Chemically Prepared Toner - Page 1

Chemically Prepared Toners - A Study of Markets and Technologies

1. Overview of Chemically Prepared Toner .......ccccccccceiiiiiimemseennncccssseeseeeennns 9
1.1 Production Growth of Full Color Chemically Prepared Toner.........ccccccrrrircccnnceennnn. 10
1.2  Market for Black Chemically Prepared TONer .........c.cccvvimiiiminismnsssisssnnssssesssseenns 11

2. The Anatomy of @ TONEr.......cccoiiiiiiiiii i 13
21  What Toner Parameters Affect Which Part of the Process?........ccccoccmiiiiiirricciennnne 13
2.1.1 Toner COMPOSITION .......uuueiei s 14
2111 The Polymer or Toner Binder...........cooiiiiiiiiiiieee e 15
211.2 The Colorant - Pigment or DY .........ooiiiiiiiiiiiiiee e 18
2.1.1.21  Black Toner PIgMeENtS .........oouiiiiiiiiiiiii e 19
2.1.1.2.2 Colored Toner PigmENts .........coocuiiiiiiiiieiiiiee et 20
2.1.1.2.3 Yellow Pigmented TONEIS .....ccoooiiiiiiiiiieie e 23
2.1.1.2.4 Iron Oxide Pigment / Magnetite............ccccooiiiiiiii e 24
2113 Internal Charge Control Agent ...........oooi e 24
2114 SUurface AdAItIVES ......oooiiiiiii e 27
2.1.1.4.1 Fumed Metal Oxides (Silica, Titanium Dioxide, Aluminum Oxide) ............... 28
2115 Other INGredients ... 31

3. Why Chemically Prepared TONer?........cccouiiimmmmmmmmmmmmsssnsssssssssssssssssssssssssnne 33
3.1 What the Market Wants ..........ccocociiiniiimineis s s s e 33
SC T oY o T=T [ 0 o] o 2VZ= 4 U= o | =3 34
3.2.1 The Need for Small Mean Particle Size .........cccooiiiiiiiiii e 34

3.2.2  Why Does Conventional Toner Manufacturing Technology Have Difficulty in Achieving These
Goals? 35

3.2.21 Energy ConSUMPLION. ...ttt e e e 35
3.3  Toner Manufacturing Methods Compared............cccciiiiiinninninnr e 39
3.4 What Improvements Can Chemically Prepared Toner Technology Offer? ............. 40
3.5 The Chemically Prepared Toner Method Characteristics Compared....................... 41
3.6 Adittle HiStOry oo e s 43
3.7 Why So Long Before Commercialization?............ccooommiiiiiiiciimnn s 45
3.8 The Response from Conventional Toner Technology Protagonists............ccccceeuue 46
3.8.1 Kao Corporation ... 46
3.8.11 The Mechanochemical Method Plus High Grindable Polyester Resin ............. 46
3.8.2 Spheroidized or Rounded Toner TeChNOology ..........ccooiiiiiiiiiiiiiiiiie e 47
4. Chemically Prepared Toner BasiCs........cccccurrrmmmmmmmmmmsnnsnsmnsnssnnssssssssssssnnnnn 51
41 The Features of CPT technologies .........cccccviriiiiiiiinnii e 51

