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The Developmert and use of Plastic Sacks for Fertilizers

- : By E. W, Schwehr (Figons
‘ Fertilizers Ltd, United
- Kingdam)

Introduction

It is the object of this paper to set out the
reascons for the comparatively extensive use in the
United Kingdom of heavy duty plastic sacks for fertilizers
and to report some of the early results obtained in
experiments carried out by my Company.

Why Plastic Sacks?

In Britain, the accepted standard fertilizer package
e a five or mix ply paﬁer sack incorporating a wet strength
outer ply and two protective barrier plies. This sack
performs excellently and withstanﬂs, mechanically, the
general pattern of the trade, which includes not only
filling and despatching, but handling through works storss,

merehants stores, and farm storage before the fertilizer is

used in the fild. It is sesled by sewing or is of the

‘valved type; in neither case is it, therefore, a hermeti-

cally sealed unit. Whilst providing adeguate prdtectiun |
to the fertilizer in covered storage, it cannot prevent the
ingress of moisture droplets or water vappur if stored in
the open. Furthermore, the mechanical strength of paper isg
n291igibls when wet and is greatly reduced by repeated
watting and -drying. | ‘
The development of plastic films in recent years has
made possible the fabrication of water resistant sacks which
cén be filled with fertilizer znd stored in the open. The
Bocanomic aavantages which can result from this are abvious.
%uch sacks dg not require expensive storage huildings, and

both merehant snd farmer can take full advantage af early
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velivery rebates. FErtiliiEr deliveries cam,.iF required
be madE direct to the fields where thmy will bs used and
Fdrm handllng costs are reduced,

These arms potential savings which can be achieved:
only if there is little or no difference in basic cost
between a plestic and & paper sack, and if the perform-

ance of a plastic sack is in all respects acceptable.

Commerciszl Development e

In 1961, marketing of fertilizers in polyvinybhlo-
ride (P.V.C.) sacks commenced in Italy, and in polyethy-
leme {P.E.) sacke in America snd Canada. In Britain;
although paper was still considerably cheaper than plastics,
the margin appeared toc be decreasing progressively, and
my Company decided to carry out large scale deyslupmént

and testing of plastic saecks, This work is still contin-

‘uing,

Experimental Work

Heavy duty plastic sacks of 1 cwt, Eapacity gupplied

by a number ‘of manufactiirecs have been used. The sacks

~have been - fabricated from P.V.C. and P.E. films having

varying charescteristics and thickness.

Test work has involved the filling af these sacks on
hbrmal“plant equipment; test grnﬁps have nevgr.heen less
tham 300 sacks and often considerably more., Filled sacks
have been subjected to the same gperetions as would occcur
in normal trading. Assessment has been based on uparétn
jonal performaence at all stages, including transpurt by |
road and/or rail, together with an examination of the -
condition of the fertilizer at varying perxiods up tu 12 -

months storage in the open on both prepared and unprepared

‘'sites. These tests have been supplemented by laberatory-

characterisation of ‘the films used and re-examination of
exposad: sacks,

The work is reported, not in chronological order of

‘the tests, but as separate assescments of individual

problems, although any one txrial mecessarily included
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investigation af many variables.
To datE, the 1nveetlget1em have 1nvulued the f;lllng,

sealing and etecklng of. epprexlmetely 50,000 sacks. .

Type and formulation of plastic film
. .. The tewperature range over which a P.V.C. sack can
Be ueed will be controlled by .the type and quantity of

pleeticieef_edded to the pelymer'befere‘extrueieﬁ,

Sufficient plasticiser must be added to prevent embritt-

lement at wihter‘tempefeﬂeree, whereas too much will give
a sack which is soft, essily dieturtad‘and stretched ‘at
summexr tempereteree, -Fer‘eny-eee tyee of pleet1u15er
there is é limited effeetiVe'eeereting temperature renge‘
which can be moved to ‘same extent alang tha tempereture
scale by changing the prnpﬂrtlnn of plastici=er; the '
range can only be ‘increased by the use aof Expenelve
plasticisers.. Dther ihgrediente of a P.V.C. compound
will influence its. eherecterletlcs, but plasticiser is ‘.
the most 1mpnrtant for the ' sack uker,
"P.E. has a much wider effective temperature range
im which it cean be used satisfactorily and this is
erebehly‘net influanced eigﬁificantly by changes in the
resin or compound extrededi but may be influenced by the
extrusion techniq@a. . .
Inm thE-initiei trials, the fdlluwiné 1D‘thoﬁe.
inch gauge films were compared:-
(i). 10w*den5ityeP,E. of a hard nature in
| . ungussetted open mouth =acks.
(ii) low density P.E. of a soft flexible nature
 in ungussetted open muuth'eaeke.
(iii) low density P.E, of a hard nature in sacks
with Face valves, | '
(iv) P.V.C. with a low cold flex temperature
characteristic (-18°C by Cleeh‘end Befg
test) in bokh unguseetted‘upen mauth sacks

and sacks with corner wvalves,
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P.V.C. with a high cold flex tempersture
characteristic (-2"C by Clash and Berg test)
in both ungussetted open mouth sacks and

cacks with corner valves.

Filling was cearried out in the winter months &nd the

following points were established -

(a)

(b)

{c)

{d)

(e)

(f)

the output rate from the bagying plant in-

creased with ingreesing rigidity of the

film, Stiffer sacks were easier to present
to the filling spaout.

discharge of 1 cwt. of fertilizer into a sack
freely suspended from a filling spout cgused
weld failure,

the harder of the two P.E. films was easier
tp handle but‘Faile more due to snagging.‘
the P.V.C., with the higher cold flex |
charecteristic was subject to excessive weld
failures and bursting during handling and
transport.

the P.V.C, with the lower cold flex charac-

teristic ztretched under leoad and the sacks

" were difficult to handle and stack because

of deformation. These problems were found to
be increasingly severe under summer conditions,
when stretching could prncaed to the point of
film failure.

at all stages P.V.C, sacks, because of their
greater elastiecity, were more resistant tn_:

failure by snagging.

In subsequent work no major changes were made to the

nature of P.E., films tested. However, two further types

of P.V.C, were examined, The first of these was a hodi-

fication of the herder film brought about by an increase

in the proportion of plasticiser., The second was the

result of a change in formulation including a charige of

plasticiser. Both these films had a cold flex paint of



12 - 5

about -12°C.

