and the entire unit protection

_ __from the outside elements. The outer

coating is not as effective as the inner,
since it is subjected to additional abra-

sion, scars, tears, and crumpling en-’

countered in filling and in shipment.
.Ninnemann and Simerl (3) reported that

.the number of layers of -polyethylene

" - film doubled the protection value.

" “This is found to be true for polyethylene

film and coatings in the lower coating
weights and film thickness (Fig. 3).
Recent outside stor:yze tests (during

-in bag desluun "

* ditions the ba-' ‘mizht be subjected t
should be the bnab for determining th
ype and weight of the barrier in the

sack construction—that is, if complete
s pemmo g mmt e o o —product protcctmn i dCaﬂ'Cd

ACCEL‘RATED STORAGc i
METHOD_OF_WVT_MEASURE EMENT

This method is used for dctcrminin-'

- water vapor transmission rates throu"h

multiwall bags, thus providing a more
reahﬂtxc means for economically design-
ing side wall construction and bag
types

DESCRIPT!O\I OF APPARATUS
Yariable Humidity Room

" This room is designed_for testinz of °
paper and paper producta under con-
trolled atmo:phenc condltlons ranging
from maximum and minimum limita-
tions of 130°F and 95% RH to -5°F
and 409, RH. '

From inside to outside the walls and
ceiling are constructed of the materials

the winter months) revealed the be-

havior of polyethylene-coated plies fac-

__jng outward exposed to the elements.

.These tests showed that a ten-pound

- —coa.tm" of polyethylene on the outside

ply and 2.0 mil polyethylene free film

... ply as the inside ply of bags filled with
© 0-20-20-analysis fertilizer would ade-

"~ quately protect the kraft side walls for

approximately 30 days. At the end of
this period, the water penetrating

" through the cozting during rainy Périods

and high humidity conditions (spprox.
3 in. of rainfall) became trapped beneath
the coating and could not dissipate dur-
ing dry weather, resulting in a weakened
bag because of the wetted kraft paper

" (6). Since the wetted arcas were local-

ized, it was concluded that pinholes were
s contributing factor.

——COATING WEGHT SELECTION

Selection of a coating weight to give
adequate protection to the product de-
pends maizly on the hygroscopicity of
the material and the ambient atmos-
pheric conditions the flled bag will be

————subjected .-pp:lor—co—emmyin" - Ae-

.. .chloride

celerated storuge tests often reveal which
barrier is mos: c:mabk of economically
packaging and protecting the product.

Tke surtounding conditions are most im-

“portant, as demonstrated by the water

vapor transmizsion rate through a sheet
at 100°F znd 9\;« RH (u~.n«' calcium
=5 the dJesiceanl and reported
in g/m3/2: hr) und the moisture rate
at 0°F and 909 RH. For a given
sample, these results as caleulated by

Brickman (§) may have a water

vapor transmission rate as high as “10
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in order as outlined below:

1. Threte coats of asph'd‘t base aluminum
ain

*2. ‘Common bncL

3. Aluminum  sheet
—0.003 in. thick.

4. Layer of 3-in.

. insulation.

5. Asphalt coating.

6. Layer of 3-in.
insulation.

7. Aluminum  sheet
—0.003 in. thick.

8. Plywood paneling. -~

vapor

AE-F Fiberglas

vapor

The floor is constructed as follows,

1. Three-inch concrete slab. :

‘2. Polyethylene barrier —0.003 in.

3. Layer of AE-F Fiberglas insulation.

4. Asphalt coating.

5. Layer of 3-in.
insulation.

6. Aluminum vapor barrier.

i 7. Six-inch concrete slab reinforced.
... The door is a Jamison VAP-R-TYP

‘cold storage, having additional rubber
gaskets installed on the door frame to
minimize moisture vapor leakage. .

The housing of the chilling coils, steam
injection points, reheat coils, and air
ducts is located outside the room and en-

-—-—cased in“‘/. in: galvanized sheet metal

and then a 2 in. layer of cork u~mr' an
asphalt base sealer.
Relative humidity is controlled by a

Honeywell pneumstically operated con-

trol unit, utilizing a Foxboro Dewcel
element sensing device for moisture
measurements. The dry biflb temper-
ature is coatrolied by a pneumatically
operated Honeywell control :md record-
ing instrument.

