Essential Readings in

Light
Metals

VOLUME 4 Electr.ode Technolqu for
Aluminum Production

Edited by
Alan Tomsett and John Johnson

TIMIS WILEY



Copyright © 2013 by The Minerals, Metals & Materials Society.
All rights reserved.

Published by John Wiley & Sons, Inc., Hoboken, New Jersey.
Published simultaneously in Canada.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form
or by any means, electronic, mechanical, photocopying, recording, scanning, or otherwise, except as
permitted under Section 107 or 108 of the 1976 United States Copyright Act, without either the prior
written permission of The Minerals, Metals, & Materials Society, or authorization through payment of
the appropriate per-copy fee to the Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers,
MA 01923, (978) 750-8400, fax (978) 750-4470, or on the web at www.copyright.com. Requests to
the Publisher for permission should be addressed to the Permissions Department, John Wiley & Sons,
Inc., 111 River Street, Hoboken, NJ 07030, (201) 748-6011, fax (201) 748-6008, or online at http://
www.wiley.com/go/permission.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used their best efforts
in preparing this book, they make no representations or warranties with respect to the accuracy or
completeness of the contents of this book and specifically disclaim any implied warranties of mer-
chantability or fitness for a particular purpose. No warranty may be created or extended by sales rep-
resentatives or written sales materials. The advice and strategies contained herein may not be suitable
for your situation. You should consult with a professional where appropriate. Neither the publisher nor
author shall be liable for any loss of profit or any other commercial damages, including but not limited
to special, incidental, consequential, or other damages.

Wiley also publishes books in a variety of electronic formats. Some content that appears in print may
not be available in electronic formats. For more information about Wiley products, visit the web site
at www.wiley.com. For general information on other Wiley products and services or for technical sup-
port, please contact the Wiley Customer Care Department within the United States at (800) 762-2974,
outside the United States at (317) 572-3993 or fax (317) 572-4002.

Library of Congress Cataloging-in-Publication Data is available.

ISBN 978-1118-63663-3
Printed in the United States of America.

10987654321

WILEY TIMIS

A John Wiley & Sons, Inc., Publication



TABLE OF CONTENTS

&g 4 i 1o SRR RRURURR XV
J =TT I 2 LU0} PPN XIX
g o) o b1 B = o o N PPN XX1

NYcTo1aT0) 00 F115 40T L1 Lo1aTo ) s RSP PRR 1

Raw Materials: Coke

Calcined Coke from Crude Oil t0 CUSLOMET STL0 .......ooiiiuiiiiiiiiee ettt e et e e e e et e e e e eaeeeeeeareeeeeareeeeeraeeeennneens 3
B. Vitchus, F. Cannova, and H. Childs

Refinery Feedstocks, Coke Structures and Aluminum Cell ANOAES.........cccuevierieriieriieiieieeieeteseee et 11
P. Rhedey and D. DuTremblay

Coker Feedstock Characteristics and Calcined Coke Properties ...........coeuiriiiieiieiiieiecie et 19
P. Rhedey and S. Nadkarni

Quality and Process Performance of Rotary Kilns and Shaft CalCiners ..........cooceevieiiiiiiiiiieieeeeeeee et 24
L. Edwards
High Vanadium Venezuelan Petroleum Coke, A Rawmaterial for the Aluminum Industry?.........c.ccocevverieiiininenenincncneeee 30

U. Mannweiler, W. Schmidt-Hatting, D. Rodriguez, and A. Maitland

Use of Shot Coke as an Anode RaW Material.........c.ooiiiiiiiiiiiiiiiie ettt ettt ettt sae et 36
L. Edwards, F. Vogt, M. Robinette, R. Love, A. Ross, M. McClung, R. Roush, and W. Morgan

Influence of High Sulphur Cokes on Anode Performance.............ocveuieiiiieiieniee et 42
S. Jones, R. Hildebrandt, and M. Hedlund

Carbon Raw Material Effects on Aluminum Reduction Cell ANOES .......ccuvvvviiiiiiiiiiieiieee ettt eeesanaees 53
P. Rhedey and S. Nadkarni

A Comprehensive Determination of Effects of Calcined Petroleum Coke Properties on Aluminum Reduction Cell Anode
54 40] 053 43 TSR P PP 59
D. Belitskus and D. Danka

A Comprehensive Review of the Effects of Calcination at Various Temperatures on Coke Structure and
PrOPEITIES — PAIt 2.ttt ettt ettt e h bt ettt b e bt bt e bt bt ee b et et et e bt beeh e eb e ent et e et beshe bt eaeen 73
E. Hardin, C. Beilharz, P. Ellis, and L. McCoy

Influence of Coke Real Density on Anode Reactivity Consequence on Anode Baking...........cccocveviieiiniiiieiienieneeceeeeee 84
B. Coste and J. Schneider

Coke Calcination Levels and Aluminum Anode QUALItY ........coceeriiiiiiiiiniei ettt ettt s 93
C. Dreyer, B. Samanos, and F. Vogt

Impact of Coke Calcination Level and Anode Baking Temperature on Anode Properties ...........ccoocevoeveeniencenenienieneenene 101
B. Samanos and C. Dreyer