Galliford (Consalting and Marketing ©



Page 2 - Chemically Prepared Toner

4.1.1 Small Mean PartiCle Size..........ccocviiiiiiii e 52
4.1.2  Toner Particle Shape Control ..........cooccuiiiiiiii e 57
41.2.1 Why is particle shape so important? ... 57
41.2.2 Flow Performance of Different Shaped Particles ..., 58
41.2.3 Toner Shape CharacteriStiCS ..........uuiiiiiiiii e 60
4124 Electrostatic Performance of Different Shaped Particles ...........cccccceeeeiiinnnnne. 61
41.2.5 TONEI ADNESION ..o 62
41.2.6 Toner Particle Shape Control and Measurement...........occeeeeiiiiiiiiiieee e, 64
41.2.7 Particle Shape Control in Chemically Prepared Toner Technologies................ 66
41.2.8 Combination of Affects of Toner Shape ...........cccoviiiiiiiii e 67
4.2 Chemically Prepared Toner TeChnologies ..........ccccorirrimmrinnieninsse e 69
421 Suspension Polymerization ....... ... 69
4211 Suspension Toner Manfacture ..........cccooooioiiiiiiiiiiicc e 70
422 Emulsion Polymerization and Aggregation...........ccccoviiiiie i 73
4.2.3 Polyester (Elongation) Polymerization (PXP)........ccccoiiiiiiiii e 75
424 ChemiCal MiIllING.......coiiiiiii ettt e e snbe e e s snreeeeeanes 75
425 MiICroeNCaPSUIALION ... s 77
426 Dispersion PolymMeErization ...........cooiuiiiiiiioiii e 79
4.2.7  Condensation Polymerization ... 79
4.2.8  Other Alternate Toner Manufacturing Methods ..., 80
4.2.9  Washing/lsolation/Filtration/Drying and Blending..........ccoooioiiiiiiiiiiiiiieeeeee e 80
4.2.91 Filter Press and Vacuum DIy ... 80
4292 Fluidized Bed DIrYiNg .......cccuuiiiiiiieoeiiie ettt 82
4293 Pressure Filtration ... 82
4.3  CONCIUSIONS.....eeeiiiiiiere it 83
5. The Chemically Prepared Toner Market...........cccocmmrriiiiiiiiniinennnnecnnnnnens 85
5.1 Overview of the Players ... s 85
5.2 Current Commercial Products........ccccceiinnimmninnsisissn s s sssss s sssans 86
5.3 The Chemical Toner Market............cccooiiiiiinmiiiniin i e 87
5.3.1 Worldwide toner production volume ... 88
5.3.1.1 Overall prodUCHioN .....ccoooeii i, 88
5.3.1.2 Chemically Prepared Toner Production ..o 88
5.3.1.3 Chemically Prepared Monochrome TOoner...........coocveiiiiiiieiiiiieeieee e 92
53.1.4 Chemically Prepared Color TONEI .......coouiiiiiiiiiie e 93
5.3.2 The Toner Binder Resin Market and the Affects of the Growth in Chemically Prepared Toners
94
5.3.2.1 The Resin ManuUFacCturers .........c.ooioiiiiiiiiie e 95

Galliford (Consalting and Manketing ©



Chemically Prepared Toner - Page 3

5.3.2.1.1 Sanyo Chemical INAUSIHES .........cccuvmiiiiiiiiiie e 95
5.3.2.1.2  FUJIKUIA KASEI......eiiiiiiiiie ittt 95
5.3.2.1.3  Mitsui ChemiCal........ooo i 96
5.3.2.1.4  MitSUDIShi RAYON ......uiiiiiiiiiiiei e 96
5.3.2.1.5 Dainippon Ink and Chemical ...............ooovviiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeee e 96
T 202 T G T £ €- T T PSSR 96

6. Review of the Manufacturers and Developers of Chemically Prepared Toners

99
00 T 0 T3 VoY 99
6.1.1 Canon’s R&D into chemically prepared toner ... 99
6.1.2  Technology trends in Conventional toNer.............oooiiiiiiiiii i 99
6.1.3 Production 10CatIONS .........c.uiiiiiiie s 100
6.1.4 Canon CPT TeChNOIOGY ........eoiiiiiiiieiiiiie ettt e 100
6.1.5 Description Of The PrOCESS .....cueeiiiiiiiiie ittt 102
6.1.5.1 Canon Encapsulated Toner Manufacture ............cccocveeveeieeccciiiieee e, 103
6.1.5.2 Dispersion Stabilizer Preparation and Aqueous Dispersion Medium ............. 104
6.1.5.3 (070153 i1 o [ 0 7= ¢ T RSP 105
6.1.5.3.1 Black Canon Toner Production Costing Estimate (2008) ............cccccccceenn. 107
6.1.5.3.2 Magenta Canon Toner Production Costing Estimate (2008)..................... 110
6.1.54 CaPital COSES ... 113
6.1.5.5 TRFOUGNPUL ... 113
6.1.5.6 Chemically Prepared Toner ApplicationS...........ccoviiieiiiiieie i 113
6.1.6 Continuous Technology Evolution — ColorSphere Generation 3 Toners................ 114
6.1.7 Canon/HP Type Il Monochrome Toners - The Evolution of HP Monochrome LaserJet
JLIC=Ted 1 o] (oo Y AU 118
6.1.8  Toner Cartridge ChangesS.......cooiuuiiiiiiiee et 120
6.1.9  Type lll Toner TEChNOIOGY .....coiouiiiiiiieie e 121
6.1.10 Toner Additives in TYPe Il TONEI ......c.uuiiiiiiiie e 122
B.1.11  COStING Data........ooiiiiiiiiei e 126
6.1.12 Recent DevelOpmENtS .........coi i 130
6.2 RICON... i ————— 131
6.2.1 New PxP Toner Developments ..ot 136
6.2.2  Technology trends and developments ... 136
6.2.2.1 CoNVENIONAI TONET ...ttt 136
6.2.2.2 Production LOCAtIONS. ......ccooiiiiiiiiiieeec e 136
6.2.2.3 COStING DAt@ ... e 136
6.3 Xerox Corporation and Fuji XeroX .......ccccceermrmiiinniisissmrrs s ssssssssssss s 141

