ADDITIVES IN PLASTICS AND PAINTS 210

CHIMIA 2002, 56, No. 5

Chimia 56 (2002) 210-215
© Schweizerische Chemische Gesellschaft
ISSN 0009-4293

From A for Automobile to Z
for Zest Coating

Waxes - Properties Profile and Application
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Abstract: As the primary component or as an additive with a content of less than three percent, waxes
determine or modify the properties of the respective material system. The areas of application are numerous.
The following article presents fundamental data on substance and structure as well as on the manufacture of
important waxes. Functions and properties of various wax additives are explained in detail using the examples
of powder coating, UV coatings, the processing of technical thermoplastics, cleaning products, and plant
protection products.
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1. Introduction 2. History in chemistry in the 20th century led to
new knowledge in this field of substanc-
Beeswax candles during the Advent or Even as far back as the highly deveks. For example, crude montan waxes
Christmas season, freshly polished fubped Egyptian culture, beeswax was usevere chemically refined for the first time.
niture or the freshly polished floor infor mummification. Indeed the wordln 1935 success was achieved in the man-
Grandma’s hallway — each of us associmumuya’ which came into the Arabicufacture of synthetic waxes by the
ates these (waxy) smells with particulamnguage from Persian actually mearischer-Tropsch method which is still in
memories and yet this is still merely avax. Later it came to mean bitumen ouse today.
tiny selection of what waxes and their deasphalt and was used as the term for pre- Due to the variety of chemical com-
rivatives are suited to. served Egyptian corpses [1]. positions, on the one hand, and the many
Similarly, wax was a fundamentalapplications on the other, waxes today
component of the oldest casting techhave a wide range of possible uses. The
niques for bronze or gold, a techniquspectrum ranges from A for automobile
which became familiar under the ternpolish to Z for zest coating (Table 1). The
waste-wax casting and was used in Italyaxes are available as powder, flakes,
as early as the 7th century BC by th#ne powder, granules, and micronized
Etruscans [2]. The art of bronze castingltrafine powder. The applications are
experienced a unique upsurge in thalso numerous, as particles or molten
‘golden age’ of the city of Augsburg, un-baths, as a pure substance in solution, in
der Kaiser Maximilian | (1459-1529).aqueous dispersions or solvent disper-
Nowhere else in Germany is the face ofsions as well as pastes or gels.
city so strongly marked by bronze art-
works. They are closely associated with
the names of such artists as Adriaen @ Definition and Classification
Vries, Hubert Gerhard or Hans Reichle
[3]. And even today, the waste-wax The term ‘wax’ describes a series of
method is still in use in the manufactureaturally or synthetically occurring sub-

—— _ of gold jewelry. Wax was also used as stances with common physical and tech-
“Correspondence: Dr. E. Krendlinger

¢/o Clariant GmbH sealant as well as a component in ointical application properties [4][5]. It has

D-86368 Gersthofen ments and dressings. With the advent become accepted practice to group them
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Table 1. Areas of application for wax — Examples

Cleaning agents for floors Printing ink
Coatings and paints Separators

Paper and sheet coating Corrosion protection
Coating of citrus fruits Metalwork

Textiles Leather

Cosmetics Road surfaces

Shoe care Automobile polish
Candles Buildings
Pharmaceuticals Electronics industry
Plastics Pigment concentrate

and non-fossil waxes such as beeswavays crystalline compounds, characteof plastics is also possible. The properties
and carnauba wax. In the case of syieed by narrow melting ranges and conef the products are determined by the
thetic waxes, we differentiate betweeparatively low viscosity in their moltenprocess and the monomers and monomer

wholly synthetic and semi-syntheticform.
manufactured types. Polyolefin waxes,
for example, are manufactured wholly

synthetically, montan esters or montad. Structure, Manufacture and

soaps, by contrast, are produced senfipplication of the Most Important

synthetically. Fig. 1 offers a comprehenWax Types [4-8]
sive overview of the classification of the

most important wax types.

combinations used. Ziegler ethylene-
homopolymers are characterized by mini-
mal branching of the C-chains and high
thermal stability, have a greater density
and a higher melting point than ‘high
pressure waxes’ with a larger number of
side chains. Crystallinity and, conse-

