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1. INTRODUCTION

Abou half of the dhlorine produced is used
ascooled dry gas, which istransported by [dpelines
to the mnsuming process the remainder isliquefied,
stored, and shipped. The tail gas (also cdled as vent
or sniff gas) from the liquefadion processcontains
Cl,, O,, N,, CO, and H, — the exad compasition keing
dependent onthe cdl current efficiency and aher
processvariables.

Typicd compasitionin daphragm cdl
chlorine tail gas at aliquefadion efficiency of 95%
and 999%, isasfollows:

Lig. Eff %Cl, %H %N, %O %CO
%

950 4418 186 1670 2796 9.30
999 155 3.28 2953 4922 1642

There ae several techndogies avail able to recover
the Cl, from thistail gas.

1. Absorptionin codling water

2. Absorptionin carbontetrachloride

3. Readionwith sulfur and subsequent
decomposition d the product sulfur dichloride
Burning with hyd-ogen to produce HCI
Formation d chlorine hydrate

Absorption with solid absorbents

Pressure Swing Absorption

Membrane separation
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Of the aght techniques, only 1 and 2are
commonly pracdiced, and 3and 4are enployed in
some operations. All the other schemes are not
pradiced asthey are expensive and/or unproven at
the ommercia scde. Thefirst tedindogy hesa
major drawbadk as it produces a wrrosive dilorine
solution, and the purge water strean nealsto be
treaed. In addition, there is always sme clorine
escgping from the process creaing environmental
issues. The sesaondtechndogy emits carbon
tetrachloride dongwith the asorber tail gas, which
is environmentally unacceptable. Thus, at present, no
viable techndogy is avail able to reaover chlorine,
and rew plants are often designing the processto
neutralize dlorine from the tail gas with caustic and
dispose off the dfluent.

It isessential that the Cl, in the tail gasbe
remvered, asit canna be vented dueto EPA’s air
quality regulations. Recovery of the chlorine values
intal gasasblead isnaot aviable option, asthe
hypachlorite will contain significant amourts of
carborate, causing turbidity of the blead. One can
make bleat and cecompose it to salt and oxygen,
however, this approach dces not recover chlorine
valuesin thetall gas. Hence some clorine
manufadurers use 3" stage liquefadion to recover
most of the chlorine in thetail gas, even thoughthe
paybadk periodis more than 25 yeas. It should be
noted that if any new techndogyisto be
implemented, it shoud have areasonable paybadk
period d 2-3 yeas at the present time.
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Our method d eledrochemicd purificaion
of chlorine dlows for the dedrochemicd separation
of chlorine from a mixture wntaining dher gases.
Only chlorine from the impure mixture is reduced at
the cahode of an eledrolytic cdl to form the chloride
ion. These dhlorideions are transported to the anode
compartment, where pure chlorine gasis generated.
This processconsumes lessenergy, minimizes waste
gas dreams, and generates nealy 100% pure
chlorine.

The cahodc readionisthe dlorine
ionizaionreadion (1),
Cl,+2e - 2Cl° Q)
while the anodc readion (2) isthe discharge of the
Cl "ionsto form Cl..
2Cl° - Cl,+2e (2

2. EXPERIMENTAL

Half cdl and full cdl experiments were performed to
assss the performance of various caaysts for
chlorine reduction and to examine the feasihility of
the proposed methodfor the purificaion o chlorine.

3. RESULTS AND DISCUSSION

Pt-Ru (1:1) blad, Pt-Ru oncarbonand Pt on carbon
weretried as caalysts and urcaalyzed carbonwas
included as control. The cahodc pdarizaion
charaderistics of these materials were examined in
6N HCI at 25°C, at various partial presaures of
chlorinerangingfrom 0.1 to 1atm. The resultsare
summarized in Figure 1. Following ader for
caalytic adivity was observed: Pt-Ru bladk > Pt/C >
(Pt-Ru)/C > C. The cdhode overpatential on Pt-Ru
blad did na increase significantly with the deaease
in % Cl, from 100% to 25%. However, at low % Cl,
in the fed (i.e. 11%) the cahode overpotential
increased, and at a arrent of 400mA/cm’®, mass
transfer controlled the polarization behavior.

Experiments were dso performed using an MP cdl
having an adive aeaof 100cm’. The cél voltage &
a aurrent density of 233 mA/cm® was ~2.9 V, the
anodc dficiency being 1000. The cdl resistance
for MP cdl measured out to be 0.1057 om. Thisled
to an olmic contribution o 2.46 V to the observed
cdl voltage. Again, the overpotentials acourted for
only ~500 mV; with appropriate cdl design, the
operating cdl voltage can be deaeased, resulting in
significant energy savings.

Figure 1. Comparison of the performance of different
catalysts with 50% CI2
[Carbon alone - 100% CI2]

1200 T

1000  ; =

L
NS
L

'

3 N
800

z o
600 +

E vs. SCE(mV)

400 T

200 +

1 10 100 1000
Current Density(mA/cm2)

—&- PtRuBlack -6~ PUC —4— PtRu/C —*=Carbon




