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Preface to the Fourth Edition

The third edition of the Plastics Additives Handbook sold out completely
within three years, a very clear indication that this book is needed and
appreciated by the plastics community.

Not much has changed during this period in the technology of plastics
additives. However, major changes are evident in the market scenario.
The publishers thus decided not just to reprint the third edition but
to correct errors and update the Index of trade names, manufacturers
and suppliers. So this fourth edition is actually not a revised edition
with major changes but is composed of the text of the third edition
with an updated index of suppliers for each group of additives. Our
thanks to the authors for their help and advice.

The Editors Spring 1993

Preface to the first edition

The vigor of the plastics industry remains unbroken but there has been
a shift in emphasis with regard to technical development. Today front
stage is occupied by the development of plastics and plastics systems,
tailor-made for specific applications.

Along with copolymers and physical blends of various plastics, additives
are enjoying a key position within this new trend in development. They
permit the use of plastics in applications where the plastics material
as such would have had small chance of success.

Additives are accepted today as full-fledged partners of plastics. In this
sense, this Additives Handbook is a logical and long overdue complement
to the trade literature. The Additives Handbook is a reference book
having as objective to summarize the state of the art achieved in this
area. Next to this somewhat static point of view, attempts have been
made to present an outlook of the future, whenever relevant technical
trends could be discerned at this time. It is hoped in this way to stimulate
further, in depth collaboration among plastics producers, plastics proces-
sors, and additives manufacturers. This in turn should lead to long term
meaningful problem solutions, thereby further strengthening the position
of plastics materials in technology and the economy in general.



VI Preface

In view of the diversity of the subject matter, it was deliberately decided
not to have one single author treat the vast topic Additives. Instead,
a number of authors qualified by their professional activity, are attempt-
ing to describe how additives contribute to rendering thermoplastic poly-
mers — the scope of the Handbook is limited to them — capable of
fulfilling their manifold purposes.

The individual chapters of the Handbook are structured essentially in
an introductory outline of the technical/commercial aspects of the prob-
lem, followed by a short synopsis of the corresponding physical and
chemical fundamentals. The subsequent main part deals with the various
products or product groups and their use in individual plastics. The
already mentioned future outlook forms the concluding part.

The penultimate chapter of the book is concerned with toxicological
problems faced daily by additives producers and users alike. The increas-
ingly more severe requirements imposed by the authorities on additives
for approval of their use in plastics in contact with food, exert profound
influence on the future development in this area. A short résumé of
this problem complex appeared, therefore, appropriate.

Already two German editions have been published of this Additives
Handbook, which has become an indispensable reference to all those
who are professionally connected with the complex world of additives
for thermoplastic polymers. Readers’ responses have clearly shown that
it helps fill a real gap in the trade literature.

The present English version complies with numerous wishes from all
sectors of the plastics industry. Apparently a broad and comprehensive
survey of additives is missing from the extensive English literature on
plastics. The English text corresponds to a great extent to the latest
German edition, only minor changes and linguistic adaptations have
been made by the authors of the various chapters.

In this connection we should like to thank particularly Dr. Peter Klem-
chuk for his valuable contributions in preparing a technically and gram-
matically correct translation.

Basel, Switzerland, November 1984 R. Géchter
H. Miiller



Preface VII

Preface to the third edition

The continuing interest in and the acceptance of the Plastics Additives
Handbook by plastics technologists made it necessary to prepare this
third English edition. There are several reasons for this: On the one
hand, the second edition found its buyers rather quickly; on the other
hand, within recent years new developments have appeared in the field
of polymer additives which are worthwhile reporting, and many of them
are already widely used. This is true, for example, for the rapidly increas-
ing number of tailor-made stabilizer systems being offered for various
plastics and their many applications. In the area of light stabilizers, the
sterically hindered amines (HALS) have gained in importance quite con-
siderably, both in the number of products available and in their fields
of application. The potential of their effectiveness as thermal stabilizers
is not yet fully exploited. Another important development concerns the
fact that preconditions for the regulation of additives for plastics food
packaging are getting more and more severe.

