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1 • Summary

A te c h n ic a l rep o rt  has been prepared  (Annex A ) s e t t in g  out 

the r e s u lts  o f  the long l i f e  f i lm  t r i a l s .  A lthough a f i lm  

w ith  th re e  seasons continuous use was not ob ta in ed  at the 

con cen tra tions o f  a d d it iv e s  te s te d  n eve r th e le ss  the r e s u lts  
were ex trem ely  in te r e s t in g  and a fo rm u la tion  capable o f  making 

a f i lm  w ith  two seasons continuous use has been e s ta b lish ed .

Arrangements f o r  extend ing th is  resea rch  development 

IffOgramne to  ach ieve  a f i lm  w ith  th re e  seasons use (th re e  

year f i lm )  have been put in  hand and fu r th e r  UNIDO ass is tan ce  
w i l l  be req u ired  to  p ro v id e  consu ltancy s e r v ic e .

T ra in in g  has been g iven  to  coun terparts  in  ca rry in g  
out Blm endorf t e a r  and da rt impact t e s t in g .  A ss is tan ce  has 

a lso  been g iv e n  to  the Cyprus Standards O rgan isa tion .

S ix  recommendations have been made,

2 • Recommendat ions

The fo l lo w in g  recommendations are r e s p e c t fu l ly  subm itted 

to  Government f o r  th e in  con s id e ra tion  and im plem entation.

I t  is  s t ro n g ly  recommended .that -

1 . The te c h n ic a l rep o rt (Annex A ) should be c ir c u la te d  to  

the Cyprus p la s t ic s  indu stry  and to  o th er  in te re s ted  

o rgan isa tion s  so th a t they are f u l l y  informed o f  the 

r e s u lts  o f  the f i r s t  s e r ie s  o f  t r ia d s ,  as w e l l  as being 
made aware o f  the support and ass is tan ce  that is  being 

p rov ided  to  the indu stry  by the M in is try  o f  Commerce 

and In d u s try .

2, Arrangements should be made f o r  Mr. George K a th ijo d is  

o f  the S ta te  G enera l Labora tory , who is  resp on s ib le  f o r  

the p la s t ic s  t e s t in g  la b o ra to ry  work, to  a s s is t  the 
programme co -o rd in a to r  Mr. George M ichaeloudes o f  C^S 

in the execu tion  o f  the ex ten s ion  o f  the research  

development programme fo r  l o n g - l i f e  f i lm  as th is  w i l l  

con s id e rab ly  b e n e f it  in  w iden ing h is  knowledge base

o f  p la s t ic s  through f ir s t -h a n d  exp er ien ce .

##/
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3 . UNIDO should be requested to  p ro v id e  the s e rv ic e s  o f  the

expert f o r  a fu r th e r  3 rq/m on a s p l i t  m ission  b a s is , w ith  th 

f i r s t  p a rt in  April/M ay 1932 and the second part in  

October/November 19S2 to  p ro v id e  g en e ra l coon ''in  at ion and 

assessment o f  the extended research  development programme, 

to  p rov id e  tr a in in g  in t e n s i le  s tren g th  and e lon ga tion  

at break t e s t in g  and use o f  the d e n s ity  column, to  p rov id e  

ass is tan ce  in  deve lop in g  exp erien ce  m  te a r  and impact 
t e s t in g ,  and to  p rov id e  a ss is tan ce  to  CYS in  t r a in in g  in 

the use o f  the V ic a t s o ften in g  p o in t apparatus.

This a ss is tan ce  should be requested  as an SIS b a s is .

h . CYS should purchase both a hand-model and bench m odel, 

le v e r -o p e ra ted , d ia l  gauge th ickness  m eter fo r  p la s t ic s  

f i lm  (20 -  UOO m icrons) to  comply w ith  the requirem ents 

d e ta ile d  in  ES Standard 2782 P a rt 3 : 1970 Method 301 D.

5 . Mr. R .L . Synieon, D ir e c to r  o f  the Department o f  G enera l 

S ta te  Laboratory , should make o f f i c i a l  a p p lic a t io n  f o r  

the nom ination o f  Mr. George K a th ijo d is  f o r  fe llo w s h ip  

to  p a r t ic ip a te  in the UNIDO-LKT p la s t ic s  t r a in in g  course 

in Vienna 1981• This requ est should be made through

the M in is try  o f  Commerce and In d u s try  so that the f e l lo w 

ship can be considered  f o r  funding through the on -go in g  

UNIDO p r o je c t  DP/CYP/76/OOh.

6. Mr, George M ichaeloudes should be nominated fo r  

fe llow sh ip  on tra in in g  in  d r a ft in g  o f  p la s t ic s  standards, 

and th a t UNIDO should be requested  to  arrange such a 

tra in in g  cou rse. Me should a lso  be nominated f o r  
fe llo w s h ip  to  the 1 982 UNIDO-LKT p la s t ic s  tra in in g  course 

to  widen h is  p la s t ic s  tech n o logy  base which would 
g r e a t ly  a s s is t  h is standards work.
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3* In trod u c tion
This one month m ission  was to  continue the work concerned 

w ith  the development o f  long l i f e  f i lm s  fo r  a g r ic u ltu r a l u se, 

and to  t r a in  personnel in  the use o f  t e s t in g  apparatus which 

w i l l  be used fo r  measuring p h y s ic a l p rop e rty  changes tak in g  

p la c e  in  the experim en ta l f i lm s  a f t e r  exposure.

The expert was attached  to  the M in is try  o f  Commerce and 

In d u stry  and Mr. George M ichaeloudes was a llo c a te d  as 

cou n terpart. Mr. George K a th id j io t is ,  at the G enera l S ta te  

la b o ra to ry  where a p la s t ic s  t e s t in g  lab o ra to ry  is  be ing  

deve loped , a ls o  acted as cou n terpart.

The exp ert a r r iv ed  in  Cyprus on 17 May and l e f t  on 15 
Ju ly , 1 981 .

