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Plastic Materials and Processes: A Concise Encylopedia defines the important 
concepts of the plastics industry in a single-volume encyclopedia. Materials, 
proce e , prop~rtie , test methods, and other information that is used comm~nly 
throughout the industry are defined without great involvement in detail and rn a 
manner that i straightforward and efficient. This book is aimed at meeting the 
need of general managers, executives, purchasing and manufacturing personnel, 
supervi ors, engineers, students, and all others that are working in the field of plas­
tic or have interest in these important materials. It is expected that in today's robust 
working environment the time burdens on these individuals are greater than ever. 
When this limited time frame is coupled with the universe of exploding polymer 
technology, the resulting pressures may make it difficult to maintain an overall 
gra p of the information required to efficiently perform. 

The selection of information provided in this book has been made with a view 
toward giving the reader an efficient, intelligent overall insight without having to 
wade through voluminous texts or handbooks in specific areas. It is not the purpose 
of the book to provide an exhaustive treatise on any subject, as it is assumed that 
the reader will consult more comprehensive and detailed texts, journals, and even 
the producers of materials and processing equipment for such specific and in­
depth information. However, this book should make the journey to acquire such 
information easier and more efficient. 

As the goal of this book is to provide a sourcebook of practical information for 
all ranges of interest, its organization is aimed primarily at reader convenience. The 
main body, therefore, consists of a concise encyclopedia of know ledge useful in 
today's plastics industry. It contains an extensive array of materials information and 
property and performance data presented in an alphabetical format. In addition, it 
presents all-important application guidelines, process method trade-offs, and design, 
finishing, and performance criteria. It also summarizes chemical, structural, and 
other basic polymer considerations. 

This main body of information is preceded by a brief introduction to polymers and 
plastics that may be used to provide the reader with a "glue" to hold the individual 
snippets of information together. This initial section covers the nature of polymers, 
and it offers an introduction to the material and process description that follow. 

After the encyclopedia, are several appendices containing valuable property data 
and other detailed information. Here plastics and other n1aterial commonly u ed 
in the industry are compared to one another, and guidance i offered regarding 
their processing methods and final applications. Finally, there i a completely 

ii 
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cross-referenced and easy-to-u e mdcx that i provided as a road map for the pre­
ceding information and as a method of linking ubjects and infonnation together. 

The result of thi compilation i a conci e, yet valuable reference to the bro d 
amount of information required to function in the plastic indu try. It will be a u e­
ful first-source to anyone involved in all aspect of product de ign, development. 
application, manufacturing, marketing, or other peripheral function in the plastics 
indu try. The authors hope that thi book will be the mo t worn book in the reader' 
reference library a result of being the first choice for information. 

CHARLES . HARPER 

EDWARD M. PETRIE 
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r NTRODU ·rroN xiii 

fabl l .1 lypi 'Al 1h\d nnme. nn<l uppllcrs of Thermosetting PIM tics (Note: these are 
bttt :\ few, . ec ppcndi for nn expanded listing.) 

Plastic 

Alk d 

Diallyl phthalates 

Epo ·ie 

Melamines 

Phenolics 

Polybutadienes 

Polyesters 

Silicones 
Ureas 

'fypica l trade names and suppliers 

Plaskon (All ied Chemical) 
Durez (Hooker Chemical) 
Olaskyd (American Cyanamid) 
Dapon (FMC) 
Diall (Allied Chemical) 
Durez (Hooker Chemical) 
Epon (Shell Chemical) 
Epi-Rez (Celanese) 
D.E.R. (Dow Chemical) 
Araldite (Ciba) 
ERL (Union Carbide) 
Cymel (American Cyanamid) 
Plaskon (Allied Chemical) 
Bakelite (Union Carbide) 
Durez (Hooker Chemical) 
Oenal (General Electric) 
Dienite (Firestone) 
Ricon (Colorado Chemical Specialties) 
Laminae (American Cyanamid) 
Paraplex (Rohm and Haas) 
Selectron (PPG) 
DC (Dow Corning) 
Plaskon (Allied Chemical) 
Beetle (American Cyanamid) 

Plastic materials included in the thermosetting plastic category and discu­
ssed separately in the following sections of this book include alkyds, diallyl 
phthlate, epoxies, melamines, phenolics, polyesters, silicones, and ureas. A list 
of typical tradenames and suppliers of the more common plastics is given in 
Table IN.l. 

