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ABSTRACT:

The existing technology for lacquering coated plastic rn,.teriak and calendered films uses
solvent-based lacquers: together WiIh good technological and appearance results, some
drawbacks are present, due to the re<duaf solvent  retention irl the Plastic material?  and mai~Y
to the organic solvent emission from & process into the working place and atmosphere.

This research had the objecti~-e to develop a new water-based system for Iacquerin~
coated plastic materials and calendered iilms. To reach this goal a complete innovation of the
lacquering system was required: in fan it was necessary to ~nodifj the lacquer basic polymer
together with its additives, the substrates, the production parameters and also the plants for
producing and applying the lacquers.

The final objective was reached: water-based lacquers were obtained having technical
and appearance characteristics equivdem  and in some cases i ko better than the solvent-based. .
ones. Moreover the percent decreaSng of the organic soknt  emissions of the new system
compared with the old one is approx.  93°/0.

At present the unitary price of a water-base lacquer is
solvent-based products, but it can be foreseen that withinthe
legislation for the limjtatioi of the OFgfiC solvent emissions
the conversion from solvent-based to l~ater-based  lacquers.

. .

. . .
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not cheaper than the price of the
next few years the environmental
in the atmosphere will accelerate
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I N T R O D U C T I O N :

Thetotal  market forplasticized5  Pl:.C. andpolyurethalle  sheeting in Western Europe  is
estimated to be about 2.200 x106 m-!>-ear, several industrial areas being involved. It is also
estimated that more than 50°/0 of this material is Iacquer[:d:  a calculation of the lacquer
consumption based on a wet film of 25 S’rn2 g,ives a value of more than 27.000 tons of lacquer
per year in Europe.

,,

The existing technology for the lacquering  process u: es solvent-based lacquers and it
presents good characteristics ‘as far’ as p+-sical  and chemical ]Jroperties of the final product are
concerned: high resist ante to aggres+-e  environmental fact ois, good visual appearance and

--=xals.  How-ever, the use of organic solvents in theextended life span of lacquered mdL..,
lacquering technology presents some d:awbacks:  during the lacquering operation the solvent
emission causes environmental polhion in the working place and in the atmosphere;
moreover, the low explosion limit of Z-C=. organic solvents (the value of their LEL is approx.
1 ‘XO) makes this production system a -.-cry dangerous proct:ss. Besides, the residual solvent
retention in the plastic matetid  (about  4-5%) causes, a reduction of their mechanical resistance’
and several other negative secondary e=ec~s.

Therefore it becomes more and mm difllicuh  to work with solvent- based lacquers and
local laws limit more and more their ~se: in the near futur:  the insertion of an postburning
system mto the solvent lacquering sysze~,~- will be inevitable.

. .

As a consequence, there is a grezz demand of new tec .mologies which can eliminate the
described negatives effects, without c%%ii;hing  the present high. quality of the final products:
water-based lacquers could solve a Icz Sf problems. Realisti(:ally  it is possible that ca. 75°/0 of
the current solvent-based lacquers cc’-i he replaced by tht; water-based products within the “
next 5-6 years: as the organic solvem content  of solvent-has ed lacquers is approximately 85%
and the organic co-solvent content of ~~-a~er-based lacquers, on the contrary, is 5°/0, the annual
amount of solvents u’sed nowadays in Europe in this field could drop from 23.375 tons to

1.375, assuming an equal solid resici-ce for both types of iacquers.  As indicated later, the

)“
content of co-solvents can be also lessei  (3°/0  or less), and there is as well the possibility to
eliminate almost completely this source o; atmospheric pollution.

The specific objective of this resea-ch was to devel  ~p a new water-based lacquering
technoIo=~  for coated plastic materkls  ald calendered films, in order to guarantee the same
quality and eliminate the negative e=eczs affecting the existing solvent-based lacquering
technology. Obviously, all modifications must produce a fin:~l lacquered material with technical
and appearance characteristics at lease equivalent to the chal acteristics  of the present material.

The new water-based lacquering :ec;hnolo=~  could be convenient also from the economic
point of view, owing to the high cost z3? organic solvents st.bstituted  in the new technology by-

water with only a little quantity of an c~gmic  ‘co-solvent.

