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ADHESION AND
SOLVENT BONDING

S.C. Temin
20 Rainbow Pond Drive, Walpole, MA 02081

Industrial practice often requires that plastic parts be affixed to other plastics or to nonplastic
matenals. Of the methods available to engineers who must make judgements relative to the
most suitable assembly technique, adhesive bonding must be seriously considered.

Adhesive bonding of plastic substrates is already a comumon practice; even greater uli-
lization can be expected with the increasing availability of improved adhesives. Currently,
adhesives compete with welding, fusion, and mechanical fastening. However, adhesive bond-
ing offer special advantages. Not least among them is the opportunity of weight savings
compared with metal fasteners. It is of special appeal in the automiotive industry, where
vehicle lightweighting is crucial.

117.1 ADVANTAGES

The use of adhesives may indeed be the only seusible route in some instances. The reasons
are as follows:

1. The ability to attach materials that are impractical to bond in other ways. Tt is obvious
that screws or bolts are not suitable for paper, glass or other brittle materials, thin
films, fibers, and foams. Moreover, the shape of the substrate may render mechanical
fastening difficult or impossible.

. The ability to join dissimilar materials. Significant differences in thermal coefficient
of expansion may disqualily mechamcal fastening. Thermal fusion is also disqualified
for unlike polymers. Adhesive bonding of dissimilar materials often yiclds composites
with enhanced properties by utilizing the best features or physical properties of sach
COIHEOHGI!Y

3. Uniform distribution of stress. In a simple bonded overlap, any load applied to the

joint is distributed evenly over the entire bonded area as if the material were contin-
uous. In terms of stress vectors in both tensile stress (away from the bond) and shear
stress (across the bond), all of the adhesive contributes to opposing the stress. In
contrast the holes required for rivets, nails, screws or bolts are stress concentrators
or focal points that contribute to failure. Adhesive bonded assemblies generally can
resist shock, vibrational and fatigue failure better than mechanically attached assem-
blies. This often means that adhesive-bonded members can be thinner in cross-section
and lighter in weight.

2
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1642 ADHESION AND SOLVENT BONDING

4. Reduction in joint weight. This feature is partially related ro the better performance
possible with lighter weight parts because of the elimination of stress concentration
points. Reduction in weight is possible because adhesives are generally of low specific
gravity, and applied preferentially in thin layers. In many joints the forces of adhesion
exceed the cohesive strength of the adherends.

§. Environmental protection. Although usually more important in metal-to-metal join-
ing, the continuous contact between surfaces made by adhesives seals out corrosive
or harmful agents, Both zases and Hquids can be excluded by the adhesive,

6. Resistance to vibration. Elastomeric adhesives resist the fatigue and subseguent failare
that is brought on by repeated deformations. In general the more flexible the adhesive,
the greater the resistance to strain occurring in the adherends.

7. Smoother surfaces. Adhesive bonding, like thermal bonding, eliminates such imper-
fections as rivet-point dimpling, surface spots or projecting portions of devices that
are comumon with mechanical fastening. This reduces finishing costs and makes possible
more esthetic and more functional product design.

117.2 BASIC REQUISITES

All adhesives must be liquids, or at least capable of some degree of flow. A primary
requirement for good adhesion is that the adhesive and adherend surfaces must be in close
contact, since the attractive forces that promote adhesion vary as the inverse sixth power
of the intermolecular distances. To get substrates close enough to effect a good bond, their
surface roughnesses must be made to correspond. In essence, the adhesive must be a fluid
because the solid adherend is never smooth in a miCFGSCOPIC senge. For sohd polymers, this
means that the adhesive must be melted or dissolved in a suitable solvent before application.

The adhesive must also be sufficiently mobile to quickly penetrate holes and depressions
in the solid surface. If voids are left when the adhesive solidifies, the joint will be weak,

Finally. the adhesive must solidify to provide sufficient strength to resist unbonding
stresses. (Pressure-sensitive adhesives, of course, do not solidify; their function is best
described Tn terms of thelr viscoelastic properties). Solidification oceurs either through evap-
oration of a solvent or through chemical reaction (polymerization), frequently called curing.
Drying or curing converts the fluid material to a solid, which can be either rigid or elasto-
merie.

Wetting of the solid surface requires the selection of an adhesive that is suitable in terms
of the surface energy or surface tension of the adherend. Any adhesive supplier can furnish
this information. However, 1t 1s often necessary (o alter the surface of the adherend to make
it receptive 10 adhesives,

117.3 TYPES

There are five basic physical tvpes of adhesives: curable Hguids. solvent cements, hot melts,

aqueous, and pressure-sensitive. The curable liquids undergo a chemical reaction or poly-
merzation to attain a nonfluid condition. Qften these consist of two parts, each of which
is stable by itself but when mixed together undergo a chemical reaction. Solvent cements
are simply dilute sojutions of fully reacted adhesives that solidify by loss of solvent. Hot
melts are 100% solids that become liquids on heating above their melting or softening points;
they are applied hot and solidify on cooling.

Agqueous adhesives dissolved or dispersed in water may either simply dry to the proper
physical form or undergo a reaction when the water is removed. Solvent-activated adhesives
are deposited at the bond line in solid form and rewet with solvent just before making the
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1174 LIMITATIONS

assembly. As with all solvent-borne adhesives, better joints are formed with porous substrates
that permit a faster evaporation of solvent.

Pressure-sensitive adhesives do not change form or harden but behave as high-viscosity
fluids which, because of an increase modulus as the shear or deformation rate is increased,
can be easily removed from the substrate. Pressure-sensitives are frequently used as tem-
porary anchorage for components that must be repositioned.

Another way of looking at adhesives is in terms of their chemical composition. Table
117.1 lists in a simplistic sense the more common physical and chemical types (the actual
chemistry of each 15 more complex and beyvond the scope of this chapter). In addition to
unlisted additional compositions that fall in each category, there ate many mixtures or blends
of two or more chemical types, called hybrids, Table 117.2 lists common adhesives and their

typical properties.

