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TEST OF AN BAKED ANODE OF AN ALUMINUM
ELECTROLYZER WITH A NEW NIPPLE SOCKET DESIGN

The results of laboratory and industrial tests on a new design of a baked anode
for aluminum electrolyzers are presented. At present, in the process of dismantling
anodes from anode holders, there is a problem with the incomplete removal of cast
iron filling from steel nipples.

At loose contact of the nipple with the carbon block, there is the formation of a
solid cast iron layer between the nipple and the anode, which leads to the formation
of a thick solid bottom of the cast iron filling without a central hole provided in
the corresponding drawing. This situation makes it difficult to remove the cast iron
casting from the steel nipple.

Moreover, the increased thickness of the bottom of the cast iron casting results in
additional electrical resistance, which reduces electrical conductivity and adversely
affects the voltage across the contact between the nipple and the anode.

The anode of the new design offers a solution to this problem. A feature of the
new anode design is the modification of the cast iron casting geometry by modifying
the design of the anode holder nipple socket. The anode has trapezoidal protrusions
located along the anode axis on both sides of the «lugy protrusion in the nipple
socket. The new design provides stress concentration. It allows more efficient and
less labor-intensive removal of the cast iron casting.

Keywords: baked anode, anode dismantling, cast iron casting, electrical voltage
drop, aluminum electrolyzer.

Introduction

Modern electrolyzers use an anode array consisting of pre-baked carbon blocks,
which are arranged in two rows along the electrolysis bath. These blocks have sockets
into which steel nipples filled with cast iron are inserted. The nipples are connected to
the aluminum anode holder using electric welding [1-3].

Before casting the cast iron, the anode holder with nipples is immersed in a bath
with colloidal graphite preparation and undergoes the drying process at a special
station for nipples. The installed anodes remain in the electrolysis bath for 27-28 days.
After completion of the electrolysis process, the anode holder with nipples is sent to
the dismantling station to remove the cast iron casting. However, the hydraulic press
does not always ensure complete removal of the cast iron casting, so if necessary, rods
with anode holders are sent to the repair station for manual removal of the casting and
cleaning of the nipples [4].
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In the course of research at the production site, cases of increased thickness in the
bottom of the cast iron casting were found. The destruction of such a casting requires
considerable effort, sometimes exceeding the capabilities of the press used. The increased
thickness of the bottom of the cast iron casting is because not all nipples fit tightly to
the anode protrusions when they are inserted into a nipple socket. There are four steel
nipples welded on the anode holder rod, which change their geometric dimensions after
the electrolysis process as a result of physical and chemical influences.

Moreover, the increase in the thickness of the bottom of the cast iron casting leads to
additional electrical resistance, which adversely affects the voltage value in the contact
between the nipple and the anode [4]. To address these issues, a new design of a baked
anode was developed and patented [5].

The new design of a baked anode of an aluminum electrolyzer consists of a current
supply rod, a steel bracket with nipples fixed by cast iron casting in a carbon block, and
differs in that the carbon block is additionally provided with trapezoidal protrusions,
located along the anode axis on both sides of the «lug» protrusion in the nipple socket
and made with a height equal to that of the «lug» protrusion, the width of the surfaces
depending on the diameter of the «lug» protrusion and equal to 0.3-0.4 times the
diameter.:

B=f(d)=0.3 — 0.4

Methods and materials

To develop an innovative design for the baked anode, an extensive patent search
[6,7] and a series of research studies were undertaken. Three distinct 3D models of cast
iron casting were created, namely, the «cast iron casting of the proposed design with a
mechanical stress concentrator» (Figure 1), «cast iron casting with a hole», and «cast
iron casting with a poured bottom». Utilizing the APM FEM software environment for
KOMPAS-3D, each model underwent meticulous computer simulations to analyze the
fracture process of the cast iron casting. During the simulations, the hydraulic press
punch’s pressure on the cast iron pour and the anode holder nipple was thoroughly
examined.

For ensuring reliable and realistic testing, a maximum load of 4000 kN was applied.
This value was determined based on calculations established in prior work for a single
cylinder [4]. The simulations allowed us to assess the structural integrity and performance
of each cast iron casting variant under different loading conditions, providing valuable
insights for the development of the new baked anode design.