THERMOPLASTICS 

Thermoplastics differ from thermosets in that they do not cure or set under heat 
as do thermosets. Thermoplastics merely soften or melt when heated to a flow­
able state, and under pressure. they can be forced or transferred from a heated 
cavity into a cool mold. On cooling in a mold, thermoplastics harden and take 
the shape of the mold. Because thermoplastics do not cure or set, they can be 
remelted and then rehardened by cooling. Thermal aging, brought about by 
repeated exposure to high temperatures required for melting, causes eventual 
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j PLA TIC MATERIALS AND PROCESSES 

Table I .2 Typical Tradenames and Suppliers of Thermoplastics (Note· th 
. . ) • ese are bu few, ee Appendix for an expanded listing. ta 

Thennoplastic 

ABS 

Acetals 

Acrylics 

Aramids 
Cellulosics 

Ionomers 

Low-permeability thermoplastics 

Nylons (see also Aramids) 

Parylenes 
Polyaryl ether 
Polyaryl sulfone 
Polycarbonates 

Polyesters 

Polyethersulfone 
Polyethylenes, polypropylenes, 

and polyallomers 

Polyimides and polyamide-imides 

Polymethyl pentene 

Typical trade names and suppliers 

Marbon Cycolac (Borg-Warner) --------­
Abson (B. F. Goodrich 
Lustran (Monsanto) 
Delrin (E. I. du Pont) 
CeJcon (Celanese) 
Plexiglas (Rohm and Haas) 
Lucite (E. I. du Pont) 
Nomex (E. I. du Pont) 
Tenite (Eastman Chemical) 
Ethocel (Dow Chemical) 
Forticel (Celanese) 
Surlyn A (E. I. du Pont) 
Bakelite (Union Carbide) 
Barex (Vistron/Sohio) 
NR-16 (E. I. du Pont) 
LPT (Imperial Chemical Industries) 
Zytel (E. I. du Pont) 
Plaskon (Allied Chemical) 
Bakelite (Union Carbide) 
Parylene (Union Carbide) 
Arylon T (Uniroyal) 
Astrel (3M) 
Lexan (General Electric) 
Merlon (Mobay Chemical) 
Valox (General Electric) 
Celanex (Celanese) 
Celanar Film (Celanese) 
Mylar Film (E. I. du Pont) 
Tenite (Eastman Chemical) 
Polyethersulphone (Imperial Chemical Industries) 
Alathon Polyethylene (E. I. du Pont) 
Petrothene Polyethene (U.S.!.) 
Hi-Fax Polyethylene (Hercules) 
Pro-Fax 'Polypropylene (Hercules) 
Bakelite Polyethylene and Polypropylene 
(Union Carbide) 
Tenite Polyethylene and Polypropylene (Eastman) 
Irradiated Polyolefin (Raychem) 
Vespel SP Polyimides (E. I. du Pont) 
Kapton Film (E. I. du Pont) 
Pyralin Laminates (E. I. du Pont) 
Keramid/Kinel (Rhodia) 
Pl3N (Ciba-Geigy) 
Torlon Polyamide-Imide (Amoco) 
TPX (Imperial Chemical Industries) 
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rN'rRonucrroN xv 

1)1hlC' 1 .2 (Crmr;,wrd) 

,i,cnnl,plnstk Typical trade name~ and ~upplier, 
------.-l--------N--1-----------------
,,,typhcn 1lcnc o mes ory (General Electric) 
1\'llyphen lcnc sulfides Ryton (Phillip~ Petroleum) 
polystyrene, Styron (Dow Chemical) 

Lustrex (Monsanto) 
Dy1ene (Koppers) 

Polysulfones 
Vinyl 

RexoJite (American Enka) 
Ucardel (Union Carbide) 
Pliovic (Goodyear Chemical) 
Diamond PVC (Diamond Alkali) 
Oeon (B. F. Goodrich) 
Bakelite (Union Carbide) 

degradation of the materials and so limits the number of reheat cycles. Most of 
the common thermoplastics materials are discussed in detail in the following 
section. 

Specific data on a variety of thermoplastics can be found in the following sec­
tions of this book. In general, thermoplastic materials tend to be tougher and less 
brittle than thermosets so that they can be applied without the use of filler. 
However, although some are very tough, others do tend to craze or crack easily, 
so each case must be considered on its individual merits. Traditionally by virtue 
of the basic polymer structure, thermoplastics have been much less dimensional­
ly and thermally stable than thermosetting plastics. Hence, thermosets have 
offered a performance advantage, although the lower processing costs for 
thermoplastics have given the latter a cost advantage. However, three major 
trends put both thermoplastics and thermosets on a competitive performance con­
sideration basis. 