117.4 LIMITATIONS

A key disadvantage of adhesive bonding is the need for fixtures or clamps in many such
operations. Another is the slowness, relative to mechanical fastening or fusion welding, of
adhesive bonding. Other disadvantages include the following:

Limited Shelf Life. Adhesives that depend on a curing reaction and are mixed beforehand,
have a relatively short pot or storage mix. Some other adhesives must be carefully stored

* TABLE 117.1. Adhesives Classified by Type

Types

Examples

Curable liguids

Solvent cements
{includes water)

{includes dispersions)

Pressure sensitive

Solvent-based
{Cements)

High temperature use

Room temperature cure

{one or two-component)

Physical

Epoxies, urethanes,
acrylics, silicones
Acrylics, elastomers,
vinyls, cellulosics,

vrethanes

Hot melts Polyamides, EVA,
(100% solids) polyesters, urethanes
Aqueous PVA, epoxies, silicones,

aminoplastics, rubbers,
phenolics
Double-faced tapes

Cherical
Anaerobic Methacrylates
Contact Rubber
Cyanoacrylate Methyl, ethyl esters
Emulsions PVA, PVC, rubber, EVA,
acrylic, chloroprene
ot melt Polyurethane. polyamide,

EVA, polvester

Agrylic, chloroprene,
nitrile, nitrocellajose
phenolic, PU rubber,
vinyl

Epoxy, PU, silicone,
polyamides

Acrylic, cvanoacrylate.

epoxy, PU
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1644 ADHESION AND SOLVENT BONDING

TABLE 117.2. Common Adhesives

Adhesive Properties

Acrylic Room temperature cure

Phenolic Most require heat

Epoxy Broad range of
properties

Modified polyolefin Hot melis

Model cement Resin in solvent

Polyurethane Broad range

Pressure-sensitive Mostly in tape form

Emulsions (vinyl, acrylic, No solvent

rubber)

Sealants Caulking {buaryls,
silicones)

White glues PVA dispersion

in order to avoid premature reaction. Additionally, two-part adhesives have a working life
that depends on their rate of reaction; the faster the cure, the shorter the pot life. For this
reason it may be desirable to use dispensing machines that blend the two components
immediately prior to application. In general, if rapid cure under ambient conditions is
required, care must be taken not to pre-mix large quantities of the {wo components.

Need for Surface Preparation. Surface contamination of plastics can prevent the necessary

intimate contact between adhesive and adherend. For example, low molecular weight sub-

stances can bloom to the surface, as can certain additives, creating a “film” that defeats the
purpose of the adhesive.

Solvent Retention. Where solvents are used, or where a product of the curing reaction is
volatile, there is always the danger that failure to dry the adhesive adequately can cause
bubbles or voids. These imperfections can seriously weaken the glue line, since they function
as stress concentrators that prevent intimate and complete contact of the two surfaces.

Temperature Limitations, Atelevated temperatures, polymeric adhesives become unstable
and will degrade. Some adhesives also become brittle and ineffective at low temperatures.
Thus, temperature considerations are important in adhesive selection, and could in fact
affect the decision as to whether adhesive bonding is suitable for a particular application.

Materlal Limitations. A primary disadvantage of adhesive bonding (excepting pressure-
sensitives) or welding is the inability to disassemble the parts for repair or inspection.

117.5 SELECTION FACTORS

Dretermination of the relative merits of a particular adhesive, involves a number of factors:
need for a primer, amount of surface preparation, cure time, fixture time, need for heating,
adhesive viscosity, cost, and properties of the cured adhesive.

Some of these considerations relate to the cost of the operation. Elimination of surface
preparation and the need for a primer can be important factors in selecting an adhesive, If
cure time or consequent fixture time is excessive, the resulting time delays may mitigate
against an otherwise useful adhesive. If heating is necessary (either to effect complete cure
or to reduce the time for reaction or solvent evaporation) an additional cost is involved.
However, most adhesive operations require realtively low capital costs.
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117.6 SURFACE PREPARATION 1645

Other selection factors relate to the nature of properties of an adhesive. Viscosity must
be suitable-—either low enough to ensure good wetting of the adherend or high enough to
prevent run-off on vertical surfaces. Further, the modulus of the cured or dried adhesive is
a factor in terms of the flexibility or resistance to deformation required for the bond line.
In turn, these considerations depend on the nature of the plastic and the anticipated use-
life stresses or extent of strains.

A most critical factor in selection, of course, is adhesion to the plastic. Not ajl adhesives
will function satisfactorily with all plastic surfaces; even within classes of adhesives or plastics,
individual members difier in behavior.

Consideration of environmental resistance depends on the desired use life for the bonded
assembly. For instance, water resistance obviously is required if the assembly is intended
for outdoor exposure. Phenolics, epoxies, and acrylics are examples of adbesives that weather
well. Simitarly, the part may have to be exposed to oils or solvents and an adhesive should
be chosen with that in mind. Also, certain rubber-based adhesives are contraindicated if
long use life is contemplated, since polymers with unsaturated backbones undergo an oxi-
dative degradation with time, which is accelerated by heat or light.

117.6 SURFACE PREPARATION

Improved adhesion can be obtained when the surface of a plastic part is prepared correctly.
The adhesive must wet, spread and penetrate the rough surface of the adherend,

Cleanliness is a basic requirement in order for the adhesion to make intimate contact
with the substrates to be bonded. Surface preparation entails both obtaining a clean surface
and, if necessary, altering the surface wension of the substrates to correspond to the surface
tension of the adhesive.

Roughening of the plastic surface provides an increased area for bonding and strengthens
the joint against shear forces. Accordingly, instructions for surface preparation usually entail
both cleaning and abrading the surface. The extent of surface preparation required for a
particular bond depends on the physical requirements for the assembled part; more extensive
preparation is indicated in instances where extreme in-use stress will be placed on the joint.
Thus surface preparation may consist of ong or more of the following: solvent cleaning;
abrading and solvent cleaning; chemical treatment (to alter surface energetics).

Sclvent Cleaning. For many operations, particularly where the joint will not be subjected
to severe in-use stresses, cleaning the surface may require only 2 wipe with a suitable solvent
or detergent solution. Different solvents are recommended for wiping various plastic surfaces.
The choice of solvent is dictated by the solubility properties of the plastic. For example,
most common solvents other than alcohols severely attack polystyrene, whereas, nylons are
resistant to the same solvents. As a generalization, crystalline polymers are less likely to be
attacked by common solvents.

Often, parts are solvent cleaned by more elaborate procedures, such as vapor degreasing,
ultrasonic vapor degreasing, or immersion in a series of cleaning agents, which tend to give
cleaner surfaces than wiping with cloth or paper. Commonly used solvents are halogenated
to minimize flammability concerns. They include methylene chiloride, perchloroethylene and
similar materials Table 117.3.

Abrading and Solvent Cleaning. In the simplest case, plastic components can be wiped
with a sclvent, abraded with emery cloth and then wiped again to ensure removal of all
debris. The plastic surface is not changed chemically but is altered physically; because some
- of the plastic may be removed the roughened surface now offers the possibility of mechanical
interlocking Table 117.3.
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1646 ADHESION AND SOLVENT BONDING

TABLE 117.3. Plastic Surface Cleaning’®

Plastic Method
Acrylics Wipe with methanol
Aminoplasts Serub (detergent), scour, rinse
Cellulosics Wipe with alcohol, scour ‘
Epoxy Degrease (acetone, MEK) !
Fluorocarbon Sodium (solubilized), scetone wash
Nylon Phenol (12% squeous); 1:1 resorci-
nol-ethanol
Polyamide Solvent-clean {acetone, MEK]),
serub
Polyolelin Oxidize (chromate or radiation)
Polystyrene Wipe with alcohol
Polyurethane Wipe with acetone or MEK
Rubbers (NBR, Scrape, scrub with wluene (immerse
%( SBR. NBR. Neo- in acid)
prenc)

Reinforced plastics Wipe with MEK

“Host surfaces {cxcept those chemically aticred) arc preferably abraded
or roughened.

