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ADHESlON AND

SOLVENT BONDING

8.6. Temin

20 Rainbow Pond Drive, Walpole, MA 0208?

 

Industrial practice often re uires that plastic parts he afiixed to other plastics or to nonplastic
{hate-rials. 5f the methods availalile to engineers wlio must malée inilgements relative to {He
most suitable assembly technique, adhesive bonding must be seriously considered.

Adhesive bondin of lame substrates is she’ a common mode ; even greater imi-
lization can be expected with the increasing availability of improved adhesives. Currently.
adhesives compete with welding. fusion, and mechanical fastening. However, adhesive bond-
ing ofier special advantages. Not least among them is the opportunity of weight savings

compared with metal fasteners. It is of sgecial aggeal in the automotive industry, where
vehicle lightweighting is crucial.

 

1 17.1 ADVANTAGES

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

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

The ability to join dissimilar materials. Significant differences in thermal coefiicient

 lfastening. Thermal fusion is also disqualified
for unlike polymers. Adhesive bonding of dissimilar materials often yields composites
with t
COIHEOIIGII .

3. Uniform distribution of stress. In a simple bonded overlap, any load applied to this
joint is distributed evenly over the entire bonded area as if the material were oontim
nous. 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 ooncentrators

or focal points that contribute to failure. Adhesive bonded assemblies generally can
resist shock. vibralional 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.

3»)
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1642 ADHESXON AND SOLVENT BONDING

21. Reduction in joint weight. This feature is partially related to the better performance
possible with lighter weight parts because of the elimination of stress concentration
points. Reduction in weight is possible because adhesivos are generally of low spcciiic

gravity, and agglied grefere:ntiailv in thin layers. In many joints the forces of adhesion
exceed the cohesive strength of the adherends.

5. Environmental protection. Although usually more important in mctal—to-metal join-

ing, the continuous contact between surfaces made by adhesives seals out corrosive
or harmful agents. Both gases and lig uicls can be excluded lav the adhesivg,

6. Resistance to vibration. Elastomeric adhesives resist the fatigue and subsequent failure
that is brought on by repeated dcfonnations. in general the more flexible the adhesive,
the greater the resistance to strain occurring in the adhercnds.

7. Smoother surfaces. Adhesive bonding, like thermal bonding, eliminates such impen

factions as rivet-point dimpling, surface spots or projecting portions of drsviccs that
are common with mechanical fastening. This rccluces finishing costs and makes possible
more cstlictic and more functional product design.

117.2 BASED FlEQUi$lTES

All adhesives must be liquids, or at least capahlc of some degree of flow. A primary
requirement for good adhesion is that the adhesive and adhercnti 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 rouglmosses must be made to correspond. In essence, the adhesive must be a fluid‘

because the solid adherend is never smooth in a microscogtc sen . For solza polymerst this
means that the adhesive must be melted or dissolved in a suitable solvent before application.

The adhesive must also be sufiicicmly 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—sensitivc adhesives, of course‘ do not solidify: their function it best

described in terms of tficir vxscoelastu: properties). solidification occurs either through twan-
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 clamo-
mcnc.

Wettino of the solid surface re uircs the selection of an adhesive that is suitable in terms
  9» §62> E3’Si’{'7TD (3 :33(PG ‘<2 0“"1 U’s: Nf‘0 F2? :3UP...93 o P“? as 133 5-3‘fl? :2 5\(‘ $9 (9S<m J}s:‘U‘:3 E‘1 <19-3:- c: *1EV1

, xx .

this in QI'I‘.l‘lat}Ol’l. owever, it is often necessary to a tcrthe surface of the aclhcrend to malte
it receptive to adhesives.

1 ‘S 7.3 TYPES

Thar: are "five basic physical tvges of adhesives: curable liguids. solvent cements, hot melts,
aqueous, an pressure—sensitive. The curable. liquids undergo a chemical reaction or poly-
merization to attain a nonfluid condition. Often these consist of two gatts, each of which
is stable by itself but when mixed together undergo 2: chemical reaction. Solvent cements
are simply dilute solutions of fully reacted adlrcsivcs that solidify by loss of solvent. I-lo:
melts are 100% solids that become liquids on heating above their melting or softening points;
they are applied hot and solidify on cooling.

Aqueous adhesives dissolved or dispersal in water may either simply dry to the proper
physical form or undergo a reaction when the water is removed. Solv.ent~activatecl adhesives

are deposited at the bond line in solid form and rcwet with solvent just before making the
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1 643117.4 LIMITATIONS

assembly. As with all solvent-borne adhesives, better joints are formed with porous substrates

that permit a faster evaporation of solvent.
Pres9ure—scnsitive aéhesives 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. Pressurosensitives are frequently used as tom-
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 Sim listic sense the more common 11 sical and chem“ t (the actual

chemistry of each is more complex and beyond the scope of this chapter). In addition to

unlisted additional compositions that fall in each catezor . there are man mixtures or blcn s
0 two or more c emical t 55, called hvlzwrids. Table .1 17.2 lists common adhesives and their

Tiffiical properties.

  

  

1 1 7.4 LlMiTATIC*!\¥S

A koy 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 disatlvamages 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

X TABLE 117.1. Adhesives Classified by Type 

Types Examplcs. 

Piryxiczzl
Epoxies, urethanes.

acrylics. siliccmes
Acrylics. elastomers.

vinyls. ccllulosics,
urcthaacs

Curable liquids
(one or twoazomponcnt)

Solvent cements

(includcs watcr)

Hot melts Polyamides. EVA,
(10098 solids) polyesters, urcthanes

Aqueous PVA. epoxiesysilioones,
(includes dispersions) amiraoplastics, rubbers.

phenolics
Pressure scnsirive 'Doub!e—faced rapes

Ci1c'.>m'caI

Anaerobic Z8/iethacryiatcs
Contact Rubber

Cyanoacryiazc Methyl, ethyl esters
Emulsions PVA. FVC, rubber. EVA,

acrylic, chloroprene
Ho: melt Polyurexhane. polyasnide,

EVA, polyester
Acrylic. chloroprene,

nitrilc, nitrocellulose

phenolic. PU rubber,
vinyl

Egsoxy, PU. silicone,
polyamides

Acrylic. cyanoacrylatc.

epoxy‘. PU

Solvent-oascd

{Ccmcrus)

High temperature use

Room temperature cure
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TABLE 117.2. Common Aclhasives 

Adhesive Properties

Acrylic Room temperature cure
Phenolic Most require hcztt
Epoxy Broad range of

properties
Modified polyolcfm Hot melts
Mortal cement Resin in solvent ‘
Polyurethane Broad range »
Pressure-sensitive Mostly in tape form N
Emulsions (vinyl, acrylic, No solvent

rubber)
Sealants Caulking {l:rutyls,

silicones)
White glues P‘/A dispersion

in order to avoid premature reaction. Addltional.ly, two-part adhesives have :3 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 two components.

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

intimate Contact between adhesive and adhcrcncl. 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 3 product of the curing reaction is
volatile, there is always the danger that failure to dry the adhesive adequately can cause 1
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. At elevated temperatures, polymeric adhesives become: tznstablc
and will degrade. some adhesives also become brittle and inelfective at low temperatures.
Thus, temperature considerations are important in adhesive selection, and could in fact
alfcct the decision as to whether adhesive bonding is suitable for a particular application.

Material Limitations. A primary disadvantage of adhesive bonding {excepting pressure-

sonsitives) or welding is the inability to disassemble the parts for repair or inspection.

117.5 SELEGTWN FACTORS

Determinatfion of the relative merits of a particular adhesive, involves a number of factors:

9?’ need for a primer, amount of surface preparation, cure time, fixture time, need for heating,
aafieszve vrsoosity, 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 grime: can be imgortam 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 curt:
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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Other selection factors relate to the nature of properties of an adhesive. Viscosity must
be suitablc———eithcr low enough so ensure good wetting of the adhcrend or high enough to
prevent rurvolf 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-
lifc stresses or extent of strains.

A most critical factor in selection, of course, is adhesion to this Elastic. Not all adhesives

will function satisfactorilz with all Elastic surfaces; even within classes of adhesives or Elaslics,
individual members differ in behavior.

