
C H A P T E R  V

C O N C L U S I O N  A N D  S U G G E S T I O N S

5.1 C onclusion

T he w ater-based ink form ulations w ere d evelop ed  for printing on  nonporous, 

lo w  surface en ergy  substrates, for exam p le, p o lyo le fin s film  in order to obtain the 

satisfactory print qualities. To carry out the research, the preparation o f  acrylic acid- 

cassa va  starch graft cop o lym er as a thickener for w ater-based screen inks w as  

accom p lish ed  first. The e ffect o f  the crosslinker on  starch-g-copolym er w as studied  

to acquire the suitable thickener for screen ink. The w ater absorption cap acity  and 

rh eo logy  o f  the thickener w ere exam ined . T w o w ater-based ink form ulations w ere  

prepared using the syn thesized  thickener. Inks properties, i.e. v iscosity , d ispersion  

and surface tension  w ere determ ined. Surface o f  the cast polypropylene film  w as  

treated w ith a corona discharger. W e determ ined the surface energy and its 

com p onen ts o f  the treated plastic film . Furthermore, the e ffect o f  charge agein g  due  

to storage o f  treated plastic film s on surface energy w as investigated . T he treated  

plastic film  w as printed by screen  printing using the tw o  water-based inks. The  

evaluation  for print qualities w as then carried out. T he results can be sum m arized as 

fo llow s:

( 1 )  T h e  a p p r o p r i a t e  t h i c k e n e r  f o r  t h e  w a t e r - b a s e d  i n k s  w a s  t h e  g r a f t  c o p o l y m e r

s y n t h e s i z e d  w i t h  0 .5  w t %  c r o s s l i n k i n g  c o n c e n t r a t i o n .  T h e  c r o s s l i n k e r  a f f e c t s  t h e

w a t e r  a b s o r p t i o n  c a p a c i t y  a n d  t h e  r h e o l o g y  o f  t h e  t h i c k e n e r .  C a s s a v a  s t a r c h - a c r y l i c
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acid thickener is a w ater-solub le polym er. Increasing crosslin k in g  points d ecreased  

the so lu b le  polym ers. Increasing the crosslink ing concentration increased the w ater  

absorption capacity. T herefore, the graft copolym er gave m inim um  w ater absorption  

cap acity  w as a su itable thickener for w ater-based inks.

For the e ffec t o f  the crosslink ing reaction on  the rh eo logy  o f  the thickeners, 

the thickeners displayed the pseudoplastic behavior. Increasing the chain en tan glem en t  

resulted from  the crosslin k in g reaction led to increase in the v isco s ity  w h ile  decrease  

o f  the f lo w  characteristic. The suitably rh eological properties o f  the thickener  

required for screen  printing ink w ere the short flow  characteristic, m edium  or high  

v isco s ity , and m inim um  sw ellin g . Therefore, the appropriate thickener w as the graft 

cop olym er synthesized w ith 0.5 wt% o f  N,/V-m ethylenebisacrylam ide.

(2 ) For the form ulated inks properties, the rh eologies o f  both ink I and ink II 

w ere characterized by non -N ew ton ian  pseudoplastic behavior. T he v isco s ity  o f  the  

ink II is sligh t low er than that o f  the ink I. For dispersion o f  the tw o inks, both  inks 

gave p oor d ispersion. H ow ever, the ink II gave sligh tly  better finess o f  grind than that 

o f  the ink I. T he surface tension  values obtained w ere 34  and 32  m N  m '1 for the ink I 

and ink II, resp ectively . T h ey  w ere insign ificantly  d ifferent because the sam e  

surfactant w as used. N everth eless, s ilico n e  defoam er used  in the ink II form ulation  

reduced the surface tension  o f  water. T he ink II, therefore, gave the lo w er surface  

tension  than the other.

(3) T he extent o f  corona treatment and the charge agein g  due to storage tim e  

are the other main param eters affecting the surface energy o f  the coron a treated  

plastic film . Increasing the treatment w att increased the surface en ergy  o f  the p lastic
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film . In contrast, prolonging the storage tim e before printing decreased  the surface 

en ergy  o f  the treated plastic film  due to charge d ecay  on ageing.

(4 ) T he w etting tension o f  the treated plastic film  w as used for approxim ately  

determ in ing the surface energy o f  the film . The optim um  surface en ergy  o f  the 

treated p lastic film  w as 4 2  m N m"1.