158



HAYKA N TEXHUNKA KASAXCTAHA. ISSN 2788-8770. Ne 4, 2023

Figure 1 — 3D model of cast iron casting of the proposed design
(with mechanical stress concentrator)

2) During the course of the experiment, a scale model tooling was fabricated in
the laboratory. The tooling was purposefully designed to include a steel rod, which
effectively simulated the anode nipple (refer to Figure 2 for details). Subsequently,
employing a laboratory hydraulic press, specifically the PGM 1000-MG4, we conducted
controlled fracture tests on the cast iron casting. Throughout the experiment, the actual
force applied during the fracture process was accurately measured and recorded (see
Figure 3 for the force measurement setup).

The scale model tooling served as a valuable experimental setup, providing crucial
insights into the fracture behavior of cast iron casting under controlled conditions.

Figure 2 — Scale model tooling
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Figure 3 — Results of measuring the fracture force of cast iron casting

3) To implement the experiment in the production conditions, several anode
mass inserts were manufactured (Figure 4). These inserts are designed for subsequent
installation in the existing nipple sockets of anodes, to create a concentrator of mechanical
stresses in the cast iron casting. This concentrator helps to reduce the fracture force of
the cast iron casting when using a hydraulic press.

The use of these inserts serves as an essential step in enhancing the accuracy and
applicability of the experimental findings, ensuring that the results obtained can be
effectively applied to real production environments.

Figure 4 — Graphite insert sample

Results and discussions

The essence of the new design of the baked anode lies in the incorporation of
trapezoidal protrusions within the nipple socket, effectively altering the geometry of
the cast iron casting and thereby forming concentrators of mechanical stresses in the
structure.

The laboratory tests conducted to assess the performance of the baked anode for
aluminum electrolyzers have yielded promising results. The obtained data revealed
that during the cast iron casting fracture process at the dismantling station after the
electrolysis, an average 32.4 % reduction in the required press force was achieved
compared to the existing production design [5].
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For industrial-scale testing, graphite inserts were installed in the experimental
anode (refer to Figure 5). These inserts represent a key feature of the experimental
setup, aiming to replicate real-world conditions and validate the practical applicability
of the proposed anode design.

Figure 5 — Installed graphite inserts in the experimental anode

Extensive industrial testing has revealed and verified the significant effectiveness
of enhancing the contact area between the carbon block and the steel nipple through
the implementation of a novel nipple socket design.

The carbon blocks comprising the anode array play a pivotal role in facilitating
electrical contact with the nipples, which serve as conduits for delivering electric current
during the electrolysis process [8—10]. It has been identified that a loose fit between the
carbon block and the nipple can result in reduced contact area, adversely impacting the
overall efficiency of the electrolysis process. Table 1 presents the measured results of
voltage drop in anodes utilized during the production process.

Table 1 — Results of voltage drop measurements in the nipple-anode contact

No. of Electrolyzera Voltage drop of anode No.l, mV Voltage drop of anode No.2, mV
221 121 119
223 170 184
224 172 155
229 143 150
230 137 133
232 167 107

The acquired findings hold crucial practical significance for industrial enterprises
involved in aluminum production. The augmentation of the contact area between the
carbon block and steel nipple can yield a substantial improvement in the efficiency and
stability of aluminum electrolyzers. This, in turn, leads to enhanced product quality,
reduced energy consumption, and increased economic viability of the overall process.
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Based on the results obtained during the tests of the new design conducted at the
production site, a notable reduction in voltage drop at the contact point between the
nipple and the anode was observed. The average voltage drop of the proposed design’s
baked anode for the aluminum electrolyzer was measured at 37.8 mV. In comparison to
the anode used in regular production, the voltage drop exhibited an average reduction
of 73.12 % [5].

These outcomes highlight the substantial benefits of the proposed design,
underscoring its potential to revolutionize aluminum production processes and contribute
to greater sustainability and competitiveness in the industry. The significant decrease
in voltage drop signifies improved electrical performance and more efficient utilization
of resources, leading to a more cost-effective and environmentally friendly approach
to aluminum production.

Conclusion

The research thoroughly investigated the problem of incomplete removal of cast
iron casting from steel nipples of anode holders during the process of dismantling burnt
anodes. The primary influencing factors include the loose contact between the nipple
and anode protrusion caused by uneven ends of four nipples on one crosshead and the
formation of a solid cast iron layer leading to the absence of a central hole.

