Contents

LI Y T uxi

PART 1 LIQUID TRANSPORT THROUGH POLYMERS

CHAPTER 1

Liguid Transport Characteristics in
Polymeric Systems: An Introduction.................... 3
Reoney Welson, Soney O George, Aml Kamar 5

Sabu Thoscs

T TOAPEIETION ©. et s e e 3

2. Factors Affzcring the Transpor PREBOMCNA. ..o eees i
2.1 Cohesive Energy Density oo f
2.2 Fres Volumse of the Polymer. fa
23 Segmental Mobility of the Polymer. oo R |
24 (Glass Transition Temperature, ... LT
2.5 Diswribution of Cross-Links ...

206 MNature of Penetriints ..o e
20 TempeTalire, o Q
3. Liguiel Trams port Thocagh Various Polymes o8
3.1 Liquid Transpore Through Pelymer Composites and
BN OISR Lo e e 111
A DO SIS e 1L
TRaTolemuiss. . oot i e e 1

CHAPTER 2

Modem Trends and Applications of Solvent/Gas
Transport Through Various Palymers and Their
Nanocomposites ... e e 15

oo £ Morie, Sopdey Thinmns

1. Intredduction oo, e e 15
2. Fond Packaging ... 19
2.1 Oxyzen Tromsmuission Bt ... e e ]
2.2 Water Vapor Transmission Rate. 20
23 Chrbaan Diomide Trmsmission Bale . 22
3. Gas Separation Techoology, o 28
A0 Separation of O and Ma e 23
3.2 Beparation of Ha.ooo e s 23
A3 Bemaoval of Acid Gas From Matural Gas.. o 24
4 Olefin Paral i Separallir s 14

3.5 f'i:l: .'_'1'|.-u|||-;_m1|:||i||r| ................................................. 4



vi Cantents
A BEod SEICLED «eeevre e e eeee e e e e s neees st e e emee s e eann 24
5. Barmer Tube for Ink oo 27
B, Underground Cable Systems o, TR 27
T Tire Iner TARNINE. .. .ovvvemre e mrnr v e s cesrs s e s emns e e 29
B. Packaging of Pharmaceuticals and Medical Devices ... )
9. Fuiure Applicalitons ...ooooooeve oo eememe e S
4.1 Membrunes Tor Pronted amd Flesible Eleeimonies. Devices . 30
4.2 Extermal Packaging for Pharmacentical Products. e, 2
T T P £l
CHAPTER 3 Fabrication Methods: Palymer Membranes
for Liguid Transport.........coc e, a5
Virvvaproniaiida Kalivarkan Aldtha, Sabe Thomas
L T U 15
2. Fubrication of Polymer Membranes ....oooooceeveeeee e 37
3. Studies in Polymer Membrane. e 42
A ComalBSIOIL e .44
L T N A8
CHAPTER 4 Fundamentals and Measurement Technigues
for Solvent Transport in Polymers. ... 51
Aleng Randova, Lidwola Bartovsha
LI L T T PP 51
2. Snlution- Trffusion Wodel .. o s 52
3. Toral Mass Uptake — Socpricn, Desorprion. ... 53
3.1 Gravimetric Sompdon Measurement....on 54
3.2 Gruvimetric Desorpuion Mewsuremment o057
A Prefereonal Sorpicn wod Composite Botherm o S
5. f_'.l:-|'|||'||:'.\i1i\_1|'| of the Sorked 1 i|.|IJi|| and f:l:-l'll"lll:\i'lil.'\ll'l of the
Bwanllem Polymer. oo e e e 62
5.1 Composition of the Sorbed Liguid. Individual Sorptions. ... 62
5.2 Composition of the Swollen Polymer o 64
B. Ihmensional {::h::_llgg:.‘- af Membaane Cansed |1}' F{x\-::”ing e ad
T. Dizenssion amd Conchasions ... s N
Acknoaled g Imenta. . e 67
L T PP a7
CHAPTER 5 Liguid Transport Through EIastomers ........c.coceeieeeee. 71