Use of Under-Calcined Coke for the Production of Low Reactivity ANOAES .......cccceeviieiiieeiiieiiieeiieiieeeie et eee e sevee e 109
J. Lhuissier, L. Bezamanifary, M. Gendre, and M. Chollier

ANOde Filler COKE POTOSILY StUAIES. ... .ccuieiieieeiiesiietieieeieste st et et et e st e et esteesteesaesseesseenseensesssesnsesseesseeseenseansennsesssesnsesseeses 114
P. Rhedey
Desulphurization and Its Effect on Calcined Coke PrOPerties........coiuiiierierieiiiiieriesie ettt ae e seee s sse s enneeenens 119

R. Garbarino and R. Tonti

Influence of Petroleum Coke Sulphur Content on the Sodium Sensitivity of Carbon Anodes...........cccoooeeieeiinrininceneeenen. 123
S. Hume, W. Fischer, R. Perruchoud, J. Metson, and R. Baker

A Review of Coke and Anode DeSUITUIIZAtION .......c..uvvviiiiiiiiiiiiiie ettt e e e e e ae e e e e s e e aaaaeeeeeeeesnnaaneeeeeas 130
L. Edwards, K. Neyrey, and L. Lossius

Coke and Anode Desulfurization STUAIES .......cc.eviiriiiiiiiie ettt ettt te et e ste e teeaesseesaeesseesseesseessesssesssesseesseeseensenssenns 136
L. Lossius, K. Neyrey, and L. Edwards

Minimizing Impact of Low Sulfur Coke on Anode QUALILY ..........ccueviiiiiiieiieiieieeie ettt eeeseee e e sreereesaeeeeeseeesseeseensees 142
A. Adams, R. Cahill, Y. Belzile, K. Cantin, and M. Gendron

Evaluating Calcined Coke for Aluminum Smelting by Bulk Density .......c..ccccoveririiieiiniinininnenceterciese st 148
D. Belitskus

Maintaining Consistent Anode Density Using Varying Carbon Raw Materials..........ccccevueririnienininieieienenenenenceeenens 156
S. Wilkening

Coke Blending and Fines Circuit Targeting at the Alcoa Deschambault SMEIter .........cceevieerieiiiienieeieeee e 163
M. Gendron, S. Whelan, and K. Cantin

Raw Materials: Pitch

Worldwide Pitch Quality for Prebaked ANOAES. ........coccviiiiiiiiiiiieiieeiie ettt ettt ee et e et eetaeesteeeaseessaeesssaensaeens 167
R. Perruchoud, M. Meier, and W. Fischer

Coal Tar Pitch — Past, Present, and FULUIE..........c..ooooiiiiiiiee et e e e e e e e e eeeenaeeeeenneeas 177
J. Baron, S. McKinney, and R. Wombles

Electrode Binder Pyrolysis and Bond-CoKe MICTOSIIUCEULE.........ccuervieriierieeieeiesteetiesteenteeseesesssessnessaesseessesssesssessessseensessens 182
S. Jones and R. Hildebrandt

Binder for the Ideal ANOAE CarbOmN...........ooiiiiiiiiiiiiiii ettt e e e e e et e et e e e e e eeataaeeeeeeeseesaareeeeeessenaareeeeeesananns 198
S. Jones and E. Bart

Binding Characteristics of Coal Tar Pitches for Prebaked Anode Mix - Choice Criteria: LRF Report 830..........cccoeceveennee. 215
J. Pinoir and P. Hyvernat

The Influence of Solid Particles in Pitch on the Preparation and Baking of the Carbon Blocks ..........ccccceevveciieciiiieniieieennn. 225
G. Romovacek

Performance of Binder Pitches With Decreased QI-Content in Anode Making: Formation - Nature - Properties and
Substitution of QUINOIINE INSOTUDIES .........couviiiiiiiiii ittt ettt et e e et e e ette e eteeereeeeteeeseseeteeeseeeesaeenneas 232
A. Alscher, R. Wildforster, and J. Sharp

Temperature Stability of Sederberg Anode PitCh ..........ccooiiiiiiiiiiiiic ettt 239
M. Sorlie

vi



Developing Coal Tar/Petroletm PItCRES .........co.eoiiiiiiiiiieeeeee e ettt ettt st st e e e 246
R. Wombles and M. Kiser

Raw Materials: Spent Carbon

Investigation of the Quality of Recycled Anode BuUtts ..........ccoiiiiiiiiiiiii et 251
W. Schmidt-Hatting, A. Kooijman, and R. Perruchoud

Interdependence Between Properties of Anode Butts and Quality of Prebaked Anodes..........ccoooeeiieiiiniiiiiiinineieeeee 267
W. Fischer and R. Perruchoud

Raw Material and Anode Characterization

New Methods for Testing Raw Materials for Anode Carbon Paste..........cocooiiiiiiiiniiiiiiie e 271
O. Bowitz, T. Eftestol, and R. Selvik

Standardization of a Calcined Coke Bulk Density TSt .......ccueriertieriiriiiieiiesiierie ettt ettt ettt st eee 281
D. Belitskus