However the substitution- of :Zs solvent-based witI I water-based lacquers requires a
complete innovation in the lacquering s:sian, both in the starting materials and in the working ~
technology. Before all it is necessa~;  : ~ -,odifi  the lacquer basic polymer by making  it water-
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soluble or, at least, water-dilutable.  l%en a.ko the lacquer add tives (e.g. plasticizers, pigments,
stabilizers and coalescing, defoamin~ ‘.\-erting,  thickening, m: .tting and conserving agents) are
to be modified in order to make them compatible with the new aqueous medium. Besides, it,
was necessary to solve several other zedmical problems in thf: manufacturing process to reach
the final goal of the research, for instzmce:

- water-based lacquers after d,qing are not chemicall~ removable from the cylinder of
~he printing plant, while the solvent-b=ect  ones can be easily removed;

- the surface tension of the wa~er-based lacquers is higher than the solvent-based ones,
causing trouble of wetting on the pki-ss~c  surfaces.

Modification of the preparation and production pkults are also necessary: at fist,
considering that the vapor, pressure cf the water is lower tha~ the vapor pressure of the usual
organic solvents, a modification of the “J,ermochaimels  will t e necessary as a consequence of
the water-base lacquers employment. ..Moreover, an ad. ustment  of the laying process
(rotogravure process) must be arrangei

Finally, new analytical tests and characterization methf )ds can be necessary, not for the
final material (which must have the s~ze characteristics of tl e material produced with the old
solvent-based t ethnology), but in orde~ co characterize the int ermediate products as well as the
single intermediate working phases.

(
All these aspects were considered and a workprogramme  was prepared in accordance

with them. In fact, the research work ~.-.as di~ided  in five main tasks, as reported later, and for
each task the specific research field flc~ each Partner was identified; this field was then divided
in a number of sub-tasks, each ref<ting  to a specific anti  limited problem, and for each
problem a goal was fixed.

The Partners of the research
University department:

- Vulcaflex S .p.A. is an Italizun

‘kvere four, three

industrial company

industrial manufacturers and one

which produces and lacquers PVC
coated sheets and calendered films r,indy  for internal use. Among the European companies
potentially interested in employing ize new water-based lacquering system, foremost are
certainly the ones producing coated P\-C. In this sector tl Ie most important companies are
situated in, Germany, Great Bntai%  S qain ~d France: in the other European countries there
are numerous smaller companies. Taking  into consideration L its dimensions and coated PVC
output, Vulcaflex  is the most imporc=t  Italian company, the only one comparable with the 5
European leaders in this sector.

- Rowa GmbH ,is a German inciusttial company which ]]roduces  lacquers and whose main
task in the research was to set up the ~~rmulation of water-based lacquers with all the required
properties. Since 1969 Rowa produces surface coating lacquer systems for plastic finished
textiles: in Europe there are three oi=er  companies that al ;O produce and trade comparable
products, but so far none reached zhe dimensions and impomnce  of Rowa: nowadays Rows
is, from a global viewpoint, one OS che enterprises with a larger comprehensive technical
knowledge in the field of the lacquetinz  Sor flexible st.u-tlaces., -

- N.V. TIS is a Belgian indusz+al company, one of the biggest in its field in Europe,
. . ~L.d synthetic fabric j mainly for external use and forwhich prodtices  and lacquers PVC------=
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different applications such as: transports (with different type:  of covers andlor  side-curtains),
structures, ventilation tubing, sports and mainly gymnastic ma{:s.

I Finally, the Applied Chemistry and Material Science Department of the Bologna
University has a long years experience in environmental field:  connected to the subject of this
research. Its main task in the research was the scientific supervision and co-ordination of the
work, the exchange of information among the partners a&1 the critical examination of the
intermediate as well as of the final results of the single steps.

\b
Owing the peculiar characteristics of the partners, thei~ competence are complementary

and a rational tasks distribution of the research program’e WM possible.

,/
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TECHNICAL DESCRIPTION:
.-

The fimdamentai  idea of this r~sea-ch  ~vas to replace ~vith water the organic solvents
contained at present in the lacquers us~~ .- ~ar lacquering coated plastic materiak and calendered
films. The good characteristics of the p~=nt final product hac to be kept and, if possible, also
i m p r o v e d .
Some important partial goals of the ne’x !acquering system we?e as follows:
- trouble-free working only throu~@ >n adjustment of the xisting  plants and systems for
lacquering;
- very good wetting properties on the s~.=-ace;
- very good adhesion to the surface, e~-~z tizr bending and de ~orming;
- chemical resistance (to the light, cherr~cd  agents  and weathe”);
- mechanical resistance (crease and scrz:ch  “resistance);
- outside: protection against dirt, thus szsier cleaning; .
- inside: barrier against plasticizer and <diti\-e  migration;
- antiblocking  effect, good slipping prope~-  and pleasant hand;
- weldability with high frequency, hea~-sezkhlity;
- either high gloss finish or matt finish k:-- means of smoothing or embossing; ‘
- suitability for indirect system of coati=.~ v~i~h the help of rele[ Lse paper;
- suitability to automatic process woti<=g:
- clean manufacturing.

