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Additives in Plastics Applications

Roberto V. Todesco* and Nadi Ergenc

Abstract: The use of light stabilizers, e.g. UV-absorbers (UVA) and Hindered Amine Light Stabilizers (HALS) in
thermoplastic polymers is highlighted. Examples are shown of what can be achieved in natural outdoor
weathering as well as in accelerated weathering devices with UVA, HALS, UVA/HALS combinations, HALS/
HALS combinations, and the latest NOR-HALS technology. Both thin and thick article applications are
discussed for polyolefins and some selected engineering plastics.

Furthermore a new class of effect additives is shown, e.g. permanent antistatic additives and biocides,
including bacteriostats, algaecides, and fungicides.

Keywords: Algaecides - Antimicrobials - Antistatic additives - Antistats - Biocides - Effect additives -
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1. Light Stabilizers 1.1. Light Stabilization of Fibers resistance to extraction. High molecular
weight hindered amine light stabilizers
Exposure to sunlight and some artificial.1.1. Polypropylene Fibers (HALS), such as HALS 622, HALS 944,

lights can have adverse effects on the Polyolefin fibers are versatile, eco-and HALS 119 have long been recog-
useful life of polymers. UV radiation cannomical, durable, stain resistant, andized as the standard of performance
break down the chemical bonds in a polylightweight. High-performance hindered3][4]. Listed below are the products
mer. This process is called photodegramine light stabilizers have expanded thghich represent the latest in polyolefin
dation and ultimately causes crackinggjumber of applications for which poly-fiber UV stabilization.

chalking, crazing, color changes, and thalefin fibers can be employed — carpeting

loss of physical properties such as impaand upholstery applications for home anHALS 783

strength, tensile strength, elongation, artlsiness, in the latest automobiles, geo- HALS 783 is a high molecular
other properties. To counteract thesextiles, umbrellas, outdoor furnitureweight, high performance HALS. It de-
damaging effects on polymer performand a variety of non-woven applicationslivers superb cost—performance benefits
ance, a broad range of ultraviolet light Because of the high surface-to-volwith a level of UV stability equal or supe-
absorbers (UVA) and hindered amin@me ratio in fibers, it is critical to employrior to other high performance HALS
light stabilizers (HALS), have been comstabilizers with low volatility and high (Fig. 1).

mercialized during the last decades to

solve the degradation problems associat-

ed with exposure to sunlight [1][2]. = ["samne 10 Denier, White Pigmented PP Fiber
These UV stabilizers have specificall gypagiine: Atlas Weather-Ometsr Ci 65 @ 85 *C, 05 Wim? &1 340 nm

ly been designed to fulfill the needs O Tagt Criterion: h 1o 5% Retained Tensila Strength
different polymer applications, taking

into account the kind of polymer (poly-
olefins or engineering plastic), the thick| Mo Light Stabilmers ==
ness of the final article (fibers, films of
thick sections), and the presence of pi{ @.3% HaLS &2
ments [3-5].

In the following sections, several ap
plications covering a variety of substrate
and light stabilizers are highlighted.

0.3% HALS T83

0.3% HALS B44

o3k HaLs 1o
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HALS 202(06] agglomeration. However, this agglomeri.1.2. Polyester Fibers [1]

HALS 2020 is a high molecularation is highly dependent on processing PET fibers are widely used in auto-
weight HALS with a narrow molecularconditions (and not typically seen to thisnotive interiors and outdoor applica-
weight distribution. It has virtually no extent in production equipment). tions. To be aesthetically pleasing, it is
effect on pigment color yield and little ef- New generation HALS such as HALSmportant that fibers remain strong and
fect on polymer processing. HALS 202®020 and HALS 119 eliminate this effectight-fast. UV absorbers improve the
represents a continuing effort to bring thef pigment agglomeration. Thereforecolor stability and tensile properties
best performance and value in light proeolor yield is not affected by the HALSwhen exposed to sunlight. Main applica-

tection. Fig. 2 and 3 show the supericaind is independent of the processing cotiens are interior auto fabrice,g. seat-

performance of PP fiber stabilized withditions. Table 1 compares the effects dfelts, sporting apparel,

the new HALS. these new generation HALS.
Studies have shown that when HALS

and pigments are present together in highble 1. Effects of HALS on color yield

concentrations, such as melt compounr'

ed in concentrates or masterbatche HALS

color strength may be compromised. E>

Delta E (Ref. No HALS)

aminations of test plaques with HALS HALS 2020 0.3- 0.6
and pigment concentrations under a m HALS 119 0.3- 0.9
croscope show the pigment to be les yaLs 944 10.4-17.0

well dispersed, therefore yielding poore.
color strength. HALS may either hinden5% Flush of CPC Blue with 12.5% HALS in
the pigment dispersion or cause pigmeRP, Brabender Mixed and Let Down 50/1 in PP.