Since nothing is as constant as change, the reader will note some changes
also in the third edition compared with the second. Several authors
of the preceding edition have changed to other fields of work or
have retired; fortunately, qualified authors could be found to revise
those chapters. All chapters have been either thoroughly up-dated or
rewritten completely; the latter is true for the chapters antioxidants,
plasticizers, lubricants, impact modifiers, flame retardants, and antistatic
agents.

In view of the ongoing development of engineering plastics and of high-
strength plastics composites, it was deemed appropriate to include a
special chapter dealing with fibrous reinforcements: glass fibers, carbon
fibers and aramid fibers. Since the problems of detection, identification
and quantification of plastics additives are of increasing concern for
users and health authorities, a chapter on the analysis of additives was
also added. The symbols for plastics used throughout this book follow
essentially the guidelines as given in DIN 7728 part 1, 1988, DIN/
ISO 1629-1981, ISO 1043/1-1987, and ISO 1629-1976 (E). Since some of
these symbols may be not familiar to all readers, they are compiled
in the Appendix.

The editors would like to thank all “old” and new authors for their
competent cooperation and their willingness to invest so much time and
efforts in their contribution. In particular, we are indebted to Dr. Peter
Klemchuk for his invaluable work as associated editor for this edition



VIII Preface

and the preceding ones. One of us (H.M.) would like to express his
sincere gratitude to Mrs. M. Chappuis who was extremely patient and
helpful with the mountains of paperwork involved.

Basel, August 1990 R. Gichter

H. Miiller



Contents

1.3

1.4

1.5
1.6

1.7

Antioxidants
Dr. F. Gugumus, Basel, Switzerland

Introduction . . . . . . ... .. . L
Autoxidation of synthetic polymers . . . .. ... .. .. ...
1.2.1 General physicochemical processes
122 Autoxidation of polypropylene
1.23 Autoxidation of polyethylene
1.24 Autoxidation of polybutene-1. . . . . .. ... ...
1.2.5 Autoxidation of styrenic polymers
1.2.6 Autoxidation of polyamides
1.2.6.1  Aliphatic polyamides
1.2.6.2  Aromatic polyamides. . . . ... ... ... ... ..
1.2.7 Autoxidation of polyurethanes
1.2.8 Autoxidation of polycarbonate
1.2.9 Autoxidation of polyacetals. . . . . ... ... ...
1.2.10  Autoxidation of polyalkylene

terephthalates . . .. ... ... ... . ... .. ..
1.2.11 Autoxidation of thermoplastic elastomers based

on polyether esters . . . .. ... ...........

Mechanisms of antioxidants. . . . .. ... ... ... .....
1.3.1 Stabilization by chain-breaking antioxidants. . . .
1.3.2 Stabilization by preventive antioxidants. . . . . . .
1.3.3 Synergism between antioxidants . . . . .. ... ..

Chemical, physical and toxicological requirements for
antioxidants . . . . .. ... o
1.4.1 Color stability . . . .. ..... . ... ... . ...
142 Thermal stability . . ... .. .. ...........
1.4.3 Hydrolytic stability . . . . .. .............
1.44 Volatility . . . . .. ... . o
1.4.5 Polymer solubility and compatibility of additives,
migration and extraction. . . ... ..... ... ..
1.4.6 Solubility in solvents and emulsifiability . . .. . .
1.4.7 Handling and safety . ... ..............
Incorporation of antioxidants
Testing of antioxidants. . . . ... ... ... ... .. ...,
1.6.1 Testing with model systems. . . ... ........
1.6.2 Practical testing . . . . ... ... ... ... ...,
Structures of antioxidants . . . . . . ... ... ... ..