U. F ind ings

a) Long l i f e  f i lm  t r i a l s  r e s u lts

A te c h n ic a l rep o rt e n t i t le d  ’ Development o f  a long l i f e  

low -d en s ity  p o ly e th y len e  f i lm  fo r  greenhouse coverin g* has 

been prepared v/ith the a c t iv e  a ss is tan ce  o f  Mr. George 

M ichaeloudes and is  attached as Annex A.

The exposure t r i a l s  were term inated  in A p r i l  1981 a f t e r  

a p e r iod  o f  two yea rs , when a l l  the samples had s h a tte red . 

A lthough a f i lm  w ith  a th ree  year l i f e  had not been ach ieved  

at the a d d it iv e  con cen tra tions te s te d  the t r i a l s  however 

d id  show th a t a form u la tion  con ta in in g  1.3^ o f  a d d it iv e  

T inuvin  M3 1 92*would be capable o f  p ro v id in g  two seasons use 

in continuous exposure c o n d it io n s . This is  more than double 

the l i f e  o f  f i lm  w ithout a d d it iv e .

The report concludes th a t an extension  o f  th is  sm all 

research  development programme should be undertaken so that 

the o b je c t iv e  o f  f in d in g  a f i lm  fo rm u la tion  w ith  a l i f e  o f  

th ree  years (o r  more) can be a ch ieved .

To th is  end con su lta tion s  have been undertaken w ith  

a l l  the p a r t ic ip a t in g  o rga n isa tion s  and th ere  is  f u l l  agreement 

th a t they are prepared to  o f f e r  a l l  the f a c i l i t i e s  needed to  

execu te th is  ex tension  o f  the programme.

ectivo ingredients ••/•••* Representing o.gl'
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I t  is  s tro n g ly  r ecommended th a t the te c h n ic a l rep o rt 

(Annex A) should be c ir c u la te d  to  the Cyprus p la s t ic s  indu stry  

and to  o th er o rgan isa tion s  so th a t they are f u l l y  inform ed 

o f  the r e s u lts  o f  the t r i a l s  as w e l l  as being made aware o f  

the support th a t is  being p rov id ed  to the in du stry  by the 

M in is try  o f  Commerce and In d u s try .

b) Extension o f  t he research  development programme fo r  

long l i f e f i lm

The te c h n ic a l d e t a i ls  r e la t in g  to  the ex ten s ion  o f  

these t r i a l s  are set out in  Annex B.

Three form u la tions w i l l  be prepared based on m aster batch 

a d d it iv e .  The number o f  samples o f  f i lm  to  be exposed per 

exposure p e r iod  has been in creased  from two to  th re e . The 

frequency o f  removing samples has been increased in  the th ird  

year and subsequent y ea rs .

F ilm  o f  each fo rm u la tion  w i l l  be used to  cover the 
complete r o o f o f  a greenhouse, and th ree  greenhouses are being 

made a v a ila b le  fo  ■ . : u  purpose.

T en s ile  s tren gth  and e lo n ga tio n  at break t e s t in g  w i l l  be 

added to  the o th er te s ts  to  be perform ed on the f i lm .

Arrangements are c u rre n t ly  in  hand fo r  shipment o f  some 

MB 192 m aster batch a d d it iv e .

P roduction  o f  the th ree  f i lm  form u la tions are expected 

to  s ta r t  a f t e r  m id-August, su b jec t to  the a r r iv a l  o f  the m aster- 

batch, and the cover in g  o f  the greenhouses and the s p e c ia l  

r o o f u n it are expected tc  take p la ce  in October/dovember 1981 
p e r io d . These opera tion s  w i l l  be organ ised  and superv ised  

by Mr. George M ichaeloudes.

I t  would be o f  con s id erab le  b e n e fit  in w iden ing the 

p la s t ic s  technology base o f  Mr. George K a th id jio d is  i f  he v/ere 

a lso  to  a s s is t  in  these o p e ra t io n s . I t  is  th e r e fo r e  s tro n g ly  

recommended that arrangements be made fo r  Mr. George 

K a th id jio d is  o f  the S ta te  G en era l Laboratory , who is  resp on s ib le  

fo r  the p la s t ic s  t e s t in g  lab o ra to ry  work, to  a s s is t  the

• •/ • • *
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programme co -o rd in a to r , Mr. George M ichaeloudes o f  CYS in  the 

execu tion  o f  the ex ten s ion  o f  th is  research  development 

programme fo r  l o n g - l i f e  f i lm  as th is  w i l l  c on s id e ra b ly  b e n e f it  

in  w idening h is  knowledge base o f  p la s t ic s  techno logy  
through f i r s t  hand exp e r ien ce .

Further UNIDO consu ltancy ass istance w i l l  be requ ired  

in 1982 when the f i r s t  and second se ts  o f  exposed samples are 

removed from the exposure r o o f  u n it (April/M ay and October/ 

November 1982) to  p rov id e  g en e ra l coord ination  and assessment 

o f  the extended research  development programme,to p rov id e  

t r a in in g  in  t e n s i le  s tren g th  and e lon ga tion  at break t e s t in g ,  

and use o f  the d en s ity  column, to  p ro v is io n  o f  a ss is tan ce  in  

d eve lop in g  experience  in  te a r  and impact t e s t in g ,  and to  

p ro v id e  a ss is tan ce  to  C¥S in  tra in in g  in the use o f  the 

V ic a t  S o ften in g  p o in t apparatus.

I t  is  the r e fo r e  s tro n g ly  recommended that UNIDO should 

be requested to  p rov id e  the expert fo r  3 m/m on a s p l i t  
m ission  basis  w ith  the f i r s t  part in April/M ay 1982 and the 

second p a rt in  October/November 1982. This a ss is tan ce  should 

be requested  on an SIS b a s is .

c ) Physic  a 1 t e s t s  ̂and t r a ining

The Elmendorf tear* t e s t  apparatus, the da rt impact 

t e s t e r  and the d en s ity  column had been assembled and checked 

by the counterparts on the a r r iv a l  o f the e x p e r t .