1. Much has been done in the development of reinforced, fiber-filled thermo­
plastics, greatly increasing stability in many areas. 

2. Much has been achieved in the development of so-called engineering thermo­
plastics, or high-stability, higher-performance plastics, that can also be rein­
forced with fiber or fillers to increase their stability further. 

3. Lower-cost processing methods for thermosetting plastics have been devel­
oped, especially the screw-injection molding technology. 

All of these options should be considered in optimizing the design, fabrication, and 
performance of plastic parts. 

A list of typical tradenames and suppliers of the more common thermoplastic is 
given in Table IN .2, and a list of so-called advanced thermoplastic materials is 
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Table IN.3 Advanced Thennoplastic Materials 

Matri • y tern Abbreviation Trade names and suppliers ----
Polyphenylene sulfide PPS Ryton (Phillips Petroleum) ---Polysulfone PSF Udel (Union Carbide) 

Polyetheretherketone PEEK APC (Imperial Chemical 
Industries) 

Polyethersulfone PES Victrex (Imperial Chemical 
Industries) 

Polyetherimide PEI Ultem (General Electric) 

Polyamide-irnide PAI Torlon (Amoco) 

Pol yetherketone PEK (Imperial Chemical Industries) 

Polyamide PA J-2 (E. I. du Pont) 

Polyimide PI K-III (E. I. du Pont) 

Polyarylene sulfide PAS PAS-2 (Phillips Petroleum) 

Polyarylene ketone HTA (Imperial Chemical Industries) 
Pol yetherketoneketone PEKK (E. I. du Pont) 

presented in Table IN.3. Specific data and information for a variety of thermoplas­
tics are given in the main body of this book. 

Glass Fiber-Reinforced Thermoplastics 

Basically, thermoplastic molding materials are developed and can be used without 
filler, as opposed to thermosetting molding material, which are more commonly 
used with filler incorporated into the compound. This is primarily because shrink­
age, hardness, brittleness, and other important processing and use properties neces­
sitate the use of filler in thermosets. Thermoplastics, on the other hand, do not 
suffer from the same shortcomings as the thermosets and hence can be used as 
molded products without fillers. However, thermoplastics do suffer from creep and 
dimensional stability problems, especially under elevated temperature and load 
conditions. Because of this shortcoming, most designers find it difficult to match 
the techniques of classical stress-strain analysis with the nonlinear, time-dependent, 
strength modulus properties of thermoplastics. Glass fiber-reinforced thermoplas­
tics (FRTPs) help to simplify these problems. For instance, 40 percent glass fiber­
reinforced nylon outperforms its unreinforced version by exhibiting 2-½ times 
greater tensile and Izod impact strengths, 4 times greater flexural modulus and only 
1/5 of the tensile creep. 

Thus FRTPs fi ll a major materials gap in providing plastic materials that can be 
reliably used for strength purpose and which in fact can compete with metal die 
castings. Strength is increased with glass fiber reinforcement, as are stiffness and 
dimensional stability. The thermal expansion of FRTPs is reduc~ creep is substan­
tially reduced, and molding precision is much greater. 
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ADHESIVE 17 

111c fundamentnl concept of the diffusion theory is that adhesion arises 
through the interdiffusion of molecule~ in the adhesive and the adherend. The dif­
fuskm theory is p1imnrily applicable when both the adhesive and the adherend are 
polymetic, having long•chain molecules capable of movement. Bonds formed by 
solvent or heat welding of thermoplastics result from the diffusion of molecu1es. 

weak boundary laye,- theory According to the weak boundary ]ayer theory, 
when bond failure seems to be at the intelface, usually a cohesive break of a weak 
boundary layer is the real event. Weak boundary layers can originate from the 
adhesive, the adherend, the environment, or a combination of any of the three. 

Weak boundary layers can occur on the adhesive or adherend if an impurity 
concentrates near the bonding surface and forms a weak attachment to the sub­
strate. When bond failure occurs, it is the weak boundary layer that fails, 
although failure seems to occur at the adhesive/adherend interface. 

Two examples of a weak boundary layer effect are polyethylene and metal 
oxides. Conventional grades of polyethylene have weak, low-molecular-weight 
constituents evenly distributed throughout the polymer. These weak elements 
are present at the inte1face and contribute to low failing stress when polyethyl­
ene is used as an adhesive or adherend. Certain metal oxides are weakly 
attached to their base metals. Failure of adhesive joints made with these 
adherends will occur cohesively within the weak oxide layer. Weak boundary 
layers can be removed or strengthened by various surface treatments. 