Reactivity Testing of Anode Carbon MAatETIals ...........c.eccveriieriieiiieieeieseereectesteste st eteereseeesseesseesse e seesseessesssesssesseesseensesnsens 290
G. Houston and H. Oye

Characterization of Prebaked Anode Carbon by Mechanical and Thermal Properties............ccoevverierieciercienieneeneeie e 298
J. Brown and P. Rhedey

Green Anode Production

Aggregate Optimization USING @ Y-BIENET.........couoiiiiiiiiiiiiiiieene ettt ettt s s 307
R. Peterson

Soderberg Paste. Effect of Fine Fraction Variations..........c.cccueeieriieriieieniiesieseesieeste e stesteeseeeseeesteesaessaessaesseesseensesnsesnsessnenns 313
P. Stokka and I. Skogland

Finer Fines in ANOde FOrMUIATION ........ccuvviiiiiiiiiiiieicce ettt e e e e et e e e e e e e e aaeeeeeeeeeesaaaaeeeeesseenaareseeeesannnns 318
F. Figueiredo, C. Cato, A. Nascimento, A. Marques, and P. Miotto

Process Adaptations for Finer Dust Formulations: Mixing and FOrMing ..........cccocevieiiiiiiinienieeeeeeeee e 322
K. Hulse, R. Perruchoud, W. Fischer, and B. Welch

Effects of Mixing Variables and Mold Temperature on Prebaked Anode Quality..........cccoecviviienienieriiniieniesiee e 328
D. Belitskus

Improving Anode Quality by Separately Optimising Mixing and Compacting Temperature ..............ceceeceeeereerienenenenenenns 333
B. Coste

Vibration Forming of Carbon BIOCKS .........couiiiiiiiieie ettt sttt et e e te et e et eneeeneesse e neennenn 339

E. Sandvik, R. Blindheim, and H. Bo

Cooling of Green Anodes AftEr FOTTING .....c..coueiiiiiiiiiiiiiterene ettt sttt et e bbb eae 351
W. Fischer, M. Meier, and M. Lustenberger

Recent Improvement in Paste Plant Design: Industrial Application and ReSUlts ..........cccccevvvivriiiiiiiieniieiiiecieecieece e 358
C. Vanvoren

Going Beyond SPC — Why We Need Statistical Thinking in Operations Such as Carbon Plants..........c.ccccceevevveeciienveennennn. 365
K. Sinclair and B. Sadler

vii



Properties and Behaviour 0f GIEeN ANOGES........c.uiiuiieiieiiieeiie et eiee e eetteertteesate e aeestaeestteessseessseeseesnsseesseeensseenseessssesnssenns 371
S. Wilkening

Potentialities 1N the PASTE PLANT ...........ccc.oiiiiiiiiiiiie ettt e e e e e e e e et e e e eetaeeeeenaeeeeeaneeeeenteeeeenneeeeenneens 378
S. Wilkening

Baked Anode Production

Mathematical Simulation of a Horizontal Flue Ring FUIMMaCEe ..........cccoiiiiiiiiiiiiiieeeeeeee e 386
R. Bui, E. Dernedde, A. Charette, and T. Bourgeois

FIUE GAS MANAZEIMGIL .....c..eitietietieiie ettt ettt ettt ettt ee e eb e sb e b e e bt eaee s e eeeaeeeb e e bt emeeem e e eaeeeb e e beenbeembeemeeemeeeatesseenbeenseenneas 390
W. Leisenberg

Safe Operation of Anode BaKing FUIMACES...........cciiciiiiiiieiieit ettt sttt et aeseesseessbessaessaesseeseenseensesnsesnnenns 396
1. Holden, O. Saeter, F. Aune, and T. Naterstad

Anode Baking: The Underestimated HUMAN ASPECL.......c.cerviriiiiiieiieriieriieie e eteettesteeieebesaeseaessaesseesseesseesseensenssesssessnesseeses 403
F. Keller, P. Sulger, and W. Fischer

Specific Energy Consumption in Anode Bake FUIMACES .........cc.oeiuiiiiiiiiiiiieieieee et 408
F. Keller, P. Sulger, M. Meier, D. Severo, and V. Gusberti

Evaluation of the Uniformity of Baking in Horizontal and Vertical Flue Ring Furnaces.............ccoecevvvevienienienienieeeieennenn 414
D. Holdner, S. Nadkarni, and D. DuTremblay

Measurement and Control of the Calcining Level in Anode Baking Furnaces.............cccocevvevieviieiieienieseeiecee e 418
T. Foosnaes, N. Kulset, H. Linga, G. Naeumann, and A. Werge-Olsen

The Equivalent Temperature Method for Measuring the Baking Level of Anodes..........ccoovvvierieiieiinienieeee e 422
L. Lossius, 1. Holden, and H. Linga

Baking Parameters and the Resulting Anode QUALItY ..........cc.coueriiriniiirinieieietetese ettt sttt sae st eanens 427
W. Fischer, F. Keller, R. Perruchoud, and S. Oderbolz

Anode Desulphurization 0N BaKING........cccuiiiiiiiiiiiecis et eiee sttt e st e et ee s bt eesteesntaeesseeensseenseeessseensseessseennseens 434
M. Vogt, K. Ries, and M. Smith