Sarmple: PP Homopalymes, 10 Denier, Red Pigmenbed
Exposure: Atlas Weathar-Ometer Ci 65 @@ 65°C, 06 Wm® at 340 nm +
Test Criferia: b b 50% Tensile Sirenglh

Mo Light Stabilzers |
orsHALS 622
016% HALS 044 |
osskras 11o
015% HALS 2020 |
il 20 B 5

mm b lo 50% Fefained Tensailz Sirength

Sample: PP Homopolymer, 10 Deneer. Red Pigmentad
Exposure: Cvanaging at 110°C
Teal Crilana: h &ir Drafl Cwven 1o Embribement

Mo Light Siabilzers
0.15% HALS 822
0.15% HALS S44

0.15% HALS 1189

0.15% HALS 2020

B [ o Embittliament

and outdoor
fabrics (awnings, flagstc).

BZT 234 satisfies many of above-
mentioned UV application requirements.
The premium UVA, HPT 1577, offers
improved performance for harsher UV
conditions (Fig. 4 and 5)

1.2. Light Stabilization of Film

In thin section applications, such as
films, many factors need to be considered
when selecting the right stabilization sys-
tem for specific application require-

Fig. 2. Light stability of pigmented polypropyl-
ene fiber

Fig. 3. Thermal stability of pigmented polypro-
pylene fiber
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Fig. 4. Delta E values of natural PET fibers after 600 kd light exposure
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i 1 e kT 4l 3] il T &l
ELy bo 0% Initial Tenséa Strangth

B Contral oy BET 234
0 80% HPT 1877

Fig. 5. Tensile strength of natural PET fibers after natural weathering

Light Stabilizer h to 50% residual elong.

150 pm film 100 pm film 50 pm film
No Stabilizer 650 600 500
HALS 622+BZP 81 4500 4000 3000
Concentration (0.15% + 0.075%) (0.2% +0.1%)  (0.3% + 0.15)
HALS 783 7500 7000 5500
Concentration (0.15%) (0.2%) (0.3%)
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ments. These include not only the resin/
additive formulation but also other pa-
rameters such as processing conditions,
presence of mineral fillers and pigments,
film thickness and construction, and the
final application environment.

Table 2 illustrates the influence of
film down-gauging (150-50 micron) on
the selection of the stabilizer concentra-
tion. The lifetime of the film is decreased
by decreasing the film thickness from
150 to 50 micron, even if the concentra-
tion of the stabilizers is doubled. Thus an
adjustment of the additive concentration
is needed to retain the same durability
properties when the film thickness is re-
duced.

The bulk of LDPE, LLDPE, and EVA
is used in the manufacture of films for
packaging, agricultural and construction
applications. Agricultural films used for
greenhouse covering, mulching and si-
lage wraps represent the largest light-sta-
bilized PE and EVA applications.

1.2.1. Construction and Industrial Film

Construction and industrial films used
outdoors for extended periods of time,
ranging from some months to a few
years, require proper UV light protection
in order to meet end-users’ requirements.
Common applications are stretch films,
shrink wraps, heavy-duty bags, and pool
covers.

HALS 783

HALS 783 is widely used for LDPE,
LLDPE and EVA films and has extensive
indirect food contact clearances world-
wide. It is an effective and versatile light
and thermal stabilizer for films and deliv-
ers excellent cost/performance benefits.
Fig. 6 demonstrates that HALS 783 pro-
vides superior UV stability in LDPE film
compared to HALS 944 and HALS 622.