Consideration of environmental resistance depends on tho desired use life for the bonded
assembly. For instance, water resistance obviously is required if the assembly is intended
for outdoor exposure. Pheriolics, cpoxics, and acrylics are examplcs of adhesives that weather
well. Similarly, 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-
dativc degradation with time, which is accelerated by heat or light.

 

117.6 SURFACE PREPARAWON

Improved adhesion can be obtained when the surface of a plastic part is prepared correctly.
The adhesive mus! wet, 2; read and netrate me too surface of the adher M1

Cleanliness is a basic requirement in order for the adhesion to make intimate Contact
with the substrates to be bonded. Surface preparation entails both obiaining a clean surface

and, if necessary, altering the surface tension of the substrates to corresgond 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 rcquircments 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 one or more of the following: solvent cleaning;
abracling and solvent cleaning; chemical treatment (to alter surface energetics).

Solvent Cleaning. For many operations, particularly where the joint will not be subjeclccl
to severe in-use stresses, cleaning the surface may require only a wipe with a suitable solvcnt
or detergent solution. Difierent solvents are recommended for wiping various plastic surfaces.
The choice of solvent is clictatcd by the solubility properties of the plastic. For example,
most common solvents other than alcohols severely attack polystyrene, whereas, nylons are

resistant to this 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 dcgreasing,
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 chloride, perchloroctliylenc and
similar materials Table 117.3.

Abradlng and Solvent Cleaning. In the simplest case, plastic components can be wiped
with a solvent, abraded with emery cloth and than 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 roug,lie.ned surface now offers the possibility of mechanical
interlocking Table 117.3.
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TABLE 117.3. Plastic Surface Cleaning’ 

 Plastic Method

Acrylics Wipe with methanol
Aminoplasls Scrub (detergent), scour, rinse
Ceiiulosics Wipe with alcohol. scour 1

Epoxy Degrease (acetone, MI-SK.) 3
fluorocarbon Sodium (solubilizecl), acetorr: wash
Nylon Phenol (£25/E> aqueous); 1:1 r.esorci-

nol—ethano1

Poly'arni.t:le Solvent‘-clean (acetone, MEX},
scrub

Polyolclln oxidize (chromzrte or radiation)
Polystyrene Wipe with alcohol
Polyurethane Wipe with acetone or MEK
Rubbers l_NBR, Scrape. scrub with toluene (immerse

% SBR. NBR, Nco- in acid)
prone)

Reinforced plastics Wipe with MEK 

"Most surfaces {except those chemically allcred) are 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 fiuorocarbons, the chemical
nature of the plastic surface must almost always be altered in order to give a more polar
(ltiglzervenergyl surface.

Chemical alterations can be drastic in the case of the low energy plastics. For instance,

chromic. oxidation involves using a liquid used to remove organic contaminants from glass-
ware. It is hazardous to use. and proper safeguards must be exercised. Similarly the do
fiuorinating solution (utilizing a form of sodium) is dangerous and requires expertise in
disposal.

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

An alternative approach to activating plastic surfaces that does not require. the use of
hazardous fluids is radiation treatment. Such treatment renders polyolefins more amenable
to oclltesive 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.

1117 SOi..VENT CEMENTWG

A variation of adhesive bonding, solvent cementing is particularly useful for noncrystalline

thermoplastics. 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 assembly 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 filling 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 a preliminary to adhesion. Cellophane tape rather than masking

Declaration of Robert A. Iezzi, Ph.D.

APPENDIX C-8 ‘
Wavelock Exhibit 1017 l Page 128

l
I



� � � � � � � � � � � � � � � � � �  ! � " � � # *

 

ll7.S PREFERRED ADHESYVES 1547 ~

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
carefully 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.

Table 117.4 gives some examples 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
 gsolvents 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, ehtylcne chloride
1,1,2—trichlorocthane, 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 3.

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.

Pol}/(vinyl chloride) is frequently bonded using solvents like acetone or methyl ethyl ;
. ketone. Sometimes more powerful solventslilte 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 l

for two difierent plastics is often. difficult. l

 
 

 

 

117.8 PREFERRED ADHESIVES  
Choosing an adhesive for a particular plastic is not so 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. ii

TABLE 117.4. Solvents for Cementlng 

Plastic” Recommended Solvents" ,

ABS Blends of acetone, MEK, MIBK. THF or
methylene chloride

Acetal Methylene or ethylene chloride‘
Cellulose acetate Acetone or MEK with methyl ccllosolvc
i’oly(methyl methacrylate) Methylene chloride. chloroform, trichloro»

ethylenePhenylene oxide Chlorinated solvents, xylene/MlBi‘x' (25f75)PoIy(butylcne tercphthalate) I-lexaiiuoroisopropanol
Polycarbonate Methylene chloride ‘
Polystyrene Methylene chloride, ethyl, acetate. MEK,

_ trichloroethylene
Polysulfone Methylene chloride 1
Poly(vinyl chloride) Mixed solvents (THF, MEK. MIBK, dioX- ‘

ane) with plasticizcr 

"Usually l to 7% of plastic is dissolved in solvent.

”MEK = methyl ethyl ltetonc, Tl-IF = tctrahydrofuran, MIBK = methyl isohutyl kt-tone.
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3648 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 coeificiezits of thermal
expansion.

Choice is complicated by the fact that an unfilled plastic behaves difierently 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 recommcncled adhesives. However, resin
formulations often differ within the same family, and this can afiect 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

all TABLE 1 17.5. Recommended Adheéves for Bonding Plastics

 Plastic Adhesives

ABS Epoxy, urethane, acrylic. nitrile—phenolic, cy-
anoacrylate

Acctal Epoxy, phenolic, polyester. EVA, cyanoaerylate
Cellulose acetate

Elastorners

Epoxy

Fluorocarbon

Nylon
Phenolic

Plrerkylcnc oxide

Poly(methyl methacrylare)
Polycarbonate
Polyolelin (untreated)
Polyester (linear)

Polyester (unsaturated)

Polysullone

Polystyrene

Polyurethane

Poly(vinyl chloride)
Flexible

Rigid

Silicone

Urea~formaldehycle

Urethane, resorcir1ol—formaldehycle, nitrile-phcr:o-
lic, rubber-based

Pressure-sensitive based on similar elastomcr, ure-
than:

Epoxy (with primers), nitrilc-phenolic, acrylic,
polyester, resorciuol—formaldehyde

Urethane

Phenolic, epoxy, polyamide hot melt
Epoxy, hybrid, phenolic. poly(vinyl acetate), urea-

formaldehydc, acrylic. urethane
Polysultide epoxy. silicone, rubber-based, acrylic

cyanoacrylate
Cyanoacrylalc, nitrile phenolics, epoxy, urethane
Epoxy, acrylic, urethane, silicone, cyanoacryl-ate
Rubber-based, EVA, modified polyethylene
Polyester, cyauoacrylaze, nitrile rubber, urethane,

acrylic
Acrylic, urethane. neoprene, nitn'le»—pl-icnolic,

epoxy

Epoxy, vinyl-phenolic. rubber-based, urethane,
polyester, cyarloacrylate

Vinyl acetate-vinyl chloride emulsions. acrylic,
polyamidc, urethane. epoxy, polyester, hot
melt, urea—formaldel'1yde

Pressure-sensitive rubber emulsion, polyester,
epoxy‘. phenolic, urethane, nitrilc rubber

Nitrile rubber, neoprene, urethane
Epoxy, urethane, acrylic, nitrile rubber, silicone,

nitrile——phenolic
Silicone

Epoxy, nitrile-phenolic, phenolic, polyester, neo-
prene, cyanoacrylare 
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preferred over others that have higher adhesion values. Cyanoacrylazes, for instance, cure

so quickly that fig 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 there are some special problems with these systems. Manufacturers,
particularly those in the aerospace inclustry, 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, strengih in seconds without heat. This capability
translates into markedly reduced process Costs and greatly increased process speeds. Struc-

tural acrylics are much tougher and higher in impact resistance than cycanoacrylates, and
L are more resistant to environmental factors.

Olfshoots of this adhesive category are UV-curable and visible lighmurable types. Oth~
erwise similar to chemically curing grades. they solidify in less than ll) seconds. Their utility
for certain applications utilizing transparem plastics is promising.