Test work carried out om these modified P.V.C. films
showed marked adventages over those uagd in the initiai
testz; sacks retained their shape under both summer and
winter conditions, handled easily, stacked well and
failed less hy snagging than either of the two types
previously examined.

The esarly results obtained on P.E, have been cot-
firmed. Changes in the gauge of any given type.uf film
or formulatian have only tended to heighten the main
gffects, |

The inclusion of pigment in P.E. and P.V.C. filﬁs
was not fourd to have a significant effect on performance.

Resistance of filmsg to fertilizers and weather

Plastic films ean be expected to suffer degradation
on long exposure to sunlight. Lerge numbers of sacks of
different types contsining a variety of fertilizers‘haﬁa
now been exposed to all waathefs and in only one case has
deteriorstion of the film been shown, This sceurred with
£.V.C. and P.E. sacks containing & high nitrogen fertili-
zer exposed to sunlight. The "attack" teok the form of
disceloration of the unpigmented sacks. Meassurements
made on the films, after six months expasure, showed that
a reduction of 50% had occuryed in tensile strength af
the P.V.C. film and 30% in the case of P,E., Where sun-
light was absent from the system, the P.V.C. sacks had
retained 90% of their original tensile strength, but
the P.E. sacks had still lost approximetely 30%. Tear
strengths of the P.V.C., sacks had been similarly reduced,
but that of the P.E. sacks to a lesser extent., In all
cases, however, it is significant to record that flat
drop tests still showed a1l sacks to he satisfactory for
nermal handling opsrations.

P.E. and P.V.L. =acks were unaffected by granular
fertilizers of high free acidity (about 6% as P_0.) and

25
low moisture content (abpit 2%) im both works tests and
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in accelerated tests of elevated temperaturxe on the

laboratery scale.

strength of film in relation_to %ﬁs performance

Both 10 and 8 thous. P.E. aad‘P.V.E. films have ten-
sile strengths considerably in excess of those of a five or
g2ix ply paper . sack, and all test work has shown that
correctly formulated and manufactured sacks in both mater-
ials at both gauges are adeguste for l-cwt unit packages.
However, this type of measurement does not give a relisble
indication of the commercial performance of a plestic sack..
Az yet it has not been possible to develop any series of
laboratory routimes which will allow the establishment of
a relationship between film charactéristicu~and operational
ﬁe;fnrmance, Tests are available for the measyrement of
eeal strengths and for the peel strengths of =seals, but ao
far no ecceptable minimum standards have been gstablished.
Results will vary with the flexibility of the film, whils -
the tendeney of a film to stretch Qnder load will have =
marked, and often adverse, effect on the acceptarce of a
plastisc sack,

For these reasons, essessments have been confined to-
field performance. In this iespect, results confirm that
there is little difference between the same film either
P.E. or P,V.C. in 10 and B thou. gauge, while 6 thous.
P.V.C. has an adequate strength form & l-cwi sack, but is
unacceptable in gther ways.

Closure of plastic sacks.

Initial tests cnﬁe:ed stiﬁched open mouth sacks and
valved sacks in all forms of P.E. and P.V.C. Open mouth
sacks were sewn and handled successfully without the mat-
erial splitting at the stitch holes. Neither form of
closure was satisfactory when sacks were stored in the
open, Water sntered the sewn sacks hetwean thé stitches,
and, especially with P.E., ihe flap of material abnﬁé the
stitch line acted as a catchment area. Valves apened

slightly under pressure and. permitted water to enter.
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- It was, therefore, hecessary to examine forms of heat
sealing =nd, if pcseible, it was preferred that such methods
of closyre shaﬁld also allow continuous operation. This
was known to be possible with P.E,, but, at the time, no
means of sealing P.V.C. other than by high frequency weld-
ing was known to us and this implied intermittent operation.

Simultaneously, it was necessary to examine the problem
of the rempval of air from the sack, Earlier small scale
tests had shown that air removal by means of a vacuum pump
from sacks filled after being plsced in a former was not a
pragtical proposition since:--

(a). the rate was extremely slow

(b) the prnductinn‘methud romplicated

(c) the film, being drawn tightly round the hard

gramules, fractured and became pin-holed during
handling operations.

The saclk manu%acturer was not faced with the same
problems im applying the bottom seal to the sack, as the
process was intermittent, and the film waes in the form of
lay flat tube and, hence, there was no
mair to eliminate, Furthermore the film was in its -irgin
form, not contaminated by dust.

Freliminary works scales tests were carried oul using
2’ small band sealer for P.E. sacks and a high frequency wel-
der for P.V.C. sacks. Each sack was prowvided with & x /32"
drilled microholes in a line belaw the open mouth.

The sealimg techniques were considered successful and
the sealed sacke maintained fertilizers in good condition in
the open for at least six months pruvided that no ponding of
water occurred in the stacks. The air vents, however, were
gither insufficient or incorrectly placed to eliminate air
suffieciently quickly for normal wnrks operation.

Labaratory work had shown very serious loss of seal
strength of heat sealed P.E. sacks when dusts, and especially
china ﬁlays, (used as a'coatiné agent on fertilizers} were

ptesent on the surfaces to be sealed. These strength losses
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amounted to 75% of that which could be obtained with clean
films under similar 6dﬁdifinﬁ;. -

Investigation of commercial types of sealiﬁg equipment
available capable of handling at least 600 sacks/hour sug-
gested that a contiruous band sealer ménufactured by Doughboy
Industries Inc, of America was in the best stage of develop-
ment. A machine of this type wass ohtained, and was thoroughly
tested, in the first instance on P.E. sacks, Cépacity-was at
least 600, sacks/hour and the seals, even in the pfesénce of
fertilizer and fertilizer coating dusts, wers considered to be
of adequate strength for mormal handling and stnfage.