The Effect of Prebake Anode Baking Temperature on Potroom Performance..............cccveevvveeriiinieenieenieecie e 444
G. Bain, J. Pruneau, and J. Williams

Influence of Baking Temperature and Anode Effects Upon Carbon SIoughing............ccccceevieiieiiiiiiiicieiieeieseeeeee e 450
E. Cutshall and V. Bullough

Influence on Anode Baking Temperature and Current Density Upon Carbon Sloughing...........cccoeeeveveiciinienienienieeeeeeeenn 469
E. Cutshall

Anode Reactivity Influence of the BaKing ProCess........co.eiiuiiiiiiiiieiieiee ettt et 478
C. Dreyer

Modern Anode Baking FUrnace DeVEIOPMENLS ........cciuieiuieiieiietieitieitiete ettt ettt et e et et e et e e es e e beemeeemeeeneesseesaeenseenneas 486
F. Keller and J. Disselhorst

Strategies for the Revision 0f BaKe FUIMACES .......cc.cccuiiiiiiiiieiiciieieeeeetestteie ettt be e ses e essesesessaessaessaesseenseenseensenns 492
F. Keller

viii



Rodded Anode Production and Anode Design

Temperature and Voltage Measurements in Hall Cell ANOAES........c.cccuviiiriieiieiieieeiesieie ettt
R. Peterson

Studies Of STUD t0 Carbon VOItAZE........coouiiiiiieieietiet ettt ettt ettt b e bt e bt st ee e et e e sb e e st e ebeenbeemaeentesneesaeenne
R. Peterson

Factors in the Design of Reduction Cell ANOAES ...........oouiiiuiiiiiiiiieieeee ettt ettt st sae ettt eneeeneens
D. Brooks and V. Bullough

Anode Cast Iron Thickness OPtiMIZAtION. ........c..ecviecierierierieeteetestesteesteeteetesseesseesseesseessessaesseessessssesseesseessesssesssesssesssesseesses
M. Ohlswager, G. Goeres, and R. Peterson

Drilling of Stub Holes in Prebaked ANOAES.........cc.oouiiiiiiiiiiiiieieee ettt sttt sttt st st
B. Aga, 1. Holden, H. Linga, and K. Solbu

Problems of the StubD-ANOAE COMNECTION. ........ccoouuiiiiiii ittt ee e et e e e e e et e eeeeeeetaaeeeeeeeseassaaeeeeeesesasasseeeeesssananreeeeeessnnns
S. Wilkening and J. Cété

Challenges in Stub Hole Optimisation of Cast [ron Rodded ANOdes ...........ccevieiierieiieiieiee e
D. Richard, P. Goulet, O. Trempe, M. Dupuis, and M. Fafard

Real Time Temperature Distribution during Sealing Process and Room Temperature Air Gap Measurements of a Hall-
HETOUIE COIL ANOME ...ttt ettt b et h st e st et et e bt e bt ekt e et e st et et e e bt ebeebeeseentensenbenbesbeeneeneentens
O. Trempe, D. Larouche, D. Ziegler, M. Guillot, and M. Fafard

Effects of Carbonaceous Rodding Mix Formulation on Steel-Carbon Contact ResiStance............cocceveeeeieneneneneneeceeennns
P. Rhedey and L. Castonguay

Anode Performance: Reactivity Fundamentals

BN T e (S O 1 o To) s B AT 11 4 74 2 USSR
S. Jones and R. Hildebrandt

Studies on Anode Reactivity t0 OXIAANt GASES .....c.eevvieiieierieriieiieteeieetestesteesteesteeeestesseesseesseasseessesssessaesseesseesseenseensennsenns
J. Rey Boero

Some Practical Consequences of Analyses of the Carboxy and Airburn Reactions of Anode Carbons...........c.cccecevienienees
N. Bird, B. McEnaney, and B. Sadler

A Porosimetric Study of Sub-Surface Carboxy Oxidation in ANOAES ..........ccveriieiirierieriieieeie et seee e enseensees
B. Sadler and S. Algie

Studies of the Impact of Vanadium and Sodium on the Air Reactivity of Coke and Anodes............ccvvcvevienveneenieecieireenenns
J. Rolle and Y. Hoang

Anode Performance: Dusting

A Review of Factors Affecting Carbon Anode Consumption in the Electrolytic Production of Aluminum............cccccee..e.
P. Rhedey

Reflections on the Carbon Consumption of Prebaked ANOAES .........ccveiiiiiiiiiiiiieiiesieieee ettt
S. Wilkening

X



Anode Dusting in Hall-HEroult CelIS .........ooiiiiiiiiiiiiei ettt ettt ettt st sae e sbe et e enneas 633
T. Foosnaes, T. Naterstad, M. Bruheim, and K. Grjotheim

The Influence of Low Current Densities on Anode Performance...........ccc.ooovvviiioiiiiiieiiie et 643
S. Hume, M. Utley, B. Welch, and R. Perruchoud

Dust Generation and Accumulation for Changing Anode Quality and Cell Parameters ..........ccoceveverieneenencienienieneeneeenenn 649
R. Perruchoud, K. Hulse, W. Fischer, and W. Schmidt-Hatting

