MANUAL OF PLASTICS ANALYSIS



158N 2.306-4301 -4

£ 1998 Plenum Prass, Mew York

A Erivivlon of Plense Publishing Corporstion
213 Spring Swonl, New York, MY, 8012
tptforarw plenum.oom

HoaYes432d

A} rights roxerved

N part of this book may e mproduced, srtd in a retrievel sydem, of
means, slectronio, wchanicsl, photocpnrng, microfibing, revordig, o ¢
Printed in the United Staton of Amesicn



PART 1, REVIEW OF METHODOLO

CHAPTER I POLYMER ANALYSIS

il

1.2

13

14

1.5

Polyethylene and polyptopyiene

£.1.1 Volutiles and water

i1.2 Additives

RS CGeneral diussion

1122 Phenclic antioxidants

(123 Amine anticxidanty

1124 Diorganosuiphide (and teriiary phospite) antioxida
1325 {Btraviolet abeorbers and optical brightene
L.i3 Fractionation

Polysiyrene

121 Valatiles and water

L2L Monomers and aromatic volatiles
P22 Aliphatic expanding ageaty

£.2.2 Oligomery

123 impurities in styrene monomer

124 Addisives

124.1 Fhenolic antioxidants

f.l42 Uitraviolet absorbers

1243 Orrganie peroxide residoes

L2244 Enhibitors in styTene monomer

L35 Fractionation and molocuiar weight
Poly{viny} chioride)

1 Water, voiatiles, moromers and chiorakydrocirdr
L.3.2 Additives

13z Phenntic and amine antioxidants
123 Plasticizers

§3.2.3 Organotin wiabilizers

[.3.2.4 Other types of stabilizers

£33 Fractionation and molsailar weight
Vulcanized and non-vulcsnized rubber (pofyisoprens}
1.4.1 Volatiles

1.4.2 Additives

1.4.2.1 Actelerators and antioxidants

1422 Antioxidants and antiozonanty

1.43 Fractionation and mojecobar weighi

Polvesters anat polyanides



1.6

1.9

F

L9

1.9

142
143

i14

1514  C.O.C groups
i Arsing oups
§i516 Acidic nnd giyoe! repeat units

- Voletiles and water
1.53 Oligorness
154 Additives

P4l Flame retardants
1542 Residund organic perogides
1545 Ungyeacted starting materials

Polyacty!intes

L&1 Fureetional groepa

[ §: Manomets and water

151 Cligoeners

164 Additives

1.6.4.1 Phenolic antioxidasnty

165 Fractipnation angd molecuiar weight
Foiy(ethylene ghycol) and Poly(propylens glycol}
N Oligomen

1.7.2 Frewtiona! groupy

1.1.2.1 Hydroxy groups
1722 Ether linkages

£7.3 Fractionation and moleciiar weight
Folybutione
i8¢ Additives

1.8.1.% Amine snticxidrnts angd antiopenants
Cellsdose

£.9.3 Water

Polysmides, polyimides and pobyamides-imikhes
1.58.1 Functionsl groups

L19L Azmino

£.10.1.2 Carboxyt

Polyserylamides

£11.1 Monomers

Polyurethanes

1.12.3 Volatiles

1122 Characterdsation

Palyviny] afechot

IRER: Fuanctionat groups

1LE35 Hydroxy

Silicones and viioxanss

Li41 Funktionai groups

1.14.1.1 Alkyl and aryt

1.4.1.2 81 OH and 5 K growps

1.i4.2 Cligotners

1143 Fractionation and moleontar weight



118

119

1.29

1.2%

FOIY Y Tee SUpRansies )