Further work indicated that P.V.C. sacks could also be
sealed succegsfully on this machine; seal strengths were found
to be equal to those obtained by high frequercy welding and,
more significantly, it was found that the presence of dust did

not cause the same reduction in seal strengths as occurred with
PLE. ‘
4.5 free Space

It was realised that the ease of elimination of air must
be assopciated with the amount of residual air in the sack. P?St.
experience with paper sacks had always shown that a certaln
amount of "free space™ was necessary if the full machan;cal strangth
of the package was to be gbtained, Furthermora,lall tests on
plastic sacks had chown that the tighter the pack, the better
the handling charactesristics, since the non-rigid plastic film
relies on the contents for part‘uf its shape,

Small scale tests were made to relate the "free space" in
a filled sack ta its performance as assessed by flat drap test. .
It was found that there was no loss of perfﬁrmance‘unless‘tﬁe o
fres space,‘measured in the conventional way, was leés;than
2% inches., This was an important pige of information, since
the Doughboy machine is adjustable in height and is fitted
witH cutter blades to trim the top of the sack., Hence the
machine :hqu be adjusted ta = height corresponding to the
bulk density of ﬁha fertilizer, FQrtharmurE, by reducing the

free space, thejamnqnt of air to Le eliminated"is‘reducad to
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a‘minimum, and a well-shaped sack which will stack easily
is produced, ‘

Numiber of air vents

A number of hoth P.E. and P.V.C. sacks were obtained
containing & varying number of micrcholes formed either
by drilling with = 1/32" dril)l or merely piercing the

material with a needle 1/32" thick. These variations

covered :-

(i) 3 holes or 3 punctures ssch &nd of the sack
(i1} 2 holes or 2 punctures each end of the sack
{(iid) Z holes or 2 punctures open-mouth end only

(iv) 3 holes or 3 punctures oper-mouth end only

(v) 3 holes er 3 punctures in centre of sack face

In addition, a P.V.C., sack incaorporstirg a patented
"labyrinth®" aeal for the elimination of air was included
in the tests, Both P.E, and P,V,C, films were obtained in
varying gauges,

All =sacks were filled, transported and stacked, and
while this test is not yet complete, it can be said that,
operationally, the minimum number and position of air vents
acceptable is 4 punctures, one in each corner of the sack.
For storage in the open, punctures are to be preferred to
drilled holes. MNeither the texture of the film nor its
thickness had a significant effect on the speed of air
removal. For a sstisfactory rate of removal of residual
air, the tops of the =acks musi be folded down over the
fertilizer after filling and before sealing.

In our experience, the "labyrinth" type of vent does
not allow sufficiently rspid eliminstion of air to percmit
maximum despatch rate., The "vent" acts az a mon-return
valve énd, under pressure, it is possible to expel all air
from & sack; the shape of the sack becomes fixed and it is
found impossible to change its shape since a small amount
of air within the =ack iz necessary to allow the granules
to move freely. This makes handling P;gm stacks or

pallets, and stacking after transpport difficult.
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4,7 Handling Characteristics.

4.8

This must be a largely subjective assessment, In:
general, it has been found that P.V.C. films are less
slippery than P.E. films, especially when wet amd can,
therefore, be man=-handled more easily and more confiden-—
tly. This applies particularly to stacking, but the
effect can be completely overshadowed by any tendency of
the sacks (e.g. certain types of F;U.E.) to stretch snd
lose their. shape.

Problems can ocour at the bagging plant if the sur-
faces, both inner and puter, of printed empty sacks stick
together, causing delays in presenting sacks to the filling
Bpuuf. The technique sometimes adopted by sack manufac-
turers of cutting the extruded tube into sack lengths by
means of a hot wire is not recummenda&lsince it gives a
pértial weld, Use of mechanical knives is preferred,

It hae been pfauinusly mentioned thét the sack must
be correctly =ized for the fertilizer being packaged.
Variatiors in bulk density of the fertilizex can bE‘as'mqth'
as = 10% of the average. Since most sack manufacturars
prefer to use a standard tube width, filled sacks vary in
length and this raises problems in palletizing and stack-
ing.

1t has been found necessaryxat all timess ﬁu'ﬁﬁndla
Tlat and stack flat all plastic sacks and to secure almost

complete elimination of air for safe transport and stécking.

Failure rates

During the sealing operation, particular attention has = -
to be paid to operating temperatures to avoid seal feilures.

High temperatures will improve.seal strength, particularcly

in the presence of dust, but excessive temperatures can

cause thinning and waakening of the plastic immediately
below the sesal, P.¥.C, is rather more toplerant than P.E.
in this respect.

Considerable cere is necessary .in all handling oper-

atipns, Plastic sacks require. more support than paper- sacks
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- at the filling Spnuts; Cnntinuﬁus helts, wider than fhé
sacks, are preferred to roller :ﬁnQEyur5.  Belt fasteners
must be sheathed to prevent sacks snéggihg. Trensport
vehicles must be inspected for projections which'might
;ausa'tearing, and should be lined with Esavy papgr or
corrugated board. Operators can easily cause damage as
& result of héavy footwear or prﬁjactiuns on eclathes,
(buttons, buckles etc,,) Soft heelless shees are
particularly recommended for operators.engaged on stack;
iﬁg. P.V.C. is:cnnsiderably less susceptible to operator
damasge than P.E. and handles better on conveyors,

‘It i difficult to givg anything Dtﬁﬁr fhah very
approximate failure ratés, but it has been found that, if
‘étfgntiun is paid to the details mentioned, an oversll
failure rétel(Fillihé/tranépurting/stackingJ of ahout 2 -
?.5% iz achievable with B thous, F.E. =zacks. Thisufigu:é
#an be reduced to around 1 ~ 1.5% with suitably formula-
ted § thous. P.V.C, sacks. -

Education of everyone responsible for handling plastic
sacks, including merchants and customers, is obviously
important, and techniques used for paper sacks aie often

unsuitable for plasties.

4,9 Disposal of used sacks
‘The sccumulation of used sacks presents a disposal

problem, Paper sacks can conveniently be burned. It has
been found that a very strong fire and free access of air
is neceséary to burn beth P.E. and P.V.C, Both give, on
burning, a heavy black smoke which, in the basE ﬁfAP;V_C;
may be slighfly toxic due to the presence of hydrochleric
acid, volatile plasticisers and stabilizers. If there is
insufficient sir, P.E. melts and becomes a solid mass on
cuuling.'

With both plastics there is the possibility of eale
of used sacks for re-use in low-grade plastic products
such a5 floporing and hoses. The price of scrap P.V.C. is

higher than that of P.E.
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. The,use of plastic sacks for the fartilizér‘t;ada;;gg
is still.a young art, .and is one which, bE:aUsa,nf,ithp;“
gecoromic value to the preoducer and usér,‘will contimue .
to receive detailed attention and development..