In terms of their chemical structureguently, melting point, density and hard-

A characteristic feature is the fact thgparaffins, Fischer-Tropsch (FT) paraffinsiess can be varied within a wide range by
these are never chemically homogenoasd polyolefin waxes belong to tladi- adding comonomers.
substances but always consist of a suphatic hydrocarbonsand are extracted These products are frequently used as
stance mix. Should one wish to distinfrom petroleum/synthesis gas. They ocseparators, rheology agents, lubricants,
guish between the material class ‘waxegur in linear or branched form withoutbinding agents in the manufacture of pig-
and other material classes, fats and oilanctional groups. ment or additive masterbatches, as dis-
would appear on the low-molecular side Polyolefin waxes are synthesizeghersing agents incorporating pigments, in
with plastics on the high-molecular sidethrough a catalytic process from @ C; the manufacture of ultrafine powders or
In their chemical functionality, waxes arenlefins at low pressure with Ziegler catawax dispersions as well as educts for
long-chain hydrocarbons with varyingysts or radically initiated at high presthe synthesis of polar functionalized
terminal groups. However, waxes are abure. However, the thermal degradatioproducts.

Waxes
3.3 mio. to

I ] [ ]

Fossil waxes

Non-fossil waxes

Partially synthetic

Fully synthetic

waxes

] '____I__l

l

waxes

I ]

saponified waxes

Animal Vegetable Fatty acid Polyolefin Fischer- Polar
Petroleum Lignite, peat, waxes waxes amide waxes waxes Tropsch synthetic
waxes montan wax 10000 to 15000 to 50000 to 130000 to waxes waxes
3 mio. to 4000 to 65000 to 40000 to
Bees wax Carnauba wax l: EBS Polyethylene Oxidized PE waxes
Ozokerite Chemically Shellac wax Candelilla wax Erucamide waxes Grafted PO waxes
Macro- modified Wool wax Rice wax Polypropylene Copolymers
crystalline montan wax waxes
paraffin waxes 13000 to
Micro-
crystalline
paraffin waxes Acid waxes
Ester waxes
Partially

Fig. 1. Classification of waxes
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A completely new process for theof the wax components remain unb.1. Montan Waxes in Powder
manufacture of copolymers is currentlghanged. Only hydrolysis of the wax es€oatings

in its pilot phase: ‘Single site’ metal-ters and oxidation of the wax alcohols to

locene catalysts expand the product rangeids take place. The chain length distr
to include innovative waxes not previbution of the carboxylic acids lies be
ously accessible, which are charactetween G, and G, This acid mix is fur-
ized, for example, by homogenous maher processed in manifold forms.
lecular structure and close molar-mass A typical example is the esterification
distribution. Recently, the first pilotof fatty alcohols and polyhydric alcohols
batches of the metallocene waxes frosuch as ethane diol, glycerol or penta
Clariant have become available under thexithritol, as well as the salt formation o
trade name Licoceffe These products,the —COOH carboxyl groups. Thes
which are supplied for evaluation purposproducts can then be combined with on
es, originate in a continuously operatingnother as well as formulated with hydrg
pilot plant in Frankfurt-Hochst. There,carbons, resins or emulsifying agents.
the new technology is currently being The application possibilities are man
transferred to a production plant. The taifold and range from fruit coating, releas
get for production commencement is thagents for plastics or auxiliary agents i
year 2005. textiles to use in improving the scratc
Oxygen-containing waxesre ob- resistance in printing ink and coatings @
tained by oxidation of polyethylene plasin the production of cleaning agents
tics, polyethylene waxes, paraffins oHere the properties familiar from the
by copolymerization of ethylene withwaxy surfaces of plants are exploite
oxygen-containing comonomers such agich as evaporation retardation, hydr
acrylic acid or vinyl acetate. They arghobing and surface protection.
characterized in particular by their inter- Carnauba, candellila, and beeswa
face-active effect. As a result, this waxn the other hand, are examples of rece
class is particularly suitable for the mannatural waxes with similar possible appli
ufacture of aqueous dispersions and faations. However, the possibility of fur-
use as a lubricant in the processing of pther adaptation is severely curtailed g
lar plastics. Polar modification of poly-recent natural waxes are generally use

i-Electrostatic Powder Spray
Coating (EPS) [12]

The ‘EPS method’ is the most sig-
nificant powder coating method. Herle,
the earthed work piece is coated i

1-cabin using an electrostatic powder
f spray gun. Electrostatic charging |of
ethe paint particles causes them to|be
edrawn towards the work piece. The Ijt-
-tle overspray which does occur is can-
sequently reclaimed. Particularly suljt-
-ed to small parts is a variant which
eworks in a fluidized bath. The charac-
nteristics of the spray cloud have a deci-
nsive influence on the coating resylt.
rSuitable nozzle systems are availaple
.for adaptation. The main areas of ap-
plication for powder coatings are fa-
dcade coatings, automobile paints,
D-equipment and industrial coatings and
corrosion protection. In addition to
xmetal, powder coating systems
ralso excellently suited to such surfages
- as wood or plastic. The most signifi-
cant growth markets are the automo-
\shile industry and the can and coil coat-
2dhg industry.

propylene waxes can be achieved hyithout chemical refining.

grafting, e.g. with maleic anhydrides.