‘H7. JCXNT DESRSN 3,
/

There ar 22 variety of ways to effect adhesive joining of plastic con1ponexyls (lap, scarf. Strap,
elc). Whichever is used, it is always best to design joints to minimigé peel stresses. it is
important tllat the joint be designed so that the adhesive is subjeetegl to compressive and
shear forces ixlflyse. =‘

The effect offioint design can be summarized:
\ /'

- Butt x_ Unsatisfactory /”
' Lap km‘ Fmctical
~ Scarf Very good
- Joggle lap Goocl _\ I
. Strap \“ Fair
. ‘Double strap Z‘(,}ood
- Recessed double strap G33“: €XPe“5i"f?"4X ).

Other generalizations about adhesixlolbonrlifigz

1. Width of the bonding area increasegifgint strength linearly; increasing the length ofthe bonded area, although beneficial. glee not make as great a contribution to strength.
2. Thickness of the bond line should be cc rolled to about 4 to 6 mils (0.1——0.15 mm)
of adhesive. A greater gap in the glfsmnce been an adherends has a deleterious elfect on
peel and cleavage strength of th "bond.

3. Still‘ adherends (lxiglvnmd us plastic substrates.) are less sensitive to joint geometry

than flexible aclhcrends. ; \
X \

117.10 APPURNG né ADHESIVE-’. \-x
\

Techniques for applyl g liquid adhesives depend on {he sophislication of the job as well as
on production-volume needs. Thus, applicator equipment ran§es all the way from com
veyorized and autgl/natecl dispensing systems to eyedroppers or brq§he§. Typical single type
applications are," » \,\XK

v Spray gull (air or airless)
~ Brush ‘
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Figure 2-Sc|':ematic representation of the typical constituents

and contaminants on metal surfaces

the tteattnents and tlttlsltes applied to their sttmtces. Al—

tlmttgh, icleallv, the [Wu CHnCc':1'1‘15 would or should he
chmplemettt-.t1‘y, in rt.-;1lit_\' they are often th ttppttsltlmt {(3
one aI1utl1c1' and the p1'efe1'1‘etl Cl‘tH1CCS and reqt15.tc1"h.ents

for ttptlttllzittg the pe1‘fm'm-nttee ml the t1'ca1tl11L‘l]tF~ z111tlL‘U;1I-
ings in 21 pttrtlculatt appltcattett must he sttlttmllmttctl tn
the intended function and ]_‘Jt'I'l01‘1I1aDL‘L‘. of the metalls entl
use. The choices Ul‘l(.‘ m-.t'\' mttlce in Selectlttg: at p1'L‘pa1';1tix-‘e
treatment U1‘ practice for at git-‘eh applicatltm -.-tte nltett
dictated or limited hy cltcu1t1stance:; ehtirel\' l.111l'L‘l:1l.'L’Ll to
the achievement of optimal prep-.11‘-.1ti\-'e 1‘t:’F-Ll.lt.‘x‘. When and
where such situations prev-.—til, E1 Well-lO‘Ll11(lB&l L111tlet'st;md-

mg of the teclmolegy of _~‘u1'f;1ce ptcpamtioh will he .in\=;1lu-
able in effecting -=1 sensible compromise £01‘ .\ZL‘ltlSl}-’l11§_: the
cunfllcting tlcmamls n,rtl1cp1'nhlcm.

l\/ltftall pmducts CO1‘l‘l}1l'l§1L‘ one oi the l2.t';;_ev.t classe.-a ml
1T1a1tL’1'la1lS which are cuatetl and palntetl tmtl their LlSa1;;1t:

spams Vl}‘tL1Llll}' the entire spectrum of COl1SLl}‘l1t_’I‘ guotls and
:ma1'l<et£-:.. Appliances, ;-mtnmohiles, ctmtainets, lwttlltlitzgs.
huusing, mttcltthct ltips. trucks, ttattstttissiuu pipe, Iellll-it-,
fixtures, fL11'11itttte, ;ll'l‘..l an dl't110:-SE endless llhf of other
items ]‘Cquil'C the application of coatings at some time in
tl1t.‘l1' service lives. Each of these ztppltcattons h;1’:- L‘t1”llqL1c’

functional and quality" ptenrqttisites tmcl 5et'\'ice 1‘cqul1'e—
meats. C;t1‘h0h ‘¢l1"l(.l specially-;1llttj\'etl steels. ctmtecl steels
and dlL11Tlll‘lLi1‘1], in a V-.11'iety ml §§1';1tli‘S, are tl1cp1'ctlomln;1nt

metals being used in these i1ppllCa1tlL‘a115, and e';1L:l'1 class tat
tn “tell has its mm chat’-acterlstic tesptmse to p1'ep-.11';1tit‘e

treatments al'1LlC0t1tlt1gS. lL’lSi1”1t'L‘1’C:=,tln§: that these cl1a.r:.e-
tL‘1'iS[lC 1'csp0hscs uften tlo DUE reflect the p1':_1pe1'tie>‘ antl
C0mposltitJns of the hullr. all the SUllLl.S CO11C€1"t'lL‘kl hut 1'attl1t’1'
are tletcrmlhctl hy the umquc attt'lhLttc:i of their SLll‘l21L‘L‘>.1.
In turn, the sttrface :.1tt1'll.1Lll2'r.'S of tnemls -.u‘c .-stt't,!11gl}' Llete1'-

mined ll}? both their chemical composition dTlLl metallL1t'-

flcetl st1‘ttctL:1'c and by the lttstury of tl1ei1‘p1'lm' p1'[)I3'c‘5Sl1‘lf.:.
The surface CL)‘mpOS1tiOI1*3 of the various metals consist

primarily of 21 mixture of the UXlt‘lL“S, hydrates. and salts of
the metallic elements which make up the metal cg hpnsi-

tions and Llsllalllfi? very little of the tree metal itself mete
Figure ll. This multi-tletivatizetl suttacc is tvlmt 1 tst he
alccommotlatetl lay the p1’c‘pe‘.1"c1lZl\-’l.:' t1't’3U‘11c‘I1t L‘1l‘l‘plU‘;.'L‘Ll to
properly tllspose the s<.t1t't'at-es to receive the cnzttihgb tu he
SL1l‘3St‘k]U€I‘1tl_V‘ applied. 111 atltlitirzh to the n-ats.11';tlly clerivetl
C01‘1SEltueI1tS to he expected on the metal stttfaces, as noted,
there they also be present (.'01‘1te1E‘l“ll11a11tS which accumu-
late on the sLI.1'laces of the 111L‘[:1lB as the t‘E'Si.tlt 0ltl1ept'i01'

pmcesslng, hantlllng, aml V-a1'ltms incitlcutal tn’ umhic-h_t
c>;pust1tes;. These latter Ctltlstltllcllts on steel ttltgltt 11*.-

clude such species as stttmce carbon, oils, aml mlling nntl
fortmhg luhticzmts, met-.tl lines. nun-metallic _~'tt1'face ir-
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L‘lL'1‘all_3I',lS, 1'tJlletl-ht scales, l;1t_t;e :%Ul'l;1L‘L‘ c;1thl<_le.~., tlltt ztntl
f.:1‘lt, corrosion pttatluct.s, exttahetttts mils amtl the h_\'-prod-
ucts ul httctetial atction, mlltlc\\‘.~'~, tmtl uthet fttnggal -.lcp0.~‘»-

its. Zinc 5l'i1'l21CC.H‘ will pl'ilI1E1l'll\' C;t1'1'y mils, luh1'lt..tnt5, cur-
_rt:_~'im1 products, metal lines and dusts, Llll'I and grit, and
extntneous soils. hut nut the other c011t;1s11i1t;t11ts noted for

‘nEL.‘L‘l. Al:_t1ni11um :t=.tl;tces are Very" 1‘m.1cl1lil'\c tlmsc <t1:':inc
hut they‘ tend to tlevelop ‘x-“CIT lteawt’ LlL'pi)5'wl[.‘~ all ;1.lt1m‘inL1m
uxltle. Altlmttgll the alttminum uxltle is not .tctt:.tlly Ll
ClLl5%SlC;ll ctmtamtinattt itself, it‘ may ittltilwit the temamtl of
any’ true J;t)11t;l]1.'1ll‘l;1.Ui.' species ntltetwise present.