To solve the aforementioned problem, a new baked anode was developed and
extensively examined through laboratory and industrial testing. The design had two
primary objectives: to establish an efficient and convenient process for removing cast
iron casting and to reduce the electrical voltage drop at the contact interface between
the nipple and the anode. The new anode design’s key feature is modifying the cast iron
casting geometry by altering the anode holder’s nipple socket design.

Test results indicate that the new anode design concentrates stress effectively in
areas where crack localization occurs, leading to the subsequent destruction of the cast
iron casting. This feature aids in the efficient dismantling of cast iron casting. One
important result is that the average press force required to break the cast iron casting
after electrolysis at the dismantling station is reduced by 32.4 % compared to using the
existing design.

Additionally, the modified geometry of the cast iron casting leads to a substantial
increase in the contact area between the steel nipple and the carbon block. As a result,
there is an average reduction of 73.12 % in the electrical voltage drop at the nipple-
anode contact. This decrease in electrical voltage is instrumental in establishing a more
stable and efficient electrolysis process.

The findings of this study carry significant implications for industrial enterprises
engaged in aluminum production. The adoption of the new design of an baked anode
has the potential to enhance productivity, lower energy costs, and improve the quality
of the produced products. These advancements present exciting prospects for process
optimization and elevate the overall competitiveness of the aluminum industry.

In conclusion, the results of this research pave the way for transformative changes
in aluminum electrolyzer anode design and offer practical solutions to the challenges
of incomplete cast iron casting removal and electrical voltage drop. The application
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of the proposed design has far-reaching benefits, contributing to greater sustainability,
efficiency, and economic viability in the aluminum production process.
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EMIK ¥SICBIHBIH " KAHA KOHCTPYKIUACHI BAP AJJIOMUHUM
SJEKTPOJM3EPIHIH KYHIIPLJITEH AHOJABIH CBIHAY

Antomunuii - snekmpoauzepiepine apuaneax Kyuoipiieen aHoOmuly JHCaHa
KOHCMPYKYUSCHIH 3ePMXAHANBIK, HCOHE OHEPKICINMIK CLIHAKMAPLIHBIY HOMUIcenepi
keamipineen. Kazipei yakbimma avoO ycmazbluumapoar Kyuikmepoi Oenuexmey
npoyecinoe 6onam emikmepoeH WolblH KyUMACblH MObIK Albli MACMAy Moceneci
oap.

Emix xomip 0Onocvimen muleviz Oaiiianvicma 60imMazan Kesoe, emik NeH
aHOO apacvlHOA KAblH WOUbLIH Kabamvl nauda 601advl, Oya muicmi cvl30a0a
Kapacmulpvli2aH OpMAlblK CAHBLIAYCHL3 WOUbIH KYUMACLIHbIY KAIblH, MYymac
myoiniy naiioa 6oxyvina okenedi. byn sicazoail bonam emikmen wWolbIH KYUMACHIH
anvln macmay npoyecit KUblHOamaowl.

Conviven Kamap, WoUbIH KYyUMACbIHbIY MYOIHIY KATbIHObI2bIHbIY  APMYbl
KOCHIMULA 9NeKmp Kedepeicine okenedi, Oy sexmp emxizeiumicin momernoemeoi
JICOHE eMIK NeH aHOO apacbiHOdebl KepHey Moauepine mepic ocep emeoi.
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JKaya xkoHcmpykyusiibl ano0 Oy MOCENeHIH WEeWIMIH YCbIHAObl. AHOOmMbIH
AHCAHA  KOHCMYPKYUACLIHbIY epeKuenici - aHOO0 YCA2blUmbly eMIK YACbIHbIY
KOHCMPYKYUSICHIH 032ePMY APKbLIbL WOLbIH KYUMACHIHbIY 2eOMEMPUSCHIH 032EPMY.
Ano0 emix ysacviHOaebl «O0OHecuey UbISbIHKbICLIHbIY €Ki JcazblH0d aHoO ocCi
OoUbIMeH OpHATACKaH mpaneyus mopizoi wvleblyKbliapmen srcadbovikmanean. Kaya
KOHCMPYKYUSL HCAPLIKMAD OKULAYILAY HCOHE UOUbIH KYUMACHIHBIY KelliHHeH OY3blL1ybl
OpbIH anamvlii Jcepiepoe Kepueynepoiy WOoSbIpIaHyblH KamMmamaculs emeodi. byn
WOUbIH KYUMACLIH ALl MAcmay muiMOipex JicoHe a3 eHOeKkmi Kadicemminiein
Kammamacwsis emeoi.