Thomasukntty Joge, Soney O George

1. Intreduction
2. Fundumentals of Ligqud Transpor




Contents wii
3. Fuctors Affectng Liguid Transport Through Elasoomers ... T3
3.1 MNature of ELastomers. oo T
3.2 Matore of Cross Tinks Lo 74
3.3 Marture 0F PEREITND ....oovvei e eenrscrae e s T4
Fab Mature 0F FiTers e e T
35 Effect of TempeTallre. . ..o ec e e Th
4, Transport Charscteristics ol Blastomers. .o, Ta
4.1 Transport Thovasgh Nataral Rubber .., 10
4.2 Transport through Syathetic Elastnmess. .. T7
4.3 Bwelling of Elastomers in Cil and Water ... A3
S. COMEIUSION . .o L
Bt TETBIICES. i e e e &0
Further Redsding. ..oooiieiiiec e ]
CHAPTER 6 Liguid Transport Through Thermoplastics................ a1
Coeper Covirgre, Kursvaller Soowepiy,
Neftipperambil Vo Unnikrivhnan
T InrosUCliunn Cooe e a1
2. nil'l-u-siurl -;ll' hrfl_ri‘-'lllll'm'l'ﬂl,‘l' 'Th1|_||.|_g|| T|||.'r|11|,|[}|1|:ul,'i|.'s P "7"_1
3. Diffusion of Organic Solvents Through Thermoplastics ... 103
4, Conclusions...... L 103
Baferences. oo e 105
CHAPTER 7 Liquid Transport Through Thermosets.................... 107
Crrace Mowi, Soney O George
1. Introduction . 1T
2. Laguid “Transport Throush Thermosets oo, 1607
3. Fundamentals of Liguid Transport Stedies.. o, 108
3.0 Dhiffusion Coefficient, Sorption Coefficient, and
Permcability Coctficiont.......oo e 108
32 Mechunism of Transport . L]
4, Water Diflusion i Cposy Besins oo 100
5. Wiater Tz nspEar 'Thnylbh |”|._'-|:|-|,|re_~||1.||1|:-~, il
Prlvester Resing. ..o Il
6. Transport of Organic Liquids Through Polyuarethancs and
Polvamide-Based Thermasets....o.......... 112
. Transport of Organie Liquids Through P uh-rxlc'rh .................. 115
B, Summiamy ..o ' s s A i AL

L T 116



vi

-
|

Cantents

CHAPTER &

Transpart Properties Through Polymer
Membranes......ccovmmmmmnne s 119

Nimisha Kaippamangaladh,

Lipnikrishnan Copalakrishnapanicker

L T O 14
2. Fundumentals of Tramspom PROMOMENa ... 120
2.1 Swelling of Polymer Membrames. ... 120
22 S-:erliurl -;ll- F‘iillil_l'_lf I i|,|ui|,| T'rﬁxl_l,ﬁl,'.",‘._ e 124
3. ]l'ulrlr:hlil'ly_ TI.III\|II:"I| SIIIL“:‘:h .............................................. |20

4,

3.1 Transport Properties of Gases and Vapors Throagh
Palymer Membranes....

L TR )

CHAPTER 9

Liquid Transport Through IPNs.........ccecevvveneeerinrenn, 159

Joze James, Gearge V. Thomas, Saba Thomas

T Imbrest U LEOTL. L 154
2. Genernl Concepls af [PNs ... . lall
3. Theory of Transpor Behavior........... L lah
4, Cenerul Procedure of Diffusion Studics.. .. 1Al
5. Fuctors of DifTwsien i PN 161
B, Phase Morphology ol the TPM S¥siEn. .o 102
7. Crass-Link Density and Molecular Weighioo 163
B. Sorprionl BeRavior ..o e e 10
9. Sorption, Desorpricn, Resorption, and Redesorption. ... 165

