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In the primary production of aluminum metal by the Hall-
Héroult process a cdl malfunction known as the anode
effect resultsin the generation d the perfluorocarbons
(PFCs) CF, and C,Fg (1). Owingto the high dobal
warming potentials of these gases (2) and the fad that, in
the U.S., dluminum smelting is the number one point
source of PFC emissions, the Environmental Protedion
Agency and the primary aluminum producers have estab-
lished the Voluntary Aluminum Industrial Partnership
(VAIP) with the goal of substantially reducing PFC
emissions (3). To gain a better understanding of the
medhanism of PFC generation, VAIP has undertaken two
projeds: (i) measurements of PFC emissons from
industrial smelters (4), and (ii) basic research into the
attendant electrochemistry. The substance of the latter is
reported herein. On the strength of the study of the
fundamental eledrochemistry the aithors propase an
operational procedure for total elimination of the anode
eff ect and PFC emissions.

Previous work in this laboratory had shown that, in con-
formity with industrial data, PFCs are generated only
when the cél goes on anode dfed (5). Time-resolved
data taken by Kimmerle & al. on industrial cdls (6) and
by Nissen and Sadoway on laboratory-scde cdls (5)
confirm that by far the highest PFC levels are dtained
during the first several minutes after the cel goeson
anode dfed. Further work in thislaboratory on the
medhanisms of eledrode readions on stationary carbon
anodes reveded that when the voltage exceeals a aiticd
value (about 3V vs Al/AI*") the cdl current drops
predpitously (7). This was attributed to the formation of a
highly resistive film on the surfaceof the anode. The
existence of this putative film was shown to be strictly
potential dependent which means that the film can be
formed and removed at will by regulation of applied
potential. In harmony with thisfirst finding, the rate of
PFC generation was found to vary with the magnitude of
the anodic overpotential. A PFC reduction strategy that
takesinto acaunt the design of the power supply was
proposed (7). In the present study we repeaed our ealier
measurements of the kinetics of anodic readions, but this
time with arotating-disk eledrode. Again, with substan-
tially different flow conditions, we found the same poten-
tial dependence & before. Recognizing that it isimpradi-
cd to operate industrial cdls at fixed voltage, we sought
to devise another way to exploit the potential dependency
of the putative film and propose ascheme involving step-
wise reduction of cdl current.

The cdl design, instrumentation, and experimental pro-
cedures are described elsewhere (5,8). The melts under
investigation contained 1wt % aluminadisolved in
84wt % NasAlFg - 11wt % AlF; - 5wt % CaF,.

The study of a graphite anode rotating at rates as high as
600r.p.m. polarized at a sweep rate of 100 mV s showed
that the aurrent-voltage characteristic is unaffeded by
mass transport conditions. Thisindicates that the
pronounced deaease in current through the aode &
potentials exceading ~3.5 V is consistent with the hypo-

thesis that aresistive film forms on the anode strictly in
response to the instant value of potential. Likewise, the
rapid restoration of cdl current on the reverse sweep at
potentials below ~3.0 V appeasalso not to be dfeded
by the flow conditi ons on the anode.

To examine the relationship between anode potential and
PFC emisdon rate, we performed controll ed-potential
eledrolysisin a cdl fitted with atubular anode which
fadlit ated gas coll edion and analysis (8). No CF, was
deteded in the anode off -gas at potentials below 3V
which isreasonable given that the value of E° for CF, is
2.54V and adivation overvoltages for the formation of
polyatomic gas molecules on carbon are ~100s mV. CF,
levels rose up to amaximum at ~3.5 V. Between 3.5 and
4.5V CF, levelsfell, which we believe to be indicative of
the formation of the resistive surfacefilm. Since high
voltages are necessary to generate PFCs, and the presence
of the putative resistive film forces cdl voltage to rise,
preventing the formation of this film should prevent PFC
generation. Thus, controlling anode potential isthe key to
avoiding upset conditions. In an industrial settingthis
requires sme ingenuity as Hall cdls operate under
conditi ons of fixed current, not fixed voltage. We judged
that we could regulate voltage by varying cel current.
Spedficdly, it was our contention that stepping down cdl
current as voltage rose to nea criticd intensity would
delay the onset of the anode dfed long enough to permit
physicd intervention. Such a strategy wastested in a
laboratory cdl with success The cél wasfitted with a
graphite rod anode, adive aea0.58 cm?, and current was
set at avalue of 800mA which meant a aurrent density of
1.38 A/lcm? initialy. After ~10 min of electrolysisthe
anode was consumed to the point that the anode potential
had risen beyond 30 V vs Al/AI**. When the anode
potential readed 3.1V the aurrent was gepped from 800
to 750 mA. The potential on the anode aruptly deaeased
from 3.1to 28 V. It took more than 4 min for the anode
potential to rise againto 3.1V at which time the current
was dropped to 700 mA. Then, more than 6 min passed
before the anode potential readied 3.1 V. In both cases
anode dfed was averted by droppngthe current by only
~6%. This, we believe, is astrategy that is transferable to
industria cdls.
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