Anode Dusting from a Potroom Perspective at Nordural and Correlation with Anode Properties...........ccocceveenieniicnncennnen. 657
H. Gudmundsson

The Reduction in Anode Airburn With PrOteCtIVE COVETS ......uiiiiiiiiiiiiiiei et eeeee e e e e et e e e e et e eeeeeseesaaaeeeeeeseennns 663
A. Fitchett, D. Morgan, and B. Welch

Reactivity and Electrolytic Consumption of Anode Carbon with Various Additives..........ccceecvevienierieenenie e 667
T. Miiftiioglu and H. Oye

Bath Impregnation Of Carbon ANOAES .........c.ecveiieiieriieitiete ettt et et eeteseee st e st e bt esseesseessessaesseesseesseessesssesssesseasseessenssens 673
R. Perruchoud, M. Meier, and W. Fischer

Anode Performance: Thermal Shock

Effects of Coke and Formulation Variables on Cracking of Bench Scale Prebaked Anode Specimens.............ccceecvvevenennnen. 680
D. Belitskus

Thermal Shock in Anodes for the Electrolytic Production of AIUminium.............cccecverierieriiniienie e 687
E. Kummer and W. Schmidt-Hatting

Operating Parameters Affecting Thermal Shock Cracking of Anodes in the Valco Smelter ............coooeeviiiiiiiniiniiiiiieeee 694
N. Ambenne and K. Ries

Thermal Shock 0f Anodes — A SOIVEA PrODIEIM? .......coooiiiiiiiiiiiieeeeeeee ettt et e e e e et e e e e e e senaaaeeeeeessennes 700
M. Meier, W. Fischer, R. Perruchoud, and L. Gauckler

Extrinsic and Intrinsic ASpects 0f ANOAE CraCKiNg.........coceeiiiiriiriiiieieeiietee ettt sttt ettt ettt st sbe e eieene 710
T. Liu, L. Edwards, C. Hughes, B. Mason, and R. McMellon

An Approach for a Complete Evaluation of Resistance to Thermal Shock (Part 1): Applying to the Case of
ANOAES AN CALNOES ..ottt ettt ettt b e bt bt e st e s et et e bt sbeeb e e st es b et et e bt st e ebeebeenteneenbenaentesbeeseeneans 717
C. Dreyer and B. Samanos

Finite Element Modelling of Thermal Stress in ANOGES . ........cueeiiruieriieitieieeie ettt te ettt et ae e eneeeneeseeesseeseeneens 723
P. Cook
RecommEnded REAAING ........ccueiiiiriiiiiiiiiiceet ettt ettt ettt et s a ettt sh e bt ebeeat et et e naesbesbeebeennens 731

NT=Te18 (o) 0 F 118 qe 6 181015 1o ) 4 DRRRURR SRR RRURRRRRRRRRY 739

Cell Lining: Cathodes

ISO Standards for Testing of Cathode IMaterialS .........cccvieiiiiiiiieiiieiiiecie ettt et eetee e sta e et e ebaeeseeesabeensseessseensseens 741
H. Oye



Laboratory Testing of Carbon Cathode Materials at Operational TemMPETratures ...........ccecueeiereeniierenienieneeneeee e 747
M. Sorlie and H. Oye

Structural Changes in Carbon by Heat TTEAtMENE .........c..ccueeiiriiiiieiieie ettt ettt ettt e e e ssaessaesseesseesseensesnsesnnenns 754
S. Brandtzaeg, H. Linga, and H. Oye

Low Electrical Resistivity and High Thermal Conductivity Carbon Products: The Solution for Cell Lining.........c..cccceceeueee 762
D. Dumas and C. Michel

Aluminium Pechiney Experience with Graphitized Cathode BIOCKS ........ccooiiiiiiiiiiiiiiee e 773
D. Lombard, T. Béhérégaray, B. Féve, and J. Jolas

Some Experiments in Cathode CarDOM .........co.eiuiiiiiii ettt et e et e e e steseaesseeseeesbeenbeenbeeneeens 779
S. Wilkening

How to Improve the Pig Iron Sealing of Metallic Bars in Cathode Carbon BIOCKS .........c.cccveciiriiiierieniiiiecieceeeeieeieennn 787
L Letizia, C. Bizzarri, and M. Lezzerini

Stress Analysis of Cathode Bottom BIOCKS ..........ccuiiiiiiiiiiiiieiieiieie ettt ettt st ste e te et e essessbessaessaessaesseesseensesnseans 793
B. Larsen and M. Sorlie

Experimental Comparison of Cathode ROdding PractiCes.........c..coeririririiiiiiiniiniiiiiieeetetentene sttt et 799
L. Caruso, K. Rye, and M. Sorlie

Cell Lining: Ramming Paste

Compaction of Room Temperature RAMMIng PASLE .........cccvevieiiiiiieiieiieiierie ettt e seeteseesnnesaeesseeseenseensens 804
M. Sorlie and H. Oye

Densification of Ramming Paste in Cathodes. .........ccooiiiiiiiiiiieiee ettt ettt et et e e e 814
M. Sorlie, B. Faaness , and J. Belmonte