1.2.2. Agricultural Film [7-9]
Greenhouse and Small-tunnel Films

The importance of greenhouse and
small-tunnel films is documented by the
estimated 500 000 hectares of land given
over to protected cultivation worldwide.
This application can be particularly

Table 2. Influence of stabilizer concentration
and film thickness on light stabilization of low
density polyethylene film

Sample: LDPE Blown Film

Exposure: Atlas Weather-Ometer Ci65 @ 65 °C;
0.35 W/m? at 340 nm
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Sampie: 200 micron LDPE Flim
Exposura: Florida 45 "South; Aluminum Backing
Test Criterion; kLys to 505 Retained Elongation
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Fig. 6. Light stability of low density polyethylene film

1.2% HALS 404

0.75% Mi-quendher
+ 0.50% BZP B1

|
0 B% HALS 822 |
+ [1.3% BSF 81

Embrittled
] hil] &1 il 1] ||||'U'|!.
Ritaimed einng
142 N 295 N o N 208 an support (Fon wine)

Fig. 7. Performance of LDPE blown films (200 um). Greenhouse exposure in Almeria, Spain
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critical for polyethylene films (LDPE,
LLDPE, EVA, EBA) due, among others,
to high ultraviolet (UV) radiation expo-
sure, heat build-up on the greenhouse
support, and the effect of crop protection
and soil disinfection chemicals that are
extensively used in agriculture. These
chemicals and the products of their de-
composition can affect the long-term
properties of the films and attack stabiliz-
ers.

The extent of this interaction depends
on many parameters, like the types of
chemicals used, frequency of treatments,
types of crops, temperature, and humidi-
ty, etc, and is thus very difficult to pre-
dict. This explains why the requirement
of chemical resistance for greenhouse
film stabilizers is, in many cases, com-
pulsory.

HALS 494

HALS 494 is a state-of-the-art ther-
mal and light stabilizer for greenhouse
long-life films. EVA, LDPE, LLDPE,
and EBA films containing this additive
have shown outstanding resistance to the
effect of solar irradiation and to the ther-
mal effect of supporte(g.wood, galva-
nized iron, aluminum) in every lab and
field test. This is combined with very
good resistance to the traditional soil dis-
infection and crop protection chemicals
normally applied in agriculture.

The results of a greenhouse exposure
trial carried out in Almeria, Spain, using
LDPE films stabilized with HALS 494
fully support the excellent performance
claims compared with other traditional
light stabilizers used in the area (Fig. 7).
The results are especially important in
view of the very critical climatic condi-
tions (high irradiation, high temperature,
strong wind) and the extensive use of
agrochemicals. In addition, in contrast to
others, films stabilized with HALS 494
show good long-term retention of me-
chanical properties on the full film as
well as in contact with the iron wire sup-
ports.

NOR-HALS

The newest development in the field
of stabilization of greenhouse films is the
use of NOR-HALS, which are particular-
ly effective when used in harsh condi-
tions, like treatment with burning sulfur.
Fig. 8 clearly illustrates the very good
performance of a film stabilized with
NOR-HALS.

Fig. 8. UV stability in sulfur-treated greenhouses
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1.3. Light Stabilization of Molded
Applications

Thick section polyolefins are widely
used in a variety of outdoor products sug
as house sidings, window shutters, stac
um seats, garden furniture, trash can
bottle and fruit crates, toys, and interig
and exterior automotive parts and man
more.

For many years, polypropylene an
polyethylene were stabilized against th
detrimental effects of UV radiation using
a low molecular weight HALS such ag
HALS 770. During the mid to late eight
ies combinations of high molecula
weight HALS with low molecular weight
HALS provided a better balance of U\
stability, thermal stability and substrate

Sample; 2 mm PP Plagues
Exposure: Florida 45 "South
Test Crileria: kLys to 50% Retaned Tensile Sength

0.2% HALS 710

0.2% HALS Ta1

0.2% HALS G44

LT A WH
ELy3

L

compatibility. Some of the newest prod

ucts for thick section polyolefins includeFig. 9. Light stability of polypropylene plaques

HALS 123, a non-interacting, low molec-

ular weight NOR HALS; HALS 2020, a
low volatility, oligomeric high perform-
ance HALS; HALS 783 and HALS 791,
new HALS that exploit mixed HALS
synergy; and Phenolfree FS 210, Ph
nolfree FS 410, Phenolfree FS 811 ar
Phenolfree FS 812, a family of phenol
free stabilizers that perform best in colo
critical applications.