Galliford (Consalting and Marketing ©



Page 4 - Chemically Prepared Toner

6.3.1 Xerox/Fuji Xerox Research and Development ...........cccccoeeeiiiiiiiiiie e 141
6.3.2  Overview of the Xerox/Fuji Xerox Technology ...........ccccoouvereeiiiiiiiiiiiiee e 142
6.3.2.1 Latex FOrmation....... .o e 142
6.3.2.2 Dispersion of Colorant and Internal Additives ...........cccoooiiiiiiiiiiieee, 142
6.3.2.3 AGGrEGatION ...ceiiiiiiie et 142
6.3.2.4 (@70 = 1 (=TT o= o (o7 SRR 143
6.3.2.5 Washing, Filtration, Drying and Dry blending additives..............ovvviviiiiiiiiinnnns 143
6.3.3  Capabilities of Xerox/Fuji Xerox EA TeChnology .........cccceeeiiueeeiiiiieeesiiiieee e 143
6.3.3.1 High Print QUAlItY..........coe i 143
6.3.3.1.1 Particle Size Distribution.............ccooiiiiiiiiiii e 143
6.3.3.1.2 Small Mean Particle Size........ccooooi e 145
6.3.3.1.3  Toner PartiCle SNape.........uuuuuuuuiii e 145
6.3.3.1.4  HOIOW Characters ..o 147
6.3.3.1.5  Particle SUMACE .......ooooi i 147
6.3.3.2 Low Contribution to Total Cost of Ownership..........cccooceeeeiiiieiiiiiee e 148
6.3.3.3 Low Energy/Oilless FiXiNg .......ccooiuiiiiiiiiieieiee et 148
6.3.3.4 Core Shell STTUCKUIE ....cevee e 149
6.3.3.5 Fuji Xerox Spherical Particle Section Diagram ............cccceevviieeiiiee e 151
6.3.4 Fuji Xerox Manufacturing ProCess.........ccoii i 152
6.3.4.1 Manufacturing ProCedure ... 154
6.3.4.1.1  LateX Preparation ... e 154
6.3.4.1.2 Preparation of LateX 1 .......ccuiiiiiiiiiiie e 154
6.3.4.1.3  Preparation of LateX 2 ........c..ooiiiiiiiiiiiiee e 155
6.3.4.1.4  Pigment DiSPErSiON .......cccoiiiiiiiiiiiiiieeiiiie ettt e et e e s sbee e e sneeee e 156
6.3.4.1.5  WaX DISPEISION .....cciiiiiiiiiiiiiie ittt e e snee e 158
6.3.4.1.6 Aggregate Particle Preparation .............ccccoiiiiiiiie e 158
6.3.4.1.7 Coalescence or Adhered Particle Preparation .............cccocooiiiiiiiiiiiiciicicnnn. 159
6.3.4.1.8 Surface Treatment. ... 159
6.3.4.1.9 Surface Additive BIENdiNg .......cccooiiiiiiiiii e 160
6.3.4.2 Xerox Non-Magnetic Black Toner Production Costing Estimate (2008) ......... 161
6.3.5  Product and PerformanCe...........coccuuiuiiiiiee i 167
6.3.6  Fuji Xerox Manufacturing Operations ............cccooiueiiiiiiiii i 169
6.3.6.1 Environmentally Friendly Manufacturing and Usage............cccceevviiieiiiiieennns 171
6.3.7  Current Applications of EA Technology........ooocuuiiiiiiiiiiiiie e 172
6.3.7.1 The First Applications - Fuji Xerox DCC500 and DCC400/320 ...................... 172
6.3.8 Description of the Nippon Carbide Manufacturing Process...........cccccoieiiininnis 174
6.3.8.1 Monomer Mixture Preparation ... 176