Investigation into the Expansion/Contraction Behaviour of Cold Ramming Pastes during Baking Using a Horizontal
Dilatometer MELROM. .......c.oiiiiiiiiiciiee ettt ettt st sb e bt a ettt be bt b e eae oottt bt st eanens 821
B. Hocking

Ramming Paste Related Failures in Cathode LININEGS........ccvecvieiirieriieiieiieeie et eie st st ste et eeeeeaesseesaesnsesnnesseesseenseenseensens 827
B. Faaness, H. Gran, M. Sorlie, and H. Oye

Cell Lining: Refractories
Corrosion and Behaviour of Fireclay Bricks of Varying Chemical Composition Used in the Bottom Lining of Reduction
F. Brunk

Experiences with Dry Barrier Powder Materials in Aluminium Electrolysis Cells.........ccccoevierininiininininiinieiciencnceceene 840
O.-J. Siljan, O. Junge, T. Svendsen, and K. Thovsen

Cathode Refractory Materials for Aluminium Reduction CellS...........cccueriieiiiiiiiiienierieie ettt 849
C. Schoning, T. Grande, and O. Siljan

Evaluation of Silicon Carbide BIICKS .....c...ueiiiiiiiiiiiiiiii ettt ettt e e e ettt e e e e s eeaaeeeeeeeeseaaaaeeeeesssesaaaeseeeessennns 857
A. Tabereaux and A. Fickel

Quality Evaluation of Nitride Bonded Silicon Carbide Sidelining Materials ............cocceeiieiiieiierieiiereee e 866
E. Skybakmoen, L. Stoen, J. Kvello, and O. Darell

X1



SiC in Electrolysis POts: AN UPAALE ........ceccuiiiiieeiieiiieeciiesite et et e et e steestaeestbeestae e taeeaeesstaeessseesssaeanseeanseesnseesnssesnseesnssennses 872
R. Pawlek

Thermal Insulation Materials for Reduction Cell CathOdES ...........oocvviiiiiuiiiiiiiieeeeeeeeeee e e 876
A. Tabereaux

Cathode Performance: Failure Modes

Use of Cell Autopsy to Diagnose Potlining Problems ........c..cooiiiiiiiiiiiieeee e 888
R. Jeltsch
Processes Occurring in the Carbon Lining of an Aluminum Reduction Cell .............cocciiiiiiiiiiiiiiieeiceccceeeeeee 894

J. Waddington

A Study of Some Aspects of the Influence of Cell Operation on Cathode Life .........cccceevvieiiiicieiiiiieiecceeeeeeee e 903
C. Clelland, J. Keniry, and B. Welch

POtHNING FAIIUIE IMOAES.......ceuiieiiieiiieiieciieciteste ettt sttt et et et e et e etae st e e beesseessesssesstesseesseanseesseesseasseseessaesseensesnsesssesssenseensennsens 909
M. Dell

Design of Highly Reliable POt LININGS ......cocuieriiiiiiiiieiieeiieteee ettt ettt ettt e es et e e bt eaeemeesmeeeneesseenaeenseennens 914
J. Peyneau

Early Failure Mechanisms in Aluminium Cell Cathodes ...........c.cecveiieriieniieiiiiieiiesieeie ettt sre e ae e seae e e sreesseesseenseas 921

M., J. Hvistendahl, and H. Oye

A Comparative Examination of Ageing of Cathodes: Amorphous Versus Graphitic TYPe ........cccceceeerieieiieneneneneneneeene 931
E. Berhauser and J. Mittag

Property Changes of Cathode Lining Materials during Cell Operation...........cccoeeerererieieienieneneneneneeieeeeteneeneesiesieeanens 936
M. Sorlie, H. Gran, and H. Oye

Cathode Performance: Chemical Reactions

Reaction Between Carbon Lining and Hall Bath............ccoooieiiiiiiiiiiieiceee ettt as 946
M. Dell
Penetration of Sodium and Bath Constituents into Cathode Carbon Materials Used in Industrial Cells...........cc.cccoevereennne... 953

C. Krohn, M. Sorlie, and H. Oye

Chemical Resistance of Cathode Carbon Materials during ElectrolySis.......cceeuiiiiriiiiinieiieieee e 960
M. Sorlie and H. Oye

The Effect of Current Density on Cathode Expansion during Start-Up...........ccceevierieriieniieiieienieseenieesie et see e ese s 966
A. Ratvik, A. Store, A. Solheim, and T. Foosnaes

Reactions in the Bottom Lining of Aluminium Reduction CellS...........cceeruiiriiiiiiieriieiieieeiesieeie et eae e sne e eseesseens 972
A. Solheim, C. Schoning, and E. Skybakmoen

Chemical Degradation Map for Sodium Attack in Refractory Linings ..........ccoocieiieiirienieiieeee e 978
K. Tschope, J. Rutlin, T. Grande

Cathode Performance: Erosion

Physical and Chemical Wear of Carbon Cathode Materials .........c.ccoiveririiiiiiiniinineieeeeeeteteene ettt 984
X Liao and H. Oye

X1l



Carbon Cathode Corrosion by Aluminium Carbide Formation in Cryolitic MEItS........c.ccccverviieiiiieniiieniieeieerveesee e 992
X Liao and H. Oye