These products, in turn, can be aqueously

dispersed or are used as adhesion pf-Waxes as Additives

moters in polyolefin/fiber composites.
The group osemi-synthetic waxés-

Powder coatings suitable for electro-
static coatings make it possible to apply
plastic-like coatings — as a solvent-free
paint — almost without losses by over-

Whether as aqueous formulationsspray. This method offers advantages

cludes products based on fatty acids affihely ground or applied in molten form —such as environmental compatibility, high
amines or polyols: bisstearoyl/palmitoylwaxes protect the substrate below, ensuitenctionality, excellent surface quality as
ethylenediamine, erucic amide, behenidean surfaces or, as in the case of pigrell as variable substrates and materials.
acid amide, steramide as well as fattynent dispersion, permit low dust or even 1 to 2% waxes which are necessary in
acid complex esters. They are used prtust-free formulations [9]. In cosmeticthis process improve the process, the
marily as lubricants in the processing gbroducts, for example, waxes influencenanufacture and the application of pow-
various plastics, as a lubricant in theonsistency and gloss [10]. Added to asler coating, as well as the coated surface
pressing of powder metal and as lubrphalt mixtures for road construction, ceritself, in a number of ways. For example,
cants in metal processing or as ultrafin@in modified products improve processthey optimize the flow properties of the
powder for use in coatings and printingng characteristics. Furthermore, thepowder in pipelines and spray equip-
ink. also increase the heat resistance of awent. Here they act as lubricants thus re-
Montan wax, beeswax, carnauba anghalt thus helping to prevent the formaducing wear. As a result, the life of the
candellila all belong to the groupwétu- tion of ‘trades’ [11]. As mentioned equipment is extended and the mainte-
ral waxes Montan waxes are of fossil or-above, waxes can be used as coatings fance intervals increased. In stove enam-
igin and are extracted from lignite. Theyitrus fruit, as components in furnitureeling, the wax promotes the flow there-
still contain resins and bituminous subpolish or cleaning agents. In generafpre creating a uniformly hard-wearing
stances as impurities and are thereforeaxes modify the properties of the resurface with a high degree of scratch re-
limited in their range of applications.spective materials systems — whether asstance, excellent slip and good anti-
Crude montan waxes, by their nature, exhe main components or as an additiielocking.
hibit differences in quality caused by cliwith a content lower than three percent. Recent studies prove that the surface
matic changes during the growth period Innovative applications and functionof the coating can be specifically struc-
of the plants. The basic raw material musif wax additives in paints, plastics, cleartured using a combination of suitable mi-
therefore be refined to make it suitableng agents and cosmetics as well as placitonized waxes. Montan waxes demon-
for a broad range of applications. protection are presented in the followingtrate their special abilities as additives in
During the chemical refinement, theext. coating powder extrusion. With suitable
resins and bituminous substances are oxi- recipes energy consumption can be re-
dized using chromic acid. The C-chains duced by up to 30% with considerably
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increased throughput (Fig. 2). At the
same time, the pigment dispersion can be
increased in pigmented systems, whigh 45
manifests itself in improved color
strength. Fig. 3 shows the relationshi
between the addition of a micronize
montan wax (Ceridust 5551; Manufac
turer: Clariant) and the resulting colo
strength. )

increased throughput in %
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130
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5.2. Migration-resistant UV-active 90
Waxes Without wax 0.50% 1.00% 2.00%
Light curing of coatings has becom:s addition

firmly established in all those areas i
[
| —o— Without wax ~5— Wax PE 520 —A— Ceridust 3251 |

ST TS

]

which the advantages of this technology

— such as high production speed and lgw | —— Ceridust 5551 —%— Ceridust 9615 A —6— Ceridust VP 3920 F |
heat — can most quickly be realized and |n | —— Ceridust VP 3940 F |
which the disadvantages of adhesign ‘
have a less serious effect due to t
roughness of the substrate. These condl9- 2- Increased throughput
tions most readily apply to the materials

wood and paper. Light-curable paints for
these two substrates now account fo
around 80% of this paint technology [13].