LW L) =

oo

10
13
13
14
15
17
19



X

1.8

19
1.10
1.11

Contents

Technical aspects of thermooxidative stabilization
1.8.1 Stabilization of polypropylenc
1.8.1.1  Processing stabilization. . . . .. ... ... .....
1.8.1.2 Long-term heat stability . . . . . ... ........
1.8.2 Stabilization of polyethylenes. . . . . ........
1.8.2.1  Stabilization of high density polyethylene
1.8.2.2  Stabilization of low density polyethylene
1.8.23  Stabilization of linear low density
polyethylene . . . . . .. ... .. ... .. ......
1.8.2.4  Stabilization of cross-linked polyethylene
1.8.3 Stabilization of polybutene-1 . . . . . .. ... ...
1.8.4 Stabilization of styrenic polymers
1.84.1 Stabilization of polystyrene . . . . . ... ... ...
1.84.2  Stabilization of styrene/acrylonitrile copolymers. .
1.8.4.3  Stabilization of impact-modified polystyrene. . . .
1.8.44  Stabilization of acrylonitrile/butadiene/styrene
terpolymers. . . . . .. ... ...
1.84.5  Stabilization of styrene-based thermoplastic
elastomers . . .. ... ... .
1.8.5 Stabilization of polyamides . . . .. ... ... ...
1.8.5.1  Stabilization of aliphatic polyamides. . . . . . . ..
1.8.5.2  Stabilization of aromatic polyamides
1.8.6 Stabilization of polyurethanes. . . . . .. ... ...
1.8.7 Stabilization of polycarbonate
1.8.8 Stabilization of polyacetals . . . .. ... ... ...
1.89 Stabilization of polyalkylene terephthalates. . . . .
1.8.10 Stabilization of thermoplastic elastomers based
on polyether esters . . . ... ... ..........
Technological trend. . . . . ... ... ... ..........
Index of trade names, manufacturers and suppliers
References

Metal Deactivators
Dr. H. Miiller, Basel, Switzerland

Introduction . . . . . . . . . . . e
Mechanism of inhibition. . . . ... ... ... ... ... ...
Requirements . . . . ... .. ... e
Structural classes . . . v v v oo e e
TeStiNg . . v o v e e e e e e e e e e e e
Stabilization of polyolefins in contact with copper . . . . . .
2.6.1 Polyethylene . . . . . ... ... .. ... ... ...,



2.7

28

29

3.1
32

3.3

34

Contents

2.6.1.1  Cross-linked polyethylene . . . . .. ... ......
2.6.2 Polypropylene and copolymers . . . ... ......
Metal deactivators as costabilizers in filled and reinforced
polyolefins . . . ... ... .. ... ... .. ... ...
Index of trades names

and suppliers
References

Light Stabilizers
Dr. F. Gugumus, Basel, Switzerland

Introduction . . . ., . ... .. ... o
Photodegradation of synthetic polymers . . ... .. .. ...
3.2.1 Ultraviolet spectrum of sunlight . . . . . ... ...
322 Mechanisms of polymer degradation . .. ... ..
3.2.2.1  Physicochemical processes occurring on light
absorption . . ... ... ... ...

3222 Photooxidation scheme. . . . .. . ... ... ....
3.2.2.3  Photooxidation of polyolefins. . . . . ... ... ..
3.2.24  Photooxidation of styrenic polymers. . . . . . ...
3.2.2.5 Photooxidation of polyvinyl chloride . . .. .. ..
3.22.6  Photooxidation of polyacrylates . . . . ... ....
3.2.2.7 Photooxidation of polyurethanes. . . . . ... ...
32.2.8 Photooxidation of polycarbonate. . . . . ... ...
3.2.29 Photooxidation of polyacetals. . . .. .. ... ...
3.2.2.10 Photooxidation of polyamides . ... ........
3.2.2.11 Photooxidation of linear polyesters . . . ... ...
3.2.2.12 Photooxidation of thermoplastic polyester