Erosion of Cathode Blocks in 180 KA Prebake CelIS .........coeriiiiiiniiiiniiniiceieeeseseetescetet ettt st 999
A. Tabereaux, J. Brown, 1. Eldridge, and T. Alcorn

Graphite Cathode Wear StUAY at ALOUCTLC. .......c.eoieriieeiieieeieetee ettt ettt st eseeseee st eaeesseeseessaesssessaessaesseesseenseensenssenns 1005
P. Reny and S. Wilkening

Electrolytic Degradation within Cathode Materials............ccoiiiiieiiiiiiie et 1011
P. Rafiei, F. Hiltmann, M. Hyland, B. James, and B. Welch

Influence of Internal Cathode Structure on Behavior during Electrolysis Part II: Porosity and Wear Mechanisms in
Graphitized Cathode IMAtETIalS ........cc.iiiuiiieiie ettt ettt ettt et e e bt e e saeesaeessee et emteenteemeeeseeemeesseesaeesseenseenseenneans 1017
P. Patel, M. Hyland, and F. Hiltmann

Influence of Internal Cathode Structure on Behavior during Electrolysis Part III: Wear Behavior in Graphitic Materials... 1023
P. Patel, M. Hyland, and F. Hiltmann

Spent Pot Lining
Formation and Distribution of Cyanide in the Lining of Aluminum Reduction Cells...........cccocevveniiniininniiiiiinicieee 1029
R. Peterson, L. Blayden, and E. Martin
Potlining FIUX in MaKING SEEEL........cciiiiiiiiiieiieiiert ettt et et st e s testtestee st esseesseestesssenseenseesseessessaessaesseenseansesnsensnenns 1037
D. Augood, R. Schlager, and P. Belding
Thermal Treatment of Spent Potliner in @ Rotary Kilf........c.cccooiiiiiiiiiiceceet st 1044

D. Brooks, E. Cutshall, D. Banker, and D. Strahan

Treatment and Reuse of Spent Pot Lining, an Industrial Application in a Cement Kiln ..........ccoceiiiiiiiiniiiiiicie 1049
P. Personnet

Co-Processing at Cement Plant of Spent Potlining from the Aluminum Industry...........occoooieiiiiiiniinineeeee e 1057
V. Gomes, P. Drumond, J. Neto, and A. Lira

Development Status of Processing Technology for Spent Potlining in China..............ccoevierieniieiiieiieienieeeie e eve e 1064
W. Li and X. Chen

RecoMMENAEA REAING .......ccueeivieiieeiieiieciieciteie ettt ettt e st e be et e esbessbessaesseesseesseesseesseesseesseessasssesssesseesseenseessenssenns 1067

NYcTe1a 10 00 F118 KoY L0 Lo1aTo ) s NE TR 1071

Inert Anodes

Solubilities of Oxides for Inert Anodes in Cryolite-Based MEILS ..........cecuieiiiiiieeiie ettt sree e e eaee e 1073
D. DeYoung

Corrosion and Passivation of Cermet Inert Anodes in Cryolite-Type EIeCtrolytes ........cccevvvrvieicierienieiieieeiececeie e 1082
G. Tarcy

Testing of Cerium Oxide Coated Cermet Anodes in a Laboratory Cell .........ccooieviiiiiiiinienieiieieeie et 1094

J. Gregg, M. Frederick, H. King, and A. Vaccaro

xiii



A Non-Consumable Metal Anode for Production of Aluminum with Low Temperature Fluoride Melts............ccccccveenee.. 1104
T. Beck

The Behaviour of Nickel Ferrite Cermet Materials as INert ANOAES ..........ooveuveiiiiirieieeiee e 1110
E. Olsen and J. Thonstad

Tin Dioxide-Based Ceramics as Inert Anodes for Aluminium Smelting: A Laboratory Study...........ccceeveveeveevieiciesiennene 1119
A. Vecchio-Sadus, D. Constable, R. Dorin, E. Frazer, I. Fernandez, G. Neal, S. Lathabai, and M. Trigg

INert ANOAES: AN UPAALE .....o..iiiiiiiieiie ettt ettt ettt et e bt e bt et e eseeebeeeb e e bt e et e me e e et emteembeeseeemeeaseesbeeseeseenteenneans 1126

R. Pawlek
Wettable Cathodes

The Application of the Refractory Carbides and Borides to Aluminum Reduction Cells ...........cccoverinienieiiinencncniencnenn. 1134
C. Ransley

Use of TiB, Cathode Material: Application and Benefits in Conventional VSS CellS........ccccoeriiiniiiniienieeiicie e 1145
L. Boxall, A. Cooke, and H. Hayden

Use of TiB, Cathode Material: Demonstrated Energy Conservation in VSS CellS ......cocoviiiiininniiiiiienieiccecceceee 1153
A. Cooke and W. Buchta

A Review of RHM Cathode DEVEIOPIMENL .........cccuieiieiieieeiieciieeieesie et stestte et eteeteetessaessaesseeseessesssesssesseesssenseenseenseensens 1164
C. McMinn

Properties of a Colloidal Alumina-Bonded TiB, Coating on Cathode Carbon Materials.............ccecveeiiriercierienienieeeens 1171