The research programme was divided >. SI.-e principal tasks:

TASK 1 ~ Study, modification and ,.. =--=- aration  of the pot( :ntial substrates and lacquers in
laboratory. ,,
TASK 2- Technological ~asibility ES:. samples lacquering.
TASK 3- Lacquered samples perfom.=ce  control.
TASK 4- Industrial verification and @=ization  of the procc ss parameters.
TASK 5- Finished product quality cczni and data collection.

For each task the specific res~+~=~ 5e1ci  for each parmer of the research was identified
(see later). This field was then dividet  iii a number of sub-t ~sks, each referring to a specific
problem and for each problem a god ~.~aj f&ed.  The project flow diagram
parameters to evaluate the success of i-e ;esearch are reporteil  (Tables 1-2-3).

aid the critical
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Tqbella  n“l: project flow dia-gram
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TabelIa  n02: value of characterization ~

TEST UNITS P.Ass TEST MACHINE
ITEMS WHIW... METHOD ‘

Breaking WMD daN > 10.0 EU-BN 150-4 CRT tensile testing
l o a d Aii daI? > 10.0 machine

IO09f0 modulus WMD daN 6.5- 7.j EU-BN 150.4 CRT tensile testing
Aii daN 6.5 -7.5 machine

Elongation at m% > Z80 EU-BN 1504 CRT tensile testing
break AMD  Vo > ;()() m a c h i n e

T e a r MTIVID  daN ,> 3.0 CRT tensile testing
Strenght A.M13 daN > ~.s machine

,,

Colouifastness Rating - 5’ SAE J 1885 Xenotest
to light

Vacuum forming n o t e n o  de~ects GM 9191 P Vacuum forming
test in fi.nishinz machine

Bally B iVMD res&mt DIN 53351 Bally flexometer
flexing -20°’C AMD resismnt 30000 .Cych!s

. .1
HF W e l d i n g V/MD daN > ~~ EU-BN51- 1 HF welding machine”

AMD daN > ~~

FOauing ?40 >65 BO 116-3 foooinm tester

Cold crack -30°c no c r a c k s GME 6030(; impact tester
resistance G500-H15(’

Blocking N125 cm <~ S=J9123 air circulation oven



Tabella  n03: value of charactetition

I
I

I

T E S T MACHINE REGULATION U N I T S

Adhesion test Bally Flexome~er DIN 53351 number of cycles,

Gloss measurement Dr. ‘Lange Gloss DIN 67530 GIOSS >65

meter Matt <2

De-foaming” test - I Rowa House T,st Foam < 5% Volume

Viscosity control
. . .

Din 4 mm Cup ““ DIN 53211 ~~ Seconds

Viscosity control Brookfield DIN 51550. . ml?a.s

Viscometer

Artificial weathering QW machine DIN J.910part3 Exposure> 2000hrs

HF weldability IIF machine ,’ - Watt/cm2

Weld strenght Tensile tester DIN 53354 N/cm

Dirt resistance Frank Hauser I DIN 53528 Scale 0-10<2.

Surface friction Bet,ex
I

DIN 53375 Friction <0.5

Block tendency Tensile Tester ~ ~~- 5 3 3 5 7 N/cm*
.
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The main roles of the partners were  as follows:

F o r  Vulcaflex:
- Task 1:
- Task 2:
- Task 3:
- Task 4:
- Task 5:

calendered and coated skeets  formulation plaruling;
choice of the most suitiie  lacquering systems and parameters;” “
chemical and physical ce-tig;
tests run;
quality tests.

For Rowa:
- Task 1: study and change of Iacqxrs  production paranleters  in laboratory;
- Task 2: samples lacquering in [i~oratory  scale;
- Task 3: physical testing;
- Task 4: lacquering trials in pilo~ ~’i~~t;
- Task 5: evaluation of achiever:ec~s  and test data. “

For TIS:
~ Task 1: study on preparations acccrding to different w ~ter-based  lacquers ;
- Task 2: study of laying suitabfij  zsing the photoengraved cylinder;
- Task 3: physical testing ;
- Task 4: industrial tests run;
- Task 5: evaluation of quality texs.