To date, work has been directed towards the producs
tion of a plastic sack at a cost approaching that'pf‘the
paper sack. it will replace, and with an equivalent per-
formance. Neither uf‘fhese ubjectivES'haa'heéﬁ fully‘
reached. Works trials undertaken have marely'iﬁdi:ated
the way in which certain films perform and fail, and
herce the difference betwesn su:h Film5. The next stagé
must be the development by the polymer pruﬁuca:‘uf
resins which can be fabricated by a sack maker into
sacks in such & way that the userstobjections may be
overcame, énd field. performance improved, This Etégé
will involve close co-operation and pﬁssihly,intag—:
ratian betwgen the three bodies concerned, The plasties ..
Field‘ié‘:nntinually changing and developing,. as has the
paper industry in fhe past, and it is by no-means cartéin_
that the ultimzie material for a plastic sack will be
either P,E. oxr P.V.C. Fahrlcatlnn may, in the near
future, lnclude gussetting and even the manufa:tura ot
single-or multiply, black-ended, plastic sacks, provided
that the associasted sealing problems. can be overcome; o
obtain such -sacks, the film must be creased and.?qldEd‘ |
without loss of strength and this may favour P.V.C.
the expense of P.L.

In Fisoma Fertlllers Limited we have rEEchEd thﬂ
Staqe where we consider that both P.E. and cartaln fDrms‘g
of P,V.C, 'sacks are 5uff1c1ently developed for ths;r
:nmmarc1al use, and are of adequate quality to permlt
storage: qf.ﬁertlllzer in the open., In-the current‘yﬂﬁr,‘
é coneiderable pbrtinn of - our production is baing

marketed in aacks of both types .,
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DISCUSSION |
Mr, E. W. SCHWEHR (United Kingdom) t It has always been

oir practice in Fisone Mertilizers to thoraughly test, within
aur owh organisation, ﬁﬁy modiiicutiona, howsver simple, that
we gdecide to make.tu o package before we adopt it for commer-
cial use. To us, the arrivél af plastic films made up into
szcks was just such a medification. It wos, hnweve:, A
mouiiication Whiﬁh, thoprotically st lesst, could result in

# greab overall potentinl econamy to =1L sections of the
trade, from the manulacturor to the farmer,. the ultimate uscr
of nur products.

In the paper,li have set down the types of problema
vhich we rnocountored and hed to overcoms. bofore dsing plastic
seacks commercially vn any large scale. I hauelintentinnally
refraimed From giving detailed lists of types and causes of
failure, singe it has been our experience that the overriding
cause of failure is lass of package and loss of materiel, due to
the snagging and puncturing of the sacks during handling. This
is mntirely dependant un the means of {illing, handling nnﬂ
transport at the producing works ahd at subseguent stages,
Accordingly, it will vary greatly from one works to another
and frem nne type af user to anaother. Wc are confident,
hawevar, that by attention to detsil and education of the
user at all stages, losses due fo sack failure can be kept
to =zcceptable levels, and that the plastic sack cen be ussd
successfully for outside storage of fertilisor, without o
significant doterigration in the condition of thr fortiliser
at the time of use.

Mr. W, MAK (Netherlands ) : Mr. Schwzhr's paper
deals wifh the sahc gqeneral subject as that of the paper
presented by Mr. A. T. Brook at the I.5.M.A. Technical Con- -
fezrence at Cambridge, in 1953. Mr. Brook related the exper-
ience of Fisons, as well as eertain Exheriments undertaken,
in the field of fertiliser packaging; and ! am sure that all
who know of Mr, Brook's paﬁer have rﬂﬂa Mr, Schwehr's paper
with kezn interest. The use of plastic sacks for fertiliﬁﬂrél:‘”
is now in full development and confronts us with many préblemﬁ.

Plastic offers many possibilities, but also many dangers, As
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the author says, there are too many variabies and, sp far, not
suFfi:ientrlabnrétbry routine to cuntrnl‘tﬁéss variables. It is .
thus very instructive to study the experience mF‘nthars;-
especially the results of such a comprehensive invastigation as is
indicated in this paper. |

My company, Windmill Fertilizers, also has somé experierce
with plastic sacks made of 10 thous, inch gaugs P.V.C. which is
mostly in accordance with this paper, We have had difficulties
with open-mouth- szcke which are sewn, hecause the materiél
tended to split at the stitch holes. We algo had trouble with
valve sacks, similar to that mentioned by Mr, Schwehr: ;laéure‘
was bad, arnd the product ih the séck became wet around the
valve after a few months. We tried to overcome this by :lnsing
the valves with glue or tape, but this was very expensive and
time-consuming. We also had trouble with dust in our trials
with heat-sealing. This could be overcome by a'systsm‘khuwn as
tape-oversealing, but then you are likely to have incréassd
machine trouble, | ‘

On page 7 of the paper, Mr, Schwehr states that sealed
plestic sacks can maintain fertilisers in good conditien for six
manths in the open; but in a folder dealing witH P.V.C. sacks I
found that P.V.C., film of 0.3 mm has a water vapour transmission
of 3 gq. per 24 hours per m2. In accordance with this, we found
that after fuur months trial in the upen during the w;ntar, the
fertiliser in contact with the plastic had become wet to a certain
degree, In this connection the type of fertiliser is very impor-
tant, and I suppose this problem wpuld be more serious with;muré
hygruscuplc fertilisers, | | .

We had the gsame experience with micro-holes in the bage. .
They were useful in the elimination of excess air during f;ll;ng
and closing, but after four months triale in thelopen during thB
winter, we found a visible increase in the-humidify‘mf the fer-
tiliser around the micro-holee, eepecially with fertiliser high
in nitrate. |

On page 5 it is stated that, after six months exposure, there

was a reduction of 50% in- the tensile strength of the P.V.C. film.



12 = 13

Could Mz, Schwohr say what the tensils strength wowld be, =ay,
after twelve months 7 3 |

On pags 11, we find that an aversll failure rate of 2% -
24% was achievebls., Does this relate to sacks stored for a
ghort time, or a long time 7

Om page £, it iz stoted that 6 thous. F.V.C, has
adequ=te stremgth for a 1 cwt. sack but is unacceptable in
other ways. What dogs Mr. Schwehr mean by "other ways“‘in
this context ?