160

D withe wan

@ 0.6 % Ceridusi B551
@ 1.0% Caoridust 5EET
& 2.0 Corigust BEY

Principle of Light-curing [14]

Using UV light, a photo-initiator i
split into two radicals. These highly

et oolor strargih in %% polor sirenglh A %

works. Light-cured paints can be prdc- {Hostaperm-Red Wiokt ER 02)  [Hostagerm-Bius A4R|

essed in the same way as other liquid_ . o

coatings. They differ from other paint Fig. 3. Increasing color strength in pigments

systems only in that they harden with-

in seconds. In addition to the aggre- Starting point for the synthesis of the'he Licomont waxes are available as

gates for paint application, the UY- (UV-active) reactive waxes are carboxypastilles or powder. The term Ceridust is

curing plant constitutes the heart |of groups, which are formed in the course afsed exclusively for micronized waxes

the system. Instead of drying ovens, athe refining process of crude montawhich — due to a special grinding process

number of UV lamps connected in se-waxes. Following partial esterification— are in ultrafine powder form. Ceridust

ries of compact installation can be with pentaerithritol, the reaction withwaxes can be manufactured with a fine-

used as hardening equipment. By |in-acrylic acid leads to the desired UV-acaess of under im (dsq-value).

creasing the number of lamps, the cur-tive wax (Scheme). With the aid of IR

ing speed of the paints and, conge-studies, it could be shown that the doub&.3. Additives for Technical

quently, the throughput, can be in-bond reacts and the valences thus rEhermoplastics

creased. Immediately after curing, theleased form new bonds with other reac- The use of waxes facilitates not only

coated parts can be stacked or furthetion partners in the paint system. As a reéhe processing of technical thermoplas-

processed,e.g. sanded or paintefd sult of the stable anchoring of the wax itics — such as polycarbonate, polyester or

again. the paint, dulling, scratch resistance, rggolyamide — but also leads to improved

sistance to chemicals, resistance to palse properties in the finished article. In
The use of waxes in coating systemishing and temperature stability, as wekddition to nuclearization and flowabili-

leads to a number of significant improveas glideability and anti-blocking, havety, properties such as removal from the

ments with regard to matting, scratch rédeen extremely positively influenced -mould, gloss, yield and dispersion of pig-

sistance, blocking and much more. Up taend with a particularly long-lasting ef-ments, additives or fillers are also signifi-

now, however, all known waxes behavetect. cantly improved. The decisive factor in

chemically inertly in UV coatings and, as The new product is marketed undetheir function is the polarity of the waxes

a result of undesired migration, graduallyhe brand names Licom6hER 165 and chosen. Various waxes are used, depend-

lost their effect. A new UV-active wax, inCeridus® 5091 (manufacturer: Clariant).ing on the type of plastics involved (Ta-

contrast, is firmly anchored in the coatinghe two types are chemically identicable 2) [16].

film [15]. and differ only in grain size and form.
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1. Reaction phase

o

CH,-OH CH,-0-C-M

Pentaeritrit

| ¥
HO-C-C-CH,OH +  Montanic acid (2.5-2.8 mol) —— HO-Q-C-CHz-O-TM
1

CH,-OH coc MO
I
2. Reaction phase °
' 1
I o Reactl Wax:
CH,-0-C-M (H0-C g

] Acrylic acid (1.3 mol) - 0 | | TP Licomont ER 165, Prills
HO-G-C-CHO-C-M CH,=CH-COOH — C-0-C-C-CH,0-C-M ___

o and as micronized Product:

-C-0-C-M TP Ceridust 5091
b

(o]

I

o HC
| CH,-0-C-M

CH,

Double bonds confirmed with 3C-NMR

Scheme. Synthesis of a UV-reactive wax

Table 2. Summary — Waxes for plastics [12]

Wax type PVC PO PC PS PETPA TPU
PO-wax X X X X
Wax oxide X X
Polymer oxidate X
Montan wax X X X X X X X
Ceridust X X X
EBS X X X X X
Waxes which are incompatible with5.4. Waxes for Daily Beauty Care that a moisturizing effect can take place