For the A~died Chemistry And \k~trial  Science Deuafi  ment of the 13010ma  University:
- Task 1: study of the rnateriais ckzrzcteristics;
- Task 2: evaluation of the new preducts  performances in comparison with the

traditional ones;
- Task 3: tests integration;
- Task 4: evaluation of the resuks cf printing machines I notifications;
- Task 5: data processing and sciec=tic  evaluation of tht:  results.

)



R E S U L T S :

The results of the research are referred on a ‘task-by-task basis.

TASK 1- Study, modification and preparation of the potential substrates and lacquers
in laboratory.

~
This task was the most important one for ROWA which }lad the goaI to prepare the new

water-based lacquers. The results can be summarized as follow::
For the time being no dispersion is available on the mar .cet which can work as lacquer

w-ithout modifications, but formulation of whterbome products for lacquering” tarpaulins and
artificial leather is possible.

The modifications were made either by a suitable conibination  of several dispersion
I

.

systems (different in the chemical nature and/or in the characteristic within a s~ecific chemical.
class), or by developing new types of copolymers in dispersio I (terpolymers.  blockpolymers,
blockcopolymers,  graft polymers etc.). Economic reasons and the experience obtained in this
research indicated the opportunity to study a specific polymenz  ~tion program.

Further modifications were necessary for all the studi ad dispersions regarding film-
forrning, defoaming,  wetting, viscosity modi&ing  chemicals. V uiation of the basic polymer(s)
doesn’t, influence these properties decisively; on the central y the adhesion properties are
influenced only by the polymer base and the additives have a ne ~ative  effect.

The scale-up of a water-borne lacquer is different and mc re difficult than the scale-up of
solvent-based lacquers. The general rules which were worked cut differ from chose for soivent
system lacquers, and each waterborne lacquer needs a process t ngineenng  of its own.

A far as the other two industrial Partners are concerned, ; he study of the influence of the
potential substrates related
points:

nettability;
adhesion;
chemical interaction.

., The nettability is a
molecules of the substrates

to the new water-based lacquers c: n be summarized in three main

measure of the chemical and phy jical weak bonds between the
and the molect.d’es  of the lacquers; a homogeneous film of lacquer

can be obtained when the surface tension of the Iacquer  is lowe - than th~ surface tension of the
substrate. The surface tension of the PVC is 39-40 dyne/cm tnd  it decreases when additives
migrate toward the surface. On the same way the adhesicm  (due mainly to polar-polar
interactions) is influenced by the presence of migrating substances.

The resins made by emulsion technology and used to coat, the plastisol  have a low
percentage of emulsifier agents that migrate toward the surface this migra~ion  is influenced by
the amount and the type of the emulsifier agent. Many tests showed that some resins can be
better lacquered than others: anyway plasticizers, stabilizers and other additives are more
important to determine the nettability than the type of resin u:ied. Above all ~he nettability is
influenced by the type of plasticizers used. Tests were mad t also to analyze  the different
plasticizers and their influence on the final results: the best plasticizers are the less migrating,
but unfortunate] y they are also the most’ expensive. Compari  Ig different ~-pes of phthalates
the plasticizers with the’longest  linear chain proved be the best.

12



As far as the stabilizers are concerned, the market does not offer a sufilcient  number of
typei  for a wide study. However their influence on the final results seems less important than
for the plasticizers.

The chemical interaction betu-een the lacquer and tht substrate is not well known;
usually this interaction changes the nature of the molecules ar Id can be evaluated by a quick-

aging. In fact this point is importam  when it influences th[: color of the sutiace and the
characteristics of the lacquers themselves.

The nettability of the coated ma~erials is also influenced by the nature of the released
paper. The release spent have not a great influence on the nettability, the roughness of the
paper being more important: the mar paper increases the wet.ability  as a consequence of the
increasing of the roughness of the PVC surface.

At last the influence of the lubricants on nettability has teen  studied: usually the amount
of these additives is very low and i~ does not influence the surface tension in a significant
amount. ,-

To lacquer the tarpaulins with water-based lacquers;  the present paste forrnuIa can be
used, i.e. a polyester base cloth,. coa~ed  with PVC paste:  the best ingredients were emulsion
PVC, DIDP as plasticizer and CaZn ~ a stabilizer.

Studies of the composition of these new products indica :ed that no toxicological danger
exists for their industrial use: this paII of the work was corn] deted the following step of the
research.

Also for the environmental impac~ no danger exists by using the new products; on the
contrary, a very relevant decreasing iii the organic solvent t missions can be obtained with
water-based instead of solvent-based lacquers, with a great decreasing of pollution.

TASK 2- Technological feasibility test:  samples lacquering.
. .