II7§ Fractioaation and molecalar weight
Fluorapalymeta

LIB.G Clipomers

i.18.2 Fracticnation and molscidar weight
Poiycarbonmes

1.19.1 Corposition

1.i9.2 Cligomers

Polyvinyipyridine

1.26.4 Frautionation and malecolar weight
Adkyl ketenes

1284 Oligonners

Referepces

CHAPTER 2 COPOLYMERS AND CONDENSATION PRODUCTS

2.3

212

22

&3

4

2.5

26

27T

Styrene-butsdiene

211 Functional groups

FARNI Utsatigation
Moaomers and other volatiles

AR Additives

2131 Stearic acid and sodium stearats
2.1.3.2 Tertinry phosphite antioxddanis
2133 Antioxidants and stebiisers

214 Fractionation
Styrene-scryionitrile
224 Charncterization

222 Mencmers
123 Fracticnation
Vinyl chloride, wmndione, acrylonitriie, Z«Bthyiahexyhﬂryiam
;oﬂtym and terpotyinets
Characterization
£32 Muosortrers
Ethylene cxide - propyione oxide - ghycerc! condepsates
24.] Famtional gproupn
24.1.1 Hydroxy}
2402 Alkarxyl
Erhylene oxide - propyiese oxide - polyhydric alecho! and ethyk
propyiaae axide - amine condeasates
253 Fimctional grovps
5.1 Oneyetbylene and oxyproprylens
Ethyiene « propylene - diene terpolymers

2.6.1 Fumctionss] gronps
2.6.1.% . Yinsatzration
Aceylate copolyms

AN Fumctional groups



LT A R b e e e L

28 Acrylamide copolymen
281 Functional groups
AELS Afkoxy
29  Ociadecene - madeic anhydride copolymens

254 Fueional grongsy
2211 Anhydrids prouns
2,16 Tpoxy resins

2.10.1 Voiatiea
2102 Functional groups
2.182.t  Epoxy
211 Tet-octyl phenot ethylens oxide condenyates
2111 Oligomers
2512 Molecular weight
References

CHAPIER 3 DETERMENATION OF BLEMENTS

3.1  Minor metaliic comstituents

3 Cwialyst residues
ER AR Tron, shutnindimn and titanhan
3112 Zine

113 Aburniniur

3514 Alarpiniuns and vanadign
1515 Cheomlar:

EARE Bilica

117 Sodivem and lithivm

£ Adventitions metal mpurities
32 Mewlcontrining edditives

R | Antizoey
122 Arsenic
133 Tin

324 Zigwe

13 E;rgaxic and inarganic pigments
34 Notemelallic slements

341 Halogena
142 Sulphur
343 Nitrogen
144 Phosphons
Raferences

CHAPTER 4 COMPOSITIONAL ANALYSIS

4.1  Styrene - butadiene copoiymers

42  Acrylonisrile - butadiene - styrone terpolymesy

4.3 Natural rubber, styrone « bitadiznes subber and ethyler
terpolymer in qured stocks



453 Ethylene-initene copolymers

453 Ethwiens - aiphs olefin copolymess
46  Other sthyiene copolymers
4.4.1 Ethylene-vinyl acetate copulymers
462 Etisylene-detrafivoroethyiens copolymners
4.7  Acrylic copolymers
47.1 Styrepe-acrylate copolymers
472 Styrene-methacrylate copolymens
473 Methyi methscrylate . methacryiic acid copolymen
474 Butyl methacrvlate-methyl methacrylate copolyme
4.7.% Acrylic ancd methaeryiic and copolymers
4,746 Functicnn! grosms in scrytioy
417 Vinyl chloride - vinylidens chlarids copolymers
48  Hexx fluoropropylent - vinylidens flaceide copelyiners
481 19F NMR
4.82 Pyrolysis gas chromatography
References
CHAPTER 5 ADDITIVE MIXTURES
5.1  Separation methods for additive mixtizres
3.3 Solvent exteacting methods
5.1.2 Solation: « precipitation methods
513 Vooman thermed disphucement - extraction methix
53 Chrematographic methods
521 Gas chromatography
523 Thin-tayer cheomatography
522 High performance liguid chromatogsaphy
-84 Supercritics] fow chrsmatogruphy
53 Mass spectrometry
53.1 Secondary ot mass spectrometny
532 Ligidd chromatogmphy ~ mass spemumztty
533 as chromategmphy - masy speciromelty
34 Additive degradation sechaiques
54.1 Photolyts degradation - gas chromatograshy
5.4.2 Pyrolysis - gry chromatography - mass speciroms
53 InSared spechioscory
551 Inifrared laser Raman speciroseopy