Chemical Treatment, Where optimum adhesion is required, chemical treatment of surfaces
may be required. For low energy plastics, such as polyolefins and fluorocarbons, the chemical
nature of the plastic surface must almost always be altered in order to give a more polar
{(higher-energy} surface.

Chemical alterations can be drastic in the case of the low energy plastics. For instance,
chromic oxidation fnvolves using a liquid used to remove organic contaminants from glass-
ware. It is hazardous to use, and proper safeguards must be exercised. Similarly the de-
fluorinating solution (utilizing a form of sodium) is dangerous and requires expertise in
disposal.

To avoid the problem of hazardous chemicals, sheets of fluorocarbons can be purchased
already chemically modified.

An alternative approach 10 activating plastic surfaces that does not require the use of
hazardous fluids is radiation treatment. Such treatment renders polyolefins more amenable
to adhesive bonding. Other techniques for enhancing adhesion of plastics include flaming
and plasma treatments. Detailed instructions on surface preparation for plastics are available
in the literature.

117.7 SOLVENT CEMENTING

A variation of adbesive bonding, solvent cementing is particularly useful for noncrystalline
thermoptastics, Crystalline polymers generally do not dissolve in ordinary solvents at room
temperature.

Solvent cementing depends on active solvents to soften and swell the plastic surfaces;
after assembiy and evaporation of the solvent, a monolithic clear joint is obtained. Individual
solvents are seldom used; a combination of solvents is a more common way to attain the
properties desired. Solvents frequently contain some dissolved polymer (of the same type
as that to be bonded), to aid in gap filing and to speed up drying. With cements thickened
with dissolved polymer, it may be necessary to mask the area around the joint to facilitate
removal of excess cement squeezed from the bond line by clamping pressure.

Masking has general application in solvent cementing when the parts to be assembled
are soaked in the solvent as & preliminary to adhesion. Cellophane tape rather than masking
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117.8 PREFERRED ADHESIVES 1647

paper, is preferred. Parts can also be masked using commercially available masking com-
pounds based on animal glues or gelatins, The masking compounds are applied hot and
carcfully stripped away for application of the solvent cement.

Another method used in joining is capillary action. Fine wires are used as shims, and
the adhesive applied from a dropper or needle. After capillary action has adequately spread
the cement, the wires are removed,

Tabie 117.4 gives some exampies of bonding with solvents or solvent cements. The plastics
listed are not necessarily always bonded this way, however. For example, ABS can be readily
joined using epoxy or acrylic adhesives. This avoids the long drying times associated with

solvents. Care must be taken in choosing solvents for polystyrene; caution must be exercised
to avoid solvent crazing.

Solvent cementing is the method of choice for many plastics. Acrylics, for example, are
readily bonded with such chlorinated solvents such as methylene chloride, ehtylene chloride
1,1,2-trichloroethane, or chloroform. If a more viscous cement is desired, a solution of
acrylic chips (from 2 to 8% by weight) in the chlorinated solvent can be used. Cellulosics
also are good candidates for solvent bonding. A typical cement for cellulose acetate is o
10% solution of the polymer in a mixture of acetone and methyl cellosolve. For acetate
butyrate, a cement based on equal parts of acetone and ethyl acetate is useful.

Poly(vinyl chloride) is frequently bonded using solvents like acetone or methyl ethyl

. ketone. Sometimes more powerful solvents like cyclohexanone or tetrahydrofuran have to
be used. Here the cements not only contain polymer {(PVC) but plasticizer as well.

It is important to remember that solvent cementing is generally employed only when the
parts to be joined are of the same plastic. Finding a mutually satisfactory solvent mixture
for two different plastics is often difficult.

117.8 PREFERRED ADHESIVES

Choosing an adhesive for a particular plastic is not 50 easy as one might suppose. The
adhesive providing the strongest bond to a given plastic may not necessarily be the best for
a particular job. Primary consideration must be given to the form of the plastic, to its
modulus, and to the conditions to which the bonded assembly will be subjected in actual
use.

TABLE 117.4, Solvents for Cementing

Plastic Recommended Solvents”

ABS Blends of acetone, MEK, MIBK, THF or
methylene chioride

Aceral Methylene or ethylene chloride’

Cellulose acetate Acetone or MEK with methy] cellosolve

Poly(methyl methacrylate) Methylene chloride, chloroform, trichioro-
¢thylene

Phenylene oxide Chlorinated solvents, xviene/MIBK (25/75)

Poly(butylene terephthajate) Hexafluoroisopropanol

Polycarbonate Methylene chioride

Polystyrene Methylene chloride, ethyl, acetate, MEK,

) trichioroethylene
Polysuifone Methylene chioride
Poly(vinyl chloride) Mixed solvents (THF, MEK, MIBK, diox-

ane) with plasticizer

“Usually 1 to 7% of plastic is dissalved in solvent.
BMEK = methyl ethyl ketone, THF = tetrahydrofuran, MIBK = methy! isobuty! ketone.

Declaration of Robert A. lezzi, Ph.D.
APPENDIX C-9

Wavelock

Page 129




1648 ADHESION AND SOLVENT BONDING

Flexible parts should be bonded with flexible adhesives. When bonding dissimilar ma-
terials, the adhesive must be resilient enough to allow for differences in coefficients of thermal
expansion.

Choice is complicated by the fact that an unfilled plastic behaves differently from the
same material reinforced. It frequently happens that adhesives that give relatively low bond
strengths with the unfilled plastic will give greatly improved performance with the same
material filled with a polar inorganic substance, particularly after abrading. As earlier noted,
organic polymers are low energy materials, in contrast to the higher-energy surface (like
glass) to which most adhesive readily adhere.