Both in the production and in zhe application stages thi~ waterborne lacquers are more
sensitive with respect to shear stabiii~ than solvent-based o~les: for. example exposition to
heavy metal ions as Fe-III, CU-11,  Cr-IH, Sri-II must be avoidt d. In fact many heat stabilisers
added to the PVC are Sri-based, and now this is no longer pos. ;ible.  Production and processing
of waterborne lacquers should be made in vessels, pipes anc machines made from stainless
steel, type V2A.

Samples of water-base lacquers m-ere tested at laboratxy  scale before the use in the
production plant: no differences were obsemed checking the features of the final substrates
lacquered with the water-based produc~.  More significant is t ~e better nettability obtained in
the production plant than in laborato~.

The application tests were mairiy performed in order to identi~ the extent of nettability
and adhesion between the surface and The substrate. In task 1 it was demonstrated that the .
nettability is strongly connected to the surface tension. NOW it can be said that to obtain a. . . .

‘ lacquer is importam:  the test results showed thatgood wettablhty  also the wscosltv  ef me

. .
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when the viscosity is high enough it is possible  to coat the sufi(>,ce  with a continuous film. This
means that the nettability must be checked and if it is poor it must be increased for coating the
surface. On the other hand if the lacquer has a too high viscosity it cannot be used in
p r o d u c t i o n .

The performances of the lacquer samples have been evahlated  under many point of view,
and in some cases results” were obtainti  in good compliance with the present standards. These
lacquers were then studied in detail for industrial applications i~l the successive tasks.

The photoengraved screen surface does not influence the results but cylinders made by
ceramic material are better compared IO the stainless steel one:,. The operative conditions used -
to dry the samples were not too far ficm th~e for the solvent-based lacquers: in general the
amount of energy necessary to eva~ora~e  the water seemeli not higher compared to the
process with the soivent.

Also the tests to determine & amount of foam anc. the sedimentation were very
important. A great amount of foam h“~~ many disadvantages in the industrial use and it must be
avoided; also the sedimentation decre~es  the characteristics of the lacquers and it must be
eliminated by stirring the samples befcre the use: sometimes the stin-ing is not sufficient and in .
this case the lacquers are not usable. Einally, important indication were found in this stage of
the research to modi$  the printing pl~zzs (see later).

. ,.

The data obtairied during this task confirmed that no toxi ;ological  danger exists for these
new products, neither for the industti~ use, nor as far as ertissions  are concerned: at this
stage of the research all the fixed pa~iti  goais  were reached.

TASK 3- Lacquered samples performance control.

.The first developed waterborne kquers  showed bad perlxmances
with regard to weathering tes~s.  creasing, dirt resistant{: and surface smoothness. Also

data on slip, blocking behaviour.  z~hesion,  gloss, mattness, burnishing, “nail-mark@”,
settling-out, embossing properties. ~a~~-ent resistance, wek{-stren=~h,  welding properties,
wetting and foaming behaviour  were unsatisfactory: a great i~uantity  of work was necessary
for producing better lacquers. For eacfi of these  points the recipes had to be reformulated and
the tasks 1 and 2 had to be done ag=n:  information exchange between the partners became
more and more important. Finally cha~meristics  of the final 1 roducts  as good as the present
ones (lacquered with solvent-based lac:uers):  were obtained ($ee Tables 2 and 3).

As far as the application of w:ar -born lacquers is con;emed, in this task the tests to
characterise the new lacquers were” ccn.pieced.  The gloss degree control is a good technique to

- =- ‘“d on the same sukstrate,  but unfortunately manycompare the gloss of the lacquers ..-u.&
different substrates are used, fla~ zxi embossed too. .Thc final results are not always
comparable and’ a better classification of the gloss can be made by watching the sheets: oriy
when this technique is applied to the same substrate a char~.cterisation of the lacquers was ~
possible.

The , solvent resistance contrc;  showed  that the alco}lol  and acetone resistance
crucial: the crosslinking  seems the CT-;; ~oad to succeed. Als) the resistance to abrasion
been improved during the research ~n~ :2? final lacquers are satisfactory in this aspect.

are
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The weather resistance, H.F. w-el<ing  control and cold flexibility have been good since
the first tests.

At last the blocking control ga~-e  * general good results with almost all the sample. but
in the tarpaulin production immediatei}-  after the lacquering process water-based lacquers
showed a more sticky effect than solvezt based ones. However the sticky effect was greatly
reduced by the exposure the tarpaulin =:,.=-ace a few hours to the air. As a consequence, new
methods were developed to test the blcc!tig  tendency. At prt :sent,  the blocking effect is no
longer an obstacle to use water-based lac~uers  in production. “

The new products never gave p~.dems for screen prirtings,  but in some cases they
showed a lower dirt resistance.