91 Cyveles m Trunsport Behavior of IPN. e, 163
10, Effect of Temperature on the Transport Behavior of IPN. L 166
11, Teanapor Paramerers of TPN e, 167
12, Kinetic and Thermodynamic Paramcters of Diffusion

I TP e 168
13, Rule of Sclubility Parmneler o IPN Dillusion. ... Lo lal
14, Trunsport Bebavior in IPN Hvdrogel. ... lab
18. Applications of Transport Behavies in PN ... 170
=T T T PP ORTPT 1710

Hal

BRI L ot oo it et eec et e o et e e e e e bn e e e nen snn e e 170



Contents

CHAPTER 10 Liguid Transport Through Polymer Gompasites ... 175

Apiile I Jeese, JTincvmned Kogpen, Wegfane M. Thomus,

Vipre o Kriskooe, Anilie Seliistion

L T T 1 TP 175
2. Diiffusion in ElastornersfOomposites e, 176
2.1 Matoral BubberCarbon Black Composites ... 177
2.2 LlastomersFibers/Particulate-led Compasites.. o, JTH
3. “il'l-u-siq_lrl mn T|1r|'r|a_1||'|:1w,l,i|,' ['_1.|||r||1||5uil;|;:s. .......................... |'7_l;|
3.0 Mhffusion in Fiber-Filled Thermeplastic Composires ... 179
32 [nffusion in Carbon Black—Filled Thermoplastic ... 140
4, Dffusion in Thermoset Composites. .
5, Dnflusion in Blend Compasiles. o, 182
B. Dhiffusion of Orgamc Solvent= in Blends ., |&2
7. Influence of Filler Mormphology in Liguid Diffusion................ 143
B, APPICHIIONE ..o 145
9. Conelusions. .
Relerences.. ...

Siji Abrodiam, Jince Themas, Akhing Hefisa,

Saney O George, Subn Themnos

1. Poalymer NanuCuampusiles Lo 1401
2. hmpostanee of Ligueidd Transpon Throagh Polymer

ARCEOITIPISIIER . oo 192

3. Liguid Transport Through Rubber Nanocomposioes. ... 193

A1 Bffect of Filler Loadimg. ... 149%

3.2 EBffect of Different Fillers oo 194

3.3 Effect of Plx_t:;‘:.‘-.\il'.g LN LT | L T, C19n

3.4 Effect of Functionalization of Filler. ... 197

3.5 Hybrid Filler BTl e e e 19%

A6 Llfect of Solvenl oo 144

A7 Blfeet of Temperalure o s U L

3.8 Effect of Free YMolumie ... L2200

3.9 Effect of Morpholomy . 200

A0 Metwork Structure Analysis .o 2002

3001 Theoretcal Modeling. e 0z

4, Laguid Transport Thicugh Thermoplastic Nanocompesites ., 205

5. Liguid Transport Throagh Thermoser Manocomposites ... 2007

ix



X Cantents

B. Liguid Transport Through Blend Nanocomposites ..., 20
T Conclusion wnd Fatwre Outlook 211
FETBICIEES o e 11

CHAPTER 12 Liguid—Liguid Separation Through Polymeric

MEMBIANES. .coeee e e e 217
Viewaed Komar Gogatea, Bleavorm Sevhs
Tntresduction ., v 217
Fundamentals H-l:h:nci F\- Separation Process,. . 219
PV Membrane Materials and Their Scparation Proportics....... a1
3.0 PV Membramia. . .o e a1

3.2 Palviner Material Selection Tor PV Crilerta o, 2382
3.3 Performance Charactenzation of Y MemBbmmes, ... e, 208
3.4 Membrane Morphology 125
A5 Membrane Modification.. ... 20
A6 Factors Affecung Membrane Performance

4. Applications of PV Polymeric Membranes in Separation

of Dhifferent Liguid—Taguid WMiknires: An Overvicew

on Recent Rescarch Advancememis oo 231

4.1 Separation of Water—Urganic Mixtures e 232
5. Conclusions wod Foture Outleok .o, 236
Relerenees. ST . ¥

CHAPTER 13 Separatmn via Pervapuratlon Techmques

1.