1.3.1. Polypropylene for Automotive
Application [10]

Polypropylene homopolymers anc
copolymers for automotive applications
have traditionally been stabilized with g
combination of hindered phenolic/hin/
dered phosphite process stabilizer and t
hindered amine light stabilizer HALS
770.

samgle: 2 mm PP Flagues
Exposure: Dvenaging af 120 °C
Test Criteria; Days to Embrittlement

0:2% HALS 770

0% HALS

0Z% HALS 944

i A [

HALS 791

Fig. 10. Thermal stability of polypropylene plaques

Recent studies show HALS 791 pr
vides better light stability and highly
improved thermal stability compared tg
HALS 770 (Fig. 9 and 10). In organig
pigmented applications, the addition of
benzotriazole ultraviolet absorber en
hances light stability and helps prever
the pigment from fading (Fig.11).
Phenolfree FS 210, Phenolfree FS 41
Phenolfree FS 811, Phenolfree FS 812

Molded-in color polypropylene and
impact modified polypropylene is replac

Fig. 11. Typical physical property of poly-

Sampla 2 mm PP Copolymer Plagues
Exposure: Florida 45 *South
Tesi Criteripn; Increase In klys to Surdace Roughmess
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N Contral
N 4% HALS 770 + 0.2% BXT 323
N 0.4% HALS 791 + 0.2% BZT 328

propylene copolymer plaques
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ing painted plastics in applications sucfiable 3. Xenon weathering of molded-in color TPO (PP/EPDM)

as auto bumpers and interior and exterir-
trim. Recently a family of phenol-free
stabilizer systems has been developed 1
these color critical applications. Thes
phenol-free stabilizer systems are bast

on a new alkyl hydroxylamine proces: 0.1% Base

UV stabilizer
system

stabilizer that helps achieve good proce: stabilization / +
stability while also obtaining excellent 0-4% HALS 791

initial color, color consistency, and colol

+ 0.2% BZT 328

Red pigmented TPO

kdJ to onset of
chalking

1250

maintenance durmg' end use. E>_<ampI( 0.65% Phenolfree 4000
of phenol-free stabilizer systems includ ggg12

Phenolfree FS 210, Phenolfree FS 41,

Phenolfree FS 811, and Phenolfree FS 812.

Table 3 shows that Phenolfree FS 812
can provide dramatic improvement in

Delta E at 2500 kJ

58.4

Blue pigmented TPO

kdJ to onset of Delta E at 2500 kJ
chalking

1920 22,5

>4000 1.8

light stability. In addition, using a phe-
nol-free stabilizer system such as Phe-
nolfree FS 812 virtually eliminates gas
fade discoloration, a phenomena that typ-
ically leads to a yellowing, pinking, or
off-shade discoloration of articles stored
in warehouses.

HALS 123

Car manufacturers strive to produce
automobiles that will look and perform
well for ten years. For aesthetic and sty
ing reasons, manufacturers often partial
ly paint molded-in color polypropylene.
Thus light stabilizers must provide longt
term stability and must not interfere with

the adhesion of coatings to the substrate.

HALS 123, a new non-interacting NOR

0,1% Base stabilization
+ 0.4% HALS 791
+ (3% BAT 328

Obtained Gloss 5.7

4000 kJ Xenon Weathering

0.65% Phenolfres F3 812 0.65% HALS XT

TA%

70.8%

HALS, helps polypropylene producers

achieve both outstanding long-term lightig 12, uv stability of TPO (PP/EPDM)

stability and good adhesion to TPO sur-
faces. Fig. 12 shows the dramatic protec-
tion this high-performance system pro-
vides in a molded-in color red pigmented

TPO composition compared to a trad
tional phenolic system containing HALS

791. Pigmentalian: 1.6% Mixed Blus Figmant

1.8.2. Construction/Architectural
Applications
HALS 123

The low basicity and non-interacting
nature of HALS 123 allows it to function
well in acidic environments such as ap
plications containing halogenated flam
retardants.