All the tested water-based lacque~s showed, in compark  m to the solvent-based ones, a
poorer gloss result due to “plate-out ‘“. .% a consequence on the calender of the lacquering

- -mantee the gloss resu~t,  a hazy shine becomes visiblemachine, which is one of the means to ~-
wl-iich gives a dull and lustreless etiec  on the tarpaulin surf: .ce. The hazy shine has to be
washed away with water, but the wasi-i:g etiect remains still cn the tarpaulin surface, so it is
of a lower quality.

During the research, the probler,  was partiaily  elirninat(  d, but plate- out is still a not
filly  resolved problem. Solvent-based kquers  also cause plat~;-out  but in this case the extent
is lower and it is possible to work wi~hc~~ frequent cleaning opt ~rations.

At first, some water-based lacq~er’s  showed  some bubbles or stripes on the tarpaulin
“surface, but these effects have been co=cietely overcome.

Good results were obtained for & gloss of the water-b:sed  lacquered samples when a
lower speed was used (+ 10-11 rrdmirt) i: comparison  to solven:-based  lacquers (* 12 m/rnin).

At the beginning of the projec~. ~=e samples showed a ]Ioor nettability, which resulted
in a stripy effect; finally also this probie-; w-as overcome.

It is also to remark that sometimes vater-based  lacquers ~;ive  a small difference in ,colour
to the tarpaulin surface.

The results of the research in rtiis :ask indicated that thi~ new products can satisfi  the
present production standards; it was &sa definitively confirmed that no toxicological danger
exists for the new products, neither ~cr the industrial use, nor as far’ as emissions are
concerned.

TASK 4- Industrial verification and optimization of the process parameters.

In this stage of the research z;? itiormation  exchange between the partners was
essential: the reformulations of the l~c~uers  were done by Rows with regard to. the single
specific. requirements of Vulcaflex  a== TIS referred to tht: different substrates, process
parameters and performances of the iir= products. Task 1, 2 md 3 had to be repeated in any
case and many problems could be se;=.eci- e.g. plate-out on the surface of the embossing
cylinder for TIS, or constancy and SIZK7- of mattness for Vul(aflex.

r

In this task the suitability of’ ~he new products in the production plants was verified:
sheets were produced and tested with z:: new lacquers, then the tests were promoted applying
plant modifications. Most of the resuits .:>mined  in laboratory scale were reproduced and often
better results than in laboratory wer~ :“~:ize d: for instance the nettability improved by using
the modified production machines.

/
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A quite unexpected result of ~he production tests was that the amount of energy
necessary to dry the water-based lacquers was sometimes Iowcr than the amount necessary for
“solvent-based ones: this point is impom-m because at the begir ning of the research it was been
foreseen that the amount of energy necessa~ to dry the water-based lacquers would be higher.
The reason can arise from the little mount of the organic solvent trapped into the PVC
organic matrix: this solvent is very di~cult  to eliminate and i: causes porous and bad odour.
Since the customers are always asking for no-odour material i, the water-based lacquers can
give a big impulse toward this direction

During the production tests the number of problems t> solve was very high. Among
I

these the most relevant concerned the cleanin~  of the plant and the embossing process.
The cleaning of some part of the pi ant, above all the printing cylinder, is very difficult: in

general for solvent-based lacquers the w-ne organic solvent ca]~ be used. On the contrary, with
water-based lacquers cleaning of the cylinder and the other parts with water or detergent
causes a lot of difficulties. For this and o~her reasons the Z;immer device and the ceramic
cylinder were employed.

For the embossing process the ~~cs~  diflicuh  point has b(:en to’ find a lacquer resistant to
emboss with hot-cylinder. At last also this problem was solved by using appropriate lacquers.

However the most innovative point  horn the econoric  point of view as well the
scientific interest has been the introdumion of a new object of research: the coating of the
paper. Until now the plastisol  of P\:C  w-as coated on the parer  and, when required, finished
with printing and/or embossing. ,One possibility  to avoid ‘a pr ~cessing  step would be coating
the lacquer on the paper, drying it zci [hen coating the plas :isol. This possibility cannot be
checked with the solvent-based lacq~ers  for sai”ety  reasons b ~t water-based lacquers can be
used and preliminary results go in the ti~J.t  direction.

