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SUMMARY

CLIMATIC PROTECTION OF POLYETHYLENE F1LMS 1/

by

Valentin Ilonita
Ministry of Chemical Industry
Bucharest Romania

The fact that the high pressure polyethylene may be easily processed, may be
extiuded under the form of various thicknesses, having a good transparency and
mechanical strength as well as a high chemical resistance, made this polymer to be
preferred rather than other plastic materials especially in agriculture for light

constructions.

Under the continuous and combined action of natural factors, the polyethylene

film is usually degraded in less than a year.

l The solar light comprises a maximum of energy in the range of ultraviolet rays,
sufficient to break the chemical chains of C-C, C-H type. These radiations can cause
the splitting of the polymer chain, leading to the formation of free radicals, whioh
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in the presence of atmospheric oxygen are changed in degrading products of Cx0,
C=C, O~H, 0-C type, that are powerful ultraviolet light absorbing, capable to

accelerate the distructive process of the film.

Due to this reason, the plastics must be stabilized against ultraviolet
radiations by using substances whirh reflect ultraviolet radiations or substances
absorbing ultraviolet rad.ations, producing the traniformation of luminous energy

in other forms of energy less harmful to the polymer.

The paper, based on some experimental results, demonstrate the favourable
synergetic effect of substances admixtures 'light absorber and "free radical

absorbers" ir the case of low density polyethylene films.

The protective effect of these admixtuies upen mechanical and optical
properties of the polyethylene filme is evidenced in comparison with the free
additive films. Both the data obtained following a forced aging phenomenon and

those following a prolonged action of the natural climate are presented.

This paper i1ndicatee some of the ways to be followed in view of extending

the life period of polyethylene films especially in the agricultural field.
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I. INTE DUCTION

1« In the lasti years the numerous qualities of plastics determinod
their application on a large scale both in various industrial sectors and in
agriculture (1). The properties of the macromolecular compounds which favour
their application in agriculiure can be enumerated as follows:

- reduced specific weight

= g0od permeability of polymer fillus to radiations

- thermal insulation comparadble to ithat of glass

- liquid tight and poor perneability to gases

- good chemical resistance to agricultural products

- shock-resistant and obrasion proof

- high co~efficient of water descharge

~ reduced cost price, in general.

2. Each plastioc materiel totalives a smaller or a higger mumber of
this amount of properties and their appiication represents wportant econmmic
advantages due to a cheaper price of the products as compared o the traditional

materials and cheaper costs of laying and exploitation.

3« Researches having in view the introduction of plastics in agrioulture,
conoluded with the arplication of thess plastice almost in all agricul tural sectors
namely:

& Crops irrigation through furrows by means of mobile, flexible
Pipes mads out of polyetiylens.
b. Draining of salty soils by means of polyvinyl chloride pipes.

¢. Impermeabilisation of irrigation channels by means of plastios




d. Soil consolidation and stabilization with polymers.
e. Soil protection with pn vethylene films ard manufacture of
light type golaria and greenhouses covervd with polyethylene filas reinforced

with spun glass, polypropylene or poiyamide fibres.

f, Protection of tower silos with plastics films.
g Manufacturing of most vuiious packages and especially

polyethylene bags for fertilicers.

4. The woetly uped plastics in agriculture or under way of sxperimen~
tation are: polyethylene, polyvinyl chloride, polystyrene, polyester resins, -

methyl polyncthnorylate, phonolfomldamrde resing carbamidse resins.

5, The rapid growth of plastics production during 1960 - 1970 is to

s larger extent due to their appliuation in agriculture, as shown in Table I.

Tseble I

Plastics groduot 1on in the world

(thousands t/¥)

Type of plastic msaterial \. 1963/65 1969 1975 1980

Polyethylene 2.446  6.432 16,472 32.163
Polypropylene 226 1.22} 3.488  7.701
Polyvinyl Chloride 2.673 5.481 11.280 19.615
Polystyrene 1.268  2.94 5,662  9.603
Other thermoplastics 1.223  2.401 4,666  8.788

Thermal resistance plastics 4.077 7.384 13.221 20.793




6. Quite remarcable is the growth of polyethylene production by more
than 10 times, of which the high pressure polyethylene has tne major weight
- and more than 707 is used in agriculture. It can be confirmed that agriculture
stimulated this important field of the chemical industry as it did with the

petrochemical industry or with the inorganic salts.