H. Oye, V. de Nora, J. Duruz, and G. Johnston

Sodium and Bath Penetration into TiB,-Carbon Cathodes during Laboratory Aluminium Electrolysis ..........ccccecevvenienen. 1179
J. Xue and H. Oye

Wettable Cathodes: AN UPAALe.......c.eieiieeiiieiiieeiie ettt sttt et e ste st e esteeestaeesteeastaeeseesssaeanseaesssaeassesansaesnsseanssaenssesssseensses 1185
R. Pawlek

RecoOMMENAEA REAING .......ccueiiiiiieiieiieciieitee ettt ettt e e st et et e e b e sstessaeesaesseenseesseenseenseessenssesssensaesseenseensennsenssenns 1191

AUENOT INACX ...ttt h bttt a et b e e bbbt ea b e st e e et e s bt eb e e at e st et e b e bt eh e ebe e bt e st et e bbbt ebeentenee 1193

X1V



PREFACE

The Light Metals proceedings are widely recognized as the definitive reference for electrode
technology for aluminum production. The papers published in 1963 (based on the 1962 symposium)
and then annually from 1971 to the present contain the combined knowledge of both industry and
international research institutes.

The 1962 New York symposium, organized by Robert Lewis (Kaiser) and Phillip Stroup
(Alcoa), was remarkable in many ways. First, almost every primary aluminum producer in the
Western world participated. Second, the openness and willingness to share and disclose internally
developed research or practices of both basic and operational relevancy, which could conceivably
be regarded as “proprietary” or “corporately advantageous,” was surprising and illuminating.
This new-found freedom and reciprocity for sharing information possibly reflected the pride
each company had in its internal technological strength. It may also have been prompted by a
company’s hidden agenda in promoting an aspect of the Hall-Héroult process that was perceived to
be superior to competitors and therefore, potentially marketable. The meeting comprised sessions
on the Bayer process, fundamentals, modeling, modern developments in cell design, methods of
analysis relating to the Hall-Héroult process, anode and cathode technology, new processes and
materials. The contacts made by the subcommittees organizing the agenda paved the way for
what was to emerge in the future. The quality of the papers and the rapport and camaraderie of the
attendees at that symposium were so evident and stimulating that it became the precursor for the
subsequent Light Metals Symposia at the Annual Meeting of The Minerals, Metals & Materials
Society.

This collection of the papers published between 1963 and 2011 provides a single reference for
electrode technologists. It can be used by those new to the industry and require a rapid introduction
to the technology or by more experienced practitioners and researchers who need information of

what has been done on an issue in the past.
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An international team of experts with more than 300 years of combined experience in the
industry was formed to review the papers in the Light Metals books. The team members have all
been regular contributors to Light Metals as authors, session chairs and/or the electrode symposium
chair. The selected papers are those that the team assessed as:

e important and have had a large influence on work,

e having had a large impact on the industry,

e describing breakthroughs in the science of electrode technology, and

e important review papers that bring together the thinking of key topics at the time, and have

stood the test of time.

The papers that were considered for the volume were based on the current definition of electrode
technology at the TMS Annual Meeting. This required some transfer of papers between reduction
technology and electrode technology from earlier years. The papers have been separated into three
distinct sections:

1. Hall-Héroult Cell Carbon Anodes, including all papers on anode raw materials, anode

production, and anode performance

2. Hall-Héroult Cell Cathodes, including papers on reduction cell materials and reduction

cell failure mechanisms, but not modeling or start-up

3. Inert Anodes and Wettable Cathodes, including all papers on materials and performance

The papers have been sequenced to place like topics together and to have a technology rather
than historical progression. It is expected that this will be a more usable format for the reader.

At the end of each section, there is an additional list of recommended reading on the topic.
These are Light Metals papers that the editorial team believes are useful resources but could not be
included in final volume due to the book production requirements.

The task of reviewing the papers was very large. Within electrode technology there have been
1,190 papers published between 1963 and 2011. We are extremely grateful to all the authors of
these papers for recording their work in Light Metals. The time and efforts of the session and

symposium chairs over the years for the review of papers and encouragement for the authors must
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also be acknowledged.

This volume was only made possible with the outstanding contributions of the remainder of
the editorial team:

e Carbon Anodes: Roy Cahill, Frank Cannova, Petter Lossius, Barry Sadler, and John

Secasan

e Cathodes: Dick Jeltsch, Jeff Keniry, Steve Wood, and Roy Cahill

e Inert Anodes and Wettable Cathodes: Gary Tarcy and Greg Hardie

All have donated a significant amount of time and effort to the project. Our heartfelt thanks
go to this team for its assistance in making this project a success. We must also recognize and
thank the production team at TMS and Wiley led by Matt Baker for their support and efforts in
formatting and digitizing the papers.

It has been a rewarding experience re-reading and selecting the papers included in this book.
We have prepared a volume that will be used as a reference book for many years to come. It is,
however, not the end of the development of electrode technology. Through reading these papers,
we hope we inspire new authors from industry and universities to contribute to future Light Metals
volumes.

Alan Tomsett
John Johnson

Lead Editors
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