Table 117.5 lists a number of plastics along with recommended adhesives. However, resin
formulations often differ within the same family, and this can affect the performance of the
adhesive. For example, structural acrylics are often formulated with different monomers
and a particular grade may be more (or less) receptive to one adhesive than to another.
However, adhesives can be formulated to vary considerably in polarity and in terms of the
flexibility of the cured adhesive. Where flexibility is crucial, rubber-based adhesives may be

% % TABLE 117.5. Recommended Adhesives for Bonding Plastics
Plastic Adhesives
ABS Epoxy, urethane, acryiic, nitrile-phenolic, cy-
anoacrylate
Acetal Epoxy, phenolic, polyester, EVA, cyanocacrylate

Cellulose acetate
Elastomers

Epoxy

Fluorocarbon

Nylon

Phenolic

Phenylene oxide
Poly{methyl methacrylate)
Polycarbonate
Polyolefin {untreated)
Polyester (lincar)
Polyester (unsaturated)

Polysulfone

Polystyrene

Polyurethane

Poly(vinyl chloride)
Flexible
Rigid

Silicone
Urea-formaldehyde

Urethane, resorcinol-formaldehyde, nitrile~-pheno-
lic, rubber-based

Pressure-sensitive based on similar elastomer, ure-
thane

Epoxy (with primers), nitrile-phenolic, acrylic,
polyester, resorcinol-formaldehyde

Urethane

Phenolic, epoxy, polyamide hot mel

Epoxy, hybrid, phenolic, poly(vinyl acetate), urea~
formaldehyde, acrylic, urethane

Polysulfide epoxy, silicone, rubber-based, acrylic
cyanoacrylate

Cyanoacrylate, nitrile phenolics, epoxy, urethane

Epoxy, acrylic, urethane, silicone, cyanoacrylate

Rubber-based, EVA, modified polyethylene

Polyester, cyanoacrylate, nitrile rubber, urethane,
acrylic

Acrylic, urethane, neoprene, nitrile-phenolic,
epoxy

Epoxy, vinyl-phenolic, rubber-based, urethane,
polyester, cyanoacrylate

Vinyl acetate-vinyl chloride emulsions, acrylic,
polyaride, urethane, epoxy, polyester, hot
melt, urea—formaldehyde

Pressure-sensitive rubber emulsion, polyester,
epoxy, phenolic, urethane, nitrile rubber

Nitrile rubber, neoprene, urethane

Epoxy, urethane, acrylic, nitrile rubber, silicone,
nitrile~-phenolic

Siticone

Epoxy, nitrile~phenclic, phenolic, polyester, neo-
prene, cyanoacrylate
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11710 APPLYING THE ADHESIVE 1649

preferred over others that have higher adhesion values. Cyanoacrylates, for instance, cure
so quickly that jig or fixture time may be avoided, but they are usually quite inflexible.

Plastics and adhesives designed for very high temperature use are not covered in this
discussion because therc are some special problems with these systems. Manufacturers,
particularly those in the aerospace industry, may wish to consult government sources for
recommendations.

A comment is in order about a relative newcomer, acrylic structural adhesives. Their
great advantage is hardening to handling strength in seconds without heat. This capability
transiates into markedly reduced process costs and greatly increased process speeds. Struc-
tural acrylics are much tougher and higher in impact resistance than cycanoacrylates, and

" are more resistant to environmental factors.

Offshoots of this adhesive category are UV-curable and visible light-curable types. Oth-
erwise similar to chemically curing grades, they solidify in less than 10 seconds. Their utility
for certain applications utilizing transparent plastics is promising.

117.9\ JOINT DESIGN )
/
There arg\a variety of ways to effect adhesive joining of plastic componexy(s (lap, scarf, strap,
etc). Whichever is used, it is always best to design joints to minimizé peel stresses. It is
important that the joint be designed so that the adhesive is subjecteﬁ to compressive and
shear forces inuse.
The effect of joint design can be summarized:

> Butt AN Unsatisfactory /
- Lap AN Practical i

+ Scarf N Very good

- Joggle lap N, Good S

» Strap ™. Fair

» Double strap “Good

« Recessed double strap ’Cll‘iﬂd CXPeHSW*«

Other generalizations about adhem’a b(md;ﬁv

1. Width of the bonding area mcreases nt strength linearly; increasing the length of
the bonded area, although beneficial, Qo not make as great a contribution to strength.

2. Thickness of the bond line »houl,e'f be controlied to about 4 to 6 mils {0.1-0.15 mm)
of adhesive. A greater gap in the d stance between adherends has a deleterious effect on
peel and cleavage strength of th "bond.

3. Suff adherends (high-modylus plastic substm{cs) are less sensitive to joint geometry
than flexible adherends. ;

3,

11710 APPLYING T)é ADHESIVE N\

‘\
Techniques for applyi /;l'g liquid adhesives depend on the sophzs‘!szcauon of the job as well as
on production-volumie needs. Thus, applicator equipment ran&es all the way from con-
veyorized and autaﬁmted dispensing systems 1o eyedroppers or bm\shes Typical single type
applications are 7 \\

3

%

« Spray gun (axr or airless)
» Brush
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Figure 2—Schematic representation of the typical constituents
and contaminants on metal surfaces

the treatments and finishes applied to their surtaces. Al-
though, ideally, the two concerns would or should be
complementary, in reality they are often in opposition to
one another and the preterred choices and requirements
for optimizing the performance of the treatments and coat-
ings in a particular application must be subordinared to
the intended function and performance of the metal’s end
use. The choices one may make in selecting a preparative
treatment or practice for a given application are otten
dictated or limired by circumstances entirelv unrelated to
the achievement of optimal preparative results. When and
where such situations prevail, a well-founded understand-
ing of the technology of surface preparation will be invalu-
able in effecting a sensible compromise for satisfying the
conflicting demands of the problem.

Metal products comprise one of the largest classes of
materials which are coated and painted and their usage
spans virtually the entire spectrum of consumer goods and
markets. Appliances, automobiles, containers, buildings,
housing, machincry, ships, trucks, wansmission pipe, tanks,
fixtures, furniture, and an almost endless list of other
items require the application of coatings at somce time in
their service lives. Each of these applications has unigue
functional and quality prerequisites and service require-
ments. Carbon and specially-alloved steels, coated steels
and aluminum, in a varicty of grades, are the predominant
metals being used in these applications, and each class of
metal has its own characteristic responsc to preparative
treatments and coatings. [t is interesting that these charac-
teristic responses often do not refleet the propertics and
compositions of the bulk of the solids concerned but rather
are determined by the unique attributes of their surfaces.
In turn, the surface attributes of metals are strongly deter-
mined by both their chemical composition and metallur-
rical structure and by the history of their prior processing.

The surface compositions of the various metals consist
primarily of a mixture of the oxides, hydrates, and salts of
the metallic elements which malke up the metal composi-
tions and usually very little of the free metal itselij(note
Fieure 2). This multi-derivatized surface is what st be
accommodated by the preparative teatment emploved to
properly dispose the surfaces to receive the coatings to be
subsequently applied. In addition to the naturally derived
constituents to be expected on the metal surfaces, as noted,
therc may also be present contaminants which accumu-
late on the surfaces of the metals as the resule of the prior
processing, handling, and various incidental or ambient
cxposures. These latter constituents on steel might in-
clude such species as surface carbon, oils, and rolling and
forming lubricants, metal fines, non-metallic surface in-
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clusions, rolled-in scales, large surface carbides, dire and
grit, corrosion preducts, extrancous soils and the by-prod-
ucts of bacterial action, mildews, and other fungal depos-
its. Zinc surfaces will primarily carry oils, lubricants, cor-
rosion products, metal fines and dusts, dirt and gric, and
extrancous soils, bur not the other contaminants noted for
steel. Aluminum surfaces are very much like those of zine
but they tend to develop very heavy deposits of aluminum
oxide. Although the aluminum oxide 15 not actually a
classical contaminant itself, it may inhibit the removal of
any wue contaminant specics otherwise present.