Through Polymeric Membranes..... ... 243
Misfenlleey Bezabazew, Moliadi Sodraodeh,

Toray Mokanumid

DbressdUCTIE e 243
Separation Characterization Parameters. . 244
Pervaporation Membrane Marterials and Their Separation
N T TSP R 245
3.1 Water-Selective Polvmernc Membrune ... 246
3.2 Apolur or Organophilic Polymer Membranes oo 251
Pervaporation Teanspor Models ... .. 251
4.1 Thermodynamics of Imeversible Processes.. oo 152
4.2 Solution-Diftusion Model ..o 152
4.2 Modilied Sclution-Dallusion Muodel, o 2535
A Pore-Floaw Model oo e 255
4.5 Madified Pore- ﬁnw Mlodel .o - 250
4.6 Thermodynamic Vapor—Liguid I-:qmllhnum Model. ... 256

4.7 Piendophase-Change Solution-Dittusion {PPCSLY)
Mol o 158



Contents xi
4.4 Resistance-in-Series Model. .. 2549
48 Computational Fluid Dyvnamies 2]
200 Muswell=Stelan Maodel 260
B O TIERION . o vee et e e 26
e T PP 262
CHAPTER 14 Membrane Filtration Technigues Thraugh
Polymer Nanocomposites ..............ccocooeveeeens. 265
Nivedita Sankar, Siiny foseph
T Il lion .o 265
1.1 Membrane Separation Processes.. i L2265
2. Mernbrme Malerials oo i
3. Characterisiics of Membmiines, e s srrrrerrrssrsrrsrrrrnnrerears 7
F.0 Surface Maorpheldogy ..o LT
A2 Membrane Porosioy .o e 268
5.5 Mechanbonl SEngth. .o e e e 268
54 Surlace Roughness...
3.5 Hydrophilicity....
A0 Pure Water Flux ... .
A MAOITELETIAI. ottt e e ece e e e e e e e e e e e eee e ee e e eae e s T
5. Polymer Mumocommposiies o 71
S0 Synnhiesis Techrigues, 27
B. lnfluence of Varionus Mancpamicles in |"|.‘:-|‘l|-|'|'|t|
Manocomposite Membranes ..o 2Th
Gl Mol Crides e 27k
B2 BIIWET. e 2R
T T PP 5
fid Silica Manoparticles o 287
G5 Carhom BEROIUREE L e e 2D
G.f Gruphene and Gruphene Oxide..
0.7 Feuliles.
T. Trs anspel T|||1Q1||s-"|| the Membmne. .. .........
B. Conclusion and Famure Tmprovemeints
L o PSSP PPN 297
Further Beading ..o 00
CHAPTER 15 Liguid Transport Through Biodegradahle
POIYITIEES Lo e e i e s enim s snmai e e am
Siarika 12 Naiv doney O George, Sabu Thomas
T InroadiCtion ..o e 300

2. Liftect of Manofillers on the Transport Properties

O Bopol yIers .o

e 03



xii Conlents
2.1 Effect of Manoparticle Hyvdration on Transport
PIOparties oo e e e LN
2.2 Effect of Filler Dispersion Techmigue ... v 300
2.3 Effect of Matural Fihers an the Transporn Properties.. ... 308
2.4 Effcet of Compatibilizers in Biopolymer
I anOCOMIPOSRIIES o e e El
3. Influence of the Nature of Liguid... oo, 3
4. BElfect of Chemical Cross-Linking and Theroal Treatment
of Prdyrmer Matriz. oo il
5. Effect of Malecular Weight of Polymer Mutrix..... ... ] l4
6. Effect of Crestallimity of Polvmer Matris ... B
To Ellect of TEMPEralire oo s e 318
T3 1 1149
T PSPPI 320