Weak boundary layers formed from the shop environment are also very com­
mon. When the adhesive does not wet the substrate, a weak boundary layer of 
air is trapped at the interface, causing lowered joint strength. Moisture from the 
air may also form a weak boundary layer on hydrophilic adherends. 

adhesive An adhesive is a substance capable of holding at least two surfaces 
together in a strong and permanent manner. Adhesives can be n1ade of organic or 
inorganic material. They are chosen for their bonding and holding power. They are 
generally materials having high shear and tensile strength. 

Structural adhesive is a term generally used to define an adhesive whose strength 
is critical to the success of the assembly. This term is usually reserved for adhesives 
with high shear strength (generally in excess of 1000 psi) and good environmental 
resistance. Structural adhesives are usually expected to last the life of the product to 
which they are applied. Examples of structural adhesives are epoxy, thermosetting 
acrylic, and urethane systems. 

Nonstructural adhesives are adhesives with lower strength and permanence. They 
are generally used for temporary fastening or to bond weak substrates such as paper 
and foam. Examples of nonstructural adhesives are pressure-sensitive tapes, wood 
glue, elastomers, and sealants. These adhesives are sometimes used for temporary 
fastening or sealing. 

Adhesives can also be broadly classified as being thermoplastic, thermosetting, 
elastomeric, and alloy blends. These four adhesive classifications can be further 
divided by specific chemical composition, as shown in Appendix K. 
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t ADHESIVE BONDI G 

Toe types of resins that make up thermosetting and alloy adh . . . es1ves 
their high trength, creep resistance, and resistance to environm arc n01,Y 

Th . h • al . ents su h '-\.! f0r 
moisture, olvents, and oils. err p ys1c properties are Well suited c as ht 
adhesive apphcatJon . Elastomeric and thermoplastic adhesive clas for Slnictu a~ 

• • • l d be f h • SCs arc r~ in application reqwnng conunuou oa cause o t e1r tenden not """_. 
. • al cy to er ~ 

high strc . Many co~on erv1ce environments so d~gradc thern. Ccp under 
ive find greatest u e m non tructural, low- trength applications such lncse adhe,. 
ensitive tape, sealants, and hot-melt products. as Prcssu~ 

Adhesives may al o be clas ificd by the way they are applied or 
anaerobic adhesives are adhesives that et only in the absence of airc~~.' liellcc, 
when confined between plates or beets. A contact adhesive is one tha; . or ltlstanec, 
dry to the touch but will adhere to itself in tantaneously on contact (al 

18 
apparcnuy 

. • . SO Called 
tact bond adMsivt and dry bond adhesive). A heat-activated adhesive i con. 
ive film that i made tac~ ~r fluid b! a~plic~tion of h~at or heat and P~s~ adbc. 

assembly. A pressure-sensitzve adhesive 1 a vt coelastic material that in 1 to the 
ky S h ·a1s ·11 so vent-free form remain permanently tac . uc maten w1 adhere instantaneous} 

li • f l"gh Y to DlOst olid urfaces with the app cation o very s 1 t pressure. Room-temperf't . ... ure settin 
adhesives are tho e that et m the temperature range of 20-30°C. These are 

O 
g 

two-com~nent adhesive tha:t must b~ ~e_d before a~plication. A solvent~:~ 
i an adhesive that has a volatile orgaruc liquid as a vehicle and sets or becomes tacky 
after the olvent has evaporated. A solvent-activated adhesive is a dry adhesive film 
that is rendered tacky ju t before use by application of a solvent. 

There are many types and suppliers of adhesives. The major suppliers of formulated 
adhesives range from large international businesses to very small regional shops. The 
major source of infonnation regarding adhesives and adhesive bonding processes can be 
either the adhesive supplier or the upplier of the substrate material that is to be bonded. 
For example, most polymeric material uppliers are experts on the types of adhesives and 
processes that can be used to assemble products made with their materials. 

See also tructural adhesive; individual resins. 

adb ive bonding Adhesive bonding is the process of joining two substrates 
(or adherends) with a third substance, usually an organic or inorganic resin. The 
re in or adhesive is applied in the liquid state and hardens after application and 
joining of the parts. 