There are no universal means that will remove all the
possible contaminants on a metal surtace short of actual
dissolution or removal of a layer of the surface itsclf.
Alkaline cleaning media normally will be cffective avainst
residual oils and lubricants, most soils, dirt and grit, rela-
tively loose metal fines, and bacrerial and fungal by-prod-
ucts because these materials are generally sensitive to the
dissolution, saponification, emulsifying action, and deter-
gency functions by which alkaline media operate. Except
for saponification action, acidic cleaning media are also
effective against the soils noted and operate by the three
remaining processes noted for the alkaline cleaners. Where
organic solvents can be tolerated, solvent cleaning is an
excellent means of removing heavy deposits of oils, grease,
and other organic materials suitably soluble in various
hvdrocarbon, ester, ketone, and chlorinated solvents. Va-
por degreasing is a common means for solvent cleaning
smaller pares casily accommuodated in the enclosures re-
quired by this practice.

Surface carbon (sce Figure 3! generated during the an-
nealing of steel is nor readily removed except by electro-
Ivtic action or acidic dissolution {pickling! of the merallic
surfaces. Surface inclusions and rolled-in scale on sreel
respond to pickling and surface grinding provided they are
onlv superticial and not deeply embedded. Surface car-

Figure 3—Surface carbon wiped from a steel surface after it
was cleaned by a hot alkaline power washing
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impair the pertormance of the pretreatment and the coat-
ing applied over it

F. Priority of Mechanical Perfermance Qver
Surface Requirements

It must be acknowledged that the first priority in the
manufacture of a metal substrate is the development of its
intended mechanical properties. Memls are used princi-
pally because they offer strength, vigidiey, and barrier quali-
tics in a particular application (Figure 131 It is only after
these mechaniecal requirements are satisfied that other
considerations, such as the surtace variables atfecting coat-
ing, can be addressed. As a rule, the characteristic surfaces
which result from the required metatlurgical processing of
the mertal are those that must be handled, whatever their
condition, in the preparative processes emploved for or-
ganic coating. Rarely is a parricular metal substrate chosen
for an application because it will have the easicst or best
surface for subsequent coating. Consequently, compro-
mises are frequently neeessary in the sclection of a pre-
parative process or in the cost of preparation to accommeo-
date the mechanical property priorities of the substrates
being cleaned and treared. An example can be cited to
illustrate this point.

A steel structure, such as a bridge, mav be constructed
with a high strength-low alloy steel to reduce its weight,
yet maintain ies structural integrity, The subsequent paine-
ing of the alloy steel will be somewhat more costly, since
the rate of cleaning the surfaces of the alloy steel by
abrasive blasting will be slower, because the surfaces rend
to be slightly more resistant to oxide removal than those
of carbon steel. The higher cost of preparation and painting

Figure 13—A press drawn quarter panel of an automobile body
(The panel illustrates the stringent mechanical requirements
which must be satisfied by metal sheet ahead of any finishing
demands)

is accepred to gain the advanrage of the mechanical strengeth
and ndgidity of the alloved steel structural members.

The foregoing discussions and tHlustrations are instruc-
uve hecause they elearly point up the necessity of antici-
pating the numerous chemical, physical, and aperating
interactions that can impact on the preparative cffores
required to enhance the receptivity of metal surfaces for
organic coatings. By recognizing the critical clements that
contribute to the sclection process, one can make the
raticnal and technically sound compromises needed o
choose the best preparative methods for a VAriety of in-
tended purposes.

il. SOME THEORETICAL AND TECHNOLOGICAL

CONSIDERATIONS OF METAL SURFACES

A reasonably good understanding of the scientific prin-
ciples concerned with metallie elements and their associ-
ated compounds is necessary o properly appreciate both
the similarities and the differences these materials exhibit
when they are prepared for coaring. Regarding the technoi-
ogy of metallic substrates, two very important concerns
are the characteristic artributes of metals which have an
effect on their surfaces and the constiturional features of
mctallic surtaces which may be altered by the preparative
processes preceding coating. Other aspects of meral sur-
faces which must be considered are the effecrs of the
mechanical and thermal treatments they have undergone
and the effects of the surface geometry and texrure on their
responsce to coating. Finally, a consideration of the effects
of surface energy and wetting phenomena and those of
passivation and corrosion resistance properties are necded
to complete the theoretical perspectives attending the
chemical performance of the metals in cleaning and treac-
Ment Operations.

A. Characteristics of Metals Affecting Surfaces

The metals of interese to the current discussion arg
those which are solids having well defined bounding sur-
zaces. These metal solids will tend to resist deformation

Declaration of Robert A. lezzi, Ph.D.
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but will also display some clasticity when thev are stressed,
The surfaces of the solids will ordinarily be polar and
possess an inherent high surface encergy.” Because the mot-
als and solid surfaces of practical interest here are wll
removed trom the high temperatures ar which they soften
and mele or the very low temperatures where they might
fracture and shatter, the impact of the cifects of extremes
of temperature on their pertormance is of licele coneern for
the present purposes. Of greater interest are the nature of
and disposition of the surface elements, the surface ener-
geties and their conscequences, and the offects of prior
history of the solid on its chemical responses, becanse
these are the maior factors which affeet DICPArAtive prac.
tiges and processes.

tThs: clements which reside on a metal subserate mav be
present in substantially different concenerations and chemi-
cal states than those found in the sub-surface or interior
composition of the mct;@.&n allov or a metal with only
traces of internal elemental impuritics may diffuse one or
more of chese constituents to the surface of the metal
when the metal is processed, such as by heat treatment or
not-rolling, and thus enrich the surface in that element or
those elements. Alternately, an clement of the bulk com-
position may migrate t the surface because ot a diffusion
gradient induced by oxidation of the element at the sur
Exhibit 1017
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236 CORROSION ENGINEERING

two alloys are quite similar in chemical composition. Both alloys exhib:: Ir
good resistance to stress corrosion. FEEED

See Fig. 3-71 for the effect of ferrite on resistance to stress corrosion b S o i
CF-3, CF-g, and CF-8M, compared to types 304 and 316. Sl ot

The Materials Technology Institute published in 1981 two manuals B
titled Performance and Reliability of Corrosion Resistant Castings. Manua. : Aroz
No. 5 covers Phase 1, “Causes of Unsatisfactory Performance”, and No. ¢ EReE
covers Phase 2, “Casting Discontinuities.”