The d en s ity  column showed a water leak  at the in te s fa c e  

o f  the copper p ip e  and Perspex w a ll  o f  the c o n ta in e r . This 

requ ires  new washers f i t t i n g .  U n fo rtu n a te ly  the c o o lin g  o f  

the apparatus is  designed  fo r  use w ith  tap w ater below 23C.

In  N ic o s ia  the w ater tem perature is  about 28- 30C so some 

form o f  r e f r ig e r a t io n  w i l l  be requ ired  fo r  the permanent 

in s ta l la t io n  o f  th is  apparatus. The use o f  e x te rn a l ic e  

c o o lin g  o f  the top w ater w i l l  ach ieve a tem porary s o lu t io n , 

but th is  apparatus should be run on a non-stop basis  so 

th a t i t  is  a v a ila b le  f o r  use at any tim e.

. • / « .  •



A request hrs been passed throngs Mr. I ’ajumdar to  

PAG, UUIDO Vienna to  a s c e r ta in  the manufacturers s p e c i f ic  
recoirariendations. A ss is tan ce  has a lso  been g iv en  to  CYS on 
equipment su p p lie rs  and s p e c i f ic a t io n s .

A su ita b le  d ia l  gauge th ickness m eter, s p e c i f i c a l l y

fo r  measuring f i lm  and sh eetin g  th ickness was not a v a ila b le ,

but a su ita b le  hand-model d ia l  gauge, complying w ith  the

appropria te  BS standard f o r  f i lm  measurement, has nov- been

loca ted  in Cyprus. A bench model ought a lso  "o be purchased,
*

Use was made o f  a hand-screw m icrom eter in  the absence o f  

the d ia l  gauge u n it .

I t  is  th e r e fo r e  recommended th a t CYS should purchase 

both a hand-model and bench-model le v e r-o p e ra ted  d i a l  gauge 

th ickness m eter f o r  p la s t ic s  f i lm  to  comply w ith  the 

requirem ents o f  BS Standard 2782 P a rt 3- 1970 Method 301D.

T ra in in g  has been g iv en  in  the use o f  the te a r  and 

impact te s te r s  to  both cou n terparts . As on ly  sm a ll s iz ed  

samples were a v a ila b le  i t  was necessary to  m od ify  the area 

o f  sample exposed fo r  impact te s t in g  and a s u ita b le  

attachment was prepared and u t i l i z e d .

Both coun terparts  responded w e ll  to  t r a in in g  and are 

ab le  to  u t i l i s e  th is  arq,aratus on th e ir  own. Much more 

experience has ye t to  be ga ined  fo r  the in te rp r e ta t io n  o f  
r e s u lts  to  be f u l l y  understood and fu r th e r  t r a in in g  in th is  

aspect o f  the work is  req u ired .

Mr, George K a th id jio d is  o f  the G enera l S ta te  Laboratory 

(GSL) is  a food  chem ist, graduated in  USA and ho ld ing  an 

MSc. He has been made resp on s ib le  f o r  the p la s t ic s  te s t in g  

lab o ra to ry  by Mr. R .L , Symeon, D ire c to r  o f  GSL! To a s s is t  

Mr. K a th id jio d is  in th e  execu tion  o f  h is  d u ties  i t  is  

ev id en t that he req u ires  h is  knowledge o f  p la s t ic s  techno logy  

to  be broadened, tie ought th e r e fo r e  to  r e c e iv e  t r a in in g  

both in  g en era l p la s t ic s  tech n o logy , and to  r e c e iv e  p r a c t ic a l ,  

f ir s t -h a n d , t r a in in g  in  a p la s t ic s  t e s t in g  la b o ra to ry  where 

ha could a lso  have the op p ortu n ity  o f  te c h n ic a l d iscu ss ion s 

regard in g  in te rp re ta t io n  o f  r e s u lt s .
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UNIDO run a bas ic  p la s t ic s  techno logy  course at the 

LKT in  Vienna w ith  f in a n c ia l  ass is tan ce  o f  the Au strian  

Government. The course is  norm ally n in e weeks du ra tion  

s ta r t in g  in  O ctober. U n fo rtu n a te ly  in v ita t io n s  were not sent 

to  the Cyprus Government, but the expert has been informed 

th a t, i f  in te re s ted , the Government can send p a r t ic ip a n ts  
from any cn-going UNIDO p ro je c t  p rov ided  funds are a v a i la b le .  

I t  is  th e r e fo r e  s t r on g ly  recommended th a t Mr. R .L . Symeon, 

D ir e c to r  o f  the Department o f  G eneral S ta te  Laboratory should 

make o f f i c i a l  a p p lic a t io n  fo r  the nom ination o f  Mr. George 

K a th id jio d is  f o r  fe llo w s h ip  to  p a r t ic ip a te  the UNIDO-LKT 

p la s t ic s  tra in in g  course in Vienna 1981 . This requ est should 

be made through the M in is try  o f  Commerce and In du stry  so th a t 

i t  can be considered  under the on-going UNIDO p r o je c t  

DP/CYP/76/OOh fo r  fund ing.

The expert has undertaken to  a sce r ta in  i f  a course on 

p la s t ic s  te s t in g  is  a v a ila b le  through UNIDO.

Mr, George M ichaeloudes a n t ic ip a te s  th a t work on 

d ra ft in g  p la s t ic s  standards w i l l  s ta r t  th is  y ea r . D ra ft in g  

o f  standards is  a s p e c ia lis e d  opera tion  and w h ile  

Mr. M ichaeloudes shows an e x c e lle n t  a p p rec ia tion  and 

understanding o f  p la s t ic s  gained from th is  research  

programme he does not appear to  have re c e iv ed  any s p e c i f i c  

t r a in in g  in d ra ft in g  p la s t ic s  standards. I t  is  th e r e fo r e  

s tro n g ly  r ecommended th a t Mr. George M ichaeloudes should be 
nominated fo r  fe llo w s h ip  on tra in in g  in d r a ft in g  o f  p la s t ic s  

standards, and that UNIDO should be requested  to  arrange 

such a tra in in g  cou rse. He should a lso  be nominated fo r  

fe llo w s h ip  to  the 1982 UNIDO-IKT p la s t ic s  tra in in g  course 

to  widen h is  p la s t ic s  techno logy  base which would g r e a t ly  

a s s is t  h is  standards work.