~dhesive bonding presents several distinct advantages over oth~r methods of: 
terung substrates (Table A.6). Bonding as a method of assembly, 1s often prcfe 

. ' • • ed when 
V.:hen different types of substrates (e.g., metals to plastics) need to be J01~ ed part 
high-volume production is necessary, or when the design of the fimsh 
prohibits the use of mechanical fasteners. other 

Although there are various ways of J. oining plastics to themselves or to blY 
• al · «- tive asselil maten s, adhesive bonding has often proved to be the most euec -·~ 

th d I · · . tal fasteu,,•v 
me o • n many applications the use of adhesives rather than me . . longer 
reduces product cost and the weight of the assembly, in some cases providing s and 

• 1~& d • • rotoiwe service ue. A hes1ve bonding can also be used very effectively in P 0ot be 
with larg • • • asons can e or mtricate assemblies that for economic or design re 
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Table A.6 Advantages and 01 advantages of Adhc ive Bonding 

Advantages 

1. Provides large stres -beanng area. 
2. Provides excellent fatigue strength. 
3. Damps vibration and ab orb shock. 
4. Minimizes or prevents galvaruc 

corrosion between dis imilar metal . 
S. Joins all shapes and Lhiclmes e . 
6. Provides smooth contours. 
7. Seals joints. 
8. Joins any combination of imilar 

or dissimilar material . 
9. Often less cxpen ive and faster 

than mechanical t tening. 
10. Heat, if required, is too low to 

affect metal parts. 
11 . Provides attractive strength-to­

wcight ratio. 

Disadvantages 

1. Surfaces must b carefully cleaned. 
2. Long cure times may be needed. 
3. Lirrutation on upper continuous 

operating temperature (generally 
350°F). 

4. Heat and pre sure may be required. 
5. Jigs and fixtures may be needed. 
6. Rigid process control u ually 

necessary. 
7. Inspection of finished joint difficult 
8. U eful life depends on environment 
9. Environmental, health, and safety 

con iderations arc necessary. 
10. Special training sometimes required. 

molded or proce ed as a ingle part. Solvent and heat welding may be considered, 
in the case of plastic ub trates, as a type of adhesive bonding process in which the 
adhesive is actually a part of the ubstrate itself. 

However, the joining of plastic with adhesives can be made difficult because of 
their low surface energy and poor wetting, the presence of contaminants such as 
mold release agents and low-molecular-weight internal components (e.g., flex.ibiliz­
ers, UV inhibitor , and processing aids), and po sible susceptibility to moisture and 
other environmental factor . Fortunately, numerous adhesives and processing meth­
ods are available for the joining of plastic materials and have been successfully used 
in many applications. Many of these products and applications are described in arti• 
cles and handbooks on the subject. The plastic resin manufacturer is generally the 
leading source of information on the proper methods of joining a particular plastic. 

See also adhesion; solvent cementing; heat welding. 

adhesive failure Adhesive failure occurs when there is rupture of an adhesive 
bond such that the separation appears to be at the adhesive/adherend interface. When 
rupture occurs within one of the materials ( either the adhesive or the adherend), the 
failure is said to be a cohesive failure. 

See also adhesion theory. 

adhesive joint The adhesive joint is the location at which two adherends are 
held together with a layer of adhesive. It is the general area of contact for a bonded 
structure. Generally, the adhesive joint is made up of components other than the 

. adhesive and adherend. Metal ox.ides, contamination, mold release agent, moisture, 
and other such components may also be present at the adhesive joint area. 

See also interphase; joint design (adhesive bonding). 
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516 
SOLVENT cEMENTING 

. thetic re in and ela tomers are gen 
d with yn ·rec1 • CraJh, 

ol nts use . of olvents i requ1 to achieve the de . J Otga . 
nature. Often a nux~d with polar re in ; nonpolar olvents With s~Cd Pro:c. in 
Polar ~• ents ~ ~ ed as a olvent for water- oluble resins. Certai npolar rc:~es. 
Water 1 . om um: water-based emul ion or lat formulation. n Polyll\ell 1ns. 
al o available as ed in the adhe ive or coating f ormulatio att 

When olvents arc u . b f n, they 
t d from the bondhne ore cure. Otherwise b must 

comp~etely evapod rali e cau ino a weak joint. In the early 1970s, duri Ubbles co•~\ 
fonn m the bon ne, c • th h ng the . \I d 

• • water-based adhe 1 e were oug t of as a Pos 'b titrtc f the petroleum en 1 , H s1 le r o 
l t-based adh ive y terns. owever, water-based adh . eplaec. 

ment for o ven . . be f th • es1ves 
1 fty pectation pnmanly cause o e tune and energy never 

met tbe 
O 

froe m the bond line the corrosion that the water causes in dcyr~uirCd to 
remove water ' 1ng 

th 01
• ture re i tance of the final product. ovens and e poor ro , 

ol ent cementing olvent cementing i_ the simplest and most econo . 