The lacquering machine used 5}- TIS for solvent-based lacquers could be used without
modifications for all tested water-ba&  lacquers. The best rest lts were obtained when also the
same drying temperatures were used.

The present cooling system (cti?nder  cooling, and coolilg tubes which are placed rifler
the oven) was also sufficient for w-a:eT- based lacquers in ordtx  to guarantee the dimensional
stability of the lacquered tarpaulin. To have an optimai  gloss re sub, the speed of the lacquering
machine had to be increased a little” biz.

\
The data supplied from the ind~s~tial Partners were exa]nined by the University Partner

and discussed all together; the resk indicated that the single specific objectives of the
research were reached. . .

As far as the environment~ e~ects  are concerned, by using the water-base lacquers
instead of the solvent-based ones the ex~ent of the reduction of the organic solvent emissions
can reach approx. 98V0. In fact at presem the mean composition n of the solvent-base lacquers is
approx.  1.50/0 of solid residue and 85; J of organic solvents, Whilst for the new water-based
lacquers the mean composition is app~cx. 24% of solid residue and 3?4 of organic co-solvent,
the remaining being  water. As a co~sequence  for 1 Kg of solid film applied on the lacquered
su~ace the quantity of the organic se;;-en~ used and emitted in :he atmosphere is:

- for the solvent-based lacquers
15:85=1:x  - - - ->  x= S5.1/15=:.3C  /Kg- - - -



..

i

- for the water-based lacquers: ,

The reduction of the emission can be czddated  as follows:

5.667-0.125 = 5 .542 =  0 ,978 i.e. approx  9 8 % .
5 , 6 6 7 5 , 6 6 7

TASK 5- Finished product quality control and data collection.

The new water-based lacquers ?E\-e to present a numl~er  of specific characteristics in
order to find application in the produ~icn  steps. At present they seem to be usable for a Iarge
scaIe production and probably’ they car already find application also in fields like’ shoes,
synthetic leather. and, afler addition of z hardener. agent, also in the automotive interior field.
This last modification is very ;.mportam ti order to pass the alc ohol resistance test.

The waterborne lacquers are usab~e irr the production pl rots: adjustment and fine tuning
take more care than the solvent-based <.-stefis. The velocity of processing is in the range of

,, solvent-based lacquers provided tha~ & &ying  capacity of th t channel is sufficient. As far. as
the production plants are concemei some impor tant  and  imovative technolo~cal
modification were necessa~,  which w--r=-.. not foreseen at the b tginning of the research project;
as a consequence now it is possible ~o ‘se many type of lvater-based  lacquers. How-ever
because the l~ge  number of materials ;:aduced  by Vulcaflex and TIS it is necessary to find
the right type of lacquer for every sifi~e case: for instance th a type of polymer most suitable
for Vulcaflex is not the best choice for TIS, due to the cliff trent end uses of the materiaIs
involved in the two industrial processes.

The quality control and the da~z cefiection  fi-om the University Partner was carried out

‘) with the aim to confirm the good resuks ~htained  by the Partn ws. The final result of this work
was ve~ satisfactory.

At present the high price of a wzefiome lacquer handicaps its fast introduction into the
market. The small share in the market ~c~ lacquering flexible I ethnical textiles and calendered
sheets implies high prices of raw miz~eiia 1 which vice vel sa holds up consumption. An
appropriate environmental legislation cc :ie organic solvent emissions in the atmosphere could

A- -=d to waterborne lac:quers,accelerate the conversion from solvent-i. ~.~

/
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CONCLUSIONS:

The results of the research were reported in detail in tht previous section on a task-by-
task basis; from them some general final conclusions can be dr:iwn as follows:

- At the beginning of the researciz waterborne lacquels  showed worse performances
than the solvent-base ones with regard to near all character sties (gloss, solvent resistance,
weathering tests, creasing, dirt resimnce and surface smootl  mess,. slip, blocking behaviour,
adhesion, gloss, mattness, burnishing “nail-marking”, settling-out, embossing properties,
weld-strength, welding properties, ~verting  and foaming be] \aviour).  At the end all these
parameters could be achieved to a satisfactory level, close to those of the solvent-based
lacquers. The specifications stated at <he beginning  of the resttarch  were reached in all cases,.
and it was possible to obtain production samples whc se technical and appearance
characteristics fldfilled the usual produ~.ion s~andards.