Galliford (Consalting and Manketing ©



Chemically Prepared Toner - Page 5

6.3.8.1.1  Aqueous Medium Preparation...............ouueeiiiiiiiieiiieiieieeiiieeeeeeeeeeeeeeeeeeeeeneaees 176
6.3.8.1.2 Secondary Particle FOrmation...........cccccccooiiiiiiiiiii e 177
6.3.8.1.3 Associated Particle Formation ...........cccooiiii e 177
6.3.9 Fuji Xerox Non-Magnetic Black Toner Production Costing Estimate (2008) ......... 178
6.3.10 Fuji Xerox Magenta Toner Production Costing Estimate (2008)..............cccccceneee. 184
6.3.11  Fuji Xerox EA-Eco Toner Technology .........c...ooeiiiiiiiiiiiiiiiee e 190
6.3.12 EA-HG (Emulsion Aggregation High Grade) Toner Technology............ccccceeereeennn. 192
6.4 Konica MiNOIa ...... ..o 195
6.4.1 R&D into chemically prepared tONer ............cooiiiiiiiiiiiiie e 196
6.4.2 Printed RESUIS ..o 198
6.4.3 Product Applications............oooo 199
6.4.3.1 Konica First Implementation on the Konica 7035 and 7165 ..........cccccvvveeeeeee. 199
6.4.3.2 Minolta First Implementation on the DiAlta Di650..............covvviiviiiiiiiiiiiiiieinnes 199
6.4.4 Range of APPlICALIONS ........oooiiiii e 200
6.4.5  Outlook for chemically prepared toner and future business..........cc..ccccoecvvieenenenn. 200
6.4.6 Production l0CatioNs .........ccoo e 201
6.4.7 Konica Minolta Non-Magnetic Black Toner Production Costing Estimate (2008)..202
6.5 Fujifilm Imaging Colorants Limited (Avecia) .........ccooemmmmmiiiiniciiierre e 205
LS =Y T T 0o g T - 1 o T 209
6.6.1 oo (U T1 1T o S 209
6.6.2 [ oTo [UTed1To] o I IoTex= 11T ] o 1< S 209
6.6.3  Single Layer Manufacturing Technology..........cccccoiiiiiieiiiiiiie e 210
6.6.3.1 Description Of The ProCess .......oouviiiiiiiieeiiee e 210
6.6.3.2 Monomer Mixture Preparation Part A ... 211
6.6.3.3 Aqueous Medium Preparation Part B ...........ccooeiiiiiieii e 212
6.6.3.4 Aqueous Medium Preparation Part C ............oooviiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeees 213
6.6.3.5 Preparation of Colloidal Magnesium HydroXide............ococuieeeieiiiiiiiiiiiceneeenn. 213
6.6.3.6 Primary Particle FOrmation............ooouuiiiii e 213
6.6.3.7 Secondary Particle FOrmation............ooouiiiiii e 213
6.6.3.8 POIYMErIZAtION.......ieiiiiii e 214
6.6.4  Colored Toner Developments .........oocuuiiiiiiiiiiiie e 216
6.6.5  COStNG Data........ooiiiiiiiie e 216
6.6.5.1 Capital COSES ... e e 216
6.6.5.2 TRFOUGNPUL ... e e e e e 216
6.6.6  Zeon Corporation Non-Magnetic Black Toner Production Costing Estimate (2008)217
6.6.7 Micro-encapsulated TYPe TONEIS......cooi i 220
6.6.7.1 Microencapsulated Toner Properti€S ............uuveviiiiiiieiieieiiiieeieieeeeeeeveveeeeessenenes 221