T+ The fact that high pressure poiyethylens may be easily processed,
may be extruded as films of various thicknesses, having a good transparency
between 5-13%, a high mechanical strength between 130-180 kgf/lq.om. and a high
chemiocal resistance, made this polymer to be preferred to other plastic materials
especially for light constructions in agriculture as solaria, fodder storeges,

storages for corn cobs a.s.o.

8. The common deficienay of all plastiocs resides in thsir relatively

high speed of aging.

9. Polyethylenes of a paraffin structure are somehow advantageous as
compared to othe plastics, but the cor’inuous and combin 1 action of the
natursl dynamic factors (oxygen, osone, ultraviolet, infra-red radiations, humidity

and pollution agents) usually degrades the polyethylene film in lesy then a year,

10. Degradation under the action of light is generally a photo chemiocal

reaction, the speed of which is proportional with the absorbed quantity of solar

energy and it depends on the photo chemical senaitivity of the material.




11. In the f{ielc of ultravioley rays che golor eniiey
comprices 8 naximpum Of energy, V'aicd values be wesn H0-10C kcal,
are surficient to split many cuenical cnains . U=l Uiy
C~halogen. Tnese radiations can cause polymer rraine ool ivelng WY
forminy free radicals waicn ia The presence of avwospheric OLysth
are transformed in degraaing prouucts of ¢=0, C=C, O-H, C=-0 type.
Tnese are powerful ultraviolet light absoroling, capapble 9

promote the gistructive DIrocess.

12. This is the major xreason Jor wbich plastics must e
stabilized against ultraviolet radiations, either by sutstances
that reflect ultraviolet radiatioas, pefore tueir penetration in
the polyuer mass Or by ultraviolet radiuabions absorvers, weich
transforn the light snergy in other types of energy less impai-

ring to the polymer.

13. The ultraviolst absorbvers of agriculsural films st
possess & se.ies of properties, aspecially a ¢ od ,compata'bility
with the polymer,light and neat stability, a reduced evanescencsé,
and a chemical stability +owards the polymer. They should also
avoid colouring or modifying the transparency of the plastic

material.

14. There have been found numerous chenicals to meet
these requirenments. The most important cnemical agents are the
followings :

&. Bemzoguinone counpyounds
b. isters of salicyllc acid

¢. Regorcinol esders




G. Cou.arun
€. Substiiuivion ceriva g ol acrylonictrile
f. Indole c¢> _oucc.

8. Coupounds of <che Cyanlc and vriazinic ucigd.

15. sor cases waecc tihe Iilm vfanspareicy is nov rogui-
red, ultravicles ebsorcers like carovon black and zine oxide ecan

be used, the latter beiag the wost eflicient inorganic absorveas.

l6. By Lasteriag tne polyzers uegredation recnanis. it
Was possible to increase i|ne efiiciency of the stabilizoers
8ynergetic admixcures, each Couponent innibiting a certain dis-
Tructive process. The apolication of certain tyves of stabilizers

is often deterwuined by their price (3).

17. 1In genéral, tne plastics ueégracavion process leacinyg
to reticulation, caain splitting and rormsvion of substances with
oxigenated functional grouping is ronsidered to be of a recical

Y

type, and in the case or volyet vlane it can . represenived as

a. Initiation

A+ 0, —d ECy® + A" (2)
ROQH — {0 + Ol (3)

ROOH  ——= 30" + KO, + H0 (4)

b. Propagation

R* + 02 — 302. (5)

Roa' + RH «——a 2COH + R* 6)

D
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¢. Chain tranofir Dialeluld

R02' + An ——————e RGOE + A° 7

A* + RH ——— A1+ R (S)

d. Cessation sneactions

A + 302° ———= stable proaucts (9)
24" ———— " (l0)
2;'{02 ® [P RS Y 1" " (11)

18. Shelton mentions at least five aifferent groups
of oxidstion innibitors, that react throwgh various innibiting
wmechanisms (4) namely :
a. Peroxide decouposition
b. i.etal deactivator
¢. Ligat absorbers
4. Innhibitor revivifier

e. Raaical avsorvers (Ruadical obreaxers).

19. kore common antioxidants belong to the cathegory of
light absorbers.

20. On the basis of sowe experimental outcomes, the
: "
favourable syn.rgetic effect ofwlight absorbing and "free radical

absorbing" admixtures is dewonstirated in tne case of low density

polyethylene {ilms .aving a w.F. I-2 and a viscosimetric molecu-

lar mass i = %5.000.