elastomers . . . .. .. ... e e
3.2.2.13 Photooxidation

of polyphenylene ether. . . . . ............
3.2.2.14 Photooxidation of polysulfone ... .........
Mechanisms of UV stabilization . . . . ... ..........
331 UVabsorbers . . .. ... ..o
332 Quenchers . .. ..... ... .. ...,
3.33 Hydroperoxide decomposers . . ... ... ... ..
334 Free radical scavengers. . . . . . .. ... ... ...
Light stabilizer testing . . . . . ... ... ... ... ...
34.1 Accelerated weathering. . . . .. .. ... ...
342 QOutdoor weathering . . . . . ... ... ... ....
343 Influence of pigments on light stabilizer

performance . . . ... ... .o



XII

35

3.6
3.7

41

4.2

4.3

Contents
Technical aspects of light stabilization . . . ... ... . ... 202
3.5.1 Solubility, compatibility, migration and extraction

of light stabilizers. . . . . . ... ........... 202
352 Practical aspects of light stabilization . . . . . . .. 204
3.53 Structures of light stabilizers . . . . . ... ... .. 204
354 Polypropylene . . . . . ... ... ... ..., .... 213
3.5.5 Polyethylene . . . . ... .. ........ ... ... 226
3.5.5.1 High density polyethylene. . . . .. ... ... ... 226
3.552 Low density polyethylene . . . . ... ... ... .. 229
3.5.53 Linear low density polyethylene . . ... ... ... 235
3.5.6 Styrenic polymers. . . . . ... ... ... ...... 237
3.5.7 Polyvinyl chloride. . . . . .. ... ... ....... 241
358 Polyacrylates and polymethacrylates. . . . .. ... 245
359 Polyurethanes . . . . ... .. ... .. ........ 246
3.5.10 Polycarbonate . . . . . .. ... ... ... .. ... 251
3.5.11 Polyacetal. . . . .. ... ... ... .. ........ 252
3.5.12 Polyamides. . . . . ... ... ... ... ... ... 255
3.5.13 Linear polyesters . . . . ... ... .. .. ...... 258
3.5.14 Polyphenylene ether . . . .. ... ... ... ... 259
List of trade names and light stabilizer manufacturers. . . . 260
References . . . . . ... .. e 262
PVC Stabilizers
Dr. H. Andreas, Bensheim, Federal Republic of Germany
The economical and technical importance of PVC
stabilizers. . . . . ... e 271
Thermal degradation and stabilization of PVC . . . . . . .. 272
4.2.1 Degradation by thermal stress . . . . .. ... ... 272
422 Mode of action of heat stabilizers . . . . ... ... 276
Product groups and their specific chemical and
applicational characteristics. . . . ... ... .......... 281
431 Organotin stabilizers . . . . . . ... ... .. ... .. 281
4311  Organotin mercaptides and organotin sulfides. . . 282
43.1.2 Organotin carboxylates. . . . ... .......... 285
43.1.3 Recommended formulations. . . .. ... ...... 286
432 Metal carboxylate stabilizers . . . . .. ... .... 287
43.2.1 Barium/cadmium stabilizers. . . . . ... ... ... 290
4322 Barium/zinc stabilizers. . . . .. ... ........ 293
4323 Calcium/zinc stabilizers . . ... ........... 294
433 Lead stabilizers . . . .. ................ 296



4.4

4.5
4.6
4.7

5.1
5.2

53

5.4

Contents X1

434 Other metal-containing stabilizers . . . . . ... .. 298
43.5 Metal-free stabilizers . . .. . ... ... ... .... 298
43.6 Costabilizers. . . . ... ... ... ... ..... 300
43.6.1  Organic phosphites . . . .. .............. 300
43.62 Epoxycompounds ................... 303
4363 Polyols . ... ... ... ... .. 304
4364 Antioxidants. . . ... .. .. oL L. 304