There am-3 nu tmivctsttl ttteatts that will temm'e all the

pttssllwle et')nL;1t1tih;_mts cm at metal sttttttce .~'hutt mt ;lL‘tL1t1l
Lll.S5UlLll"lt_!l1 or 1'L'lflU\"dl of :1 l-.1}'t:1' ul the Sl.ll‘l2lL'L‘ itself.
..—\lltaline ClCL'll1ll1;.Il]TttLllL11"l(Jl'l1ltlll}'Wlll he \.'llL’t.‘tl\'e éigiallnfit
tesltluztl oils antl lulmlezlnts, must soils, Llll't and gtlt, 1'Cl;-1-
ti\'ul\-' ltmse metal llilth, and h;-tctcrial e1l1Llf1l11f.‘,J.l h}-ptotl-
ucts hecattse these m;1te1’ials;11‘e §£L'1'lL‘l';lll}' sensitive to the

tl'1s_-t_.,;lu_tio1w_., s;1pmtit'ic;1titm_ etttttlsifyittg: z.1L‘Elt)1‘1, emtl 'LlL‘tL“1'-
ggettey lL1!1Ctl01'1Si hv which ztlliatlltte mctlitt 0l‘L_‘1'Ll[L'. Except

{my ;<;.;p:tt1.it'lc;1tl«.\.t1 uetitm, ttcltllc cleaning medlzt :11‘-e ttlsu
et'leetit:e gtgztittst the soils nntetl and ttpe1'-ate lay the three
l‘ci11;1l11l1lgp1'UCC:<nCs1‘!(!tCLllU1"El1C2‘lll<a1lll1c cle;1ttet':..Wl*tet'c
t_»t‘:.:;‘:11lc mlrettts can he t0lE.‘l';l[ifLl, ,~;ul\e11t eleasting is an
excclleatt lllifi-‘t'1'15{ll-l'LIIl"lL)Vll1§lliJil\:\'L'l€l"llSliSlllUllS, };t‘c-Ase,
amt other t>t3_:anic m.1ter'1;1ls .=:uit-ably stnluhlc in \‘.u"mus
l1§'tlmc;1tl1tt11, t.‘.~»‘.L‘l', l§t_‘E(!11L‘, anti cltlntlntttetl S0l\'e11[.‘-.. Va-
pur t_lc_<_{1‘c;>.5l11fI is a caammtm means tut‘ wlvent cle-.1ni11_a:
a'111;1llQi‘ pgttts Ce1r%il\' ;1tct_m1t11ml~.1tetl in the L’I1L.‘ll‘:iL!l'\_':€ 1'C—
LlLll1'|3Ll hy this ptzteticc.

5L!1‘l;1C€ C‘e1l'l'lt)11 lace Fl3'llI't‘ 3*‘ _eche1';1tt:tl tlLu’in_L: the an-
ne-Jlltlg Ol steel 15. tmt l'C't1Llll\' t'e1t1m'etl except h\' electm—
‘ 1c a1CtlI)11 t)1'dl.‘lt'llt'! tlmsoltttltth -\‘piclcl'1h.:_=_‘ of the metallic
sut“ta1cc::. Sttttttcc lnclusltttts lllltl tnlletl—ln scale on steel

rt-sptttttl EU plckllatg tmtl .~:tttl;1t:e jgtlmltng pmvitletl they are
only ‘5LlpL‘l'llClLll ;mtl not (lceply emhetltletl. Stttlttce cat-

Figure 3#Surface carbon wiped from a steel surface after it
was cleaned by a hot alkaline power washing
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iiitpair the ‘_oet'lti1'1n-.itice of the pretretitinent ttntl the cunt-
itt: ‘t1.{[‘[‘i,1L.‘klL‘\7L’[ it.

F. Priority of Mechanical Performance Over

Surface Requirements

It ntttst lie §.1£_'l(l"tU\-\'lc‘Llf_'(i.‘Ll that the iii‘-.<t pi‘ioi'it_\' in the
11‘lt111LEl:d(lELl]'L‘Oiti 11‘iL't;1léw‘L1l1.‘it1':‘.tt‘lE~‘ the tleveltapinettt of its
§1'l¥CI]tl.(,’§.l mecliatnieal t‘-mi‘-et'tie~. 5\"lC{:ll,H' tire ‘.l~\.‘<_l. pt‘iiit;=_-
pttlly hectitase {lit} <ih‘et‘.~:tt‘etis_{tli. i'i_t;itlit\', antl l‘.ii'l'lL‘l'L}1l‘til‘
ties in Q‘. ptttticttltit tipplietttiuti .Fi'_g:i:i't' H5. It i5 t)lll\" ttttet
tliese meeltttitietil i'equi1'einent:~' are stitisiieti that l?tl‘iC3'
enttsi'tlet'tttini15. such as the :~‘Ll1'l'tiCC\';1l'l5i.l'liR_’S ttifectiite C(‘dT-
int, can he zttltltesseti. A521 rule. the L‘l‘Itl1‘tlCEC1'l5UC >'i.ll'lelL'L'.~‘

whirjh result i"t:,iitt the l‘t.’L]l.li{L‘i.l mettilltitgeiuil pi'i_ieessiti,e ml
the metal .‘1l‘C tltt'i.<:e that 131L151. he lttintlletl, wiiaitevet‘ their

Ctiiitlitititt, in the pi‘ep;it'titi\‘e §3I‘HL'.‘<.‘R*?L"*~' eiitplnyeti hit‘ tn:
gtmie etiztting. R-.ti't.*l_\' l.S;1].'\;1i’[lLL1i§_l1'll]CEt1l FL1l35?[1'di€ elitisen
hit‘ an L1}‘l‘liCtltl(i11 heeattse it mil l‘;al‘.'L.’ the easiest tn’ hest

::Lii'fttee lnr stthsetittettt L'Ut1ElI13.‘,. Ctmset]tI.etttl_\‘, L'H!11l.‘!'(5-
ttiistzs are freqttently tieeess;t:‘_\' in the selectititi til el pi‘e—
['}A1'z1ti\7L? p1'0ee5:s t\1’lI‘l the cost of ‘p1'L.“Q;1I';-lti(,)I‘l to tteetutiittw
tlttte the nteehttniettl pmpet't_\' prtnititiest of the ."~l.ll‘i_\[1';1_[c'5
heing ele-‘meal tutti tretttetl. An ertttmple can he eitetl to
‘illu. tr:-.te this point.

A steel stt'uctt1i‘e, such as .1 ltt'itl_:<:, tn- 3' he L‘iiiisti'i.tctetl
tvith :1 higtzlt .~tt'e11.;;th-lriw é1lllJ\' steel to l'L‘LlL1C'L3 ‘t1'H' weight.
jcet ntzttntttiit its St}‘t_U.'[U1'€il tnte;;1'it}'. The sttliseqtiettt p':1lI1Z—
i!1g(iiElit.‘;1llO_\’.<Ei;’t_‘l will he ~'t(ilT1L‘\\-'l1;lt nttire CU5~i'if.’. since
the 1‘e‘tLC of clcziitiitg the -3t.ti't7tiees ttf the allot‘ steel hx‘
tilai'ttsi\’el1it1stiii};_ will he slt_)\x'ei2 ?L‘C&‘.L1h‘L‘ the .-L11.'hiee:< l'L'|.1Ll
[(3 he Slifejlltlfx’ II“lUi'<." tesistaint tn mtitie l'C‘F‘s‘tH\".ll i.'l]a3l1 thtise

t'>fe;1i‘h<iti .<te<.‘l.The §1i§.:l1et'cn.~'tntpi'ei\;ii‘;1titmztntl ]'iLllI1’[l1‘l_t§

 

  

 
Figure ‘l3-A press drawn quartet panel of an auttstnobile body

(The panel illustrates the stringent mechanical requirements
which must be satisfied by metal sheet aheaei of any finishing

demands}

is .te-eepteti tn gttitt the tttlt; ‘l[E.1“I_V"\.,)‘:37:l]\_'1iLlt‘:l]£}fl1iL‘L1iRIVA:
ztntl t‘itlt:.‘ttlit_\\' ml the -"’}t=*.'ttt r-tctl ~RU"t1L"jLll'.!i 1i7e‘liiliL'l'H,

The tr»t'e_;r,siii_e tli~.et:~~it::t~ ;‘1I‘:Ll = 11*-[l';‘.lli=.‘.i“;~t1!‘\_‘ili
-ht.-ee~.~it\; tut .1 =

 
 

  i.’i\"e lWt'é;J.tt:'~e th-.;’\‘ L'lUlll‘,l‘~.' ntiint tit‘-
inttire the l]l_1!i‘tt.‘l'iI'tE\ ;:'nt-itiie;13.
ittt-Jttetinits that e;::t ' ‘  

 
  

}‘tt‘ii.t;:~.tI\‘e t“tii=:'t~
HI l‘t‘.\_'[r1l wtirltt-_'-..-~ ii‘:

-_n§_'iii;; the =.‘tttttt1l "ietf!L‘lli‘~ltat‘;-ttitii.‘ etitititigge. B_\' t.
eniit nite tn the ~’t.l
i‘;ttit':n;tl ttntl teehnteti

eltntne the heat met‘-
teimltxl pL1i"Dt",,~it_‘*—'.