• •/ « • t
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1• In trod u c tion

In  1978 a number o f  problems a r is in g  from  the use o f  

l o c a l l y  produced p la s t ic s  products in  a g r ic u ltu ra l a p p lic a t io n s  

were id e n t i f i e d .  Th is  in d ica ted  a need f o r  a ss is tan ce  in  

up-grad ing the lo c a l p la s t ic s  tech n o logy . One o f  th ese  

problems was the lim ite d  l i f e  o f  low d en s ity  p o ly e th y len e  f i lm  

used f o r  greenhouse co ve r in g  which would norm ally  la s t  f o r  
one season and sometimes le s s .

The greenhouses, using unm odified low d en s ity  p o ly e th y len e  

(iD .P E ) f i lm ,  m ain ly o f  1 80 m icron th ickness in  w idths up to  

6 m. wex’e covered  in  the September/October p e r io d  and the f i lm  

removed in  April/-*-ay, by which tim e i t  had em b r itt led  and 

g e n e ra lly  was not u seab le f o r  a second season co v e r in g .

The cos t o f  f i lm  fo r  coverin g  1,000 square metres o f  

greenhouse area was £C 1 in  1978 and in January 1981 had 
r is en  to  £C 1 67 w h ile  the cost o f  labour and o th er in c id en ts  

had r is e n  from  £C 80 to  £C 90 in  the same p e r io d . I t  was 

c le a r ly  e v id en t th a t i f  a LD.PS f i lm  could be developed  which 

would la s t  th ree  years o f  continuous exposure (Winter/Summer/ 

Winter/Summer/Winter) thus e lim in a tin g  the need to  r e -c o v e r  

annually , then th ere  would be a su b s ta n tia l c o s t -b e n e fit  

d e r iv in g  to  the grow ers. In  a d d it io n , the development o f  such 

a ' l o n g - l i f e '  f i lm  would open up p o te n t ia l  export markets f o r  

the p la s t ic s  f i lm  p ro cesso rs ,

ID.PE f i lm  is  p r o g r e s s iv e ly  degraded by the a c tion  o f  the 
U lt r a -V io le t  (U .V .) l ig h t  em itted  by s o la r  ra d ia t io n .

One method o f  reducing th is  d egradation  is  to  in co rp o ra te  

chem ical a d d it iv e s  in to  the f i lm  which have a s p e c i f i c  ca p a c ity  

to  p r e f e r e n t ia l l y  absorb th is  U ,V , energy. I t  has been 

standard commercial p ra c t ic e  f o r  s e v e ra l years in  many cou n tries  

to  use an a d d it iv e  system con ta in in g  a n ic k e l complexing 
agen t. U n fo rtu n a te ly  th is  a d d it iv e  system has a s t r i c t l y  

lim ite d  c o m p a t ib il ity  w ith  ID.PE and in c rea s in g  the qu an tity  

beyond th is  c o m p a t ib il ity  l e v e l  does not produce any in crease  
in  the l i f e  o f  the f i lm .  'With the very  high l e v e l  o f  s o la r  

ra d ia t io n  in Cyprus th is  type o f  system v/ould have lim ite d  e f f e c t .
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A new type o f  a d d it iv e  which fu n ction s  in  a d i f f e r e n t  

manner in  absorbing U .V. energy was con ven ien tly  ju s t becoming 

a v a ila b le  in sm all development q u a n tit ie s  at th is  t im e . The 

a d d it iv e  in  powder-form , known as T inuvin  622, is  a po lym eric  

l ig h t  s t a b i l i z e r  o f  the h indered an lx ; c la s s .  I t  possesses 

good c o m p a t ib ility  w ith  ID.PE as w e l l  as having low v o l a t i l i t y  

and low m igra tion  tendency. I t  is  produced by C iba G e igy  Co. 

and covered by w orld  p a ten ts .

S ince the use o f  th is  new type  o f  a d d it iv e  had the 

p o t e n t ia l i t y  to  produce a l o n g - l i f e  f i lm  o f  th ree  season 's  use 

i t  was decided  th a t i t  would be h ig h ly  d e s ira b le  to  c a rry  out 
a sm all research  development programme tc  eva lu a te  outdoor 

weathering performance o f  some ID.PE f i lm s  based on d i f f e r in g  

le v e ls  o f  th is  a d d it iv e .  During the course o f  th is  work 

a d d it io n a l in form ation  was re c e iv e d  which snowed th a t the 

in c lu s ion  o f  equal parts  o f  an a d d it iv e ,  bensophenone, produced 

a s y n e rg is t ic  e f f e c t  in  the f i lm .  This a d d it iv e  was made 
a v a ila b le  to the p r o je c t  in m aster batch form under re fe ren ce  

G 19-20 so th a t a d d it io n a l fo rm u la tion s  could be eva lu a ted .

This is  now a v a ila b le  as T inuvin  m aster batch ME 1 92.

2 . Organisat io n  o f  the research  p ro g ramme

S ince th ere  are no c e n tra l research  and development 

f a c i l i t i e s  f o r  the p la s t ic s  industry  in  Cyprus an o f f i c e r  o f  

the In d u s tr ia l Extension  S e rv ic e  o f  the M in is try  o f  Commerce 

and Indu stry  undertook the r o le  o f  c o -o rd in a to r , w ith  the 

ass is tan ce  o f  a UNIDO ex p e rt, to  in te r e s t  variou s o rgan isa tion s  

whose p a r t ic ip a t io n ,  a c t i v i t y  and f a c i l i t i e s  were requ ired  fo r  

the su ccess fu l execu tion  o f  th is  sm all research  programme.