Table 5-4 lists mechanical properties of several stainless steels in each of
the four groups. Note the wide range of properties available from thess
materials. The high-strength materials exhibit good strength-weight ratios
for aircraft and missile applications. High hardness i1s desirable for wear

and some applications where resistance to erosion is required (e.g., trirm
for high-pressure steam valves).

The 200 and 300 series stainless steels all exhibit roughly the same
mechanical properties in the annealed condition. The major exception
involves cast alloys with duplex microstructures. Note the higher yield

- strength (and accordingly higher design strength) for CF-8 containing 15°.
ferrite as compared with type 304. The austenitic steels retain good ductilit:
and impact resistance at very low temperatures and are used for handling
liquid oxygen and nitrogen. FCC metals and alloys (austenitic stainless.
copper, and aluminum) all possess good properties at cryogenic tempera-
tures. They only method available for hardening the austenitic stainless
steels is cold-working. This usually decreases corrosion resistance onl:
slightly, but in certain critical environments a galvanic cell could for
between cold-worked and annealed material. Type 301 is utilized mostly iz
the cold-worked condition for such applications as train and truck bodies.
The austenitic steels can be cold-rolled to strengths in the neighborhood o
300,000 1b/in.? in wire form. Types 301 and 302 are not used for severe cor-
rosion applications. The former because of its lower Cr and Ni, and ths
latter because of higher carbon.

High-temperature properties are discussed in Chap. 11.

5-9 Aluminum and Its Alloys

CAlummum is a reactive metal, but it develops an aluminum oxide coating ¢- ; -
3\ film that protects it from corrosion in many environments.\This film is quite '

stable in neutral and many acid solutions but is attacked by alkalies. Th::

oxide film forms in many environments, but it can be artificially produced b

passage of electric current. This process is called anodizing. The high-coppe~

alloys are utilized mainly for structural purposes. The copper-free or low.-

copper alloys are used in the process industries or where better corrosicr
resistance is required.
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MATERIALS 239

5-10 Magnesium and Its Alloys

Magnesium is one of the lightest commercial metals. specific gravity 1.74.
It is utilized in trucks, automobile engines, ladders, portable saws. luggage.
aircraft, and missiles because of is light weight and also good strength
when alloyed. However. it is one of the least corrosion resistant and is
accordingly used as sacrificial anodes for cathodic protection (Chap. 3)
and dry-cell batteries. It is generally anodic 1o most other metals and alloys
and must be insulated from them.

Magnesium exhibits good resistance to ordinary inland atmospheres due
to the formation of a protective oxide film. This protection tends to break
down (pits) in air contaminated with salt. and protective measures are
required. These include coatin gsand “chrome™ pickling. which also provides
a good base for the coating. Corrosion resistance generally decreases with
impurities and alloying. Alloys are quite susceptible to stress corrosion and
must be protected. Presence of dissolved OXygen in water has no significant
effect on corrosion. The metal s susceptible to erosion corrosion, Mag-
nesium is much more resistant than aluminum to alkalies. It is atlacked by
most acids except chromic and hydrofluoric. The corrosion product in HF
acts as a protective film.

Magnesium and its alloys are available in a variety of wrought forms and
die castings. Tensile strengths in the approximate range 15.000 1o 50.000
Ib/in.” are obtzinable.

5-11 Lead and Its Alloys

protective films consisting of corrosion products such as sulfates, oxides,.
and phosphates. M ost of the lead produced goes into corrosion applications :
a large portiom involves sulfuric acid. (See isocorrosion chart in Chap. 7.)
Lead and its alloys are used as piping, sheet linings, solders (Pb-Sn). type
metals. storage batteries, radiation shields. cable sheath. terneplate (steel
coated with Ph-Sn alloy). bearings, roofing. and ammunition. Lead is sofi.
casily formed. and has a low melting point. Lead-lined steel is often made
by “burning on™ the lead. It is subject to erosion corrosion because of its
softness.

When corrosion resistance js required for process equipment. chemical
lead containing about 0.06°,, copper is specified, particularly for sulfuric
acid. This lead is resistant to sulfuric, chromic. hydrofluoric. and phosphoric
acids : neutral solutions: seawater: and soils. [t is rapidly attacked by acetic
acid and generally not used in nitric, hydrochloric. and organic acids.

Chemical lead exhibits a tensile strength of about 2300 Ib'in.” at room
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CHAPTER THIRTY-FOUR
CARBON

Less than 0.2 per cent of the earth’s crust is carbon. Yet we can safely
say that had carbon been omitted from the roster of clements we should
not exist. All organic compounds are compounds of carbon.

1. Occurrence| Carbon occurs as the pure element in nature in two
allotropic forms, diamond and graphite. [The Belgian Congo is the world’s
richest source, although deposits in
Brazil and South Africa are impor-
tant. Owing to the large demands of
the war for diamonds in grinding
tools and for dies through which wire
is drawn, the deposits in Arkansas
are being developed. Deposits of
zraphite, a second allotropic form of
carbon, occur in Ceylon, Russia,
Germany, Mexico, Madagascar, and
Canada. Although anthracite coal is
24 per cent carbon, its carbon atoms
are combined with one another and
with hydrogen atoms. Hence, strictly
q)eakiug, coal contains little free Fra. 34-1. Star of Africa diamond.
carbon. (Courlesy of American Museum of

Inorganic compounds of carbon Natural History, New York.)

‘nclude carbon dioxide in the atmosphere, and carbonates. Limestone,
-halk, and marble are calcium carbonate. Magnesite, MgCOj;, is abun-
lant, and whole mountain ranges are composed of dolomite,
3{gC0;-CaCO;. We have mentioned that all organic substances are

-arbon compounds.