th d f J. oining noncry talline thermoplastics. In solvent cementing th lllicai 
me o o . th b , e applic 
tl• of the ol ent often and d1 solve e u trate surfaces being bonded a. 
on 1 • • ed fr d . ihc 
olvcnt diffu into the urface, al owing 1ncreas ee om of movement of the 

polymer chain . the parts are then brou~ht together under pressure, the solvcnt-
oftened plastic flow . an der Waal attractive forces are formed between mol 1 . fr h . . ecu es 

from each p~ and polymer cham om eac part 1ntermmgle and diffuse into 
·1 th 1 one another. Toe parts then are held in place unti e so vent evaporates from the joint 

area. 
ol ent-cemented joint of like materials are less sensitive to thennal cycling 

than joint bonded with ad.he ives because there is no stress at the interface 
cau ed by difference in thermal expansion between the adhesive and the 
ub trate. When two dis imilar plastics are to be joined, adhesive bonding is gen­

erally de irable becau e of olvent and polymer compatibility problems. Solvent• 
cemented joints are a re i tant to degrading environments as the parent plastic. 
Bond trength greater than 85 percent of the parent plastic can generally be 
obtained. Solvents provide high-strength bonds quickly because of rapid evapo­
ration rate . 

olvent bonding is suitable for all amorphous plastics. It is used primarily on 
ABS, acrylic , cellulosic , polycarbonates, polystyrene, polyphenylene oxide, and 
vinyls. Solvent welding is not suitable for crystalline thermoplastics. It is not effec· 
tive on polyolefins, fluorocarbons, or other solvent-resistant polymers. Solvent weld· 
•• d ~ -~~ mg 1s mo erately effective on nylon and acetal polymers. Solvent wel g c 
u ed to bond thermosets. di 

A d' d ble an or 
. isa vantage of solvent welding is that many solvents are flarnroa_ ed when 

toxic. and must be handled accordingly. Proper ventilation must be provid d ot ~ 
boorlmg large areas or for high-volume production. The bonded part sboul 

0
•0int. 

packaged or stressed until the solvent has adequate time to escape form the lvent· 
Complete evapo ti f Some so . . ra on ° solvent may not occur for hours or days. rage the 
Joined pans may have to be "cured" at elevated temperatures to encou 
release of solvent before packaging. 
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Cellulo e 
acetate 

Cellulose ace­
tate butrate 

Cellulose 
propionate 

Ethyl cellulose 

ylon 

Polycarbonate 

Polymethyl 
methacrylate 

Polypheny lene 
oxide 

Polystrene 
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~r-------4---f---t-,­
·~ Polyvinyl 
t3 chloride 
'-' h::::=:__w4-t---t--n 
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~ butadiene 
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520 
SOLVENT MOLDING 

1 t cements hould be cho en with approximately th 
oven the pla ttc to be bonded. Table . 1 lists typical c ' 

P~etler tt~ Solvent used for bonding can be a single pu~olvents Ut .. ~lu~1. maJor pa c • d 'th • 1 • ~~ sotv -qi l() ~ 
non of olvents, or a olvent( ) rruxe ~• re m. tis common to u ent, a to ~ 

t-drytng olvent with a le volatile ol~ent t~ prevent c _sc a% ~ 
fas t can be bodied up to 25 percent by weight with the Pare razing. l\c t\i~~i 
cemen_ty The e bodied solvent cements can fill gaps and providnt flastic to ~'tr. 
vi cosali ·tre 

5 
than when only pure olvent is used. e ess Shrinh:·~ 

intern -,c~ 

solvent molding Solventld1?oldingl ~ a pdr~ess for forming th-_ 

articles by chpping a male mo 1n a so ution or 1spersion of the . -"'llllap' 
off the solvent to leave a layer of pla tic film coated on the mold.~~:""~ 
evaporate and the coating hardens, the product can be removed fr the so1"'-

om the lllold. 

Table S.2 Solvents that Affect Plastics (Ref: Izzo, C.P., "Decorative and 
Coating ", Handbook of Plastics, Elastomers, and Composites, 3rd ed., C.A. H '~ 
McGraw-Hill. ew York. 1996) lrJ>cr, td.. 

Resin 

Acetal ................... . 
Methyl methacrylate. . ...... . 
Modified acrylic . . .. . ...... . 
Cellulose acetate . . . . . . ..... . 
Cellulose propionate ........ . 
Cellulose acetate butyrate .. . .. . 
'y Ion . . ........ . .... . 