4.3.6.5 1,3-diketones, dihydropyridine, f-ketocarboxylic

acidesters . . . . . . ... e 306
Test methods . . .. ... ... ... .. ... . ... ..., 308
4.4.1 Testing of heat stability . . . .. .. ... ...... 308
4411 Staticheattests . ... ................. 308
4412 Dynamic heat tests . . . . .. .. .. ... ...... 309
44.13  Determination of dehydrochlorination. . . . . . . . 310
4.4.14 Residual heat stability . . . ... ... ........ 310
442 Testing of the influence of heat stabilizers on

processing properties . . . . . .. ... ... 310
443 Testing of electrical properties . . . . .. ... ... 311
444 Fogging behavior test . . . ... ... ........ 311
44.5 Testing of weathering and light stability . . . . . . 312
Outlook and technological trends . . . . . ... ... .. ... 313
Index of trade names and suppliers of PVC stabilizers. . . . 314
References . . . . . . . . . . . ... 323
Plasticizers
Dipl. Ing. L. Meier, Ludwigshafen, Federal Republic of Ger-
many
Historical Survey . . . . . . . . . .. . e 327
Definition of terms . . . . . . . ... .. L L. 328
5.2.1 Plasticizers and plasticizing . . . . .. .. ... ... 328
522 Anti-plasticizers and anti-plasticizing . . . . . . .. 330
523 Plasticizing PVC with high-polymeric

modifiers . . . . . .. .. ... 332
Theories of plasticizing and plasticizer effect. . . . . .. ... 332
5.3.1 Lubrication theory . . . ... ... ... ... ... 332
532 Solvation theory. . . . . ... ... ... ... 333
533 Thermodynamic theory . . . . ... ... ...... 334
534 Polarity theory. . . . . ... ... ... L. 334
Methods of incorporation. . . . . ... ... L 335
54.1 Cellulose derivatives . . . .. ... ... ... .... 335

542 Polymer dispersions. . . . .. .. ... ... ... .. 336



XIv

5.5

5.6

5.7

5.8
5.9

Contents

543 PVCoplastisols. . . . ..................
54.4 PVC mixtures, dry-blends, agglomerates
Choice of plasticizers. . . . . .. ... ... ... .. ... ..
5.5.1 Compatibility
Fields of application

5.6.1 Dissolving and gelation behavior. . . . . . .. ...
5.6.2 Effects on hardness . . . . ... ... .. ... ....
5.6.3 Effect of mechanical stress. . . . .. .. ... ....
564 Effect on low-temperature flexibility . . . . . . ...
5.6.5 Effect of electrical stress on performance . . . . . .
5.6.6 Effect of heat. . . . ... ... ... ... .. ....
5.6.7 Effect of plasticizers on the optical properties of
PVC

Behavior of plasticizers with respect to environmental in-

fluences. . . . . . . . o i e
5.71 Extraction by water. . . . .. ... .. ... .. ...
572 Effect of chemical liquids

5.1.3 Effect of solvents and pure organic liquids . . . . .
5.74 Effect of gases and vapors. . . . ... ... .....
5.7.5 Effect of moist gases and vapors. . . . . ... ...
5.76 Plasticizer-induced stress cracking of
thermoplastics . . . . .. .. .. ... ..
5.7.7 Effect of solid contact materials . . . .. ......
578 Weathering resistance . . . ... ...........