HALS 123 is uniquely suited to pro-
tect flame-retardant roofing and stadiur
seats from UV deterioration. These e
tremely demanding end uses requif
the most advanced, highest performin
light-stabilizer systems available. Fig. 1
shows that a phenolic-free stabilizer sys
tem containing HALS 123 with HALS
2020 allows a blue pigmented TPO com
position to maintain more than 50% of its

% Glo=s Retentan

qnil

=ji

-+l

I

0.1% Base slabilzation + 0.4% HALS 791 + 0.2% BIT 228

[E5% HALS XT

Exposure:; 7000 kJ Atles Weather-Ometer (SAE J 18560)
Tast Criterion; % Gloss Retendion

initial gloss even after 7,000 kJ of weatf

ering in an Atlas Weather-Ometer. Fig. 13. Light stability of blue pigmented TPO (PP/plastomer)
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The performance of these novel lightire in these cases can be very high aetectrical charge is spread over time with
stabilizer systems has allowed polyolefithe value of products that reduce or elima significantly reduced amplitude thus re-
producers to enter markets previouslynate the potential of occurrence is aducing the overall potential for severe
dominated by engineering polymers ocordingly high. The choice of antistaticdamage. It is known that charges of about
other non-plastic materials. They havadditives has to take this fact into ac30 nC can ignite an ethylene/air mixture.
also allowed manufacturers of polyolefircount. Examples of potential undesire€harge decay behavior depends on the
roofing, siding and window shutters tceffects that electrostatic charges can hasgstem that is chosen but the key is re-

offer consumers extended warrantieare for instance: duction of the amplitude in order to avoid
against failures due to premature weath- Solids build-up on walls of plasticcharge related damages. Dissipation of
ering. containers during filling process electric charge over time is schematically
e Fouling caused during pneumatidllustrated in Fig. 14. Charge decay be-

conveying of pellets havior of polymers is gaining in impor-
2. Effect Additives ¢ Destruction of electronic parts tance since it is recognized by the indus-

e Ignition of vapors or dust try that surface resistivities will not give

In this section the benefits and values Attraction of dust sufficient information on residual risk as-

special effect additives can add to poly Clinging effects during fabrication orsociated with electric charge.

mer products are discussed. Several ex- conversion of sheets or fibers

amples illustrate the concept of maximiz- 2.1.1. Migratory Classical Antistats

ing the value to end-users. In an attempt to address the problem The classical migratory systems typi-
Benefits of antimicrobials and permasof electrostatic charges several solutioreally have a lipophilic tail and a hydro-

nent antistatic additives, with main focusiave emerged over time. These includghilic head. These materials are chosen to

on biocides, are discussed. topically applied antistatic additives, carbe sufficiently incompatible with the
bon black and other conductive fillerspolymer matrix so that they migrate to
2.1. Antistatic Additives [11-13] intrinsically conductive polymers, andthe surface. Once at the surface, the

Polymers in general and polyolefinglassical migratory systems such asydrophilic head adsorbs moisture from
in particular are known for their ability toglycerol monostearates and ethoxylatetie air and provides a layer that gives the
accumulate electrostatic charges. This @&mines. Here, we will focus on productpolymer a static dissipative surface. This
a result of their low electrical conductivi-belonging to the intrinsically conductivetype of product does not show any capa-
ty (surface resistivity in the order of PO polymers and the classical migratory adbility to dissipate electric charge from the
to 10 Q). They acquire electrostaticditives. Both of these product categorielulk or in other words these products are
charges mostly by friction with anotheiprovide static dissipative properties amsulative with respect to volume resis-
non-conductive media. The tendency ajpposed to conductive characteristicsvity.
materials to gain or lose charge can be rike in the case of carbon black. There isa These classical antistats have the fol-
lated to their molecular structure and falllundamental difference between statiwing characteristics:
onto a scale called the triboelectric seriedissipative and conductive properties im Effective below 2% loading
Most plastic materials are on the negatiibe way the products release charge amd Require about 50% relative humidity
end of the scale, thus tending to gain elethus energy over time. Polymers with Require induction period before be-

trons. Sweeping dry air can suffice tsurface resistivities up to 1@ are con- coming effective

cause electric charges on polymer surfasidered conductive and products witlh Non-permanent and can be washed
es to accumulate, which then easily asurface resistivities between®t0 102 Q off

tract dust particles present in the atma@re static dissipative. * May negatively impact paintability

sphere. While dust pick-up is mostly an Conductive materials have to be and printability.

