Contents

Introduction

CHAPTER 1

CHAPTER 2

1.4

1.5

1.6

2.1
2.2

23

24

25

..................................................................................................... ix
Processing of calcium montmorilionites for use
in polymers ...........c...... Ceereetameedrmusssieeeeanssnraeenrrnnnns 1
INETOAUCHION .. ettt 1
DIREIMITIONS ...t teee et e et s eamyene ey pene e aae e 5
Morphology of montmorillonite which is important for use
in the polymer IndUSIEY ..o 5
Introduction—the activation of calcium bentonites to achieve a
high aspect TALO .o e e 8
1.4.1 Problems in determining the soda ash dosage for the

deposit-specific optimized cation exchange...........ooooee. 9
1.4.2 Chemical-mineralogical basis of the alkaline activation

of bentonites and technical problems in the realization........ 9
1.4.3 Thixotropy and yield point of bentonite suspensions.......... 10
1.4.4 Definitions of a chemical and technical degree

OF ACHVALION oo eereiiie et e e 12
1.4.5 Activation teChniGUE......cooeecrviev vt 13
1.4.6 Determination of the yield point......oocooviecinincninnnc 16
Criteria for the selection of calcium bentonites, their alkaline
activation, and the achievable aspect ratio .......ccocovciinnn i, 22
CONCIUSIONS ...o.veiieiie ittt te et st e n et s b e s e seaeaeasseeanes 25
RETEIEICES ..o emieieeei ettt e s 25
Chemical/physical preprocessing of nanoclay
patticles ......... Ceeeeemrecssssnseneensossnnens T 27
Introduction—mommMOrHHOMIEC oo 28
ACTHVALION 1ottt et crrre s e e et oot esne e s eaesene e 29
2.2.1 Activation by acids.....cocoieceivieiecerir e isa s irneee e e eerneas 29
2.2.2 Characterization of activated MMT _........ocoovieieiniieeennnnnn 31
Metal cation EXChANGE. ... ..o e e e 34
2.3.1 Metal-(TT)-CatiONS ..cov e errre e e e s sves e sis e sseesnrees 34
2.3.2 Metal-(TTID-Cation .ooveieceeecrreeerrraerieesressiresraesssssssessnnescreens 36
2.3.3 Characterization of metal cation—exchanged

MONNOTHIONIE .o 37
OrganomodifiCation. .........ccoeiiiiiee et 39
2.4.1 Amino acid as modification reagent.........cccoocveienereecininnene 40
2.4.2 Characterization of organomodified montmornlonite......... 44
CONCILSIONS ... ieicrev i veciane et ece et a e et ba e n s e anbe s 48

R T EIICES v oeee et eeeceeerte e s s eemt e s eeseesesstmeetaessnecetaeesesesntrnesasranes 49



vi

Contents

CHAPTER 3
31

3.2

3.3

34

CHAPTER 4

4.1
4.2

4.3

4.4

CHAPTER 5

5.1
5.2
5.3

Processing of polymer—nanoclay composites.......... 53
Nanoclay processing Dasics... ..o 54
3.1.1 “Melt mixing” (compounding)...........co.ocoooveiveeeereenn. 54
3.1.2 Characteristic process PArameters ... ..coove.v..ovevevveeeeeerenenens 54
3.1.3 Calculation of the shear cnergy for extrusion and
COMPOUNITEE ..ottt 58
3.1.4 Calculation of the shear energy for injection molding........ 58
3.1.5 Visualization of nanoclay dispersion.........ccoceeeveveeeeeeeennnn. 59
3.1.6 Influence of shearing on Young’s modulus and breaking
SITAIN Lottt st 59
3.1.7 Influence on internal pressure creep time and longitudinal
SHIINKAZE wve e 62
3. 1.8 Conclusions ..o, 63
Advanced compounding............ocooevveveeriecoeeceeeeerceeeeee e 64
3.2.1 Case study: extrusion of PP nanocomposites by advanced
COMPOUINAIIE ..ooceir ettt et e 64
Injection mold compounding «............cooooveeeiicvoveeeoeee e 71
331 €ase SWAY oot 73
CONCIUSIONS et ettt e 89
RELEICICES ..o ittt e eene e 90

Characterization of polymer nanocomposites

based an layered silicates ........c.c..... e vveveennnireene. 93
IRtrOAUCHON ..ottt et 94
Offline charaCterization ..........coeevvvvivreiiee e 94
4.2.1 Spectroscopic MEaSUIEMENTS ............c.cvevrvineeeereeeeeeeeeereees 94
4.2.2 Determination of physical properties.............c.ccococvevvennn.n. 97
4.2.3 Rotational theometry........ooociieiiir oo ceveere s 98
4.2.4 Extensional theometry .......ccooeee oo, 100
Inline and online characterization ............c.c.oco.ccovvvvvseeeeee 101
4.3.1 Online extensional rheometry with the help of Rheotens
EQUIPIIETIE 1. oot b e 101
4.3.2 Inline NIR INVESHZANONS . ..ccooeieirirerece et 104
CONCIUSIONS ..ttt ettt e e e 122
RETEIENCES ..o 122

Properties and applications of nanoclay

COMPOSIEES ..o ceere st e s e s s e s 127
INErOAUCHON ...t 127
Mechanical reinforcement capabilities of laycred silicates ........ 128

Effect of layered silicates on the rheological properties............. 131



e

5.4
5.5
3.6
5.7
5.8

58
5.10

5.1

CHAPTER 6

6.1

6.2

6.3

6.4

Contents
The influence of layered silicates on barrier propertics.............. 133
The influence of layered silicates on tribology ..o 136
Thermal conductivity of laycred silicate polymer
NANOCOMPOSIEES ..o et amrrrcs e e et e s e ces e eeenenss 137
Thermal stability of layered stlicate polymer panocomposites,,. 138
Laycred silicates for biodegradation application ..............cco..... 140
Clays for drug delivery syStems ....ooovovrieeiine e 142
Layered silicates as halogen-free FRs ..., 143
5.10.1 Development 0 fire. ..o 143
5.10.2 Layered silicates as FR additives ... ivvevcccccee, 148
SUIRITIATY ..ottt s et e et e s s e en s e s 149
ReETereICes ..oeecc st 150

Safety issues of silica nanomaterials in the frame

of industrial use ..........cccceeeeeeene fresree 157
INErodUCTION vt e e 157
Safety assessment according to REACh and guidance................ 160
6.2.1 Exposure and 10XICity aSSeSSINEN ... ccccoivvvmrveeeirrseneennas 160
6.2.2 Standardization........cceeeveeeveee st 164
Nano-silica use n applications. ..o e s 165
6.3.1 Workplace safety ..o 166
6.3.2 Environmental safety on nano-silica............ccoeevevcoiieeeenee, 169
CONCIUSIONS L..iivi ittt et bt e rs et 169
Acknowled@ment ..o 171
Abbreviations ......coeevvvrereeninee e e O UUSOT 171
RefErences ... .ot 172
...................................................................................................... 177

- I

vii