5.79 Occupational hygiene. . . . .. ... ... ......
5.7.10 Plasticizers in contact with consumer goods and
foodstuffs . . . . ... .. ... . ...
5.7.11 Plasticized PVC for medical articles
Testing of plasticizers . . . . ..... .. ... ... ..
The plasticizer spectrum
591 Phthalates . . .. ... .. ... .. ... ... ...
592 Monocarboxylic acid esters . . . . . ... ... ...
5.92.1  Acetates, propionates and butyrates. . . . ... ..
5922  Esters of ethylbutyric and ethylhexanoic acid . . .
5923 Glycolicacidesters. . . . ... ... ... ...
5924 Benzoicacidesters . . . ... . ... ...
59.2.5 Epoxidized fatty acid esters . . . . ... ... ...
593 Special plasticizers based on phthalic acids. . . . .
5.9.4 Aliphatic dicarboxylic acid esters. . . .. ... ...
5.9.5 Phosphates. . . .. ......... ... ... ...
5.9.6 Polyester plasticizers . . . . . .. ... ... .....
5.9.7 Trimellitic acid esters. . . . . ... ... ... . ...



5.10
5.1

512
5.13

6.1

6.2

6.3

Contents

5.9.8 Citricacid esters . . . . ... ... ..........
599 Sulfonic acid esters and sulfamides
5.9.10 Alcohols, ethers and ketones
59.11 Abieticacid esters. . . . ... ... . ...
59.12  Polymerizable plasticizers . . . ... .........
59.13 Elastomers as high molecular weight plasticizers

59.14 Secondary plasticizers, extenders
59.141 Hydrocarbons . . ... ... ..............
59.14.2 Chlorinated hydrocarbons
Technological trends and outlook . . . . .. ... ... ....
Symbols for plasticizers according to DIN 7 723 (1987)

and ISO 1043 part 3. . . . . . . ... . . .. o
List of trade names and manufacturers
References

Lubricants and Related Additives
Dr. T. Riedel, Gersthofen, Federal Republic of Germany

Introduction . . . . .. . .. L e
6.1.1 Additives for solving processing problems . . . . .
6.1.2 Definitions and distinctions . . . . . ... ... ...
6.1.3 Economical importance of lubricants . . . . . . ..

Effects of lubricants. . . . . .. ... ... ... 00 ..
6.2.1 Understanding the lubricating effect
6.2.2 Internal lubricating effects
6.2.21 Viscosity reduction . . . . ... ... ... ...
6.2.2.2 Reduction of heat dissipation
6.2.3 External lubricating effects
6231 Releaseeffect. . .. .. ... ... . ... .. ...
6.2.3.2  Plastication-retarding (friction-reducing) effect . . .
6.2.3.3  Prevention of melt fracture . . . .. ... ... ...
6.24 Effects on finished part surfaces
6.241 Mold release effect
6242 Slipeffect. . .. ... ... ... ... ... ... ..
6.243  Antiblocking and antislip effect
6.2.5 Other effects of lubricants
6.2.5.1 Dispersing effect

6252 Waterrepellency . . ... ... ... ... ... ..
6253 Binding capacity. . . .. ... .. oL
Testing lubricants. . . . ... ... ... ... . ... . ...
6.3.1 Product characterization. . . .. ... ........



XVI

6.4

6.5

6.6
6.7
6.8

Contents

6.3.2 Tests on plasticsmelts . . . . ... .. ........ 446
6.3.2.1 Capillary viscometry . . . ... ... ... ...... 446
6322 Spiralflowtest . ... ................. 448
6323  Testing weld line strength . . . . ... ........ 448
6324 Demolding force. . . ... ... ............ 448
6.3.2.5 Laboratory kneader (plastograph) . . .. ... ... 448
6326 Extrusiometer . . ... ................. 451
6327 Meltstrength . . .................... 453
6328 Rollmilltests...................... 454
6.3.3 Finished part testing . . . .. ............. 455
6.33.1 Gloss and smoothness . . .. ............. 455
6.3.32  Slip measurements . .. ................ 455
Product groups and their properties. . . . . .. ... ..... 456
6.4.1 Structure/effect relationships. . . . . ... ... ... 456
6.4.2 The most important product groups. . . . ... .. 457
6.42.1  Fatty alcohols and their dicarboxylic acid