2. Properties. No one has to describe the beauty of a diamond, but

s extreme hardness, which is really its most valuable property, may be

33 erlooLed It is more than twice as hard as its nearest competitor. Hard-

~#33 is the ability of a substance to resist penetration of its surface by an-

ther substance. The relative hardness of two substances can be deter-

_med easily by rubbing an edge of one on the surface of the other, and
407
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Allopathie : Gk. allos, other — -parhie, -pathy.
ic (al's-path'ik) adj. —al’lo'path’i-cal-ly adv.
al-lorpat-ric (al'a-pat'rik) adj. Ecol Occurring in separate.
widely differing geographic areas. [aLLo- + Gk. parra, fa-
therland (< parér, father) — -1¢.] —al'lo+pat'ri-cal-ly adv.
al-lo-phane (il'>-fin’) n. An amorphous. translucent. v
ously colored mineral. essentially hydrous aluminum sili-
cate. [Gk. allophands, appearing otherwise : allos. other —

phainein, 10 appear.}

2l-lo-phone (a'a-fon’) n. Any of the varant forms of a pho-
neme. For example. the aspirated p of pir and the unaspi-
rated p of spir are allophones of the English phoneme p.
—al'le-phon’ic (-fon'ik) ad/.

allo-pusrisnol (il'd-pydor'a-ndl’) n. A drug. CsHeN.Os used
10 treat gout by promoting uric acid excretion. (ALLO- +
PURIN(E) — -0L2.]

all-or-none (8l'ar-niin') adj. Characterized by either com-
plete response or total lack of response or effect. as in neu-
rological action above a threshold.

al-lo-steric (al'a-stdrik) adi Of or relaung to molecular
binding to an enzyme at a site other than the enzymatically
active one.

al-lot (2-161') r.v. -lotted, -tot-ting, -lots. 1. To distribute by
lot; apportion. 2. To give or assign as one’s portion: allo-
cate: allot three weeks to a project. [IME alotren < QFr. aloter
: a-, to (< Lat. ad-) — fet. portion, of Germanic orig.] —al-
iot’ter A,

al-lot*ment (3-161'mant) n. 1. The act of allotting. 2. Some-
thing that is allotted. 3. A portion of a serviceman’s pay set
aside for a member of his family or for insurance.

—al'lo-path’-

‘ al*lo-trope (al'a-trop’) n. A structurally differentiated form

of an allotropic element. [Back-formation < ALLOTROPY.]

state. of two or more crystalline or molecular structural
forms of an element. —al‘io-trop’ic (al'2-trop’ik). al'lo-trop’™~
ircal adj. —al'lo-trop‘i-cal'ly adv.

all’ ot-tarva (al'a-tdv-a. d1'd-) adv. Mus. Al an octave higher
or lower than written. Used as a direction. [Ital. at the
octave.]
al-lot-tee (2-10r'2") n One to whom something is allotted.
all out adv. With every possible effort.
ali-out (oFout’) adj. Using all one's resources: an all-out ef-

[akiol-ro-py {a-16'r2-p2) n. The existence, esp. in the solid

ort.

all over adv. 1. Over the whole area or extent: embroidered
all over with roses. 2. Everywhere: searched all over for the
moniey. 3. In all respects: She's her grandmorher all over.

all-o-ver (61'd'var) adj. Covering an entire surface.

al-low (a-lou’) tr.v. -lowed, -low-ing, -tows. 1. To let do or
happen; permit. 2. To acknowledge or admit: concede: al-
Jow the legality of a claim. 3. To permit 10 have: allow oneself
five dollars a day. 4. To make provision for: allow rime Jora
coffee break. 5. To permit the presence of: No pets allowed.
6. To provide (the needed amount): allow Sunds in case of
emergency. 7. To admit; grant: [ allow that io be true. 8. To
allow as a discount or in exchange: allowed me iwenny dol-
lars en my old typewriter. —phrasal verb. allow of. To per-
mit: a freatise allowing of several interpretations. [ME
allouen, 10 approve, permit < OFr. alower < both Lat. allau-
dare, to praise, and Med. Lat alfocare. to allocate.] —al+
lowa:ble adj. —al-low’a-bly adv.

al-low-ance (a-louans) n. 1. The act of allowing. 2. Some-
thing 1hat is allowed. 3. Something given. as money. at regu-
lar intervals or for a specific purpose: a rravel allowance.
4. A price reduction granted in exchange for used merchan-
dise: discount. 5. A consideration for possibilities or modi-
fying circumstances: an allowance for breakage. 6. An
allowed difference in dimension of closely mating machine
paris, —r.v. -anced, -anc-ing, -anc-es. 1. To restrict 10 an
allowance. 2. To put on an allowance.

al-ldolwed-ly (s-lou'id-18) adv. Bv general admission: admit-
tediv.

al-loy (al'ai’. s-loi) n. 1. A homogeneous mixture or solid
solution. usually of two or more metals, the atoms of one
replacing or occupying interstitial positions between the
atoms of the other. 2. The relative degree of mixture with a
base metal: fineness. 3. Something added that lowers value
or purity. —Ir.v. (2-loi’. al'oi’) -loyed, -foy«ing, -loys. 1. To
combine (metals) to form an alloy. 2, To lower purity or
value of (a metal) by mixing with a cheaper metal. 3. To
debase by the addition of an inferior element. [OFr. aloi <
aloier, to allov < Lat. alligare. to bind 10 : ad-, to + ligare.
o bind.}

all-pur-pose (0l'par'pas) adj. Useful in many ways.

all right adv. 1. Satisfactory: average. 2. Correct: These fig-
ures are perfecty all right. 3. Uninjured. 4. Very well: ves.
5. Without a doubt: He's @ fool, all right.

Usage: It is still not acceptable to write afl right as a
single word. airight, despite the parallel 1o words like al-
ready and aliogether and despite the fact that in casual
speech the expression is often pronounced as if it were onc
word.

all-right (8l'fit") adj. Siang. 1. Dependable: honorable: an
ali-right fellow. 2. Good: excellent: an all-right movie.

ali-round (dl'round’) adj. Variant of all-around.

All Saints' Day n. November 1, a church festival in honor of
all saints.

9€

all'seed (8!'sed’) n. Any of several plants having man:
seeds. such as knotgrass.

All Souls’ Day n. November 2. observed by the Romar
Catholic Church as a day of prayer for souls in purgator

all-spice (oV'spis’) 2. 1. A tropical American tree. Pimenic
officinalis. having small white flowers and aromatic berries

9. The dried berries of the allspice. used whole or ground a:
a spice.

all-star (ol'star’) adl. Made up wholly of star performers: ar
all-siar cast. —n. Sports. A player chosen for an all-star
team.

all-time (ol'tim’) adj. [nformal. OF all tme: an all-time a:-
tendance record.

all told adv. With evervthing considered: in all.

al-lude (»-16od’) intr.v. -lud-ed, -lud-ing, -ludes. To make a:
indirect reference to. [Lat. alludere. 10 play with : ad-, 10 =
ludere. 10 play < ludus, game.]