552 Luser desorption - Fourier transform technigues
553 Cag cheomatography - infrared spectroscopy
Referunces

CHAPTER 6 PRELIMINARY QUALITATIVE IDENTIFICATION

6.1
582

Preliminary removal of edditives Som polymers
Classification of polymers
831 ity elements



&4
6.5
6.5
&7

6.8
6.9

611 Filament (or coif) pyrolysers
633 Combugtion famace pyrolysers
Laser pyrelysia - gas chromatogaphy
Photolysis - pas chromatography

Pyrolysis - mass speciiomesty

Typical polymer pyrogiams

6.7.1 Filamnerst and Suenace pyrolysis
6.7.2 Chuie point pyrelysis

6,13 Lases pymolysis

Pot idensification by aser & ot - o ol

6.H:  Crbher mnss spectrometric tcdmbaey

a.11

Examination of polywer surfaces
Referrtices



Fl

LAY MIRE ADEAL Y D

Method Nimghber

§

Determination of water and volatiles in polyalkenes, polyacrylic
1N Sumsnaey

iz Appezatig

i3 Mathod

L4 Experimental progedure
15 E)mnmnn{'mm

Detezmination of water in podyvalkenes, Semi-mtomated Kazt Fi:
titration method

2.4 Sunemeny

i Apparatus

Determination of Santonex R phenciic stioxidant in potyethyle
2,2' dipyridy! spectraphotometric method

Surernaey
3 2 Apparetas
13 Reagenty
34 Method
k Experimental procedure
36 Typical results
3T Discraston of results

| Determination of phenotic anbiexidants in polyethyioe, paitos

coup%mg npmommm

4_ 2, Awnm

43 Reagents

44 Method

4.5 Experimenis]l procedize

4.6 Discizssion of resulis

Determiination of lonol phenolic sntioxidant in polyethylene, Lk
SDECLOSCORY

51 Surrunary

32 Apparatis

53 Besgents

54 Method

53 Experimental procedur

56 Discuaion of results

Detzrmination of Santenox R phenolic antioxidant in palyethyle
Hltraviolet spectroscopy

4.1 Sununary

6.2 Apparahes



HE

11

xvi

-0 LAERCAUREHH] O TETUIES

Deterrnination of 2, 6-di-ert-butyl 4amethylphenc] and 4.
26-xyienod phenalis antioxidants by polypropyiene. Der

ultraviclet spectroscopy

T.i Surmamsry

1.2 Apparatua

T3 Beagonts

7.4 Method

L5 Exprimentad procedaine
16 Disqussion of resuits

Determinntion of Topanol OF, Binox M =nd fonox 336§
antioxidanis in polyethylene. Ultraviolet shift method

8.1 Swrarany .
82 Appamtus

Bl Reagents

&4 Method

£5 Expetisentat seoceduse

£.6 Fiscussion of sesuits

Detrrmination of Smtopox B phenolic antioxidant in po
Thin lzyer chromatography

9.1 Hopvemary

%2 Appatstizs

81 Reagents

94 Merihod

8.5 Expetimentad stocedure

9.6 Driscungion of resuits

Determination of phenedic antioxidents in polyalitenes. *
chromatography

§9.1 Summery

10.2 Apperatus

19.2 Rengents

104 Method

19.5 Eupetimental procedure

19.4 Typical results

10.7 Discagsion of resully

Preterminetion of phenolc and amsine sntdoxidants, li-
ebsorbers and orgamotin stabifizery in pelyntienes and ot
Thin layer chromatography

11.% Surrnnry
112 Appatatizy
113 Reagenty

i1 4 Methad



2

13

14

t5

it

Detsemination of Irganox (1676, irgacox 010 and butylated
hydroxytoluene phenolic antioxidants in polyethylone, High

performance liquid chromatography
12.§ Summary

122 Agrparatos

123 Reagents

124 Method

i3 Experiomemtal procedurs
1246 Typical resuits

i Discussion of sasuits
Detenirdpasion of Norex CI amsine antioxidant in pelyafianes. Ad
hydrogen peroxide specirophotomeiric method
ER: Summary

t3.2 Appaeatizy

3.3 Reagents

t1.4 Method

138 Expetitrental procecoy
1346 Briscussion of maults

Detennination of amtine antiooddnnts in polyalienes and othur
polysmery., p-uiteo sdiine coupling - specirophotometric procedurs