aesthetic issue, electric charges can caugeunded to avoid sparks caused by in- Products may cause plate out onto
other more severe problems. This irstant release of electric energy. In the equipment surfaces
cludes explosions caused by sparks oase of dissipative materials, removal of

electrostatic discharge that leads to dam-

ages of electronic parts. The cost of fai

Fig. 14. Charge transfer over time: steep and

narrow for conductive materials (blue), flat and Tima [s]

spread for static dissipative material (brown)

Charge Transfer [nC]
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There is a trade-off to be made in ththese additives make them suitable for Classical antistatic additives do not
selection of these antistats between tlaoplications either with a useful life ofshow volume conductivity because a stat-
time it takes to establish the antistatic efess than one year or for the purpose dissipative layer of water is developed
fect and durability of the antistatic effectof enhancing manufacturing processesnly on the surface. Applications that do
Blends of several products will usuallyMain applications include consumer goodsot allow any of the limitations associat-
yield the most effective balance of proppackaging for dust pick-up preventioned with migratory systems require the use
erties. Some examples of conventiondlhe use of antistatic additives for enef permanent solutions.
antistatic systems are shown in Fig. 1Bancement of processes include for ex-
and 16. Notice how the blend of Antistaample the manufacture of films or the.1.2.Permanent Antistatic Additives[13]
AS290G outperforms neat ethoxylatethanufacture of expandable polyolefins The following products fall under the
amine Antistat 261 in both the surface ran particular when flammable blowingcategory of permanent systems:
sistivity test as well as the more sensitivagents are used. Antistat AS290G is Intrinsically conductive polymers
static decay time test. a good example of a universally usable (hydrophilic copolymers)

The fact that migratory systems deantistatic additive suitable for all polyole- Conductive polymers (polyanilines)
pend on humidity to be effective is nofins and a variety of other polymers. The Conductive fillers like carbon black
acceptable in a variety of applicationproduct has an additional benefit of sig- All these solutions have drawbacks.
such as packaging for electronics amificantly reducing the coefficient of fric- Conductive polymers and carbon black
when it comes to applications wheréion (CoF) making it particularly suitableare strongly colored. Hydrophilic poly-

safety is at stake. The temporary effect ddr the manufacture of films. mers may have to be added at high levels
2 — 1
18
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B 2& days
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W a0 days

Dacay Time [sog]
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L]
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(= % o & =] f:j # ﬁ Fig. 15. Static decay time for EP copolymer
o =} films; 50% rh, 20 °C; Antistat AS290G and

Antistat 261 vs. blank
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Fig. 16. Surface resistivity for EP copolymer
films; 50% rh, 20 °C; Antistat AS290G and
Antistat 261 vs. blank
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to polyolefins (up to 30%) to show the
desired effect, negatively influencing the
properties of the final article. Carbon
black materials are conductive as op-
posed to static dissipative which can
mean a major drawback.

Recently a permanent antistatic agent
Antistat P has been introduced in the
polymer market. The new system is
colorless and provides static dissipative
properties at loadings of 5-15%. Antistat
P 22 can be used at processing tempera-
tures above 220C and Antistat P 18 at
temperatures above 18Q. Antistat P is
a combination of an intrinsically conduc-
tive material and polyamide.

The novelty about this new system is
its fiber-forming characteristics allowing
for the development of a percolating con-
ductive network within the polymer ma- . : . ;
trix. The fiber structure, compared to a Fig. 17. Photomicrograph showing the structure of the conductive network
dispersed system, explains the fact that
much less of the antistat is required fc 1.E+15
obtaining the same level of activity.

Edging technology on a Antistat
P-containing sample allowed the visual 1E+14
zation of the network under the micro
scope (Fig. 17). The diameter of thes
fibers are in the range of 0.2—{lB, sev-
eral orders of magnitudes smaller tha
the length of the fibers.

To allow the network to develop,
Antistat P has to be completely molte
and exposed to sufficient shear durin
processing of the material.

The five key advantages of Antistat F
can be summarized as follows:

» Effect independent of relative
humidity (Fig. 18) iR

* No adverse effect on mechanical T =y T T —|
properties .