The A g r ic u ltu ra l Research In s t i t u t e  o f  the M in is try  o f  

A g r icu ltu re  and N a tu ra l Resources o f fe r e d  to  p rov id e  a s p e c ia l ly  

made r o o f  u n it on which samples o f  the f i lm  could be attached 

and p ro g re s s iv e ly  removed at s ix  month in te r v a ls  so that 

measurements in the change o f  perform ance o f  the exposed f i lm  
could then be undertaken. This r o o f  u n it was lo ca ted  on a 

greenhouse at the A g r ic u ltu ra l E xperim en ta l S ta t io n  at A k h e lia  
and personnel were p rov ided  to  a s s is t  in the p r o je c t  o p e ra tion s .

• » / . . .
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The Cyprus Standards O rgan isation  (C l'S) expressed an 

in te r e s t  in  th is  work, and th ey  were ab le  to  p ro v id e , through 

th e ir  UNIDO p r o je c t  DP/CYP/76/OOR, a tea r  t e s t e r ,  impact t e s t e r ,  

m elt f lo w  indexer and a d en s ity  column. By th is  means i t  

became p o s s ib le  to  examine the change o f  t e a r  and impact 

s tren gth  w ith  tim e o f  exposure as w e l l  as the m elt f lo w  in dex .

This t e s t in g  equipment w i l l  f in d  continuous use by CIS in  the 

g en e ra l e va lu a tion  o f  f i lm s  fo r  various a p p lica tio n s  and fo r  

q u a lity  c o n tro l use when standards have been e vo lv ed .

This p a r t ic u la r  research  programme w i l l ,  in  fa c t ,  p rov id e  

v e ry  u s e fu l background data which is  requ ired  b e fo re  any 

a g r ic u ltu r a l f i lm  standard can be d eve loped .

The t e s t in g  equipment was lo ca ted  at the Government 

Laboratory, now re-named the G en era l S ta te  Laboratory  (GSL) 

where a p la s t ic s  t e s t in g  la b o ra to ry  is  being d eve lop ed . The 

GSL made personnel a v a ila b le  to  undertake the t e s t in g  requ ired  

on the samples, and the M in is try  o f  Commerce and In du stry  

p rov ided  a UNIDO expert to  t r a in  personnel in  the t e s t in g  

p rocedu res•

I t  now remained to  f in d  f a c i l i t i e s  to  produce the f i lm  

samples. F o llow in g  d iscu ssions w ith  variou s p la s t ic s  p rocess in g  

companies U n ited  P la s t ic s  (Lo rdos ) L td .,  at L im assol and 

Cosm oplastics L td ,,  at Paphos both o f fe r e d  the f r e e  use o f  th e ir  

production  p rocess in g  f a c i l i t i e s  to  produce the f i lm  form u la tions 

requ ired  f o r  these t r i a l s ,  and, a d d it io n a lly ,  p rov ided  a l l  the 

f i lm  produced on a f r e e  o f  charge b a s is . C iba-G eigy  L td . ,  

k in d ly  p rov id ed , f r e e  o f  charge, q u a n t it ie s  o f  both types o f  

th e ir  a d d it iv e  in  o rd er to  a s s is t  the execu tion  o f  th is  research  

programme, and th ey  a lso  undertook an a lys is  o f  the f i lm  samples 

and a cce le ra ted  age ing  t e s t s .

3• Research Programme
E igh t d i f f e r e n t  f i lm  form u la tions were p-roduced, in c lu d in g  

a c o n tro l f i lm  v/ith no a d d it iv e ,  a l l  based on LD.PE polym er o f  

commercial grade M elt Flow Index (M Fl) 0 .2  q u a l i t y .  F ilm  th icknes 

was a nominal 200 m icrons. Based on a v a ila b le  data foujp le v e ls  

o f  a d d it iv e  were s e le c te d  0.15$, 0*2$, 0,3% and. 0,U%. Th is is  the 
le v e l  o f  a c t iv e  in g red ien ts  w ith  b'oth types o f  a d d it iv e .

• •/ • • »
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U n fo rtu n a te ly , in  the t r i a l s  in vo lv in g  the use o f  m aster batch 

th ere  was in s u f f ic ie n t  m a te r ia l to  execu te th e 0 ,i*% f i lm  

fo rm u la tion . Form ulations using T inuvin  622 were coded 

a d d it iv e  'A ' and those u sing  master batch G 19-20 coded 
a d d it iv e  B.

The samples were p laced  in randomly s e le c te d  p o s it io n s  

on the r o o f  u n it and held  in p la ce  by wooden b a tten s . The 

outdoor r o o f  exposure/weathering t i c a la  were s ta r te d  in A p r i l  

1979 and p^ecoded se ts  o f  samples were removed at approxim ately  
s ix  rronthi • in t e r v a ls .  Each t r i a l  was term inated when the 

samples had sh a tte red .

U. R esu lts  o f  exposure/weathering t ic a ls

The t r i a l s  were term inated at the end o f  two yea rs , in 

A p r i l  1981, when a l l  the samples had sh a tte red .

In  December 1979» s h o r t ly  a f t e r  the f i r s t  s ix -m on th ly  

samples had been removed, a severe  h a il-s to rm  occurred and a l l  

remaining samples in  th e r o o f-u n it  o f  the c o n tro l fo rm u la tion  

(no a d d it iv e )  and o f  the fo rm u la tion  con ta in in g  0.15$ o f  

T inuvin  622 were t o t a l l y  sh a tte red  thus te rm in a tin g  th e ir  

exposure p e r io d . The fa c t  th a t the rem aining samples o f  the 

o th er form u la tions  w ith stood  th is  storm in d ic a te s  th a t th ey  had 

n o t, a t th a t p e r io d , em b r itt led  as much as the ones which 

sh a tte red .