21. The protective elrect of these adwixtures is readerec

evident in cowparing a free acditive polyethylens film with a
To
ultraviolet absoroing one in a ratio of 0,3%./ The f£ilm aduixe?




viith 0,3% antioxicdanc, an accelerssec COALn DIeukel was auaued
ia two concentratisns : o,l% and Cy2/es The enpouure of the sa..plce
was made in a Xenosvat 420, &g tae elicet of u.troviolec reglia-

tions was cowbined with So0% AUAldity and air circuiatioa.

22. Sauple eXposurcs were also perlormea in a natural
séa climate and an industrial one.

The resultvs obcained are shown in i ures 1-5.

moaths

Fig. 1. Time variation of tne vroperivies of a
polyethylene sazple exposed in a ratural
climate for 12 months.

1. ¥ insoluble; 2. opacity; 3. 1 soluble; 4. MFI;
5. elongation at break; 6. F.50.




periies of a polyethylene sa..lc cxgosed in & nepurcl ciisaie

-
-

for ¢ yerioc of 12 mornins. .. cons.licuons detericrucion ol uhe
mecnanical and optical properuies is regisiered, for insvance
elon ation at ovreak is 7 tiies reuuced (curve 5, in less vhan
six months. It is algo vbservel utrat an increese of niun nole-
cular weight suructures vaskes pleace during sae Lirst Leriod of
exposure (curve 1) while an incrcuse of the procenvage of low

molecular weight formations occurs about three zozths later.

24. These resultis obviocusly indicate the necessity to
protect the films exposed in a natural climate. i.ain changes take

place in tane first three montihs :
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Fig. 2. Time veriation o1 tne MK/ ofsomples exposed |
in & xerostat 450; 0,3% uliraviolet absoroer.
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i. D.C.5.70; 2, Winuvin 3 4. EBlank assay.
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Fig. 3. Tiue variazion of the M/ of somples
exposedin xenostat 450, 0,5% ultraviolet
absorber, o,%s% Sanvanox.

l. Yinuvin + SANTAN0XK; 2. D.0.B.P. + Santanox;
3. Blank assay.




26. siyure . 35043 UAe vawl Veolavion of tac Jlow ral-
ting incox lor sanples su.licd wiee eguel 2avios o 0,5, ulira-
VioleU synows_euic noocloors (Uinuvii + G e ) &l wWich Jree
raaical absorber (fantonox). Qe e.L.0surs was made in a .enoutat
450. As saown in this Ji_ure, thess SyLesgetic adnixsures, pro-
%ect, in fact, ccuplescely the polyeuhylene ~iln auring cnose 7o0

hours ol forced g;ing.

27. Tnese results are alcc conlirsed 07 the extendea
exposuce ol tae saiples iu a nusural climate as indicated in i'ie

gures 4 and 5.
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Fig._#. Time variation oi whne ...F.I. of sazples exposed
in & natural clinsge. 0,25/ ultruviolet ausorper.

l. Tiauvin; 2. 5.0.3.P.; 3., Blenk assay.
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31. Thus from the figure 5 it can be seen that being exposed for s
period of three months in a natural climate, polyethyleie samples protected
with the synergetic admixture Tinuvin - Santanox, decrease their melting flow i

index with 0.6 units.

VIII. CONCLUBIONS

32. Based on the data presented and the acoumulated experiemce it
oan be confirmed that the exploitation period of high pressure polyethyleses
sdmixted with ultraviolet absorbers and even better with ultraviolet synergetioc
absorbers (breakers of increased chain reactions) is extended by 300 as compared
t0 the untreated polyethylene.

33. By using s Hungarian ultraviolet absorber "HOB" in & retio of 0,38
together with Staro LTP on an industrial batch of agricultural fils we have
obtained good results similar to those obt .ined in case of T muvin and D.0.B.P.

34. Optimum results are noticed by using 0.3 prooent of ultraviolet
absorder and a concentration of the free radical absorber of 0.1 ~ 0.3% as
towards the polyethylene.

35, The optimum ratio of the two components depends om the structure of
the respective substances.
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IX. SUGGESTIONS

36. The common deficiency of plastics is the relatively high speed
of aging under the combined action of the patural climatic factors. Por the
case presented, namely polyethylene filma exposed to outside factors for a

longer period the followings are recommended.

37. Stabilization of polyethylene filas with synergetic adaixtures
of ultraviolet absorbers (various organic components of Tinuvin DOEP and HOB
typs) and of free radical sbsorbere (antioxidants of Santanox, Topanol and

Ammid ~ type M.-o-)o

38. The use of various additives, s polyethylene stabilisers
obviously depend on iheir cost price and the fieid of application. In cases
where the optical qualities of the filas are not important, carbon black and

sinc oxide are recomsmended.
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