14.1
14,2
14.3
4.4
14.5
14,6
14.7

Seemmary

Apparatus

Reagerits

Method

Espetittrcntal procedue
Typical results
Biscussion of seenlty

Dreterminetion of diorganosudphide and westiary phosphite anticxid
in polyethyiene. Chiotoperoxybensoic acid - oxidution mehod

151 Suramery

152 Apparatas

153 Reagentx

154 Muethod _
155 Experimentni procedure
5.6 Typicai resaits

157 Discussion of regalts
Determination of dicrganosuiphide antioxidants in polyatkenss, {
chromatography

16.} Summary

16.2 Appaaios

163 Reagents

6.4

Mathod



Enfrared spectroscopy

i7.1 Susmrrury
Y12 Appiratiy
1A Experimentsl procedurs
17.4 Typical results
18 Determination of Cyasord UV 53 ultraviolet absorber i
Thin layer chromatograghy
18.1 Summery
i8.2 Apparaby
3.3 Reagenty
84 Experimental procediey
8.5 Discussion of results
19 Detormvbnation of Tiruviz 326 ultraviole: sbsorber in
UHtravinlet spectroacopy
A Samrnary
W Apparahuy
i8] Feagrersts
154 Method
14 Experinsental procadare
9.6 Discussion of results
#  Determination of sromatic voistiles in polystyrmene. G
26.1 Honrnary
il Appurahzs
20.3

Rengents
204 Experimental provedurs
. 20.5 Typical resulis

204 Diiseussion of resudty
21 Bretermination of aromatze volatiles in polystyrene, He
2i1 Summary
232 Appatats
23 Method
24 Expetitnerital procedurs
215 Discussion of results
2 Deteprdnation of volaties in polystyrens, Hepd-spice ¢
221 Sunsmary
22 Apparatzg
3 Beagents
224 Methed
- Experitnental procedine
26 Typical sesults

aJT:



24

26

27

28

223 Rs;gﬁnts

234 Methed

215 Experimental procedurs
Bs Typical resulis

210 Discusshor of resulis
Determination of residust iso-bexane in expendable and expande
polystyrene. Gas chiremasography
24.1 Summary

42 Apparatus

4.3 PFeagems

24.4 Method

45 Expetimerstal ymocedure
24.6 Discussion of resuiis

Detapynination of regidual n- and isopeptane in expandable and e
polystyreae, Gas cheomalography

25 Summary

252 Apperatus

253 Reagents

254 Methnd

255 Experimentn! procedurs
15.6 Typicat tesoits

25 Dhiscussion of resuits

Detgrmination of residual neo-exane in expanded and expandab
potystyrenc. Gas chromatography

6.8 Sammary

26.2 Appaging

26.3 Reagents

w4 Method

265 Experimental procvadire
85 Typical resilis

26.7 Digcussion of results

Scivent-free procesdure Sor the determdnation of residual n- and iy
in expendable and sxpanded polystyrene. Gas chromatography
i Stnmary

27.2 Apparatius

27.3 Method

74 Experimental procedise

Detesrination of down t6 5 ppen hydvocarbon impranitic in styrer
moromers. Gas chromatograply
8.1 Summary



i

3c

3

32

33

ps % Typica] resuits

28.7 Discuession of resuity

Determination of rydrecabon impurities in styrene

Tmnpmatmc programmed gas chromatography
Summusry

29 2 Apparatus

28.3 Method

294 Experinptal procadure

5.5 Tygicad resuits

9.6 Discussion of resuity

Determination of bennidehyde in styrene monomme:

0.1 Summery

332 Agrpasatiza

303 Method

36:4 Experi:netal procedure
30.5 Typical results

0.8 Biscutaion of resulis
Peterminntion of phenolic anticxddants in pofystyrer
coupling - spactrophotometric procedure

31l Summary

1.2 Appariius

3.3 Baagents

4 Method

315 Experirmentad procedurs

36 Discussion of resuits

Determinution of Uvitex UB vitraviolet absorber in 3
Flucrimetric procedurs

2 Swnary

2 Apparnties

323 Reapeuts

24 Method

L5 Experimentni procedure
32.6 Discusston of regults
Determination of p-tert-buty? perherzonte in polysty
polarography