On page 5, Mr, Schwehr says thers was some deterioration
in plastic sacks rontaining a high nitrogem fertiliser exposed
to sunlight, I should like to know wh=t is meant by "high
nitrogen"” here, and whot kind of nitrngen‘is referred to. Are
there any thepretical reasens why nitrogen compaunds should
attack‘plastics 7 |

Finelly, 1 should just add that T could mot find any
mention af the dimsnsions of the =acks. We have used two
different dimenzigns and have found that narrow sacks =
35 em x 45 cm - are essier to fill and handle than the broader
ones,

Mr. SCHWEHH : The first question related to the
experimental finding of a loss of strength in a certain
section of sacks. This wes an isclated occurrence, in that
we have rot been =ble to repeat it, even with the same film.
Again, the loss of strength is demonstrated hore hy the reduc-
tion of the temsile strength of the film before and after ex-
posure; but I do not know what this means in terme of sack
performance, bocauss although such tests as this reveal an
apparent deterioration in the film, these gacks handled
perfretly satisfactorily without excessive failure rates. 1
the early days of our work on thesc sacks, we had to try to
discover methods of a more or less rigorous nature which would
tell 4s what was happening. This particular form of test was
made only at that prriod of time and was subsequently discon-
tinued, Whether this failure conmtinued or not, I do not knaw.

With regard to the unacceptability of & thous. P.V.C.
gsacks, the reason For this was thelr tendency to lose shape

and their pomor stucking characteristlus., But, mechanically,
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they were guite sufficiently strong. .

The nitrogen fertiliser which =sttacked the P.V.C. bags
wos, in fact, = l6-9-9 formula, containing totally water soluble
PEDS with 9 units of the N from ammonium nitrate. The compound
thus contained free ammegnium nitrate in its finished form; but,
as I mentioned, we have not been able to repeat this, There
WaS hﬁ urea in this fertilisex, and, in fect, we do not use urea
in any of our fertilisers.

Ag far as fhE general handling of plastic sacks is con-
csrnaa, I think the whole secrei of success is to ansure thet ‘
the sacks are full, The only rigidity in the film i1s provided
by the contents, | |

© Mr. A M, MELLER (Donmark) 1 In my company we have also

made certain experiments with the external storage of fertiliszers
im heat-sealed polythens bags. We found, however, that after =
Euﬁny day, with a tempersture of, say EDDE, followed by a cold
night at about SOE, moisture caondensed on the internal surface
of the #acks, flowed down amd thus spoiled part aof the contents.
Have you exparienced the same problem 7 Could you say how low
the moisture content of the fertiliser should be in order to
avgid this condensation under thess conditions ?

. Mr, SCHWEHR : Yes, we have seen this phenomenon in
our gwn tost work. I thipk we have possibly always bheen some-
what afraid of the possibility of entry of moisture into the
sack through the micro~holes. Thearetically, one can calculste
water vapour permeabilities of films, but these have no sig-
nificance whatever when micro-heles are made. Hut I think we
have been somewhat unnecessarily afraid: theoretically onc can
celculate that the fertilisers ought to have set in & sﬂlid
lump in a very short time, but in practice this does not HéppEn
for guite considerable periods of Expmsure; Un. wust remember
that there is considersble protection from neighbouring Eéckﬁ,
thus impeding the entry of moisture when the sacks are in fairly
large stacks, We must concede thet a prnpmrfinn of the sacks in
g stack will‘shuw somz setting, but from our experience this
proportion is guite small; and the total amount of set material

in a heat-sgealod bag with micro-holes is itself guite small,
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unless there is actual fracture of the film in any position,
when, of course, the fertiliser will set solid, Howsver,
in this respect one must remomber that grénulés are fairly
hard and can, themselves, by sheer atirition cause Frécturé
of the film. .

When a plastic ssck of fertiliser is left in the open,
prne finds iﬁ the course of time = small lump df material which
has built up under the micro-hole, The gramulés.immediately
bencath the micro-hole can become completely degranulafed,
resulting in, a small area of powder. These granules will
become knitted together, and thé size of this lump will increase
with time. But in many cascs for periods up .-to nine months
the size of the lump is certainly not largs enough to give
farmer serious trouble in his eguipment. .

Reverting to the condensatiom mentioned hy Mr. Mdller,

I am not sure it originates from the fertiliser. We have put
down fertilisers in outside storage tests with.muistﬁre
contents varying between 0,3% and 4.5% , and I would not say
that we have noticed any dJdifference in the amounte of con-
densatipn, In fact, I am not sure that it does not stem from
the normal breathing of the sack itself with chang= of temper-
ature. The air in the sack breathes in and out and takes in
moisture.

Mg. MALLEK : But we had no micro-holes in the bags tao
which I referxed, and so breathing was not ppssible, .

My, SCHWEHR : I'm sprry - 1 misunderstood. In that case,
1 wgree : the moisture must have come from the fertiliser. But,
as 1 wentioned, gur fertilisers cover a wide range of moisture
contents, and we have not noticed any real difference between
thom in relation to the oamgunt of moisture condensation in
the =acks,

Mr, N, D, GOPINATH (India) : Could Mr., Schwehr say

romething of the relative humidity and the temperature in which
the hags were stored ? In our experience of storing fertil-
isors in polythene bags menufactured by T.E.1., we find that
cven if we heat-seal the bagé, without miecro-holes, and

keep the fertiliser in a relative humidity of T75% - 80%, it
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has absorbed a certain amount of moisture after about three
wecks. We carried out a simple experiment in our labaratory
which proved this. We took a sealed bag of about 5 em, in
diameter and put it on a beaker tnntaining water. If you takse
'the bag off the beaker after about three days, you find that
moisture 'inside it has increased the. weight of the bag con-
sidersbly. Could Mr. 3chuchr explain whether this is due tq
the relative humidity 7 _ ‘

Mr, SCHWEHR : I have never tried to relate humidity
conditions to performance. We have a certain range of westher
conditions in the United Kingdom, and we have merely exposed
Qur bags to these cundifiuns in various areas of the country,
to cover the exieting variations in our climate in regard to
humidity and rainfall, All filme have a certain water VapoUT
permeahbility, and thus, im the course of time, presumably in
saturated cenditions there must be some intake of moisture
through the film. But I should not have thought that in a
completely hermetically sealed packags, this would have been
sufficient to have affected the étnrage quality of the fertil-
iser within the expected storage period of, say, up to nine months.