CHAPTER 16 Membrane Distillation, Forward Dsmosis,
and Pressure-Retarded Osmosis Through
Polymer MemBrangs. ..o 3z
Tinead Bu, Tal-Shung g
1. Principles of Membrane Distillation, Forward Osmesis, and
Fressure-Retarded Osmosts Processes ..o ocenieeee e, 323
2. Water Tran=porl Thocegh Membrane Distllation, Forwiard
Oramnzis, and Pressore-Retarded Osmosis Membanes ...,......, 1249
2.1 Mass Transter in Membrane Distillation ... i
2.2 Mass Transfor in Forward Csmosia ..ol 33z
2.3 Muss Transler in Pressure-Retarded Osmuozis,
3. Mot Topacs, Challer ;
L T PP 341

PART 2 GAS TRANSPORT THROUGH POLYMERS

CHAPTER 17 Introduction to Gas Transport Through
Polymer MembBrames..........oon .. 349

Marvarhuknanical Balakrivinan Setha Ladainni.

Mincy Froncis, Anil Kumaor 5.

T I UC IO e e e 340
20 MemBranes oo trmiimeen, 350
F'I. I |||q|rg4|||.iq' r‘r{l'llll':llillll_"‘ mn S Cee e . -451

22 P\.ll}'llll\.:.'ii' ."r{I.ZIIIIZ"Ii:III.:"h ................................................. -'IG.I
2.3 Inorganic-Polymer Hybrid Membranes o] s



Contents xiii

3. Gas Transport Mechanisms in Palymer Membrangs ..ooeenn.o.. iS5
A1 Tranzport Throwgh Porows Membranes o 55
3.2 Transport Theowgh Dense Mambranes . 358

A APPIEATION .o nen e D

T T 1 T U PO PUSUUPURUUPUNUPPR: 354

Bl B mer s, e L

CHAPTER 18 Modern Trends and Applications of Gas
Transport Through Various Polymers. .......ccceeen.. 363

Yakkoottild 8. Ablisha, Yaliva 2 Swapna, Rorimed Stephen

T ImbresdUIClIONL C ottt 2 363
2, Gas Transpurt Though Bobbery and Glissy Pulymens Jed
3. Muoderm Strategies to “Trade-olT™ Effect: Permeability
Versis Belectivity . oo e 366
4, Modem Trends and Applications ..., 36T
4.1 Matural Cias Processing .o e 36T
4.2 Gias Separation Membranes ... L
4.5 Food Tackaging......ooooieernninn . 373
44 Electronic Devices.... 3T
4.5 Petrochemicul Industry .o 3TTF
Aob Biomediesl Freld o 380
8, Concludding Remmirks. e 381
L T L TP PRP PPN kY
CHAPTER 19 Fundamentals and Measurement Technigques
for Gas Transport in Polymers..............cooocoeeee 391

Modetgeder Soddecodel, Mustnlils Regduzen,

Tr-'r.'.:.: Iw-l.llllu'll.lﬂﬂn'l'll'.lll.

IR T L3 391
2, Fundamentals nf Gas Transport Through Membranes........... 392
2.0 Poiseuille Flomr ..o e e 393
2.2 Knudsen DafTusion ... 3493
23 Muodeculor Sieving o G a4
2.4 Baluriom THIUSION. ..o e e v e aen 394
3. Measurernent Technigques in Gas Separation. ..............occeeee.. 3949
3.1 GGas Permeation Measurement ... 3T
3.2 Gus Sorplion Mensuremenl. . L0z
35 Cos TiiTusien Memsure e, . oo e cverreeees rrreerrreaes 312
Fad Time-Tag Method ... A1z
4, Summary and Concluding Remarks. ..o, 4160
L e T SISO 41k

Further Reading



Kiv

Cantents

CHAPTER 20 Theoretical Aspects of Gas Transport

i POIYMETS v 428

Fervenin Pavvasl. Fatesel Sabod

1o T iEEION Lo e 425
2. Models Explaining Cas in Polymers .o 42n
2.1 Macroscopic (Continwum) Maodel ...
2.2 Microscopic (Melecular) Maodel .