31 Surmmnary

332 Apparatas

333 Bosgents

334 Method

338 Experimental procedure
1346 Discussion of results



i3

36

W

3%

3

343 Renpents

344 Method .
34.5 Experimental procedure
44 Discugsion of resulss

Rapid semi-quartitative tests for inhibitors i styrene monomer
5 Summary
352 Apparatug

333 Method

354 Experimentai procedure
355 Dincussion of resabx

Determination of bydroquinone, ptert-butyl catechol and p-mes
phenol inhibitors in monoimers, Specirophatometric method -

364 Sconmary

6.2 Apparutuy

383 Reagents

6.4 Method

36.5 Expevimentnt procedure

e DHscussbon of results
Determination of hydrogquinene iahibitor in monomers. Cathod
polarography

178 Surrunaey

72 Apparatus

E ¥ Beagents

174 Method

55 Experimentn procedare

316 Discosabon of remits
Betermination of p-tert-butyi catechol inhibitor in styrene mom
Spectrophotemetric method

38 Sumynary

382 Apparatus

B3 Reagents

k4 Method

185 Egperimental procedure

186 Discussion of resuits
FdemtiScation of diatkyltin stabilizers in PYC
391 Summary

393 Apparatus

393 Hengents

194 Methad

9.5 Experimentat procedurne



41

42

43

45

4.1 Rengenis

46.4 Method

4G.5 Experimentnd procodsee

486 Discussion of requits

Identifieation of accelenmony in nonvitlcanized robber.
This-tayer chromatography

41,1 Summary

452 Apprratus

413 Heagerity

41.4 Method

£1.5 Experitnental procedure

Als Discussion of peszlis

Dreteryninstion of additives in rsbber vidcanizates. Me
42.1 Summary

423 Apparatus

42.3 Methaot

424 Experimentai procedurn:

42.% Typicad resoits

Determingtion of acid and glycol unita in terylene and
E;':WIW chromatography

43.3 Apparatns

43.3 Reagents

434 Methad

41.% Faperimentai procedure

43.6 Discussion of resnits

Deternsination of water in polyesters. Derivativintion
441 Summary

44.2 Apparatas

44,3 Heagents

444 Method

44.5 Experimental procedure

446 Digenswion of resuity

Bretermination of asryliic acid monomer in polyacrylat
performance liquid chromatography

451 Sypemary

437 Apparstus

43} Beapents

454 Method

455 Experirnentsl procedure

454 Typical vesults



41

48

49

36

b

46.2 Aprparatuy

46.3 Reagents

46.4 Method '

4.5 Experimental procadure

46.6 Typical results

46.7 Discugsion of resulty

Determination of amine antioxidanty md antidegradants in rabbe
pertieation chromatography

47.1 Summary

&1 Apparatiss

473 Reagents

414 Method

415 Exgprivaental roceders

47.6 Piscussion of results

Determination of water in cethiloses, Karl Fischer titration
481 Swrrsary

482 Appierwhisy

482 Reagenty

48.4 Method

485 BExperimental procedaye

48.6 Driscassion of resuity

Betermaination of amine grovups in aromatic polyamides, polyimi<
polyiamides-itnides), Sodium hydroxide fusion-gas chromatogra
49.1 Summary
49.2 Apparatus

493 Reagents

48 4 Mrthod

49.5 Experimental procedure
49.6 Typical results

447 Discussion of rexlts
Determination of acrylamide monomer i polyacrylamide,
Diffeential polse polarography

0.3 Summary

502 Apparning

5.3 Reagents

0.4 Methad

505 Experinuersad grocodurs
b 1EE] Typical resuits

0.7 Discussion of results

Determitution of aceylonitoile axd methesryionitiie moncmers is
polyacrylamide. High pecformanve liquid chromatograghy
51.% Summiny

A



57

5%

59

61

2043 Lascussiar 0f Tesulis

Drudeemination of viny} chiodde, ntadiens, scrylonifziie, styrom
Z-ethylhexyl acrylate monomers in polymery. Hemd-space ansaly
¥ Surnenary