Mr, GOPINATH : In India, where the relative humidity

is high, as well ss the rainfall, our experience, after anly
three months storage, is that the bags abeorbed about 2% of
moisture in the case of ammonium sulphate, ammonium nitrate
and even prea,

Mz, SCHWEHR I think this can probably be ascribed

to poor sealing, since you have ng micro-holes in your bags,
There may be minute air passages in your ssal, caueed posaibly
by the presence of dust on your sealing surfaces. Alternatively,
if you are over-taping, there is always the possibility of
moisture entering at the twa corners of the hag.

Mz, A.C. VAN £S5 (Nethsrlands) : Mr. Schwehr mentions.

in bis papsr that polyethylene has = tendency to became

slippery. UOur experierce with handling the bags by manpgwsr is
that, with unprotected hands, the fingertips of the workmen
hecome very painful. Then they tend to use their nails, and this

results in tears in the bags., Is it customary in Fisons to use
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gloves for this operation 7 IF so, whlch type of glnva is
preferred, and do ynﬁ'alSd advise youT cl;ent to u=se these
gloves 7 | o |

Mz, SCHWEHR : This effect on the warkmens' hands
is particularly noticesble when the bags are being handled
in wet weather in the opén. I think men on a normal‘aay'a'
shift can quite happily handle dry ﬁulyethylana bags without
oxcogeive sorensss. They do, indeed, have to lesrn how to
handle them properly. But I agreé that, == the bags become
wet and slippery, the men de tend to put their fingers in
more firmly, snd 8 thous. and 10 thous, film in particular
are guite easily pierced by mens' Fingars - or if not
actually pierced, the film becomes stretched and 5 weaknass‘
reasults. We have not found it necessary to use gloves with
dry bags, but with wet bags we found it necessary during
some of our sarly experimental work to issue the men with
gloves. These were cloth gloves and appeared to be gquite
satisfactary, but we did no investigation inte the most
suitable type of gloves. Huwevér, I do not think the gloves
should have grips on them, and a plaétic glove would be
gquite useless. [ think a cotton material would be best,

" Another. point to remember when handling wet bags

is that one szt give the men very considerable weather
protection, because in handling a hundred wet bags a man
can otherwise be soaked right through to his skin: the
amount of water held en the surface of a plastic bag is
quite high,

Mz. CARPENTIER (ISMA) : I should like to speak

frum the point of Vle of the consumer and ask Mr. Schwehr
hnw the plastic sacks have been received by the farmers.
Mr. Van Es has alluded to handling difficulties. 1
aupﬁnsa that these difficulties are the same for the farmeres.
Up to now peper sacks were disposec of by burning. What do the
farmers dao with the empty plastic sacks 7
Mr. SCHWEHR : Firstly, I think the difficulties
of handling esre more spplicable to the manufacturer and

the larger merchant, rather than to the farmer. This
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is @ guestion of sheer numbers of bags handled. The ﬁrublems
are, however, naturally guite similar between the farm énd
the manufacturser. | |

Sa:undiy, huw'a;e plastic bags received by the farmer?.

I think‘EVErybudQ Haé‘thsir‘bwh ideas on this subject, but it
is prnbably‘tbn saTly tn say ahything definite. Initially -
and we are, af cuurse,'étill im the initis) period -~ there

is some novelty in plastie bags, and the disposal‘prnblém

has mot yet been reached., Many farmers complain about the
problems sssociated with burning even paper bags: if thsy
have to try to burn plastic sacks, their probhlems will be
very much greater, There is, at present, a re-sale value

in the United Kingdem, but how long this will contimue 1 do
not know. If the whole of the fertiliser trade in the Uniteﬂ
Kingdom becamse solidly convertad te the use of plastic sacks,
1 am quite sure that the amount of scrap plastic would he

far more tham could be absorbed by thdsé sections af the plastic
industry which can make use of s:rép material.

There is also the possibility of opendng sacks up and
using them‘in other ways - lining ricks, lining the silo pifs;
tractor covers, etc., but this all involves work by the farmer
in welding used sheets together into a size kig enough for the
purpose in mind, and I doubt the econowmics af the time and
effort required for this welding, =as compared with buying a
sheet of the required size. :

Me, CARPENTIER : Do you not think that the applicetion

of fertilisers in the sutumn and in the spring, which i=s normal
in our countries, and which generally occurs in fairly wet .
weather, does rot 1353 to the disadvantage ta which you have
yourself allﬁdéd; tnn:eining wet sacks which might give trouble
to farm wnrkefé‘Wheﬁlfhey pour the contents intao the distrib-
utors 7 l - ‘ S

Mz, SCHWEHR : This is trus, but again it is a question
of quantity. In filling his distributor, the farm labourer is
using perhaps five sacks evary three quarters of an hour, and
g0 he is not really faced with & difficult problem. On th

other hand, in the United Kingdom, where farms are tending tao
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become "big Eusihess", there are a number of farms which -
gpperate in groups, and the distanéeé between these farms might
be quite considsrable. In these éaaea, most have s central
collecting point for seéd,vprnduba, fertilisers, iﬁplemants
gte., it will enable big aﬁnnnmiéa to bé made in fafm‘

operating costs by having the fertiliser delivered straight

_ te ths farm. The farmer will not nesd to use his farm buildings

for atoring fertilisers, and he can alsu‘prnbably buy them
garlier wher rebates are at their highest, simply because he
does not need to provide sfurage capacity. Thus, I

think that the use of plastic sacks for fertilisers could
give the farmer greater econowmiss than other sections of ths
trade will aobtain from this practice. ' '

Mr, P, M. R, VERSTEEGH {Netherlands) : On pages 7 and

B of the paper, you comment on the influence of dust on the
strength of the palythene seal., You say that a Doughboy
sealer gave a reliable =eal, even in the presence of dust.
Are we to understand thet you do not take any precautions
to prevent the adherence of dust on the sealing surface ?
If you do, what are these precautions 7