(5) T he advancing contact angle illustrated the w etting spreading o f  the ink, 

i.e . printability and penetration into recessed  areas, w h ile  the receding con tact angle  

ind icated  the tendency o f  the ink to leave the substrate, i.e . the adhesion  for the solid  

film .

(6) T he d ifferen ce betw een  the advancing and receding contact angle indicated  

the surface roughness o f  the plastic film . This is know n as the contact angle  

hysteresis. T he hysteresis increased w ith  increases in the surface roughness and 

h eterogen eity . Increasing the pow er for the treatment from  3 0 0  to 3 5 0  w atts, the 

surface roughness increased slightly.

(7) T he critical surface energy w as determ ined by Z ism an plot. For the  

con d ition  for a good  printing, the critical surface en ergy  o f  the p lastic film  m ust be 

higher than or equal to the surface tension  o f  the printing ink. T he surface tension  

va lu e o f  the ink m ust be, at least, equal to 23 m N  m'1 for the plastic film  treated w ith  

3 5 0  w atts o f  output pow er. A s such, the w etting on the treated plastic cou ld  take  

place instantaneously and properly.

(8) Surface en ergy  com ponents o f  the plastic film  co n sist  o f  the polar and the 

d isp ersive  portions. Increasing the treatment increased the polar com ponent and  

d ecreased  the d isperive com ponent sim ultaneously. T he C PP film  treated w ith  the 

p ow er o f  3 5 0  w atts gave the h ighest polar surface en ergy  com p on en t o f  3 0 .2  m N  m 1.
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(9) For the print qualities o f  the print plastic film , the plastic film  printed by  

the ink I sh ow ed  the h ighest % dot gain at 4 0  and 6 0  % dot area; w hereas the p lastic  

film  printed by the ink II d isp layed  the h ighest % dot gain at m idtone area to 80  % dot 

ares. T he tone reproduction o f  both plastic film s printed by the ink I and ink II w as  

sim ilar. D en sities o f  the print from  0  to 90%  dot area w ere reproduced sim ilarly  to 

those o f  original film . B ut at the solid  tone, the density w as dram atically d ifferent  

from  that o f  the original film . For the sh ad ow  area, floccu la tion  o f  the p igm ent o f  the 

ink I and ink II w as anticipated, w hich  caused  by poor pigm ent d ispersion. 

Furtherm ore, the % print contrast o f  the p lastic film s printed by the ink I w as better  

than that o f  the plastic film  printed by the ink II. The h ighest print contrast indicated  

the m inim um  dot gain. On the other hand, the lo w est print contrast presented the 

m axim um  d ot gain. In addition, the plastic film  printed by the ink II gave the higher  

g lo ss  than that printed by the ink I. Lastly, adhesion  test results o f  the p lastic film  

printed by the ink I gave the rem oved percentage area rem oved in a range o f  15-35% , 

w h ile  that o f  the plastic film  printed by the ink II w as in a range o f  35-65% . It is no 

doubt that the adhesion  o f  the plastic film  printed by the ink I w as better than that 

printed by the ink II.

(10 ) From the evaluation  o f  the adhesion , the appropriate screen  printing ink  

in vestigated  from the current research is the ink I.

5.2 Suggestions for F uture W ork

T o d evelop  a w ater-based ink for printing on polym eric film s, m ore  

in vestigations should  be carried out as fo llow s:
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(1) U se  other surfactants o f  low  foam ing property. F oam ing is a major 

problem  for the w ater-based inks and it is d ifficult to get rid off. A lth ough , the 

d efoam er can  reduce foam ing behavior o f  the ink.

(2 ) T he syn th esized  thickener used in the w ater-based ink form ulations is not 

heat resistant. It cannot be ground in three rolls m ill. A s such  a result, the floccu la tion  

o f  p igm ent takes p lace. T he problem  should  be dealt w ith by the p igm ent d ispersion  

perform ance before form ulating the inks.

(3 ) T he relationship betw een  average m olecular w eigh ts and v isc o s ity  should  

also  be ex ten siv e ly  in vestigated  to ju stify  the appropriateness o f  starting m aterials.

(4 ) Instead o f  using a surfactant in ink form ulations, an ad h esive  prom oter  

should  also  be tried.

(5) Other surface treatm ent technique for exam ple plasm a treatm ent cou ld  be

tried.
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