3. Transpoar Phenomens in Different Palvmeric Systems, ..., 427

3.1 Gas Transport in Rubhery Polymers. .o A28
3.2 Gas Permeation in Glassy Polymers. o 428
3.3 Gas Transport in Crystalline Pelymers....... e 442
d, BlTects of Envarammen ] Conditions on s Tran ;|||'-|I m
POIFIEETS L eoviie e s s s s e marr s e e 433
A1 Temperarnre BRects i e 433
4.2 Pressure BRI oo e 434
O ComulWSIONS ..o 415
AEnow led BINENTE 43
L T T 43k

CHAPTER 21 Gas Permeability and Theoretical Madeling

of Elastomers and Its Nanocomposites................ 441
Ajesh K. Fachariah
LR T ST 441
2. Variation in Penmeahility Behavior Due to Different Kinds
O MUTBLIETS oo e e 442
3. Varabon i Mt )
A, Thearies iy Gas r"vc--mu.--||,1|||I'-.I 451
8. Different Kinds of Modela. 52
B. Concluding Remarks. ..o 4560
Bl erenoes_ 4560

CHAPTER 22 Gas Transport Through Thermoplastics........c....... 459

Ajith [ Jose, Anila Sehastion, Mephana M. Thomas,

Vipin (5 Krisinan, Jincvmaol Kappen

T Il tiom . oo e 450
2. Mechanism of Gas Transport Through Different

Theaermmeplinslios. oo e dall
3. Eifect of Pressure on Permmealion e esreeenrrrenrseresrsrare: 300
4. Effect of Temperaiiiie cooo e ceei s e e A61
5. Effect of Free Volume and Cilass Transition

lemiperature Ulpd 461



Contents M

6. Gas Transports Through Polvethylene, Polvamide 11, and

Falvvinylidene Fluomde ... 42
T. Gas Transports Through Polvearbomste o, 463
8. Gas Transports Through Palvvinyl Chloride.. . il
9. Influcnce of Cross-TINKET ..oovee e Al
10, Influence obf FILers oo 465
11, Mudeling of Gus Trunsport Properhias. ..o, 65
12, Apphcations of Thermoplasiics With Gl Barvier
FEARCIEney o déh
12,1 Oxyaoen Transmission Bate e, 468
12.2 ‘Water Yupor Transmission Babe o Lk
123 Carbon Dioside Transmussien Bate o Rt
I O T I 470
T, CrmelURION e 470
BB TR . 1500050 0mms emesdmnes it Sesdamnnsd § 2554 Rim o ik 48 Bmmid B2 SRR b Emih 4T
CHAPTER 23 Gas Permeability Through Thermosets ................ 475

Panewrpady B Sandlvea, Rovindran Lakslvipeiva

Meyvarappellil 5. Sreeliila

LR S T 1 DTS TSP 75

2, Lhffusion of Gases mn Polymers.. e &R

3. Lawes of Gas Permeubility ... 477

A, Modes of SOrprion. ... 479

8. Factors Affecting Gas Permeation Thenomena. ... 48]
3.1 Wature of Polvmers .. A1
52 Orystallimity ..o e 442
5.3 Effeent of Filler Particles oo 482
54 Eilest of Tempemlure, oo e S8
BT AR5

6. Cascs Commonly Used for Gas Permeation Smdv .. 486

7. Experimental Methods for Determining Gas Permeability ... 486
7.1 Wolume Loss Method. oo 487
T2 Conmnuous Flow Weilod | - |
TA Constant Volume Method AER
T Gravimetric Method ..o 458

B. Gas Barmer Properties Observed in Vanous Thermoselling
Faalvmmer Commpusiles e

B, Models Associated With Mature of Fillers,,

10, Thermosemting POIVITETS e e ereeesrereces e erecnneencas 492
11T Phenolic Resins .o e 4493