   
V .«:n 1"-i‘(iL"L“‘~ tine estn nttilte the

 

 
. g‘-1'ntiit_ae~ zteetleti ‘tn

': ti"t—tl'tr;tlx hit’ :1 \'.l‘:";L.‘l.‘.' :21‘ H?»

l\ ‘5l:.tT1LE L'L
 

ll. SOME THEGRETIGAL AND TECHNOLOGECAL

COi\§SiDERATl0NS OF METAL SURFACES

A te;1::u-.t;tl3ly f.§()(i\l Litttlei'st-niiding iii the scitiitific pi'in—
cinles L'tii‘tL‘t;'I'neLl with l1‘lL'I;llliL' elements tli1(lti1i.,‘l]‘;15:$\)Cl—
ttted et'ntip0Li1‘tds is 1’l:‘CC!-‘:S'.1I"\' tn pi‘npei‘l\' .-tppreeittte lmth
the similatrities and the Llillt.‘1'L'l1CU5 tl1e5e11ttttet't';tl,~‘ exltiliit

when they are pteptti'etl tot‘ coating. Reettttiiitg the teeltiital-
ogy of metallic stthstt-.1tes_. two \'er_\' i'mpt't1‘t-ant emiceriis
;-tte the eltt11'-.tCtet'istic tttttil_iute.< of tnettils wltich h-.t\‘e an
effect on their suri';1ces and the etiiistittititiittil ie-.ttti1'es of

metallic stti'ftic:Cs which I11;1}' he t1lEt.‘l'L‘Ll h_\' the }"T'L'l‘r;ll'(‘ttl\"L‘
pi‘tiCe5st.'s‘ pi'eeetli1i5; L‘(l2ltl11f.§, Other ;1.H‘pL‘I3IS tit itiettil 1'-Sill‘-
ittces which ttmst he ctiiisitlt-ml the the effects at the
iiieclmnieal and [l‘lt.‘1‘1T'l£Il treatitieiit.~; tl‘It’_\‘ have t1iitle1'§.t011e
Lllld the effects hi: the .=.L1r't'-ace _;;enttteti')‘ tnitl texture on their
1'|:‘SDU115L‘ to coatiiig. Fin-till)’, ti \lUJ1blLlL‘1't‘t[l()l1 (if the effects
tif stirfatce etiei‘gy and ‘.-\='(.‘tIln_t.’, plienotiieii-.1 and those nf
pttssivtitinii and etii'i‘nS.it~n 1’L"'_~'ir~teli'lC:' i"1‘(lpL‘1"Cl.t.’5 '=lI'L‘ neetieti
tn cmitplete the tltemetieatl pei'.~speeL1\'es tttteittlitig the
{.'l1€1T1lC&‘tl pet'f<ii‘t1t;titee oi‘ the inetnls in cle.it1ii1;:;ttttl treat-
ment t)p(,'I'2i‘ti£)l]S.

A. Characteristics of Metals Affecting Surfaces

The metals (ll: i.ntet-est U! the C1ll'1‘L‘l‘1l tlisetisaiitti tire

“mist which are sulitls h;i\=it1;.; well tlelineti btitttitlitig 5111'-
es. These metal zsulitls will tend tn resist cleft_ii'm;trittn
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l'lLlE\'{ill;ll:-1l'JLllh§1l;l\'siliilet_'l;1-tl['l1}’1\l]t:i'l[l1C}'tEl'U .‘~tt'tx~~-ed.
The ~t2t'izte-es Hi the Htllltlt- will t>t't‘§in:ii'il\' he pnltir tint!
pt1:'~.-e-,-.;t1‘| tnheteitt liiqh -.‘.il'lJL'<.‘ L.‘l1L‘1_:.'_\'.' liet'titi~e the met-
;tla' ttnti snlitl ,~’ttt't';tt-tr» cat i_~r;te=;iettl ll']EL,‘?,‘L‘r~[ it-ere are "us-tll
i‘einu't‘et?.t1'<imthe liifgh tettiiieii-nttt1'e.~ tn wliieli they stat":-ett
dl]Ll ztieét I31’ the Y<_'t'\ ' \\' teiiipei;ttt:re~ \\ !1LiL [i1L“_\’171l;;l1i
f_=';tettii‘e ttiitl .~;htittei: the ittijmtet Ell [l‘:L' L‘i§eL‘t~_» til e.x'tz'enit~»
an tem1it‘t'tttL1i.'e tun their p-::'_i*7\:i'in.ittee 1» mi littit e-iiieeti: Eng’
the tiresetit ]7LlE'D‘-3:-‘~e‘~‘. (")2 =~el=_t=.tei' il'tl'l;i'L‘w'L tire tlte }'E;lEd.l'L‘ ill
ttntl tlistpmititsit til the _~ttt*:';t-ea_- cieliitlifh, the .~ttr2;te-ti ener-

  

getics tiiiti theit eonwtlti-etiee_» .ttt-tl the L‘l'lL'L[‘- at i1t'it=1'
l1i,~tm'\’ tit the miiti tin if‘- t_'hein1ea.l :'e,~;~.t::t:~e.~. lteetttase
tltese tire the in.-tint‘ in-;_r=>t';a \\l]1L‘ll ttlleet :ii’eti.tt';'sti\'e inatt-
l'l ‘As tzittl iit‘itees5ea\

[LThe eiemeitts wltieh reside O11a‘t1TlL'[.‘Il ,~;uh_<tr;tte I‘-,‘l;1_\‘ he
present in S\.Il')Stall'1[i21ll\' tlifierent etineetitr;itiian.~. ttntl chemi-
cal 5‘L'E.l'fL‘S than tlttise lttttrft in the stilt-,<tit't';tet: U1’ intet'iot'
cutitpu':.itit,)it 0'1" the metal. ,-‘tit ;1llttj.' mi‘ :1 ttietttl \\ itlt <shl\'
E1't‘.L‘L’5 wt iF'l[cl'11‘.llL:lL'11lL'niLEl »_ntptn'1t.te.s ntti_\' Lillriillhl.‘ one in‘
more of these et'institLient:< to the sttihee at the ‘t‘t'1L".tll
when the zitetztl is pitteeszaetl. Htttjli at.» l7‘\‘ ltmt [1‘L,‘3’[11‘lt_‘1]t «.23-
l1H1'*l'Ulltl]g,;ll1Ll thtis etttielt the ,~ti2'i';tt‘e tn thtit element tn‘
Zlillr-\.‘<.'l£.‘i"='lL‘17I.*-. t—‘tlte2'iieitei\q an eie1i'teP‘tHi the hull; Elim-
plif'!l‘L'l‘3l1ll1}.‘l:\'lAl]i:::].-£l.l.C tn tlit; .‘41.li'lV;1L‘L‘l‘ltj{_‘;1>l;~.g ill ;] l_l't:n;_.-j.m
an-1tiit=itt iiidttcetl hy iuxitltitmti of the elemetit ti; the .\L‘ti'—
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236 CORROSION ENGINEERING

two alloys are quite similar in chemical composition. Both alloys exhibit if.

good resistance to stress corrosion. '

See Fig. 3-71 for the effect of ferrite on resistance to stress corrosion b}

CF-3. CF—8._ and CF»8M. compared to types 304 and 316. s: :
The Materials Technology Institute published in 1981 two manuais

titled Performance and Re1i'ttbi'h't_t‘ of Corrosion Resirrrmr Castings. Manual — '77.:
No. 5 covers Phase 1, “Causes of Unsatisfactory Performance". and No.

covers Phase 2. "Casting Discontinuities."