Polyethylene: 
High den ity ........ . .. . . . 
Med. density ............ . . 
Loy,, density .......... . .. . 

Polypropylene .......... . . . . 
Polycarbonate . . . . . ....... . 
Polystyrene (G.P. high heat) 

Polystyrene (impact, 
heat-resistant) ...... . ... . . . 

ABS . . . . . . . . . . . . . . . . . . . . 

Heat-distortion 
Point, °F 

338 
160- 195 
170- 190 
110-209 
110-250 
115-227 
260-360 

140-180 
120- 150 
105-121 
210-230 
210- 290 
150- 195 

148-200 

165- 225 

--­Solvents that Affect Surface 

None 
Ketones, esters, aromatics 
Kctones. esters, aromatics 
Ketones, some esters 

---

Ketones, esters, aromatics, alcotds 
Alcohols, ketones, esters, aromatD 
None 

None 

None 
Ketones, esters, aromatics 
Some aliphatics, ketones, esterS. 

aromatics . some 
Ketoncs, esters, aromaucs, 

aliphatics . a1C(bli 
Ketones, esters, arom~ 

""lS ~ . d thenJlO:>V 
olvent res1 tance Sol vents affect thermoplastics rubber, an t sohtDI 

d. ffi ' solven • ......,. 1 erent ways. Thennoplastics usually dissolve in an adeq~ate (be (hell"d 

molecules separate the chains, f onning a solution. Drying will reru:t surfaces 
plaSt1c to its nonnal state. Table S.2 shows the solvents that will afii 
certain plastics. bainS· 11Je 

R bbc the c • ) ,st ~ r generally swells as the solvent penetrates between tcanizauoP 
chemical bonds between polymer chains ( due to crosslinking or vu 
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554 THERM L WELDING 

. . H t flow i detennined by monitoring the surface temp 
Jomt , etc. ea . 1. b eratUr 

. bort time after external heatmg or coo ing as been appUA~ c of a t 
piece a d th b "" h ~. Sub est 
anomalie will alter the heat flow pattern an ere y C1J.1ect t e surface te surface 

Th urf ace temperature difference can be detected by thermometers OlPcratur 
e L" • d tal appli d t th ' tber- c. ples, or heat- en itive coating . iqm cry e o e joint can Illak•10cou. 

visible if the ub trate i heated. e Voids 
Thermal transmi ion testing is an excellent way for detecting van 
omalies uch as urface corro ion under paint before the corrosion becous tyPcs of 

an h • raft ki ornes • ally evident Thin ingle-layer structures, sue as airc s n panels, can be . Vtsu. 

ed for urface and ub urface di continuitie . This test is simple and • 1nsPcct. 
& • • 1ncxpens· 

although material with poor h~t trans1er properties are difficult to test and the . 1~c. 
mu t be acce ible from both side . Joint 

For nonmetallic materials, the defect diameter must be on the order of fi . 
it depth below the urface to ~btain a r~liabl~ the~al indication. For m::1~rnes 
defect diameter mu t be approximately eight tunes its depth. Some bright n' the 

. d . ffi . . su aces 
uch as bare copper and aluminum, o not eIIllt su c1ent mfrared radiation and • 

require a darkening coating on their surface. lllay 
With thermal urface impedance te ting, heat is injected into the test ob;ect's 

. J sur-
face from a hot gas pul e. The re ultmg surface temperature transient is analyzed 

'ali • 1 a1· Th rf to detennine the part qu ty m near y re time. e su ace temperature transients 
are en ed u ing an innovative noncontacting, emissivity independent infrared sen-
or. Thi method i not adversely affected by surface blemishes or roughness. 

th rmal v elding Welding by application of heat or thermal welding provides 
an advantageou method of joining many thermoplastics that do ·not degrade rapid­
ly at their melt temperature. It i a method of providing fast, relatively easy, and eco­
nomical bond that are generally 80- 100 percent the strength of the parent plastic. 

Thermal welding proce can be of two kinds: direct and indirect. With direct 
welding, the heat is applied directly to the substrate in the form of either a heated 
tool or hot gas. Indirect heating occur when some form of energy other than ther­
mal i applied to the joint. The applied energy, which causes heating at the interface 
or in the plastic as a whole, is generally in the form of friction, high-frequency_ ele:· 
trical fields, electromagnetic fields, or ultrasonic vibration. Because the beattng is 
localized at the bonding urface, indirect heating processes are very energy efficient, 
generally re ulting in bonds that are stress free and of higher strength than tbose 
made by direct welding methods. . . 