Kinmmi ce30ep. kyiidipineen anod, anoomvl Ooauiekmey, WOUbIH KYUMACh,
NEKMP KEPHEYIHIHY atiblpbIMbL, ATTOMUNHULL DNEKMPOaU3EP.

A. A. Kamenoé', *A. B. Bozomonoé?, II. O. bBvikoé’,

M. M. Cyronouxoé’, A. K. Kynycoe®

TopaiirsipoB ynusepcutet, Pecrryonuka Kazaxcran, r. [laBnogap.
[Ipunsto x nznanuto 20.09.23.

HUCIIBITAHUE OBOXKXEHHOI'O AHOJA
AJIOMHAHHUEBOT'O DJIEKTPOJIM3EPA C HOBOM
KOHCTPYKIMEW HUIIIEJBHOI'O THE3JA

Ilpeocmasnenvt pesyromamosl 1a00PAMOPHBIX U APOMBIULIECHHBIX UCTbIMAHULL
HOBOU KOHCIMPYKYUU O0DONCHCEHHO20 AHOOA OJisl AIOMUHUEBHIX IIeKMPOIUZEPO8.
B nacmoswee epems 6 npoyecce OeMoHmadica 02apKos ¢ anooooepiicamencii
cywecmgeyem npooiemMa HEenoIHO20 YOULeHUs UYESYHHOU 3ANUKU CO CHANbHBIX
Hunneneil.

Ilpu HennomHOM KOHmMAKmMe HUNNENs C Y2ONbHbIM OJNOKOM BO3HUKAEM
dopmuposanue CnIOWHO20 UYSYHHO2O CIOSI MeXNCOYy HUNNeiem u aHoOOM, UYmo
npusooum K 00pA308aHUI0 MOJCMO20 CHIOUWHO20 OHA HYZYHHOU 3A1u6Ku 0Oe3
YEHMPAIbHO20 OMBEEPCMUsL, NPedyCMOMPEHHO20 8 COOMBENMCMEYIOUEM Hepmedice.
Jlannas cumyayus 3ampyousiem npoyecc YOaieHus YyeyHHOU 3aIUSKU CO CMATbHO20
HUnnensl.

bonee mozco, yeenuuenue monwyunbl OHA HYSYHHOU 3AAUSKU NPUBOOUM
K OONOIHUMENbHOMY  NIeKMPUUECKOMY  CONPOMUGIEHUI), Ym0  CHUMCAem
INEKMPONPOBOOHOCHb U HEONALONPUAMHO GIUSEN HA GEIUYUHY HANPSICEHUS 8
KOHmMaxkme mevHcoy HUNneiem u aHoOOM.

AnoonogoukoHcmpykyuunpeonazaempeuerued mounpooiemoi. OcodenHocmvio
HOBOU KOHCMPYKYUU AHOOA AGIAEHC MOOUDUKAYUSL 2eOMEeMPUU Yy 2YHHOU 3ATUBKU
nymem U3MEHEHUsT KOHCMPYKYUU HUNNEIbHO20 2He30a anooooepicamens. AHoO
OCHAWEH MPaneyuesuOHbIMU BLICIYNAMU, PACNOJIONCEHHBIMU 800b OCU AHOOA C
o0beux cmopon om evlcmyna «6o0bLlUKIY 6 HUNNEIbHOM eHe30e. Hosast koncmpykyus
obecneuusaem KOHYSHMPAYUl0 HANPSJCEHUl 6 o00aacmsx, 2e0e 6O3HUKdem
JOKAMU3aYUsE Mpewjur U nociedyoujee paspyueHue YyeyHHou 3aiueku. Imo
nozeonsiem 6oaee 3PHekmuHo U MeHee mpyooemMKo CHUMAMb YYSYHHYIO 3AUGKY.

Kouegvle cnosa: 060xcomcenHblilt aHO0, OEMOHMANC AHOOA, YY2YHHASL 30UBKA,
nepenao NeKmMpuUdecK020 Hanpsicenus, arOMUHUEsbLI eKMpoausep.
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