572 Apparatiz

573 Rengents

374 Mushod

57.5 Experimentsl procedure
e Typical repulss

577 Biscussion of results

Determination of hydroxyl manber of glycerol-alkylens oxids p
anul butene 1,4-diol adipic acid polvesters. Direct injection enth
B3 Swninary

582 Apmpaahin

58.3 Reagents

58.4 Experimantsl procedine
58.5 TFypical remlts

b 8 Driscusxion of resilts

Determination of primary and secondary hydroxyl groups in eth
Bpped ghyoers] propylent oxide condensates. Phenyl isocyana
9.1 Semrmnery

592 Apparahzs
59.3 Raagents
504 Miethod

§%.5 Experitrenial procsdione
355 Typical results
587 Biscussion of resuits

Dreterembrstion of aoxyaikylene and polyether bases in polyaretha
poelvmers. Mixed anhydride clesvage-gos chromatography
6.1 Smmary

&2 Apparatua

a3 Heagenls

5.4 Method

615 Expetimentzl procedize
506 Discussion of results

Flentificatton of aceylic acid and methaceylic azid in seryic cop
Propylation-pyrotysis-gas chromatography

6i.1 Summary
612 Agpmarsiis
&1.3 Feagents

61.4 Method



63

7.3

65

Anwi

— oy F U

reduction-gas chromatography

2.1
62.2
6.3
24
$2.5
£2.5

Summary

Apparatis

Reagerids

Method

Experimental procedure

Discussion of remzlsy

Determinntion of combined vinvi aceiate in vinyi a
copolymers. [sctopic ditution-derivative method

63.1 Suprmary

632 Apparaiis

633 Reagenis

634 Method

615 Experirsental srocedure
634 Eriscossion of nesulis
Determination of etherification ievels in serylamide
Alcolwd exchonge-gas chrommagphy
641 Summary

64,2 Apparubis

643 Fengatits

64,4 Method

64.5 Experitnental procedure
4.6 Typical sesults
EETERMINATION OF EL EMENTS

Elctermination of iron, Stanjum and aluminim catal

65.1
43.2
65.3
654
658
435.6

Burmmary

ApparEiuy

Feagerts

Method

Experimentai srocedurs
Priscussion of resulis

Pretesntoation of ahosinium and vanadine catalyst 1
and polyalkepe copolymers. Ashing-ypechrophotome

66.1
§6.2
66.3
£6.4
66.5
6.6

Sunymary

Appazatua

Eeagents

Mathod

Experimentel procedizre
Disemzssion of resulis



69

*

7

= R rAr o R g T R

&73 Reagents

674 Method

675 Experimental procedire
476 Biscussion of results

Patermination of sitica catalyst support in high density polyethy
infrared spectroscopy and NMR spectroscopy

£8.1 Swmmary

68.2 Apparatus

68.3 Metlxt

684 Experimental procedurs
68.5 Typicsl resulis

68,6 Discussion of results

Determination: of socium newtrelizing aid ir high density polyeth
polymopylene. Emission spectrography and fume photometry
64,1 Summary

69.2 Apparatis
9.3 Reagemis
6%.4 Method

£8.5 Experimental procedire
696 Typical resuits
687 Eriscussion of resulls

Determination of Hthium in pobvalkenss snd copolymers. Ashin,
photometry

iR Summary

Filli Apparstug

9.3 Reugents

704 Method

L% Experimental procedure
Ya.6 Discussior of remts

Extermination of traces of nicked, copper, zing, iron, manganese,
sadmiz and chrominm i polyrers.  Ashing-atomic absorption

RpRCITOReiry

T1.4 Summery

T2 Apparstis

I Rapanty

1.4 Mathod

1.8 Experimentsl procedurs

16 Typical results and discussion

Deeterainution of aces of copper in polyalkenes, Matrix ashing-
spectrophotometsic procadure

721 Summary

T2.2 Apparatus



73

4

FE]

76

7

xxvHi

[T E Yt reagss
1T Hscysaion of remslts

Determinetion of traces of arsenic in acrylic fibres contaiz
trioxide. Acid digestion-atomic absorption spectiometty
734 Seanmmy