®vi

Cantents

T3 Epoxy FESIME oo e ee e e e 495
1004 Palyumethanes oo Siii
1005 Polvester BEsiis. oo i 500
TELE SITIEIIES Lo e s a0
TELT FUFHIES oot e e e 512
11, Methods o Improve the Cas Permeabiliby ... 512
12, Conelusions. . e 313
L T L . [
CHAPTER 24 Gas Transport Through Polymer Blends............... 517
Fusemele Seabzi
To INEPEUCTIng (o 21T
2. Classification -\I'T"l:-|_'|-|'|'||.-.| 1T T PR 1 |1
3. oM ILRIONA oot ettt e Fl18
3.1 Eftect of Polymer Blend Morphology on Cras Transport ... 518
3.2 Effect of Gas Sompuon on Pelymer Blend Morphology...... 528
Last o Abbrev alions. ..o 528
Ackiowlad GmEnis, ... 28
L e . 528
CHAPTER 25 Gas Transport Through Interpenetrating Polymer
NetWORKS .. 533
Fodeenle .rfrr,-_'-.l.'js_'m.'u:. Frtersets ol
T IREPCHALCIIEL 1ot ettt eme e et - 333
2. Structure of Interpenctrating Polymer Networks .. 533
2.1 Sequential Inerpenstrating Polymer Netwark ..o 504
2.2 Stmulianeous Interpenetruling Polymer Meteork L 304
2.3 TLarex Tnrerpenatrating Palymer Merworko. 534
2.4 Gradient Intcrpenetrating Polvmer Metwork. .. 534
2.5 'Thermoplustic Interpenetrating Polymer Metwork ... ... 533
2.6 Semi—Inerpencirating Polymeer Network L0 30
2.7 Homo—Interpenetrating Polvmer Metwork 8
3. Nomenclature of Interpencteating Polymer Networks.. ... 535
4, Gras Transport PREOGMCHA ..o 333
4.1 Characteristics ol Interpenetrating Polymer Network. ... 536
4.2 Key Foctors Inlluencing Transport Process o0 537
B. Gas Transpoet Phenomena in Samples of Interpenatrating,
Prolvimer Metworks, o e e 537
5.1 (ner-Polvethylene Glycol Diacrylate)-sipn-
Polw(Ether Imides) ..o BT
2.2 [mer-Bismaletmide -sipr-Polyi Ether Imides) ... ........... 538



Contents xvii

3.3 {ner-Polyarethane Fipr-Cnet-Polystvreme oo e een 339
54 {ner-Curdo-bismuleimidel-sipi-Polyl Ether lode) 5349
35 dmer Paly | oviny] Y octyliomdazolom
hesaflunraphosphate s TolyiViny] Acetate).............. 340
B DO S ..o e 44
AcknowledEments. ..o e 541
Boalememees, o REY
Further Reading. ..o s 094

CHAPTER 26 Al:twatmn Elltll]p]' for Diffusion of Gases

Through Mixed Matrix Membranes. ... 547
¥ r‘r.’.ll'lfh'l FLF el Casnllo
B R T TS (T £ 1%L PO, N eaarraanEraarars veeer Al T
2. The Upper Bounds for Palymer Parformances and \1M\'I< . adi
3. Description of MMMs. The Ideal Case oo .'-_"HI
4, “Lumped” Global Mass Transport Through MMMMs L 551
8. Sorprion—DnlTusioen Model and Permeabilivy .. . 552
6. Encrgy Barvier Model to Deseiibe Thffusion "s|'||:| Eith: I|]'|||_
and Entropic Contributions ... 355
6.1 Amorphous CHEE e e e 555
6.2 Mixed Mainx Membranes Cuse.. i, 556
7. Tentwosivy and Chaon Dok lieation Facters L . 557
B. Thermodynamic Tnterpratation of the Torimsiny and ﬂﬂm
Imirmnbilizarion FRomoms...... e e e 357
9. Determination of the Tortwosity Factor From Experimental
Q0 Thermal Reanangement and Ciobon Malecular Sieve
L T P A6
10, Otuining Solubilicy, Permeshility, and Seloodvity ... 62
T, ComelUsIOns . oo 365
MBI IO, e e il
L TR L] L T A
Further Reading. ..o e AT
CHAPTER 27 Gas Transport Through Polymer/Clay
Nanocompasites ........ooooeeee e 573
Newege Follain, Stephone Marals
1. Background on Transport PRenomencm, ..., 73
2. Measurements Technigues: Permeation and Sorprion
P 5TH