See also heated tool welding; hot gas welding; spin welding; induction welding, 
ultrasonic welding; vibration welding; and dielectric heat sealing/welding. 

th fi • d article frotn enno omung Thermoforming is the process of creating a forme h t 
a flat sheet by combinations of heat and pressure. This process first softens tbe s ; . 
by application of heat and then fonns the sheet into some three-dimensional sha 

Thermo/ orms ~e ~e products that result from a thermoforming opera?00• rocesse5· 
Thermofornung 1s one of the simplest, most economical plastic-forming p heating 

There are numerous variations of the thennoforming process, but most invotve 
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554 lllERMAL WELDI G 

H t flow 1 dctemuned by monitoring the surface tctn 
J01nts,aetchort~mc after e temal heating or cooling has been ap;raturc or a 
piece ah 11 alter the heat flow pattern and thereby affect the SU--" Cd. Subs" t~ 
anom es w1 be d d b ,,ace t "rfa,__ 

.. ..r. temperature difference can etecte y thennornct crno..... ~ 
Toe w,acc . . al . crs th ... "'ill\1~ 

l or heat- en iuve coaung . Liquid cry t applied to the joint c , c, 
p~ d -~~ ' 
V1 tblc if the ub tratc l hea~ • . ~c vo,d 

Th al tran nu ion tesung 1 an excellent way for detecting . \ 
~ • b ~~ 
_,_cs uch as urface corro 100 under paint efore the corrosio "-- s t;,Pcs 

anomcw h . raft . n uccorn Of 
all 'dent. Thin mgle-layer tructures, sue as auc skin panels es Vis y cVl . . . Thi , can be . u. 
ed for urfacc and ub urface disconunu1t1es. s test is simple and . 1nsl>ctt. 
although mat en al with poor heat transfer properties arc difficult to test •nc~pcl\sivc, 

th .d and the . 
mu t be acces iblc from bo 1 e • . JOtnt 

For nonmetallic material , the defect diameter must be on the order f 
• li bl th • o four ti' 

its depth below the urface to obtain a re a e ermal indication. Fo mes 
• 1 • h • • d r metals "'·-defect diameter mu t be approximate y e1g t times its epth. Some bri h , "IC 

. d • ffi • 'nf g t surrac uch as bare copper and alununum, o not em1t su c1ent 1 rared radiati' cs, 
. . . on and 

require a darkcmng coatmg on their surface. lllay 
With thermal urface impedance testing, heat is injected into the test ob· , 

I • urf ~ect s sur face from a hot gas pul e. The resu tmg s ace temperature transient is anal • 
' li • 1 al • Th rf YZCd to detenrune the part qua ty m near y re time. e su ace temperature tra . . . . . . . . ns1ents 

are en ed u ing an mnovauve noncontacttng, erruss1v1ty independent infrared 
or Tot method i not adversely affected by surface blemishes or roughness. sen. 

th rm I welding Welding by application of heat or thermal welding provides 
an advantageou method of joining many thermoplastics that do ·not degrade rapid­
ly at their melt temperature. It i a method of providing fast, relatively easy, and eco­
nomical bonds that are generally 80-100 percent the strength of the parent plastic. 

Thermal welding proces can be of two kinds: direct and indirect. With dirtct 
wt/ding, the heat is applied directly to the substrate in the form of either a heated 
tool or hot gas. Indirect heating occurs when some form of energy other than ther­
mal i applied to the joint. The applied energy, which causes heating at the interface 
or in the plastic as a whole, is generally in the form of friction, high-frequency elec­
trical field , electromagnetic fields, or ultrasonic vibration. Because the beating is 
localized at the bonding urface, indirect heating processes are very energy efficien~ 
generally resulting in bonds that are stress free and of higher strength than tbosc 
made by direct welding methods. . 

See also heated tool welding; hot gas welding; spin welding; induction welding: 
ultrasomc welding; vibration welding; and dielectric heat sealing/welding. 

the fi • Th · • • & ed article {roro rmo onnmg ennofonnmg 1s the process of creating a 1orm beet 
a flat sheet by combinations of heat and pressure. This process first softens tbe ~pe. 
by application of heat and then forms the sheet into some three-dimensional 

5 

Thermoforms ai:e ~e products that result from a thennoformin~ opera?00
• roces,ses· 

Thermofonnmg 1s one of the simplest, most economical plasttc-fo~ng p tieati1'8 
There are numerous variations of the thermofonning process, but most mvolve 
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