Twelve months la t e r  in  November 1980 fo u r  o f  the 

rem aining s ix  fo rm u la tion s  had a l l  sh a tte red , and o n ly  sm all 

p ieces  o f  sample f i lm  were a v a ila b le  f o r  t e s t in g .  The two 
remaining se ts  o f  samples r e la t in g  to  fo rm u la tion s  con ta in ing  

0, 2$ and 0 .3$ o f  master batch a d d it iv e  had some panels which 

had sh a tte red .

Form ulation 0 , 2% R had S samples in ta c t  out o f  ^k

Form ulation 0,3% B had 12 samples in ta c t  out o f  1U#

In  A p r i l  1981 samples o f  these la s t  two form ations had 

a l l  sh a tte red  and th ere  was in s u f f ic ie n t  m a te r ia l to  ca rry  out 

any t e s t s .

, • / . » *

The t r i a l s  v/ere then term inated
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5• R esu lts  o f  p h ys ica l  t e s t s

M elt f lo w  index, Elm endorf te a r  is.d d a rt impact s tren g th  v;erc 
measured on the samples b e fo re  exposure, an d 'a lso  on the samples 
each p e r iod  o f  s ix  months exposure.

The percen tage re te n t io n  o f  both te a r  and impact s tren g th  

w ith  tim e o f  exposure g iv e s  a more m ean ingfu l comparison o f  the 

changes tak in g  p la ce  in  the f i lm .  These have been presen ted  in 

b lock  form in F igu re  I  and show the re te n t io n  o f  s tren g th  v/ith 
d i f f e r e n t  a d d it iv e  le v e ls .

Th is c le a r ly  shows th a t in  the e f f e c t i v e  le v e ls  o f  a d d it iv e  

th e re  is  l i t t l e  i n i t i a l  drop in the s tren g th  o f  the f i lm ,  i t  

then f a l l s  s t e a d i ly  and f i n a l l y  the drop is  ex trem ely  ra p id .

6. Tear S tren g th

The te a r  s tren g th  o f  the samples r e la t i v e  to  tim e o f  
exposure are d e ta i le d  in Tab le  No.U, and the percen tage re ten tio n  

o f  the o r ig in a l  te a r  s tren g th  w ith  tim e o f  exposure are se t 

out in  Tab le No .1 •

Th is shows th ere  had been a severe  drop in  the re te n t io n  

o f  t e a r  s tren gth  o f  the c o n tro l and 0.15% A at the Decern*- ' r  79 

p e r io d  when the h a i l  sh a tte red  the samples. By compar: 

the s ix  month f ig u re s  f o r  the a d d it iv e  A s e r ie s  was w itm *i the 

range o f  5h-Gk% re te n t io n  o f  o r ig in a l  te a r  s tren g th  w h ile  the 

B s e r ie s  show a h igher range at 7U-100%. The tw e lv e  month 

f ig u re s  show a continuous d e te r io ra t io n  o f  r e te n t io n  o f  te a r  

s tren g th , the A s e r ie s  35-59% being  worse than the B s e r ie s  

i|I|.-7U%. By the e igh teen  month p er iod  the r e te n t io n  o f  te a r  

s tren g th  had dropped s e v e r e ly  2-18% fo r  the A s e r ie s  and 

15-2/+% fo r  the B s e r ie s .

As mentioned e a r l i e r  sheets con ta in in g  0.2% B and 0.3% B 

a d d it iv e  were s t i l l  in ta c t  a t th is  p o in t in  tim e although a few  

had sh a tte red . By the twenty fourth  month p e r io d  both these 
form u la tions had com p lete ly  sh a tte red  and th ere  was in s u f f ic ie n t  

m a te r ia l l e f t  f o r  t e s t in g .

•  9 / 9  9  0
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7. Impact Strength

The impact strength of the samples are detailed in Table 
No,5» and the percentage retention of original impact strength 
with time of exposure is detailed in Table No.2

This shows a severe drop for the control film at the 
six  month exposure period but the drop for 0.15A formulation 
appears no worse than that of four other formulations 
(0.2A, 0.3A, 0.hA, and 0.15B). Both these two formulations 
shattered completely in the hailstorm in December 1S79, this 
might suggest that the break-down of the film sample was 
not uniforn, and in turn this could be due to poor dispersion 
o f the low level o f additive. In fact, the chemical analysis 
of the sample supports this proposition.

The percentage retention of impact strength of the A 

series was within the range h5-50% while fo r the B series it  
was within the range h7- 80% at the six month exposure period. 
At the twelve month exposure period these had changed to 
32-h2% for the A series and l+3-U9% for the B series.
By the eighteen month period the A series had shattered so 
severely that there remained l it t le  of three of these 
formulation samples. Sufficient for limited test was obtained 
on 0,i$ A which had dropped to 9$ and at a level so low that 
even careful handling of the sample caused it to shatter.
On the other hand in additive series B only the 0.15% sample 
had shattered to leave nothing for testing and the 0. 2% and 
0.3% additive levels gave a range of 29-37% retention of 
original impact.

8. Melt flow index

The MPl gives a measure of the viscosity of the polymer 
at 190°C and this indirectly, gives an indication of the 
internal structural changes taking place in the polymer due 
to its exposure to weathering. When the MFl number decreases 
in size it  is indicative of cross-linking taking place within 
the polymer structure. When the MPI number increases it  is
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indicative of polymer scission (breaking of polymer chains). 
In both cases the e lastic ity  of the polymer can be adversely 
affected.

The result obtained are tabulated in Table Mo.3«

The control film  shows some tendency to cross linking 
as does sample 0.15$ A before both films shattered in the 
hailstorm.

On the other hand samples 0.255 A and 0.3% A both show 
progressive increase of MPI increasing rapidly at the 
eighteen month period suggesting chain scission is taking 
place.

The 0.1$ A sample on the other hand shows a drop of MFI 
that is less than 0.05 and indicative of cross-linking 
throughout the exposure period.