Table 5-4 lists mec}iani'cal properties of several stainless steels in each cf . .

the four groups. Note the wide range of properties available from these 7:‘ L‘.

materials. The high—strength materials exhibit good strength-weight ratios

for aircraft and missile applications. High hardness is desirable for wear .

and some applications where resistance to erosion is required (c.g., trir: :_ .-
for high-pressure steam valves). 'i—.:i ‘

The 200 and 300 series stainless steels all exhibit roughly the same -_—

mechanical properties in the annealed condition. The major exceptio: T

involves cast alloys with duplex microstructures. Note the higher yiel: _ -__- __:

strength (and accordingly higher design strength) for Cl-"-8 containing 15‘ L .— :

ferrite as compared with type 304. The austenitic steels retain good ductilitj. _ T s-

and impact resistance at very low temperatures and are used for handling .‘.f :

liquid oxygen and nitrogen. FCC metals and alloys (austenitic stainless. :-~ .3
copper. and aluminum) all possess good properties at cryogenic tempera‘ .- r 1-
tures. They only method available for hardening the austenitic stainless

steels is cold-working. This usually decreases corrosion resistance oni} - --2:

slightly, but in certain critical environments a galvanic cell could fO1'T.‘.‘_ . .7 ..

between cold-worked and annealed material. Type 301 is utilized mostly i.‘. 4.

the cold-worked condition for such applications as train and truck bodies :' . -

The austenitic steels can be cold-rolled to strengths in the neighborhood of r : :-

300,0O0 lb.-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 the

latter because of higher carbon.

I-ligh-temperature properties are discussed in Chap. 11.

 

 

 

5-9 Aluminum and Its Alloys

_ - L/Aluminum is a reactive metal, but it develops an aluminum oxide coating c:
g film that protects it from corrosion in many environments. This film is quiie

stable in neutral and many acid solutions but is attacked by allcalies. Thu’

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

passage of electric current. This process is called anodizing. The high-coppet
alloys are utilized mainly for structural purposes. The copper—free or lou-
copper alloys are used in the process industries or where better CO§’I'OSlL"T

resistance is required.
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5-30 Magnesium and Its Alloys

Magnesium is one ofthe lightest commercial metals. specific grant)‘ 1.11.
It is utilized in trucks. automobile engines. ladders. portable saws. luggage.
aircraft. and missiles because of its light weight and also good strength
when alloyed. l-lowever. it is one of the least corrosion resistant and is
accordingly used as sacrificial anodes for cathodic protection (Chap. 3)
and Cll'}'-C€ll batteries. it is generally anodic to 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 coatings and "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

efi"ect on corrosion. The metal is susceptible t'O erosion corrosion. Mag-
nesium is much more resistant than aluniinuin to alkalies. It is attacked by
most acids except chromic and ll}.-’ClI‘ClllllOl”lC. The corrosion product in HF
acts as a protective film.

Magnesium and its alloys are available in a variety ofwrought forms and
die castings. Tensile strengths in the approximate range 15.000 to 50.000
lb;in.3 are obtainable.

5-ll Lead and Its Alloys

Lead is one of our oldest metals. It was used for water piping during
the time of the Roman Empire. and some of it is still in operation. Lead
ornaments and coins were utilized several thousand years agoaead forms
protective films consisting of corrosion products such as sulfates. oxides.
and phosphattflw ost ofthe lead produced goes into corrosion applications :
a large portion 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 Pb-Sn alloy}. bearings. roofing. and ammunition. Lead is soft.
easily formed. and has a low melting point. Lead-lined steel is often made
by “burning on" the lead. ll is subject to erosion corrosion because of itssoftness.

When corrosion resistance is required for process equipment Chemical
lead containing about 0.06"“ copper is specified. particularI_t for .<tilt‘tiric
acid. This lead is resistant to sulfuric. chroinic. l1}'ClFOl'lLlOl‘lC. and pli0:;pl]uric
acids: neutral solutions: seawater: and soils. it is rapidl_\_-' attacked b} acetic
acid and generally not used in nitric. hydrochloric. and organic acids.

Chemical lead exhibits a tensile strength of about 2300 lb in: at room
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CHAPTER THIRTY-FOUR

C A R B O N

Less than 0.2 per cent of the eartlfs crust is carbon. Yet we can safely
say that had carbon been omitted from the roster of elements we should

not exist. All organi . compounds are compounds of carbon.

1. Occurrence Carbon occurs as the pure element in nature in two '4

allotropio forms, diamond and graphite. he Belgian Congo is the worlds
richest source, although deposits in

Brazil and South Africa are impor-

tant. Owing to the large demands of

the war for diamonds in grinding
20015 and for dies through which Wire

is drawn. the deposits in A!.‘l~L'c1IlSi:1S

are being developed. Deposits of

zraphite, a second ailotropic form of

rarbon, occur in Ceylon. Russia.

Tiierniaiiy. Mexico. Madagascar, and
Caiiada. Although anthracite coal is
-14 per cent carbon. its (‘d3‘l3011 atoms
are combined with one another and

"-rith hj,'d1'ogc11 atoms. llcnoc, strictly.‘

:-peaking, coal contains little free i.-m_ 3_;_1_ Star of Africa diflmmld‘
'arbon. (Courtesy of Amer-ir:an flfuseum of

Inorganic Compeunds of carbon Natural Hfs!0r_v, New York.)

,1;-rlude carbon dioxide in the atmosphere, and carbonates, Lime3tQno_

“l‘1€1ll(_, and marble are calcium carbonate. Magnesite, .\lgCO3, is abun-
faiit, and whole mountain ranges are composed of dolomite,
f.lgCO,a-CaCO3. We have mentioned that all organic substances are
zsrbon compounds.

2. Properties. 330 one has to describe the beauty of a diamond, but
:3 extreme hardness, which is really its most valuable property, may be
‘.“-‘E!3‘lO0l{€d. It is more than twice as hard as its nearest competitor. Hard-
;%ss is the ability of a substance to resist penetration of its surface bx‘ an-

':i1€I‘ substance. The relative hardness of two substances can be deter-

:..ined easily by rubbing an edge of one on the surface of the other, and
407
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allopatric almonerl

.-illlfifldflllt’ : Gk. alloy. other ~ —_iv.-zrii:'c. —p:ith_v.l +~aI'Io-path'-
ic (3l'9-p2Ih’lk} ad}. --al’Iovpath‘i-cal-ly dd‘-'.

at-lo-oat-ric la)’;-p:'it'riki nu}. £101. Occurring in separate.
uidely differing geographic areas. [aiLio— ~‘ Gk. pairs. tu-
ihe.-iimu‘ i< purer, fai.lier'i — -lL'.] --al‘lo-pal'ri-cal-ly cr<t'\'.

ai-to-phane t':§l‘a-fan‘) Pl. .-\n iii-riorphous. it-zinsluceni. vari-
ousl} colored mineral. €SSCl1liLtil} i1)(.iFO'Llh uluininurii sili-
cate. [Gk allopliarifl. appctinng other\'~:~c : allot‘. other ~

_ rF1li(.'."Il£'E'}l. to i.ippettr.]
at-la-phone (éi'a-ion’; u. .~'tn_v oi’ the \'3l‘lJ.ll'll forms of E! [1i'lt1vn-.:n‘.e. For cxainple. the aspirated ,5: off»! and the L.lI1d:s]Jl-
rated p of spit are allophoncs oi’ the Eng sh phoneme p.
—-al'to-phon’lv: (-ffiri’il-L} girl;

at-lo-pu-ri-not (il'c':-pyo‘or’a-noi'l ii. A drt (’5Hs'.\'.iO3 u d
to treat gout b_\' promoting uric acid eimetiun. {.:ii_i_o- 4r=t.=-time) —— -t3JL3.]

all-cr-none t_ol'ar-nun‘) ml; Characterized b} either corti-
plete response or total lite‘.-t oi" iesponse or effect. in new
‘.‘Di0glCal action above ;i threshold.

al-lo-steric (él':;—stér’il-cl oil: Of or tcltiting to rrioieciilzir
hincimig, to tin enzyme at at site other thzin the criz} niaiiczillyactive one.