132 Apparatus

3.l Reagents

714 Method

138 Experinental procehere
736 Typical remits

.y Discusrion of results
Identification of pigments in polymers. Thermal uliravich
speciroscopy

74,1 Sumymary

742 Apparatics

4.3 Method

T4.4 Experipsetal procedie
4.5 Typical results

144 [iscuamdon of resuliy

Detersmination of races of chiozine in polyvaikenes and pob:
sopatymers. Soding carbonate Fusion-ditration procedure
75.1 Suremary

752 Apparatus

153 Reagents

75.4 Method

5.5 Experimentel procedure
756 Typical resulis

5.7 Disseaton of resnits

Dietermination of up to §% of chiorine in chlorsbuty] and ¢
sontaining polysmers. Oxygen flask combastion-tizbidimet
6.1 Bummary

76.2 Apparatus

76.3 Resgents

754 Methed

165 Exporimentsl procedure
76.6 Discussion of resuits

Determination of up 1o B0% of chiorine, bromioe amd fodin
Oxygen Sask combustion-titmation procedare

T1.1 Suerienary
¥1.2 Apparatus
77.3 Reagents

14 Method



i

f2

PROSPROIUS SNV 0r DIEOLINe, LY REE (BSK cOmDusiion « HerTUrE
8.3
782 Appasnhis

83 Reagons

78.4 Metkod

78.5 Experimental procachas
6 Discussion of resulty

Determinstion of flucrine in polymers. Oxygen flask combustio
spectrophotomettic procadise
79.1 Somrnary

192 © Apparshyy

7.3 Fezgenty

9.4 Method

755 Enperitsesin] provedire
16 Typical resulis

7%.7 Discossion of resuits

Determination of tracey of sudphar in polyaliznes. Oxyges flask

§0.1 Surnmasy

2.2 Appapatus

80.3 Beggents

B4 Methed

B3 Experimental procedure
BiS Diseussion of regults

Determination of mecre smounts of sulphur in polymers. Sodiux
tiration procedure

B1.f Sumrrery

B1.2 Apparatus

Ei.3 Reagenis

8.4 Method

81.5 Experimental procedure
8.6 Discsmsion of myntts

Determination of sulpbar e polymers. Oxygen Jask combustion
proeedure

821 Susminary

L Apparatus

823 Bty

824 Method

825 Expesinentnd procedure

B8 Ciscassior of resuity



L

86

87

El 4

Ll A Y
B34 Method

83.5 Experimsental procedure

Bia Driscussion of remelis

Determinntion of | 10 90% organic mitroges in polymers,
digestion-boric acid titration method :

84.1 Surmary

B4.2 Apparatis

4.3 Reagents

Bes Mathod

B4.5 Experiments} procedure

846 Discussion of resaits

Dezermination of 6,002 - 75% organic nitrogen: it polyme:
mgmmmwmmmic insckophiee] bl procedize
B

Bi3 ﬁppmuu

833 Reugents

85.4 Method

B5.5 Experitenini procedure

B5.6 Discussion of yesults

Deteryrsination of I - 5% organic aitrogea in poiymers. M
vombustion proc:emm

86.¢

86.2 ﬁppm

86.3 Reagents

6.4 Method

86.5 Expesimantal procedurs

86.6 Dliscussion of requlis

Determinntion of 9.0 o 2% phosphoras bt polymers. Ox
cnmhﬂtmqmﬁmm procedas

YR

872 ﬁ]:npm'nm

g3 Reagenis

14 Methuond

7.4 Experimeniai procedure

B4 Dizenzagion of resulty

Determination of 2+ §3% phoaphornes in polymers, Oxyg:

combustion-spectropiotometric peocsdiue
81 Summary

Baz Apparatuy

883 Reagents



7.4

&

Microdetermination of phosphors in polymers. Digestion-

spectrophotometid: provedire

E9.1 Summary

£9.2  Apparatus

593 Reagents

§9.4 . Method

9.5 Experimental proceduwre
89.6 Discussion of pesults
COMPOSITIONAL AMNALYSIS

[retereinstion of natura? yubber, styrene bulndiene rubber and o
propylene-diene terpolymer in componnced rubber siocks. Pyne

chromatography

oG Swnrmary

20.2 Apparaizn

909 Reageists

904 Method

0.5 Exparimental procedure
B4 Typical rewelis

007 Discussion of results

Determination of bound ethylene in ethylene-propyiens copolyn
contzining greater than 95% bound propyiene. Infraved speciras