« Permanent effect (Fig. 19) % ’ - L

« No impact on color nor transparency Concentration Antistat P 22 in %

e Exhibits volume conductivity and
thus excellent charge decay times
The use of this type of antistatic sy

tem as opposed to the use of systems s 1.00E+11

as Antistat 290 G strongly depends on tf
application requirement or in other word

the value in use. The use of Antistat P

suited for electronic and industrial pack
aging, electronic housings and polyme 1.00E+10
supplies that are used in hazardous en
ronments aiming at reducing the risk g
formation of destructive sparks.
W 1.00E+D9
1.00E+048
a 12 a8

Fig. 19. Antistat P 22 in PP injection molding.
50% rh, 20 °C; time 0immediately after process-
ing

B =500 2 2%

B m <10 %
1E+13 "

1.E¥12 1 | =
1.E+11

1.E+1D

surface Resistance [Ohm]

Fig. 18. Antistat P 22 in PP injection molding. Surface resistance electrode 08 cm

Resistanca [Ohm]

Teme [months)
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2.2. Biocides [14][15] micro cracks of polymers. The overall The most commonly used method to
The biocide concept is based on solwalue for the application includes enshow efficacy against bacteria is the agar

tions that provide active built-in protec-hancement of: diffusion test (Fig. 21).

tion against growth of algae (Biocide A)s Productivity To determine algaecidal effects either

bacteria (Biocide B) and fungi (Biocides Hygiene qualitative agar dish evaluations or field

F). Only a few years ago Biocide B, @ Comfort tests are feasible (Fig. 22).

highly effective bacteriostat which works Appearance To quantify activity against fungal

in most thermoplastic polymer applica» Safety growth, counts of colony-forming units is

tions, has been commercially introduced. the only method providing meaningful

Recently Biocide A, an algaecide that Understanding the full value that suchesults (Fig. 23).

shows high efficacy against growth of alsolutions can bring to the application is

gae and moss was launched for polymecballenging and for this reason several.2.1. Practical Examples

applications. Build-in protection sup-practical examples are discussed. Air Scrubbing System

ports inhibition of microbial growth  Prior to exploration of the value, the The first example illustrates the bene-

which otherwise can occur in microbenefit of using such additives has to bt of antimicrobial polypropylene pack-

cracks on polymer surfaces (Fig. 20). demonstrated and it is therefore a préag material used in a vent air scrubbing
The benefit of having antimicrobialrequisite to clearly demonstrate efficacgystem.

additives that provide activity from in-of the additive in the final application. In order to meet hygienic and envi-

side to the outside is effective inhibitiorFor bacteria, algae, and fungi differentonmental standards with respect to air

of microbial growth on the surface and itest methods are meaningful. quality, aqueous scrubber systems are in-

Fig. 20. Polypropylene surface 5000 x magnification showing micro cracks on
the surface allowing micro organisms to hide from standard cleaning proce-
dures. Fouling processes likely to start in such micro structures

Sample containing MO Biocide B Sample containing 2.5%
Mo inhibition against growth of Biocide B Growth inhibition
staphylococous aureus of staphylococcus aureus
(indicated by dark zone
around centered sample) Fig. 21 Agar diffusion test on polypropylene

fiber
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Sample containing ND Bloclde A
Mo activily against growth of algaes
in agar dish test

Sample containing 3% Blocide &
Very strong inhibition of algae growth
in agar dish test

Field test Panal exposed in
rnaring. Panel does not contaln
any Biocide A marina

Field test Panal containing
0.5% Blochde A expodged in

Fig. 22. Agar dish algae growth and field test on PP sheet
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B 0.5% Biocide F
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0 24
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On untrealed samples the colony forming wnits (CFLU) of

aspargilbus nigar groaw from 120°000 {2 about 1 million in 24 K.

On samples containing 0.6% Biocide F.a reduction of colony

farming wnits from 120'000 to 100 in the sama period of time was
mieasured demanstrating the high antifungal efficacy of Blocide Fin PP

Fig. 23. Fungal growth on PP plaque
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stalled. Air from manufacturing units is
collected in vent systems and fed to a
central scrubbing unit containing a pack-
ing material where the used air is purified
over a countercurrent stream of water
(Fig. 24).

In this example the packing material
consists of injection-moulded polypro-
pylene structures that are characterized
by a high volume-to-surface ratio.