Usage: Allude and allusion are often used where ths
more general terms refer and reference would be preferable
Allude and allusion apply 10 indirect reference that does nc.
identify specifically. Refer and reference, unless qualifiec
usually imply direct, specific mention.

al-lure (3-160r") v. -lured. -lur-ing, -lures. —ir. To entice Wit
something desirable: tempt. —intr. To tempt or fascinate
1. The power to entice or tempt: fascination. [ME alure-
< OFr. afurer : a- to {< Lat, ad-) + loirre, bait. of Germani:
orig.] —allure’'ment i —al-lurer n. —ak-luring-ly adv.

al-lu-sion (2-160'zhan) n. 1. The act of alluding: indirec
mention. 2. An indirect. but pointed or meaningful refer
ence. —See Usage note at allude. [LLat. allusio, a playin:
with < Lat. alludere, to play with. —see ALLUDE.]

al-lu-sive (2-160'siv) adj. Containing or making allusions

suggestive, —al-lu'sive-ly ady, —al-lu'sive-ness n.

al-lusvi-a (2-160'vé-2) n. A plural of atluvium.

al-lusvical (a-150've-al) adj. Of. pertaining to. or composed &
alluvium.

alluvial fan n. A fan-shaped accumulation of alluvium de
posited at the mouth of a ravine.

al-lu-vicon (3-160"vé-an) . 1. Alluvium. 2. The flow of wate
against a shore or bank. 3. lnundation by watery flooc
4. Law. The increasing of land. esp. along a river bed, t-
deposited alluvium. [Lat. alluvio < alluere, 10 wash agaimnst
ad-, w0 + luere, 10 wash.]

al-lusvi-um (2-1G0'va-am) n., pl. -virums or -visa (-vé-2). Sed-
ment deposited by flowing water, as in a river bed. floc:
plain. or delta. [Lat. < alluvius, alluvial < alluere, 10 was
against, —see ALLUVION.]

ally (a-I1. alT) v -lied, -ly’ing, -lies. —ir. 1. To unite
connect in a formal relationship or bond. such as by treat:
2. To unite or connect in a personal relationship. such =
friendship or marriage. —intr. To enter into an allianc:
—n. (317 2-I7). pl. -lies. 1. One that is united with anothe
in some formal ar personal relationship. 2. A friend or clos:
associate. [ME allien < OFr. alier < Lat. alligare, to bind K
—sge ALLOY.]

al-lyl (al'al) 2. The univalent organic radical CH,:CHCH:
[Lat. allim. garlic + -yL (so cailed because it was fir:
obtained from garlic).] —alylie (2-1i17k) adi.

Alma-gest (3'ma-jést’) n. 1. An exhaustive chronicle on z-
tronomy and geography compiled by Piolemy about At
150. 2. almagest. Any of several medieval treatises co:
cerned with astronamy or alchemy. [ME almageste < OFr.
Ar. al-majisti : al, the + Gk. megisté (suntaxis). greate:
(composition), fem. of megistos, greatest. superl. of mege
great.]

al-ma master or Al‘ma Master (al'me mé'ter. dl'ma) -
1. The school. college. or university that one has attende:
2. The anthem or school song of an institution of highe
learning. [Lat.. nourishing mother.]

al‘ma-nac (6'ma-nak’. al’-) ». 1. An annual publication =
cluding calendars with weather forecasts. astronomical i
formation. tide tables. and other related tabuls
information. 2. An annual publication composed of varic.
lists. charts, and tables of useful information in many unr:
lated fields. |[ME aimenak < Med. Lat. almanach, perh.
GK. almenikhiaka, calendars.]

abman-dine (al'men-dén’) also al-man-dite (-dit') n
deep violet-red garnet. essentially FeAl:Si;Oy;. found -
metamorphic rocks and used as a gemstone. [ME alaband!-
< Lat. alabandinus < Alabandu. a town in ancient As.
Minor famous for its jewelry.]
al-might-y (0l-mi"t¥) adj. 1. Having absolute power; &
powerful. 2. Informal_ Great or extreme: an almighty di
—adv. Slang. Extremely: almighty scared. —n. the Almigh,
God. [ME almighii < OF ealmihiig - eafl, all + miki.-
mighty < mih:, might.] —al-mighti-ly adv.
al'mond (i'mand. am'and) 2. 1. A small tree. Prunus am .
dalus, native 1o the Mediterranean region, having pink flo~
ers and fruit containing an edible nut. 2. The nut of
almond tree. ellipsoid in shape, and having a soft. yellowi»-
1an shell. 3. Something having the oval. pointed form of -
almond. 4. A pale 1an. [ME almande < OFr. < LLat. amc
dula. alteration of Lat. amvgdala < GK. amugdalé.]

almorner (a'ma-nar, i'ma-} #. 1. One who distributes alr
2. Chiefly Brit. A social worker in a hospital. [ME aumer
< OFr. aumonier, ult. < Lal. eleemosyna, alms.]

4 pat/ @ pay / ar care / & father / b bib / ch church / d deed / & pet / & be / [ fife / g gag / h hat / hw which / pit / 1 pie / ir pier
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20.2. COLOR PIGMENTS 427

Ci Cl
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Phthalocyanine blue Br Br

(PB 15) Phthalocyanine green
mixed isomers

Figure 20.4. Representative Pphthalocyanine pigments.

The alpha form is redder. but not as stable: in some cases, when some grades of the alpha
form are used, there can be serious problems of change of color and strength during
storage of coatings or during baking. More stable alpha form pigments are availahle:
‘hese incorporate various additives that stabilize the crystal form and minimize problems
with flocculation of dispersions. Some grades of phthalocyanine biue are slightly

- -hlorinated: these have greener blue shades.

¥ Phthalo greens are made by halogenating copper phthalocyanine to produce mixtures of
isomers in which many of the 16 hydrogens of CPC have been replaced with chlorine or
mixtures of chiorine and bromine. Phthalo greens with 13 to 15 chlorines but no bromine
nave blue—green shades. Partial replacement of chlorine with bromine shifts the color
coward a yellow—green shade. The vellowest shades have a high ratio of bromine to
-hlorine, an example is PG 36, which has on average about 9 bromines and 3 chlorines,

20.2.4. Black Pigments

[“-\?mom all black pigments used in coatings are carbon blacks. They absorb UV radiation
s well as light, and with most binders. black colors are the most stable on exterior
C zxposure. Carbon blacks are made by a variety of processes of partial combustion
- znd/or cracking of petroleum products or natural gagDepending on the process, the par-
sicle size and therefore the degree of jemess (intensity of blackness) varies. High color
“hannel blacks have the smallest particle sizes, with diameters of 5 10 15 nm, and
have the highest jetness. They are used when intensely black. glossy coatings are
cesired. Furnace blacks have larger particle sizes. are lower in cost. and give less jet
Slack coatings. Various grades are available. with average diameters of 50 to 200 nm.
Lampblacks have a still larger particle size. on the order of 0.5 pm. and have lower
Zolor strengths than other carbon blacks. They are primarily used in making gray coat- f
‘ngs. They are preferable to high-color blacks for this purpose: if a small excess of |

2igh color black is added by mistake. it may be necessary to increase the batch size :
50% or more to make up for the mistake. The shade of gray obtained changes much i
more  slowly with the addition of lampblack. making color matching easier. 4
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