251
91.2
91.3
Si4
2.5
1.6

Sumnuery

Apparaiis

Method

Expetimental procedise
Typical reslis
Biscusxion of remslis

Detatraination of boond ethylene in ethylens propylene copolys
{up to 9% propylenc). NMR spectroscopy

92.1 Sumiary

a3 Apperatus

913 Reageats

a4 Method

925 Expetimental proctdhne
924 Typical resulis

w Discussion of reguits
Detarmination of hound styrene in styrenated elicyd resins. Infra
Spactrossay

xS Suimmury

412 Agpparstis

413 Reagents

914 Metleod



i

7.3

98

XXk

Determination of stysene and methacrylate imits in styn
aad styresie - B-butyl methacryiste copolymers. NMR st

94.3
4.2
54,3
4.4
94.5
34.6

Summary

Apparaius

Heagenis -

Method

Experimental procedure
Discussion of resuity

Petermination of styrene and methacrylate units in styre
aod styrene n-Sutyl methaceyiate copolymers, Pyrodysh

951
952
85.3
954
95.5
95.6

Summary

Appanitus

Reageass

Method

Experimental procedure
Drsvagsion of regifts

Determination of compositonal analysis of methy! metl
acid copolymers. Fouarier trunsform 130 NMR spectros

6.1 Summery

%62 Apparatus

961 Reagents

o964 Method

96.5 Experimental procedise

9.6 Piscussion of resulis

Determinntion of hexafluoropropyiene and vinylidene f
polyhexafivoropropyleas - viaylidene Suorids copolym
chromumgtaphy .
o7.1 Scumitreny

972 Apparatin

a1 Rengents

914 Wethod

oS Exneripnentai procedure

914 Typical resulty

N7 Disenssion of resuity

ADDITIVE MEXTURES

Determination of mixtures of additives in polymen. Tk
chromatography-isfraredislravicier spectroscopy

981
283
483
8.4

Summary
Apparatus

Reagents
Method



HEH

HEH

10z

103

148

14

liquid chromatography

94.1 Sipnmnary

992 Apparstiss and experizsental proceduny
5.3 Typiced resuity

994 Biscusston of results

Determination of additives in polypropylene. Chemical ionizati
Spertramey :
160.% Summary

190.2 Apparabus

1001 Hengents

004 Method

100.5 Experimental procedune

190.6 Typical resuls

100.7 Diseussion of results

Determination of additives in polyprapylene. Liguid chromatogs

N | Sipmenary

1912 Appareius

1013 Heagents

0i4 Mirthod

1015 Experimental procedure
101.6 Typical results

191.7 Discussion of reslis
tdentification and determination of sdditives in polymers. Photol
7N} Summmnty

1922 Apperatay

1523 Whethiod

024 Experimenial procedure
192.5 Typica results

26 Digeassion of result
Identification of additives in polymers, Gas chromstography-inft
Spectoscopy
193.1 Summary

1632 Appurshas

1333 Method

103.4 Experimental procedure
1935 Discisgion of resslts

PRELIMINARY GUALITATIVE IDENTIFICATION

Cualitative detection of elements in polymens

{04,

Summary



05

194.6 Biscuagion of resuits

Identification of polymer titns. Thermal method
i05.1 Summary

105.2 Apparatus

1853 Experitiental procedine

1954 Typicat resuits

196 Pyiolysis-ges clromatography of pelymens. Curle poir
pyratyser techalque
1061 Suympaary
1062 Agparatis
106.3 Method
{64 Experimental procedure
1665 Typicel results
107 Pyrolysis-gas chromatogeaphy of polymers, Platisoms r
procedures
167.3 Sumrnasy
1912 Apparatus
197.2 Method
1974 Experitental procedure
108 Pyrolysis-gas chromatography of polymers. Easer pyio
1083
1682 Apparstisy
083 Meshod
084 Exparinwantsl procedure
Beferences
MNDEX