Mr, SCHWEHR : As far as the presence of dust on
the eealing surface amd the desired strength of the seal are
concerned, this is again a quéstinn of standards : how is
one to meagure the problem 7 If one carries out the stamdard
plasgtic tests, with =a séal‘with and without dust, the loas
of strength can be quite clearly demonstrated, but this does
not mean that the lesser streﬁgth is not amply sufficient
for the purpose. However, to a large extant the presence of
dust can be overcome by increasing the sealing temperature,
On the other hand, the graéter the rige in temperature in the
sealing head, the grester the risk of weld thinning at the
lower edge of the weld line and of strain at this line, also.
It ig therefore preferable to aim to opersie ét the lowest
temperature which will provide a good commercial =eal, One
should thus take care to see that dust on the sealing

surface i= reduced to & minimum, and this can be achieved
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by ensuring that the surface of the bag Filiing spout ddes'hut
become caked with faifilisér. This is the cnmmhﬁﬁstzéouiﬁé of
cuntamihatinn; Similérly,‘at the moment when £53 53:§‘E£eé£é'away
from the flll;ng head, there is a little puff of dust which Emergas
“and falle rlght nn ‘to the surfaces which are to be BEEle¢ Thls
c=n be avercome by introducing.a small air-suck 1ntu the Fllllng
head of the bagglng plant, and arranglng fur thls tu Uparata When
the bag hraaka away. : o .

Mr. H. C. KIDD (Umited Kingdam) : Could Mr. Schuwehr give

hig opinien of the likelihood of the complets, or at least sﬁhétanu
tisl, displacement of paperlaacks by plastic sécks 7 In thié-
connection, does he cansider there is a case for a water-proof
peper sack -~ for instance, one which imcorporates ore or two plys
gf plastic 7 |

With regard to the danger of slip between layers in stacks
of plastic sacks, could Mr. Schwehr say whether printing has any
effect on redueing slip anmd, if so, whether thié i = jusfiFicatiDn
~ far printing om beth sides of the bag 7

Mc. SCHWEHR @ The first gquestion relates to the customers’
reaction to these plastic sacks and is thus similer ta Mr, Carpentier's
sarlier question. One of the major fertiliser producers in the U.K,
is now operating l00% with plastic sacks, The remainmder are moving
in the same diréctiun, but rather more slowly, and I should cer-
tainly nmot like to say whether plastic will entirely replace paper.
One cannot divorce this question from zconomics, andltheie is, of
course, a price differential between a papsr and a plastic sack.
There are additional costs in handling plastics, B3 compared With
papex, and these factors must all be taken into accourt. Similé;ly,
we have to bear in mind the foreecast price for plastic as compérad
with paper. - |

With regard to the second queatlnn, a combination of.
plastie and paper is, lﬂdEEd, more than a pn551b111ty. We have
done gome preliminary work on this nurselves, and the results have
been quite promising. But egaiﬁ the ecanomic aspect iﬁtéruenEB,
and im this. case I think that, broadly épEaking,'iHere would be very

little difference between tha price of plastic-paper combinations
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~and an all-plastic bag, and ane might have to show
significantly improved handling and storage characteristics
in order to justify it, because one would tend ta Find it
fairlyldiffi:ult to persuade the farmér of the idea that
there i= now a paper sack which can belstured'in the open
for nine months or a year.

tmncerning the printing on Eabka‘as a meathod of re-
ducing =lip, I do not think this contributes at all to this
factor, and two-zide printing can be justified'unlylun grounds
of eye-appsal. , - o

Mr, A. GEORGIOU (Greece) : In view‘nf‘ths fact that-

many fertiliser manufacturers are obliged, for a vafiaty of
rea=ons, to bag their feriligers immediateiy efter granmu-

' lation, and that these fertilisers are wsually warm, I .
gshould like to ask Mr. Schwehr whether he has any sxperience
of the effect of the tempsrature of the bagged material on
the mechanical resistance of the sacks.

Secondly, has Mr, Schwehr had ahy experience of the
height to which one can stack the filled sacks without their
dstariurating; in view of hi= suggestion that plastic sacks
can be stored in the open air without the use of sheds or
covers ?

Mr. SCHWEHR : With regard to bagging temperatures,
one must consider the film which is being used. Psrsonally,
I have mnpt bagged fertiliger in either P.E., or P.V.C. sacke
above a temperature nf about 38°C. In the case of F.E.,
there should be no problem in this respect : ane could bag
up to guite high temperatures, probably as high as SD-TDDE,
without serious trouble, In fhE case of F.V.t., serious
trouble woyld pocur above ADDE, because there is a rather
limited temperaturs range withip which a P.V.C. film has
an effective shape without sfretching too much, and if one
has made allowance in the formulation for good performance
at low temperatures, one cannot have good performance at
high temperature as well. Huweyef; I should imagine there

is no real difficulty in bagging with either materisl ex-plant,
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provided the plant is equipped with a coeler.

The second question related to the height of the
stacks., We have quite suceessfully stacked F.E. and P.V.C
sacks up to 30 - 35 sacks high, taking due care toc see that
mach layer is reasonably held by the layers abaue and balbw,.
and that stacks are constructed with a sllght taper on thEm inm
all directions.’ All types of plastic sack appear to mnve nut
slightly in the stack, and although one may build a stack .
initially with what appears to he quite a heavy‘tapéf, mné
has a fairly vertical face within 24 hours.

Mr. ORDONNEAU (France) : I understand from Mx,

Schwehr's paper that he has been led, in practice, to prefer
open=mouthed, welded sacks, and has abandoned the idea of using
valve sacks in plastiec, Is this correct 7

Secondly, with regard to the welded sacks, Mr. Schwshr
apeaks of a machine cepable of sealing 600 sacks‘par hour.
Does the limitation on capacity stem from the weldiﬁg'machine or
from the dimensions of the remainder of the bagging chain 7

5till onm the problem of welding, have you tried sealing
=2acks containing only powdered fertilisers 7

What is the effect on the seal of irregularities in the
thickness of the film originating from a defective extrusion 7

With regard to polyethylens sacks, have you carried nﬁt any
practical triasls to study the variation in the mechanical
resistance of these sacks and their resistance tm‘atmbapheric
factors as a functiom of the grade of polyethylene used, given
identicel extrusion conditione (because these are also impnrtant).