Samples in the B additive series a l l  show a common trend 
with an in it ia l  drop in MFI -  indicating cross-linking 
followed by a rise in MFI value indicating chain scission has 
started. This data can be utilised  to aid the interpretation 
of the tear and impact results. In particular, in evaluating 
the strength performance of 0.2% B and 0,3% B it  is evident 
that the chain scission of 0.2% B had proceeded much more 
severely than that of 0,3% B at the eighteen month period.
This is reflected in the higher impact figure for 0,3 B and 
confirming the somewhat better performance of this formulation. 
The tear strength figures however of both samples are 
marginal.
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d) Accelerated weathering results

Samples of a l l  the formulations were subject to Y/eather-a-meter 
accelerated testing through the courtesy of Ciba-Geigy Ltd* T'hece 
results are set out in  Table No. 6.

The percentage retention in  elongation at break has been * 
recorded, unfortunately this test could not be undertaken on the 
samples tested in  Cyprus since the tensile  strength apparatus, 
necessary fo r determining elongation at break, was not then 
available. Nevertheless some comments can be made.

As with the roof exposure samples the accelerated tests show 
early fa ilu re  of the control film  (no additive) at 1000 hours 
and of 0.15A additive at 2500-3000 hours. This better purformanco 
of the 0. 15A was not confirmed in  the outdoor tests.

The series of A additive show percentage retention of 
elongation at break in  the range of 48- 62% at 5,000 hours while 
fo r the B additive series the range is  only 6-18%. This shows the 

A additive to be very markedly superior to the B additive.
r

/

Unfortunately the outdoor exposed samples show a completely 
different result in  that the B additive is  superior iii performance 
to the A additive. While this diffem ce may be due to the comparie 
of elongation at break properties experience indicates that there 
is  some correlation with tear and impact properties and the size 
of the difference of results between these two sets of experiments 
raises many questions.

The diversity of results is  an interesting phenomena, however, 
due to restricted resources i t  is  not possible to investigate this 
further. Nevertheless, i t  is  obviously an interesting subject 
fo r further research.
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Conclusions

1 • Altilough these tr ia ls  have fa iled  to produce a film  of 
three years l i fe  it  has nevertheless generated some 
valuable performance data,

2, Film containing 0,3#*of B additive (1 ,5# 1 92) has an
effective continuous exposure l i fe  of greater than 19 months 
and less than 2k months* It  has a l i fe  of approximately 
three time that of film without additive. It  should be 
pointed out that the exposure period covered Sunaner/W inter/ 
Summer/Winter, This would suggest that film  of this 
formulation could be successfully used for two seasons use, 
namely Winter/Summer/Winter,

3, Film without additive has a maximum useful l i f e  of 7 months, 
confirming local information that ordinary film  has only 
one season l i fe ,

if. A l l  the data gathered, including visual observations, 
confirm that the B additive system is superior to the A 
system,

5, A further set of tr ia ls , with increased amounts of B 
type additive, w il l  need to be evaluated to determine a 
suitable formulation for a three years l i fe  film .

* l e v e l  o f  a c t iv e  in g re d ie n ts .
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TABLE N0.1

A} ULTRA VIOLET SCREENING ADDITIVES 
D)

TII TRIAL TERMINATED ONE 'WEEK IATER WHEN FIB! SHATTERED 
IN HAIISTORM

T TRIAL TERMINATED -  FIIM BRj.TTIE/3NATTERED

N INSUFFICIENT SAMPIE FOR TESTING
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TAB IS Ho. 2

PERCENTAGE RETENTION OF IMPACT STRENGTH УЛТН

ADDITIVE PERCENTAGE RETENTION OF IMPACT STRENGTH
IN FIIM TIME OF 71EATHERING -  IN MONTIS

% TYPE

. к

I N i l 6 1 2 1 8 2k MONTIS

N IL contro: 100 36 TH -

0.15 A 100 5k TH

0.2 A 100 52 k2 N T

0.3 A 100 k5 32 N T

o,l:- A 100 55 k2 9 T

0.15 В 100 k7 kk IS T

CJ.о

В 100 60 h9 29 N T

0.3 в 100

t

80 kJ> 37 N T

Л ) ULTRA-VIOIET SCREENING ADDITIVIS

TH TRIAL TERMINATED ONE WEEK LATER WHET FILM 3PATTERED IN 
IIAIISTORM

T TRIAL TERMINATED -  FIIM  BRITTLE/S PATTERED 

N INSUFFICIENT 3AMPIE FOR TESTING
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TA31E NO. 3

LONG IIFE  F I IK TRIAIS

M3 IT  FLOW INDEX CHANGE '.YITF TIKE OF EXPOSURE

A ) ULTRA VIOIET SCREENING ADDITIVE
B)

TH TRIAL TERMINATED ONE WEEK LATER 'TIEN F I IK SHATTERED IN 
HAIISTGRM

T TRIAL TERMINATED -  FILM J3RITTIE/SNATTERED

N1/1 NOT MEASURABIE -  LESS THAN 0.05

N. INSUFFICIENT 3AMPIE FOR TESTING
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T A B  L E NO.R 

LONG LIFE FILM TRIALS 

TEAR STRENGTH CHANGE WITH TIME OF E^POSUBB

ADDITIVE || TEAR STRENGTH IN GRAMS PER 10 MICRONS
Ih  FILM j| TIMB 0p WEATHERING IN MONTHS

*  1 TYPE I NIL : e 12 ; 16 2k MONTHS

NIL CONTROL 56.5 19.7 TH - - -

0.15 A 50. k 11.2 TH - - -

0 .2 A 53.7 28.6 16.6 9 .7  T -

0 .3 A 56.0 35.5 33.2 0.9 T -

o . k A 53.3 3R.0 23.8 5 .9  T -

0.15
»

B 50.9 37.6 22.3 8.0  T -

0.2 B 51.3 39.0 33.5 12.5 H T

0.3 B 1*9.1
;

R8.9 36.3

____________

7.3 N T

A ) ULTRA-VIOLET SCREENING ADDITIVES 
B )