Galliford (Consalting and Marketing ©



Page 6 - Chemically Prepared Toner

6.6.7.2 Hot offset characteristiC............cooiiiiiiii e 224
6.6.7.3 Dependency of fixing ratio ON PressuUre..........cccvvveeeee e 225
6.6.7.4 Zeon Corporation Encapsulated Black Toner Production Costing Estimate (2008)
227
6.6.8 Carbon Black Dispersion in Toner Particles ...........ccccoeiiiiiiiiiiei e 230
6.6.9 Particle Size Distribution ........ ..o 230
(O3 T O o o 1=l (o V7= o 1 PPN 230
6.6.11  Transfer Ratio Of TONET........ooiii i 231
6.6.12 Printed Image QUAIITY ......coooiuiiiiii e 232
LS 0 T @70 ) Uod [0 1= 1o ) o =SSR 233
(2 A 0 ] o B Yo 111 T o T | o NS 235
6.7.1 T 10T 11 [ox o o SRS 235
6.7.2 General Description of CM PrOCESS .........uuuuiuiiiiiii e 235
6.7.3 Polyester Dase reSin ... 236
6.7.4 Particle formation by chemical milling ..........ccccooiiiiii e 236
6.7.5  Coloring of polyester PartiCles ... 237
6.7.6 Toner produCtion PrOCESS..........uuiiiiiiie e 237
6.7.7  Chemically Milled Toner (CM tONEr) .........coccuiiiiiiiiieeeiie e 238
6.7.8 107 0] (o] g C - o 411 | S USRI 238
6.7.9 Particle Surface Texture and Charging Behavior ..o 240
LA O S 10 4 4= T Y2 U S 241
L R 1 Lo Y T 244
6.8.1 Process detailS ..........euiiiiiiiiiiiiiiiiiii ettt e e e e eeeeeereanes 246
6.8.2 Process parameters Control of Particle Size and Particle Size Distributuion ........ 248
6.8.2.1 AGItation SPEEA ......ooiiiiiiii e 248
6.8.2.2 Viscosity of the Aqueous Non-Solvent Phase..........cccooiiiiiiiiiiiiiiiiiiiee 248
6.8.2.3 Effects of Zinc Stearate Stabilizing Agent for Phase Separation on Particle Size
DISTIDULION ...t e e e e e et e e e e e e e annreeeeeas 249
6.8.2.4 Concentration of Organic Phase ..........cccueviiiiiiiiii e 250
6.8.3  Process Parameters : Control of Particle Size and Particle Size Distributuion......253
6.8.3.1 Variation of the Aqueous Solubility of the Organic Solvent............................. 254
6.8.3.2 ST ToT = o] o SR 255
6.8.3.3 Development and ProduCtioN ............coouuiiiiiiiiie e 259
6.9 Eastman Kodak/NeXpress........ccmiiimiininnisir s ssss s s s ssne s 263
6.9.1 Limited Coalescence Method .............ueuiiiiiiiiiie e 263
6.9.1.1 CoNtrol Of SIZE ... 265
6.9.1.2 CoNtrol Of ShaPE... .. e 266

Galliford (Consalting and Manketing ©



Chemically Prepared Toner - Page 7

6.9.1.3 Additional Features of the LC ProCess ........ccccueeviiiiiiiiiiee e 267
6.10 Mitsubishi Chemical ..........ccccoiiiiiiiii i ———— 269
6.10.1.1  Production LOCAtIONS........uuiiiiiiiiiie it 269

7. Polymerization Technology Primer........cccccimmiimiiiiiisiisssssseseessesesennnnnenns 271
A% I = ] 17/ 4 =T 271
7.2 DefinitioNs ...coovieiiiiri i ————— 271
7.3  Physical Properties of POIYMErsS..........ccccciimmiiiiiisccccmeerre s ssscssssess s s mssee e essnnnns 272
7.4  Addition Polymers compared to Condensation Polymers..........cccccccrnriiirrincinennnn. 274
7.5 Condensation Polymerization...........ccccoiiiiiiiiiiiinnrs e 274
7.6  Addition Polymerization ... 274
7.7 The Polymerization ProCess........ccciiiiiiiciiiiiiii s 274
7.8 Chain polymerization Polymers ...........oo i 275
7.9 Chain polymerization POolymers ...........oo i 275
7.10 Chemistry Free Radical Polymerization ...........cccocoociiiiiinninccn e 275
L B [ 11 (=1 (o] £ S PP PPP PP PPPP 276
7.10.2  Molecular weight CONtrol.........ooeeiii e 277
7103 Temperature ..o 277
7.10.4 Concentration of INIator ..........cciiiiii e 277
7.10.5  Type Of INItALOr.....cooiiiiiie e 278
7.1 Bulk Polymerization............o s 278
712 Solution Polymerization ... 279
713 Suspension Polymerization ..o 280
714 Emulsion Polymerization ...........ccccoeiiiiiiiemiinncssrnn s 281
715 Patents Related to Chemically Prepared Toners 1996 —2004...............ccccuevurennne 287

Acknowledgements: All of the information in this book has been gathered from sources in the public
domain. The sources include conference presentations, websites and printed information and the
information includes diagrams, drawings and pictures. Information is included from Canon, Xerox, Fuji
Xerox, Okidata, Nippon Zeon, Nippon Carbide, Konica, Minolta, Fujifim Imaging Materials (Avecia), DPI

Solutions, Sinonar and Eastman Kodak.

Galliford (Consalting and Marketing ©