at-tot (:»lr'it'§ ir_i-. -lot-ted. —lol-ting. -tots. 1.To disiribiiie bi
lot: £1ppOI'llOn. 2. To give or assign as oiieit portion: allo-cate: allot l'l7!‘€€ week.-‘ in :1 prrirecr. [ME alarm: < OFr. uloier
: a—. to (< Lat ad-J — lat. portion, of C!E[l11:1l‘llC orig ] —al-Eot'1Er J1.

al-lot-ment t,:rlot'm9nt) Fl 1. The act ol allottiiig. 2. Sonic-
thing that is allotted. 3. A portion of :i sen-icemaiik pa}: setaside for a member of his t'cirnil_\= or for insurance.

at-lcrtrope rat’:-trap‘) i'.’. A structural!) difler::nti:ttL‘d form
of an allotropic element. iBacl;—lorm.1iion < .u.i.o'rtmr\'.]

al-lot-ro-py (2-loi’r;=—pE_i n. The existence. esp. in the solid
State. of two or more Cl')5l.‘iill]l£ o inolecular structural
fcirrns of an element. —aI‘Iu~trop'ic ix ’uAtrOp’i’k). aI'Ici-trop'-

._ ivcat nail. -—al'Io-twp ca ar.'
alt’ at-ta-i.-a i2‘il':«-iti\'—:>. at‘ l adv. ,\Iin At an octave higher
or lower than written. lfscd as 3 direction. §Ital.. ill the
oci-.ii.'e.]

ii al-lot-tee to-lot‘e'} ll‘. One to whom something is allotted.all out adv. with c\'er_\' possible effort.
a|§—out (ol‘oLit'l adj. Using all ones rciotirces: air all-our er"fi"t?‘.|'.

~ all over adv. 1. Over the wliole area or extent: emlvr.r':li.=rea'
7 all over u-ilvla roses 2. Eve ' here‘. .ri=:rrclieri‘ all (J\‘k‘V_lOl‘ rlie

nl0‘liQ_‘|‘. 3. in all respects e‘.t l1L'l' grcrziilniorlicr all m't*r
_ all-0-trer ml’-"\.'\'arl arfg. Cox criiig an entire surface."’ at-low {::-loii’) ll"\'. -lowed. -tow-ing. -lows. 1. To let do or

_ licppcn: permit. 2. To acknowledge or admit: concede al-' fr;-v ri‘ic1egalr'i_i' qi"(.i claim 3. To permit to have: rilr'm«' mien 1.‘
_,lit'e dollar: er do)’. 4. To inakc provision for; allriii rtnziijiir [l
coflee break. 5. To permit the presence of: No pa’-.’l.i' cillozrtirl.
6. To provide (the needed £tE‘f1OLl!.'ll)'. allow jiiiiclr H1 Case of

V - cots-rg.=.=nc_i'. 7. To admit: grant: 1’ allow their to lJE.'l'l1e B. Toallow as 3. discount or in I3‘(ChEll1gE'. allmced me twerirr (lol-
lrzrs on my old r_i‘pcwri'.'er —phra5al verb. alluw of. To per-
mit; a lrearjxe alloirltig of .ren:=ral lril(’!'pl'EfGll0li_\‘. [ME

M ullimerz, to approve. permit < {')Fr. (ln'(?!re'r <. both Lat. callou-
3 ~ dare. to praise. and .\-led. Lat. .r:i'locrrre. to allocate’: —ai-lot»-.r’a~bIe adj. —al.-low"a-bly uili.

. . al-’tow-at-ice is-lou’:insi ti. 1.'l"he act oi allowing. 2. Stirrin-
thing that is allowed. 3. Something gl\ en. as nionc_\ . .it regu-

..‘ lar interrzils or for :2 specific purpose: it travel {lllf7|I'{1?l(‘é’.
- — 4. A. price reduction granted in exchange for used rnereh:in-discount. 5. A consideration for possibilities or mad‘:-

_ circumstances: an eillmiimiiii for brerikage 6 AnE‘.liD\\’€d difference in dimension of closely mating nicicltitie
parts. —.rr.i-. -anced. -ant:-ing. -anc-es. 1. To restrict in an;iliowarici;. 2. To put on an allotxanee.

al-low-ed-Iy is-iou'id-lei mix-. Ev general udnitssion: 3G1'7l_i.l.A
tccll}.

al-toy inl'oi'. :~loi'} ii 1. A hon-iogerieous mixture or solid
solution. usually‘ of two or more inctals. the atoms‘ of one
replacing or oc.c:up_\-irig iiiterstitial positions between theatoms of the other. 2. The rciatixe degree of rriixttire “Ill! .2
base rnctzti: fineness. 3. Something added that lov. ers value

.'. or punt); —rr.i'. [;—loi’. €il’oi'3 -loyed. -toy-ing. -lays. 1. Tocombine (metals! to form an alloy. 2. To lower purity. or
value of la metal) by 1T1!\i'n_2 with a cheaper metal. 3.T0
dchtzise ‘.35’ the addition of an inferior ulctiient. [Di-'r. ulfu <
nlorer, to alloy < Lat. ulliizars. to bind to 3 ud-. to -‘r litmre.
to bind]

all-pur-pose tol'p ‘pas; ml}. Useful in nun} wa ‘s.
all right suit‘. 1. Sari ctoi}: average. 2. Correct: Tliescftib
uri-r are perfecnly all riglir. 3. Cninjured. 4. Ver_i.' \\'.=_-ll: yes.5. Without :1 doubt‘ Ht_-'t ;. laol. all rigrhr.

Usage: it is still not ticceptcible to write all rlglii as at
"single word. alriglir. despite the parallel to words like al-
ready and iilrogerlier and despite the fact that in casual
speech the expression is: often pronouiiced as if it were oneword.

all-right (ol‘rit"i ad; Slavic. 1. Dependable: honorable‘ wt
(ill-i'lglIlf£.’ll(Jlt'. 2. Good: E. client: on alflrrglit r1ln‘.'1i:’.

all-round (6l'rmmd'] ad]. \ atiairit of all-around.
All Saints‘ Day it. NO\'emi:it:r 1. a church festival in honor Ofall saints.
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alt-seed to ‘sail: ii. -‘my oi severtil plants iiaving rniiriseeds. such as liiiotg ‘ 2.
All Souls‘ Day ri. l\'o\'c-rntier 3. uh.~1cr\i:d h_i. the Roma:
Cailiolic Cliiircli as u dug of prayer for souls in purgator)

all-spice tol’spi i ll. 1. A tropical American tree. Pi'meiit.'
igliicniiifir. i1El\ll'l§3. small white n0\\'t,‘i‘.\ lll'|(i tirorntttii.‘ berrie:2. The dried bCITlCh ol the illi§piC€. used whole or ground 2.:
a spice.

all-star (o|’st:ir': ar2_‘;. .‘vludc up whollx of stair pcrfuriiic
.:tll-ilur ttl.\l. —ti. .3'_l'.‘()i'l.\'. A plgiter chtiseit for an allteam.

all—tirne i0l’t‘in'i’) mli. liifiiririul. Of rill time. an all-time c2.‘—rericlmsce iciiiird.
all told uzlv. V\'itli r:\Ef)‘lhlng corisidereii; in all.
al-lude to-l«;%d'l 1 ~il..Id‘ed, ~Iur.i-ing. eludes. To nitikc at

indirect reference to. El "‘. allurlerti. to plttfit with i 114-. ID '
litrlerc. to play -1 linlm _ rne,!