Air circulation is a closed system -

which is heated, reheated, cooled, dried,
or moistened as the sensing controls

barrier

barrier

AE-F Fiberglas -

-

AEF Fiberghs

'he room provides an e\cgllcnt means

“ for storage of filled bags under varying

condltxons.

Scales

When \\ex"hmv' ba;;s of 10 to 100 Ib
capacity, scales rccordmx, in pounds and
ounces are uscd

o k

' Somphng for Acce’erafed Slorage :

Tests :
Machine-made samples repre:cnt:\tn e

Cof ucceptcd qua.ht) 10\ rels are selected.

" Testing for Moisture Penetration
Samples to be tested are precon--

* ditioned for 72 hr at 73°F and 350%,

RH. A minimum of five samples from
each item tested are filled with 10

« Ib of technical grade caleium chloride,

and closed. The standard top closure
for the laboratory tests is as outlined
below, sincé, the facilities for muking a

.. revular hot melt adhesive tape-over-

shtch closure are not available:

1. Cushion—stitch closure—-——25 PE
50 Tape—cotton thread, regular
twisted kraft reinforcing cord.

2. 20 PE 50 NK tape heat sealed
over the sewn end

BN

Specimen size encompasses 527 sq in.

After filling and closing, the samples
*are identified and weighed. If desired,
three specimens are vibrated on a
Gaynes vibration tester at 330 rpm for
3 min on each side and identified as a
vibrated sample. The samples are then
placed in the variable humidity room
on specially designed racks mounted on
casters which permlta racks to be rolled
from the room for conditioning before
weighing. These racks are dcsigncd to -
permit free access of the circulating air
to all parts of the bag. After 18 hr
exposure to preseribed conditions, the
specimens aré removed and conditioned
at 73°F and 509 RH ior 6 hr prior to
weighing. Samples are weighed and
replaced on the racks on the oppo:ite
side from tlie one stored on the previous
day. * .
The proccduro is sxmxhr to ‘the
General Foods method of water vapor

transmission measurement in which the o

test cups arc placed in the cabinct for

24 hr, removed, placed in the desiceator |, -
for 1 hr, weig hcd p!.\ucd in the cabinet ™

for 68 kr, removed, placed in the desic-’
cator for 4 hr, and weighed. The weight
gained, multiplicd by an ap,)ronrmt\.
factor, converts to units of g/m?*/24 hr.
For control purposes, two unfilled
bags are closed as deseribed, tested, :\ml
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‘ 'ndjuatm-' the mox;ture .warptxou of the
-+ desiccant from that of thc pa.pcr and
closing materiuls.

The process of removing from the

- repeated each day for a maximum of 15
__days._The procedure requires precon-
“*-ditioning of the specimen for 72 hr prior
to the initial weighing. Then the sam-
ples are weighed each ( day until a steady
state of water vapor transfer is attained

~and reported in g/m /24 hr.

RESULTS

The water vapor transmission rate
for 2 completed multiwall bag is not only
ameasure of the water vapor permeabil-
ity of the side wall barriers, but also a
-- - derivative of other characteristics of the
 package as a complete unit. The WVT
" rate is significantly affected by variables

introduced in manufacturing, such as

completeness of closure, effect of creas-
ing, crumpling, and frictional drag on

___ the barrier’ during tubing. Similar

" findings were reported by Pierce and

. cup tests.

Ic -on various typ
food contuin:
omparative purposes, it is advantage
us to report the rate gain of acecler

ated storage test specimen in the units :
of the General Foods water wvapor
————variable humidity room, plaun" in the —transmission test. ~ It -has been prev-‘"‘

" constant humidity room and weighing is -

fously determined that kraft plies do

not offer resistance to WVT in a multi- :

wall bag (1, 7). The iollowing table

ply. . _
0/m/24 ke (50-959% R G 100°F)
Cup test Bag test
18.60 53.32
17.21 41.80
12.25 19.07

As expected, several groups of “tests
having same barrier Qqualities showed
considerable variation in the rate gained.
However, all were consistently higher
than the corresponding General Food’s

mate can be made of the extent that the
closures and coating deformations con-
tribute to the water vapor transmis-
sion rate of the entire package. Repro-

_ ducibility due to_variation of products

and samples is not expected using the

“ signing by placing s p.u-tlcul

'ran"c for teatm"

lists thc WYVT of the bag and the barrier

From these rates, an esti-

“within a partxcul&r moisture pi'otectxon
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