®viii

Cantents

2.1 Permettion BINEHICS o s s 57H
2.2 Sarplion BInencs . o BR2
23 Sarption Tsetherms oo, 5B
3. Barrier Properties of PalvmenClay Wanncomposies .............. 387
3.1 Influence of Exfoliation and Dispersion Level
ol Manocliys. e 5HE
3.2 Inlluerce of Oientition of Clay Platelets 0 595
A3 Dnflusmce of Volome Fraction and Aspect Ratia,,.ooe.,,,00, 395
3.4 Influence of the Stmcture and of the Molecular
Mohility of Polymer Chains.. s 5496
A5 Influence of Polyvmer Cly Interfucial Ares. . G
30 Influemce of the Type of Permeant oo a7
A BTG oot e G0
e T OO PPP TP PPN G112

CHAPTER 28 Gas Transport Through Polymer

P2

Bio-nanocomposites. ... 615
Tivhin oy, Midhun O Raj, Neenn George, P Lovely Mathew,

Salne Thomas

TREFETUCTION Lo e et e e e (1]
Bo-nanoCommPosiles. oo e e Gl
2.1 BiopolyImers oo e Gle
2.2 Biopolymer-Based Manocomposiles o
L TN T TR T T S
3.1 Clays and SiHCares. ..o e e s
3.2 Curhohydrates-Based Manorcintforcements.... .
Crus ‘Transport Properiies of Bio-nanocomposites ... G2l

4.1 PLA Based Nanocomiposiles, oo 22l
4.2 PHE-Based Nanooomposiles. oo e BES

4.3 PBS-Based Compositoa.. ... 24
4.4 Cellulose-Based Nanocomposites ...
4.5 PUL-Basesd Manocomposiles, oo :
5. f_'.l_)u-'\'|||~,'i|,|r|. daTEEEE L EE TR RaE R E R e
RETEIENCESR .1ttt ettt e s e s e et e o e 20

CHAPTER 29 Gas Transport Through Polymer Composites........ B33

1.
2

Kurevilie Tosepd, Ancop Chandvan, Gege George

]nllxuhu:hun et re ettt e e et re e r ey E:-_J-_:.
Theory of Gas Transpart Through Polvmer Composite
BIEmIRIANg. e e 64



Contents Xix

3. Types of Polymer Composite Membranes Used for
Gias Separation: The Relutonship Between Structune and

Propetiies o (35
3.0 Composite Membranes Based on Rubbery Polymers... ... 637
3.2 Composite Membrancs Based on Glassy Polymers....... 6340
A Come SIS, Ll 4
Boalemenees, o bt
CHAPTER 30 Gas Transport Properties in Packaging
ApplEations ......c.ococvveiee i e 651
Kefoe! Govara, Romein Caal
Pitar Hermunidez-Muiog
T ImreadtClEONL Co e e 651
2, General Charactenstics of Polymers for Packaging 0., B32
3. Mass Transport and Packaging Technologies.... ... ns3
4, Gas Permeation: Trnplications and Methods oo Contral.. ... 050
4.1 Permeation in Monolayver Stroctures... .. 657
4.2 Permeuton m Multlayer Materals... o 6l
4.3 Permeation a Required Process in Some Packaging
Technali@ies. oo v e il
5. Gas Sorption: Implications and Methods o Contral ... [t
6. Gas Migration: lmplications aund Methods w Control ... {011
T Puture Tremds o 671
e TR T < BTl



	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5.pdf
	6.pdf
	7.pdf
	8.pdf
	9.pdf
	10.pdf
	11.pdf
	12.pdf
	13.pdf
	14.pdf
	15.pdf