ESTETS + v v v e e e e e 457
6.42.2  Fatty acid esters of glycerol and other short-

chain alcohols . . . . . . ... ... ... .. .. ... 457
6423  Fattyacids. . .......... ... ... ...... 459
6424  Fatty acid amides. . . . . ... ... ... ... ... 459
6425 Metallicsoaps. . . ... ... .. ... ... ... 459
6.42.6 Oligomeric fatty acid esters (fatty acid complex

CSIErS) - . . . . e 459
6.4.2.7  Fatty acid esters of long-chain alcohols. . . . . . . 460
6.42.8 Montanic acid, esters and soaps . . . .. ... ... 460
6.42.9  Polar polyethylene waxes and their

derivatives . . . . .. .. ... .o Lo L., 461
6.4.2.10 Nonpolar polyolefin waxes . . . ... ........ 461
6.4.2.11 Natural and synthetic paraffin waxes . . ... ... 462
64212 Fluoropolymers . . . .. .. ... ... ... ..... 462
6.4.2.13 Combined lubricants . . . .. ............. 463
643 Products and typical data . . . . ... .. ... ... 463
Practical use of lubricants. . . . . ... .. ... ........ 466
6.5.1 Lubricants for PVC. . . . ... ... .. .. .. ... 466
6.5.2 Lubricants for styrenic polymers. . . .. ... ... 470
6.5.3 Lubricants for polyolefins . . . ... ... ...... 471
654 Lubricants for engineering

thermoplastics . . . ... ... ... ... ....... 473
Prospects for further development . . . . .. . ... ... . .. 475
List of trade names and suppliers . . . . ... ... ...... 476

References . . . . .. ... ... .. ... .. ... . . .. .. 480



7.1

7.2

7.3

7.4
75

7.6

Contents XVII1

High-Polymeric Processing Aids for PVC
Dipl.-Ing. K.-D. Bihme, Darmstadt, Federal Republic of
Germany

Fundamentals of the PVC compound. . . .. ... ... ... 481
7.1.1 General remarks. . . .. .. ... ... L 481
7.1.2 The historical development of high-polymeric
processing aids for PVC . . . . .. ... .. .. ... 481
Description. . . . . . . ... o e 482
7.2.1 Definition. . . . ... .. ... ... . . . . 482
7.2.2 Mode of action . . . .. ... .. ... ... ... 483
7.2.21  Acceleration of the melting process . . . ... ... 483
7.2.22 Improvement of the rheological properties in the
thermoplastic state . . . . . ... ... .. .. ..., 485

7.22.3 Improvement of the mechanical properties in the

thermoelastic state . . . ... ... .. ........ 490
7.224  Influence on the properties of rigid PVC in the

solid state. . . . ... ... .. ... .. .. ... 490
723 Physiological harmlessness. . . . . .. ... ..... 491
724 Characterization. . . . . . . ... ... ... ..... 491
7.2.5 Product groups . . . . . . ... Lo 491

7.2.5.1  Products from the lower molecular weight range . 491
7.2.5.2  Products from the medium molecular weight

TANEE .« « v v v vt e e e e e e e e e e s 492
7.2.53 Products from the upper molecular weigth range . 493
7.2.54  Product group methyl methacrylate/styrene

copolymers. . . . .. ... 493
Application . .. ... ... L L 493
731 General remarks. . . .. ... ..o 493
732 Processing techniques. . . . . .. ... .. ...... 494
7321 Extrusion. . ... ... ... ..o 494
7322 Injecion molding. . .. ... ... ... ... .... 494
7323 Calendering . ... ... ... ... ... ..... 495
7324 Rolling . . .. ... .. .. .. 496
7325 Blowmolding . . .. ............ SR 496
7.32.6 Thermoforming . . . . ... ... ... ... ..... 496

7.3.2.7 Production of PVC foams (rigid and semirigid) . . 497
7.33 Compounding
Technological trend and outlook. . . . . .. ... ... .... 497
List of trade names and manufacturers or suppliers

of PVC processing aids
References