TH TRIAL TERMINATED ONE WEEK LATER WHEN FILM SHATTERED 
IN HAIL3T0RM

T TRIAL TERMINATED -  FILM BRITTLE/SHATTERED 

N INSUFFIcENT SAMPLE FOR TESTING
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T A B L E  N0.3

IMPACT STRENGTH CHANGE WITH TIME OP EXPOSURE

ADDITIVE IMPACT STRENGTH IN GRAMS PER 200 MICRON THICKNESS
IN FILM TIME OF WEATHERING IN MONTHS

t

T'XPE NIL! 6
12 18 24 MONTHS

NIL CONTROL 600 I 356 TH - - -

0.15 A 788 278 TH - - -

0 .2 A 620 318 274 N T

0.3 A 81+4 332 282 IT T

0.1+ A 624 340 254 54 T

0.15 B f 710 372 336 IT T

0.2 B 798 418 318 1 80 N T

0.3

B !

740 722 304

i

258

i

N T

■U.... ■ , , - ,  J.

A ) ULTRA VIOLET SCREENING ADDITIVE 
B )

TH TRIAL TERMINATED ONE WEEK LATER WHEN FILM SCATTERED 
IN HAILSTORM

T TRIAL TERMINATED -  FILM BRITTLE/SHATTERED 

N INSUFFICIENT SAMPLE FOR TESTING

I I
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TABLa MO 6

LOKG-LIPl  FILM TRIALS

PERCENTAGE RETENTION OF ELONGATION AT BREAK WITH 

ACCELERATED WEATHERING

ADDITIVE 
III FILM

PERCENTAGE RKPKNT Id l OR ELONGATION AT BREAK 
YIM e  g f ACGLLERATED WEATHERING-IN HOURS

ft TYPE iflL l 250 : 500 ; 750 1000 1500 iiOUkLu
NIL CONTROL 100 ; 85 74 1 14 6 0

(B-̂ sr;ss=:r:̂ s=sc^sasss: 3B^S5: = !C
■

i
n il  ; 1000 1500 2000 2500 3000 HOURS

0.15 A *00 96 ; 102 60 11 3
====-•===»■*===«===*# !ln!lli¡1liIIIIm TTIIII111111n11

N IL  1200a  | 3000 3500 4000 5000 H O U l i o

0.2
1

A !
tj 100 ! 104 99 78 74 48

0.3 A |j 100 99 96 88 72 62

0.4 A ! 100 i 101 91 81 77 53

’ 0.15 B
:

100 100 73 60 33i
6

0.2
B

100 100 97 85 ! 39
!

6

o .3 B . 100 100 92 107 ; 59 18



ANNEX B

Extension of the research development programme for 
lon g -life  film.

Since the tr ia ls  have indicated that additive B gives 
improved performance to additive A the extended t r ia ls  would 
be limited to formulations based on additive B (Tinuvin 
MB 192).

As well as exposing the small samples on the special 
roof unit it was considered that additional practical benefits 
would be obtained by covering a complete greenhouse with film  
of each formulation. After discussion it was agreed that 
covering only the roof area of a greenhouse with each film  
formulation would be necessary since, in practice, it has been 
observed that it  is the roof area, rather than the sides of 
the house, which shew the f ir s t  evidence of film  deterioration.

Where the film  is in contact with a structural member 
of a greenhouse a ’heat-tr- o' is formed. The near infra-red  
solar radiation passes through the film and is absorbed by 
the structural member. It  is then re-radiated by the 
structural member as long infra-red radiation which is 
recognisable as heat, and this can develop to an intensity 
which can degrade the film . This source of degradation to 
the film can be prevented by painting a white or aluminium 
coloured paint on top of the film  in those areas where it 
comes in contact with a structural member. An alkyd-based 
or acrylic oil-based paint can be used for this purpose.

It  is proposed that covered greenhouses w i l l  be 
protected by this technique- However, to obtain practical 
information on the exposure time required to achieve such 
heat-degradation of the film  under Cyprus conditions 
arrangements w ill  be made for a very small area to be exposed 
and subjected to regular observation. When embrittlement 
is noted the area w il l  be suitably patched and protected so 
that the cropping operations w il l  not be interrupted.

In order to keep tne work-load within reasonable bounds, 
and having regard to the available fa c ilit ie s , it  is proposed 
to restrict the number of formulations to three. •

• •/ • • •
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The choice of concentration of additive has been 
considered and it is proposed that levels of 0.75%, 1 .0% and 
1 .5% should be used.

The greenhouse to be made available for roof-covering 
at the ARI Experimental Station at Akheiia are 55 m long and 
the roof w i l l  require a film  of 7 f t  ( 2.1 m) width for each 
side or h.2 m single width.

Since the rate of ultra-violet, radiation degradation 
increases rapidly towards the end period of the useful l i f e  of 
the film  it  has been agreed that the sampling frequency w il l  
be changed ' .. .

1st and 2nd year exposure -  s ix  monthly intervals

3rd and subsequent year exposure -  three monthly intervals 

In order to achieve an improved performance assessment.

It  is calculated that 16 square meters of film , in each 
formulation w il l  fu lly  cover the sample film  requirement and 
leave sufficient in reserve. The number of samples per exposure 
period w il l  be increased from two to three.

Making allowance for using 2,5 m wide film to cover a 
greenhouse roof, and providing 2 m of excess length of film  at 
each end it has been calculated that the tota l film  requirement, 
including the above mentioned sample pieces, w il l  be 311 
square meters. In weight terms this approximates to 60 kg 
per formulation. Assuming 100 kg raw material is prepared to 
execute each t r ia l  then 16 kg of master batch MB 192 w ill  
be sufficient to cover a l l  three formulations.

The change in film  performance with time of exposure 
w ill be monitored by measuring dart impact strength, Elmendorf 
tear strength, melt flow index as in the original series o f 
tr ia ls . Additionally, it  w ill  also be possible to measure 
tensile strength and elongation at break since a suitable 
test machine is now available.