Mr, SCHWEHR : The first question relates to the uae UF

valve sacks. Ws have tried using face-valve and curner-valva R

sacks, the former in P.E., and the latter in P.V.G. Desplte ,‘:'%
taking considerable care with regard io thejway in whiuthhése
sacks éra stacked, we du not feel that either of thass valves are
suffl:;ﬂhtly fool-proocf to guarantee the condition of the fertil-
iser in outside storage. Therefore, we would not recommend them,

We have used valve sacks with thermoplastic tape to seal the. valves,
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but the aperation iz extremely. slow and sxpensive and

figain logs not provide an adequate solution : it merely
reduces the number of failures. 1t seems a little absurd
to me.that, when cne Hns o means of producing a sack which;

T

apart from the micro-~holes, is nimost pertectly hermetically
sealed, one chould revert to the use ol valve sacks, The
valve sgack itself, =zpart from fheée other counsiderations,
will cost comsiderably moro than on open-mouthed suack.

Our figure of 600 sacks/hour was limited entirely by
the general operating level of the pre-weighers on gur
bagging dnits. The Doughboy sealers can work up to rates
of 1200 sacks/hour, and, depending an plant layout, it is
obviously possible to strromline hags from several filling
plants into one =single Doughbaoy unit.

~We bhave never heat-sealed powderod fertilissrs in
plastiic bags.

In purchasing our plastic bagz we have specified to cur
suppliers a maximum spot variation in extrusion thickness of
1 thous, We are working with sacks with = thickness aof 8
thous. of an inch; and we thus allow a apot tolerance of
Y1 thous. or 128%. Under these conditicns we find fio
difficulties in sealing caused by gauge variation, More
often than not, this variation is localised and does not

Cextend right round the bag.

With regdrd to the final question, as to whether we
found performance variations hetween the different grades of
polyethylene film, we did indeed, but I do not think I can
fairly illustrate this in discussion, bacause obviously it
i= quite detailed, Ons has to make & compromise, because
if, for example, we compare z soft znd a harxd film, ane
may give a lower failure rate at certain stages of the
operation, whilst the other may handle much hetter at another
stage, thus psrhaps giving it‘an overall lower failure rate.
One must always consider the oversll failure rates and
examine where one can adjust equipment to take advantage of

& lower failure rate ot a particular stzge in respect af =
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particular film,

Mz, W, WEBER (United States) : My company has been

epprozched by experts in the field of plastic bag manufacture
with a view to promoting the idee of manufacturing the bag at
the fertiliser works. We are told that in & highly deuéluped
country such as the U.5.A. this would be an economic proposit-
ion ‘abbve a production of absut 250,000 tons per yesr. Ws are
rather sceptical of this possibility in countries where bag
manufacturing facilities sre plentiful, but it may be anl
interesting possibility for the under-developed countries,
where plastic bag manufacturing Facilitius may not bhe available
otherwise, Such a facility could perhapgs be included in the
design of = complex. I wondsr if Mr. Schweshr has sny views on
this,
Mrc., SCHWEHR : I have not examined this so closely
s to be able to say where the economic level would be. It
would guite obwviously De a convenient thing to do, in =o far
as the output of Extiuders, which comprise the basic unit,
are relatively luw, campared with paper sack manufacturing
equipment. But if any works were to consider this pessibility,
they would have to acguire a completely different technolaogy,
and I believe the plastic industry is-extremeiy technological.
There would thus be this objection tu it, and, in
addition there would be virtually no s=ving in transport costs,
because the ﬁeight of the bage themselves is not a signifieant
factor. One would slso have tn‘acquire some printing technology,
and printing on paper is much easier than aon plastic films.
Thus, whilat it is quite ovbviously a possibility, I
think it requires a greast deal of investigastion before the étep
is taken,

Mr, J. FROCHEN (France) : Can Mr. Schwehr give us

some details concerning the hendling amd storage of plastic sacks
on pallets 7 .

Mr, SCHWEHR : We are using pzllets ourselves, with
both wooden pallets and skid pallets, We have found it necessary

to put a sheet of cardboard on to all wooden pallets, and it
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mppears to be preferable that this cardbgard is loose
rather than‘fixad,‘in nrder to prevent mails and screw-=
thre=ds working their way through it. We normally stack on
each pallet six sacks high in léyers of five, giving us
thirty sacks to each pallet, and we then usually cover the
top of the stack with a sheet of plastic, or hafdhmard, or
perhaps =n old skid pallet, before the next psllet load is
placed on top of it. We are finding no difficulty with the
use of fork-lifts, in connection with plastics, and we are
stacking three or foux pélleta high, depending an whether
the pallst groups are free standing or wHether we cen take
advantage of a wall as a backstop., There is, however, &
slight loss of warehouse capacity 2t present in the palleti-
sation of plastic sacks, as comprred with puper sacks.

Mr, i, NOUYRIGAT (Trance) : 1 should like to ask

Mr, Schwehr whether I have correctly understood his position
cencirning the Faocters invelved In chuosing hetween P.V.C,
and polycthylene and whether ho s still of the same opinion
an this motter eingo preparing his popuer, namely that
neither of these two materials hus any overrizing advantage.
Alsm,'with regrrd to the certain forms of sacks in P.V.C,
‘which he mentioms, cun he tell us more cxactly what ars
these "certaim forms® whigh he comsiders to be sufficiently
developed to be put into corresmt usae?

In addition, I should like him to confizm that the
relative welding difficulties obeervod witn polyethylene do
not offset the advantages of this materiasl from certain points
of view, ‘

ﬂ;;_ﬁﬁﬂﬂgﬂﬂ : 1 do not think the choice of F.V.L,, as
-sppozed te PL.E., is runlly o problem. We should like to krnow much
morc than the mere testing 5? 50,000 bngs has told us, and I
think we shall, in due course, know much more on this subject;
s that =t this stage | should certainly not be prepared to
express a preference. bach materinl has various advantages
and disadvantages relative to the other, and ame must on this

basig asssss whigh suits one's particular market and procedure
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better. ‘

The second question is alsa difficult, because the
madificatior we have made in P,V,C. formulations have really
been designed to suit our own particular market in the UK,
You may have guite differemt weathsr conditions, so that a
general specification of the P.V.C. formulations we have used

might not be of very much use to you.

=