the polymer matrix have an external ef- Synthetic acid waxes and wax esteiis the deeper layers of the skin.
fect as a lubricating film between theare of such interest to the cosmetics in- Undoubtedly the semi-synthetic waxy
molten mass and the metal surface of tliistry in particular because the brancheatids and wax esters will become in-
processing machinery. They thereforgarieties are capable of forming vaporereasingly firmly established in the
prevent sticking and reduce, for examplgermeable films [17][18] which do notcosmetics industry. A major benefit, in
the mold-release power in injectiorprevent the skin from breathing. In addiaddition to assured production, is the
molding. tion, acid waxes and ester waxes are egensistent quality ensured at Clariant by
Waxes compatible with the matrixcellently compatible with the other lipids,the 1ISO 9001 quality assurance system.
mix act as an internal lubricant and imvegetable oils, paraffin hydrocarbonsAs a result of this control, impurities or
prove the flow of the molten masssolventsetc.used in the cosmetics induseontamination can be ruled out, which is
through reduction of the internal friction.try, and are therefore preferred [19].  not always the case with natural products.
Compatible waxes can also be used for Waxes in cosmetic products serve &y setting precise values such as acid
working in fillers or pigments. Their uselubricants. When applied to the skin, thepumber, dropping point or saponification
often leads to improved mechanical andan penetrate the rifts in the epidermigalue, the resulting finished product can
optical properties. thus smoothing the skin and reducinhe manufactured to a consistent quality.
The function of the nucleation agentoughness. As the waxes are very readiiinally, continuous availability and price
is based on the fact that crystallization aibsorbed, they also serve here as emstability should also be mentioned in this
the polymer in the added particles begirgnts. They lend the skin excellent flexicontext.
at different points at the same time. Thhkility and softness.
speed of crystallization is increased as a Furthermore, waxes regulate thé.5. Auxiliary Substances
result and the degree of crystallizatiomoisture balance of the skin. Their pendn Pesticides
standardized. In contrast to inorganic nuration behavior permits the skin to ab- The manifold properties of wax for-
cleation agents such as talcum, waxes agirb moisture. The film formed by themulations can be used in the application
simultaneously as lubricants, separatorgaxes also has an occlusive effeat, of pesticides. Dispersions with non-ionic,
and dispersion agents. moisture loss is significantly reduced sanionic and cationic emulsification agents,
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adapted to the active ingredients of theeed, they prevent dust formation andi) B. Gessler-Léhr, ‘Weg zur Unsterblich-

pesticide, have been developed and aabrasion and the associated loss of active
used in tank mix application. Through théngredients. At the same time, the film
addition of wax, the effect of the pestiserves as a lubricant and ensures an easier
cide can be made safer for the user. Fthroughput of the seed in the sowing ma-
example, lower levels of evaporationchinery.
less washing out, improved absorption,
lower level of weather sensitivity, and
lower phytotoxicity can be achieved6. Protecting, Separating,
Where the wax is incorporated directl\Creasing ...
into the pesticide formulation, the pro-
portion of highly volatile solvents can be The areas of application for waxes
reduced. As a result, a considerably moend the variety of wax formulations are
environment-friendly form of crop pro-so manifold and varied that it is almost 4]
tection is possible. Fig. 4 shows the effedinpossible to list them. Due to the variety
of wax on the evaporation behavior obf chemical compositions, on the one
Cyhalotrin, an insecticide with pyre-hand, and the range of delivery forms on
throid ingredients. Without added waxthe other, waxes can be combined with
the availability of the active ingredientthe most common materials. As the mainl>]
drops to less than 20% within five dayscomponent or an additive with a propor-
With the addition of wax, the release ofion under three percent, waxes deter-
the active ingredient can be significantlynine or modify the properties of the re-
decelerated and, with this reduction in inspective material system. Protecting andg;
itial activity, the duration of the effect in-improving appearance, binding and sepa-
creased. rating, bonding and lubricating — these
In the case of fertilizers, the use ofire just a few of the diverse tasks thai’l
waxes also produces a slow-release effagaxes can perform in materials systems.
and can consequently reduce the pyroxic
effect, e.g.of nitrolime. They reduce the
level of dust formation and caking as well
as the attraction of moisture and thus con-
siderably simplify the use, particularly
for fertilizers for the home and garden
area. (Here too aqueous formulation wax
dispersions can be used.)

(3]

8
Received: March 28, 2002 (8]

(9]

. 10
Furthermore, waxes are also used in [10]
seed dressers where they improve the dis-
tribution and fixing of the active ingredi-
ent. By forming a thin film on the dressed [11]
[12]
Decrease in time of A-Cyhalotrine
(on PE-film, applied as KARATE) (13]
120%“\‘\;“ I T A T
‘ | - | | } i i | i i ‘ |, —@—~KARATE pure }
\ L f—— : - 14
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storage time in climatic test cabinet at 23°C [days]

Fig. 4. Evaporation tests of A-Cyhalotrin with and without wax
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