Air coming off chemical manufactur-
ing units naturally contains high levels
of volatile organic compounds (VOC)
making air purification systems such as
scrubbers necessary. High loadings of or-
ganic nutrients in the aqueous phase pro-
vides favorable conditions for microbial
growth particularly on the surface of the
packing. This consequently leads to de-
velopment of biomass on the surface of
the packing material.

As a result of the growth of organic
material on the packing, the entire scrub-
ber system clogs up and air quality deteri-
orates over time.

In terms of pressure drop across
the scrubber it is evident that microbial
growth on the packing reduces the over-
all efficacy considerably to the extent
that the packing has to be either cleaned
or replaced after three months of opera-
tion. When using the antimicrobial pack-
ing material the uptime of the scrubber
could be extended to more than twelve
months with the packing material re-
maining absolutely clean (Fig. 25).

The inherent value of such a solution
includes
* Reduced costs
« Higher operational reliability
e Better scrubber performance
¢ Reduced risk of violating emission

regulations

And there is more. Additional tests
have been performed to evaluate whether
the use of antimicrobial packing material
impacts the air quality with respect to
germ counts and indeed it was found that
the count was reduced up to ten times.

Pipes and Fittings

Incorporation of Biocide B into poly-
propylene pipes and fittings can be an ef-
fective answer against legionellas that
can develop in warm still water. The effi-
cacy of PP fittings containing Biocide B
against legionella was tested in the agar
diffusion test (Fig. 26).

Despite the difficulty to quantify the
benefit, the effect is very high. Here
again understanding the effect and the
implications are key in communicating
the full value. The first case with the
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Wash water
~ <4

"Purified air
-
used air Fig. 24. Wash tower containing polypropylene
packing material
BOD _
70 |
60

B untreated
j Treated

50 |

40

30
20 |

Pressure drop [mm Hg]

10

Fig. 25. Rapidincrease in pressure drop across
0 14 40 65 72 the column beyond 50 days of operation caused
by growth of micro organisms on the packing
material made the scrubber inoperable. Treat-
ed packing contains 0.3% of active ingredient

Operation in days

Birang growlh of legicnglia
prssumophiae indcated by light
cantrasl in and around the sample
sonianing HO Blocide B

Folyprapyensg BHinga (Al
will and wilhoul Bastide B
Cicea aaclions placed on agar
dishes fof growth inhibilian dasl
Lnght]

Strong effect of antmicrobial
indicabsd by signficant zone of
inhsbétion in and arowrd the sampis
cortaining 3% Biocide B

Fig. 26. Antimicrobial test against Legionella
pneumophilia ATCC 33152 in PP pipes and
fittings
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scrubber illustrated an example where trador is an issue is in waste disposal. Tests
use of antimicrobial in plastics enhancediere performed where the influence of
productivity. This example shows thaantimicrobials on the development of
the use of an antimicrobial has an impaahalodor of waste containers was investi-
on hygienic properties. The following ex-gated. The results were outstanding. The
ample demonstrates how the use of anbins containing 5% Biocide B showed on
microbial additives can improve comfortthe head space analysis significant reduc-
an area where consumers are willing tilon of volatile decomposition products.
pay a premium. This example deals witfihis observation was confirmed in field
bad odor associated with organic wastetests, which resulted in unanimous attes-

tation ‘strong, unbelievable improve-
Waste Containers ment’ (Fig. 27).

Microorganisms are responsible for Applications where the use of bio-
the breakdown of organic materialcides add significant value include hospi-
which often leads to bad smells ovetal supplies, waste disposal, air condi-
time. Reduced molecular weight of théioning, sanitary pipes, sporting goods,
decomposition products is responsiblextiles, shower curtains, toilet seats,
for their low volatility. Good examplesboating supplies, mats, pool liners, mo-
are decomposition of sweat that naturallyile toilets, crates, coolers, gloves, pro-
does not smell but we all know how bad itective clothing, animal farm supplies,
can get once bacteria do their work. Arand many more.
other area where development of bad Received: March 28, 2002

High amaurd of argarec

wolatiles detected in headspaoe
anakyate of a wagles bin containing
detariorating organic wasbs
Wiashe hin comiaining

N Bincicle B

Head space anslysk of B
Waaha B Sonlaining sama
anganic wasle as abave.
Heducton of odor is as eviden|
BE I difanancs in tha analysk
Bin cormained 8% Biocide B

Fig. 27. GC head space analyses of deteriorating waste
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