- The first step of the research IEd the target to study and prepare at a laboratory scale
new water-based lacquers and new substrates suitable for the water-based lacquering system.
The study of the influence can be sumimarised in three main points: \

- nettability;
- adhesion;
- chemical interaction.
The difficulty of the problems tc solve were very differer .t for the different users, due to

the substrates they uses, but in all cases ;he research gave goo{i  results. The goal was reached
modifying in a substantial manner the old recipes: the modification was made by a suitable
combination of several dispersion ~-stems or by deveiopir g new types of polymers in
dispersion: Further modifications of the xudied  dispersions w{:re necessary in the case, of the
film-forming, defoaming, wetting and :-kcosity  modi~ing  chemcals.

The. scale-up of a waterborne lzcquer proved different arid more difficult than the scale-
up of solvent-based lacquers: each v~- z~wbome  lacquers need~:d  a process engineering of its
own.

The new products did not give -zn~- toxicological or env~ronmental  problem, but on the
,! contrary they reduced the existing probie.ms.

. .
- The reformulations of the !zc<uers were done with regard to the single specific

requirements of the Partners as adaptation to different substra-:es,  process parameters, and of
course performances of the final properties: many problems :ould  be solved, even if some
others are still not filly overcome. .lfrer extensive modifi{:ations  of the recipes, of the
processes, and also of the prodtiction  plants. the industrial veri iication and optimisation of the .“
process parameters was accomplished ~.~ith satisfactory results: in some cases, e.g. for the
nettability, the results were better in p~ctiuction  than in laboratory.

In addition. Vulcaflex  obtained Ln impofiant  and quite unexpected result on the ener=~
requirements of the process: in some ~~~es the amount of enerf:y necessary for the drying step
of the water-based lacquers in the ap~lication  stage was lower than the amount necessary for
solvent-based lacquers. The reason can ‘oe the amount of the r,sidual organic solvent trapped

in the PVC organic matrix which is -.-s~. diflicuh  to eliminate and which is far lower’ in the
water-based lacquers.

.
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h other innovative point was the introduction of a new subject of research: the coating
of the paper, with the possibility to avoid a processing step by simply coating the lacquer on
the paper, dq-ing it and then coating the plastisol.  This process can’t be used with solvent;
based lacquers, but it seems possible with ~vater-based  product;.

- Relating to the technological feasibility tests, at the beginning waterborne lacquers
showed great problems on the grade of wettabilit y and adhesion between the surface and the
substrate; an other important point was the amount of foam p ~oduced from the new lacquers,
and their tendency to the sedimentation. Moreover, the watm-based  lacquers proved more
sensitive with respect to shear stability tha solvent-based { nes, both in producing and in
applying them: exposition to heavy metal ions as Fe-III, CU-H, Cr-111, Sri-II has to be avoided.
Production of waterborne lacquers should be made in vessels, pipes and machines made from
stairdess steel, type V2A. During the research important indicz tions were found to modi$  the
printing plants, which were fitted to the new process.

However, after the initial problems it was possible to find out the right modifications of
the production cycles and plants which permitted to reach &ocd results in lacquering tarpaulin
and calendered sheets. The presence of the water in the lacqt ering products had oply scanty
effects on the materials of the production plants. Moreover, i I some cases the quality of the
lacquered materials was better in plant  tests than in laboratory tests.

.- Finaily,  it was possible to develop waterborne systelns for lacquering substrates as
tarpaulins, artificial leather, cakmdered sheets, textile construction etc.: the quality of the final
products was as good as the quality of the materials treated with solvent-based lacquers.
Fuflher researches are in progress to eliminate some residual p-oblems; for example the water-
based lacquers show still an inferior dirt resistance and their C( resumption is greater compared
to the solvent-based lacquers; however the results obtained at the end of the project are quite
satisfactory.

Adjustment and fine tuning of water-based lacquers take more care than of solvent-based
ones. The speed of processing is in the range of the old Ia( quers provided that the drying
capaci~y of the channel is sufficient. In some case no higher en{~rgy consumption was revealed,
and in any case it is compensated by saving costs of an incinera  :or.

\ - .As indi~ated before, perhaps the most important :;oal  of the research, was the
decreasing of the organic solvents emission which can be (Ibtained  using the water-based
lacquers instead of the solvent-based ones; this objective wa; reached, and it is possible to
evaluate that the decreasing of the emissions is very high, apprc~x.  98°/0,,,

- At present the unitary price of the waterborne lacquers is not ‘cheaper than the price of
the solvent-based products, what could handicap their fast introduction into the market: an
appropriate environmental legislation for the limitation of the ~]rganic soivent  emissions in the
atmosphere could accelerate the conversion from solvent-based to waterborne lacquers.

.
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