Usage: .-tlliule and Eill1t.‘i'tO!l are often used where li‘::
more gcnerztl terriis riffer and rtjlct-mi‘e would be preferable
.~tl:‘mlc unit uilur.-mi :1ppl_\ to indirect reference that does nr
idi:ntif_ :.pecil'ii:‘;i1l}. Rtjlitr Lind fé’f(’l'El1(‘(‘_ unless qualified
l.l>U3il)' iinpl} direct. specific mention.

al-lure t3—lo'or"; ii. -lured. -tur-tng. -lures. (Jr. To entice \\’iE'
sotiieihiiig desirable: tempt. —niir. To tempt or l£t.\Ci1'111'|i=
~ii. The power to entice or tempt: i'asi:iriaiion. [ME alurr< OFr alitrer: —. to ii‘. Lat. <1Ll~) i iurrre. btiit. oi Clermar.-..
orig} —ziI-lure merit ll‘ —-at-tuner ii. -—a¥-|ur’ir\g-ly udixal-lu-slon ia~lo’o'7.li:rii n. 1.The 1i(.'( oi‘ iilludingz indire;
mention. 2. An indirect. hut pointed or iiieeiningful refer‘
cnce —See L. _.i: iiotc LIE allude. iLL:iI. rillzirm. ti pin) r.:
with ~: Lat.u1liici’ere. to pin) with. —see AL1.E.'DE.1

E.i‘iU'Si\-'9 (3-lr5"o’si\'I cirli. Contitining or making dilL‘ti\llJTl‘
5t.tggc.~l.i\'::. ——al-lu'sive-ly trdr, ——aI-lu'sive-nests ii.at-lu-vi-a to-loin‘ E—al l.‘ A plural oi‘ attuvium.

al-lu-viral is-lcTo'\'e—:ili (It'll. Of. pertuiniiig to. or coniptiscd .aliuvtitrtt.
alluvial tan Pl. A t'_in—.~'ri:iped ucciiiiiiiliiiioii of ulluvium
pflsllfiti at the mouth ol .i !".3‘-'il'lC.

al-iu-vi-on is-lo‘o’t':':-an} ll. 1. .-\llu\iurn. 2. The flow of wit
against Ll shore or htinlt. 3. lnurtdaiiloii ht miter; Hot».
4. 1,¢;w_ The iricreiisirig of land. cap. iilong a Xt\‘€T bed. i:
deposited EliiLl\‘lLllTl. [£111. ulliiiw -3 ezlltiers-. to wi:i:s'ti againstucl-. to V lirere. to tt;ish.]

al-iu-vi-um (ca-ld'o’\'e m :i.. pl. -vi-ums or -Vi‘a t-vi‘:-:1. SEC
meitt deposited hi liming tvatcr. an in it river lied. fie
plain. or delta. §Ltit. '-J (llllll‘lE1.!'. :lli'U\lLli < al.’i4i=rc. I0 w
against. -—see .ALLL'\'Ii)N.}

al-ly ta- 23171 1‘. ~lled. -Iy-lng. -lies. —tr. 1.To Ltnitc ti’connect in it lorniiil relntionsliip or hood. such LI) b_\ treat‘-
2. To unite or connect in at personal relationship. such 2
friendship or iniirriitge. —~fl'l‘f7'. To enter into an tilliantz
—i:. [:3 i’. 3-IE’). pl —lies. 1. One that is united with Ell'i(!li‘.:
in some fan-nail or personal relittiomliip. 2. A friend or c;|c».~;
associate. [ME allreii < OFr. alier < Lat. alligarc. to bind t-:

 

  

 

 
 

 

 

 

  
 

 

 

see .=ti_i.o\'.l
al-lyl t_é‘il’;il) .-i. The univtilcnt orgatitc radical ('H;‘.C}‘lCl"

{L-.it. u-Ilium. garlic '+ —\'t, {so called because it was
obi . ed from gnri ‘Ll +-al-lyl'ic (3-liiil-t) rid}. 

st’) ei. 1..-\n exhaustive chronicle On ;
uphy compiled ‘ox’ Fl0iC‘t1.’1_\' ubout A.treatises cu:

 AI-ma-gest(i1l‘ms—i
tronon'i_\' at-n.l get
150. 2. ali-nagest. .-\n§.‘ of SE‘€Y.'.\i n'icdie\'til
cerneil with ttstronnirij. or £IlL'hCl11_\. [ME i:iliiiu_t:i.'.-Ire =1 OFI
Ar. al-niujisir : til. the ~ Gk. ni::a't'.i-ta‘ i.S‘ll)ll[I.\'l5_l. greate-
tcompositinni. fem. of mi‘gi'.tmi. greatest. super]. of meg.‘
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20.2. COLGF.’ Pi-:;MENrs

  
Phthalocyariine blue

(PB 15} Phthalocyanine tween
mixer: isomers

Figure 20,4, Representative phtiiaioeyariirie pignienis.

The alpha t'oriii is‘ redder‘. but not as siziliie: in some uisex. when sonic gieties of the Elipiiéi
form are iiseti. there cam be sei‘i<'itis piehleitis oi" Cilélflgé of color anti uretigtii during
aflirflgfi oi‘ t'!fiLlliI'lgS or during htiltiiig. Mare stable ttiplm form pignitrtiix are 2 'Llii‘ili‘i}E3I
‘.iic“.\‘E3 iiicni‘pm‘:-ate ‘\‘i1i‘it’lllS additix-'e~ that st:-ibiiize the r.'i'_\~aial lnrm and iiiiiiiriiize prcsiiiettis
.‘-.itii linceulatitin of dispersitiiis. Some grzides of pi’1ii‘i£1i{')Cf."fl11i!1€ lwitie are x‘lightl_\»
_lii0ri1i;-itetiz iiiese have greener blue shades.

' . Plithaiu gt‘eeii.< are made by hzilogenating copper ph[i‘la!OC)'é_':I‘IiD€ to pm-titice mixtures: of
E~'L'T|i‘tlL‘:1’.‘§ in wiiicii many Of the if» h_\’Ci]’0gC-.‘l1§ of CPC liave been i'L’_['Ji1i(,'C'Li witii chlorine Oi‘
.".‘siXiLIl'€$. ofciiluririe and bromine. Phtli:1li‘igi'eeiis with 13 l0 l5 Chi()!”‘ii1rL‘.~‘~ but no iimmine
?‘.:.i\'e hiue—green slizides. Partial replsicement of chimine with bromine s.hii'ta the Color
:w'ward a _veilt_m'—greeti sliztde. The 3.-'elinvre<t shziiics ha‘.-‘B :2 high §'d[i{.'l oi‘ bromine tn
.'ii.lm'iiie_ an example is PG 36. wliicli has on average aimut 9 i7!'flmiI‘lt3§ and 3 Chioriiieu.

20.2.4. E<ia—:.i=: Pigmenis

f.-‘ainiosl ail hiziclc pigments l.l.‘§€£i in coatings are L‘£,i.1'i'\U{‘i iaiuclm. The}-‘ ahstwrii L3." raclizztim
..—.< weli as light. and with [HOSE binders. black craters are the must xttilile on e.\'terit'ii'
1-\pOS§.lI”€. Czirhon blacks: are I'i'i<'iC!C by it \'arie‘t}’ til" })mccss-:3<. of ;7Lli‘ii;al E.‘(}ITlhllSIi{‘lii
.:.d 1- or ciueiciiig nfpeiroletim products or natural g'igDepending on the process. the put-
::.-ie size and '.i*.e.ret'oi'e the degree 0i'jeIiie.s’.s' (ii1i€l1Sii}‘ nf bizicknexsl ‘s'[i."iE\'. High cnitii‘
,.=.ri-‘iii.-am’ Infm‘/cs‘ have Lhe Hrililiiefii particle sizes. with diameters oi‘ 5 to E5 iim. and
igite the iiighesi _ieiiie.~*.s'. They tire used when intens‘el_y biack. git‘-f§F«_‘v L‘{3L1[ii‘ig\$ £ili‘E,‘
ietircci. Fir‘i".H£i('t"‘ l2iti:‘lts' i'lE'.\'€ iiirger particie Sizes. are lnwer in cost. :inu' give less: jet
.‘iL‘.L‘i\’ coatingx. \:"ui‘ioua' graeies are zivuilable. with zzverage di1_1i1i€lEi‘.‘% of ill to 20:’) rim.
.’..;mzp/7(ti<‘A'.\ lizive Ll still larger particle Size. on the order oi" 0.5 ;_LEi‘1. and have iciwcr
3310? stterigtlés tlizm other carbon blacks. They are pr'itiiari1y used in ma. gray emit-

They are preferzilvle to i’ll':_‘hACDiOl' blacks for this purpose: if H sziii-all cXr.'C:<.\. oi"
‘zigli color Lilaek is adtletl by l‘E‘1i.‘%Iak€. it 11121)" he I‘.€L‘!.,‘SS}3I'_\’ in iilL‘rt‘£t.H'€ me batch size
_‘~”3‘sE~ or more to make up for the mistttke. The shade of grit}-' obtztitied chzatiges much
itini-e .\'lu\i.'I:.,‘ mtii Llic addition 01' i(NI1pbiélCix‘. mtikiiig Ceirir f"ii{tiL‘i'1il‘:g «easier.
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