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Abstract

Paired electrolysis of acetone in a divided cell was carried out in this study.
Protone H* and OH’ anion were simultaneously generated at anode and cathode,
respectively, by paired electrolysis. Acetone was catalytically condensed to form
diacetone alcohol (daa). The factors which affected both anodic and cathodic re-
actions were explored. The results indicate that interrupt electrolysis is better
than that of continuous electrolysis. The reaction rate of aldol condensation at
cathode is faster than that at anode. The yield of daa increase from 100 to 800
g/F with increasing concentration of acetone from 2 to 8 M. The selectivity of
daa -almost reaches 100 9% and the yeild of daa was 120 g/F during 120 coul
electricity passed.
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Introduction tion of acetone were simuitaneously catalyzed
at both athode and anode by paired electroly-
sis. It is an electrochemical reaction process,

Many special chemicals can be produced

by aldol condensation [1-6]. However, few re- and the major product diacetone alcohol was

ports concerned the synthesis of chemicals by obtained. The reaction was shown as following
electrochemical aldol condensation [7). In
general, only one working electrode was used
in the electrolysis system. However, in some Cathode: 2H,0 + 2 e 20 + H, (1)
cases, both cathode and anode were simultane-

ously used as the working electrodes i.e. Paired 0 0 CHy -
electrolysis. There are many advantages by I X .

paired electrolysis of the paired electrolysis of 2 CHCCH; + OH CH3CCH2(|:_ 1 (2)
organic compounds[8-11].  Unfortunately, few CHs

or no reports concerned the simultaneously

generation of catalyst at both anode and cath- Anode: 2H20=2H+ + 1720, + 2 (3)

ode for in situ synthesizing organic compounds

by electrolysis. In this study, aldol condensa-
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2 HRBHRE+—H

0 0 CH
I N I .
2 CHyCCHy + H'== CH3CCH2(lZ-— OH + H
CHy
“)

Experimental

The paired electrosynthesis of diacetone al-
cohol was performed in divided éell using plat-
inum plates as anode and cathode, respectively.
The anolyte and catholyte were divided by a
The elec-

trolyte was prepared by mixing desired

porous glass as shown in Fig 1.

amounds of sodium chloride and acetone in a
At the be-

ginning of a run, the temperature of the cells

fixed volume of distillated water.

was controlled at a desired value by water '

bath. When the system was at steady state,
the current was supplied at a desired value
from the power supply. During a run, both
catholyte and anolyte were sampled periodically

and analyzed by a gas chromatography.

Rseults and discussion

Product composition

Fig.2 shows a typical product compositions
of catholyte anolyte and the total product. In
general, the product daa in catholyte is hig}ier
than that in anolyte. The conentration of to-
tal daa reaches 24*10> M. The selectivity of
daa is 100% and almost no by product is

found.

Effect of amount of electricity passed
Increasing the amount of electricity passed
from 120 to 480 coul decreases the yield of
daa from 120 to 60 g/F as shown in Fig.3,
By paired eletrolysis, both O and H® could

be regenerated as catalysts for aldol ondensa-
tion. When 80 coul of electricity supplied, the
pH values of both catholyte and anolyte were
significiantly changed from 7 to 12 and 7 to 3,

respectively, as shown in Fig4.

Effect of operating tyes on paired
eletrolysis

Only one product, daa, could be obtained
by interrupt paired electrolysis during 120 coul
charge passed. Both daa and mesity oxide
were obtained in situ in anolyte and only daa
appeared in catholyte by continuous electrolysis
as shown in Fig5. The selectivity of daa by
continuous and interrupt electrolysis methode
was 70% and 100%. As shown in Fig6, di-
acetone alcohol may be reoxidized by anode in
acid condition[12]. The yield of daa by inter-
rupt electrolysis is higher than that of continu-
ous electrolysis. as shown in Fig 7. Since con-
tinuous electrolysis may get more reoxidized of

the product.

Effect of concentration of acetone

Increasing the concentration of acetone
from 2 to 8 M increase the daa formation
rate in catholyte and anolyte from 3.7°10° 1o
1.58*10°% mole/I-hr and from 1.2*102 to 5.5¢10°
3 mole/l-hr, respectively as shown in Figs. 8
and 9. The vield of daa increased when the
concentration of acetone increased as shown in
Fig.10.

Effect of current density

The vield of daa measured by paired
e.ectrolysis by increasing the current density
from 40 to 10 mA/cm2 is shown in Fig.11,
The yield of daa did not change for further

increasing the current density.
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Effect of concentration of electrolyte
The effect of concentration of sodium
chloride on the formation rate of daa is shown
in Figs.12 and 13. The formation rate of daa
in both catholyte and anolyte increase when the
concentration of sodium chloride decreases, as

shown in Fig.14.

Effect of temperature

The effect of temperature on the reaction
rate, equilibﬁum concentration and the yield of
daa are shown in Figs 15 to 17, respectively.
The reaction rate of aldol reaction in both
catholyte and anolyte increased from 40%10° 1o
5910 M-hr™ -and from 9.5¢10% t0 18*10 M-
hrt

creased from 25 to 31°C. But the equilibrium

respectively, when the temperature in-

concentration of daa was lower in catholyte.
Since aldol condensation is reversible and
exothermic reaction{13]. When temperature in-
creases, the equilibrium of daa formatiom is

not found in anolyte.

Conclusions

The diacetone alcohol from aldol conden-
sation of acetone by paired electrolysis was ob-
tained. The yield of daa by interrupt paired
electrolysis was ‘better then that of continuous.
The reaction -rate of aldol condensation in
catholyte was faster than that in anolyte. The
selectivity of daa was almost 100 % and no by-
The vyield of daa by

paired electrolysis significantly increased with

product was -found.
the concentration of acetone. On the other
hand, the vield of daa significantly decreased
with concentration of sodium shloride. The re-
sults also revealed that the formation rate of
daa in both catholyte and anolyte increased
The best yield
of daa is 1300 gF'l at 8M acetone, 0.2M NaCl

with temperature significantly.

and 31°C.
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Fig.1 Paired electrolysis of acetoe. 5. Reflux Condenser
1. Pair Slirrer Thermoslate 6. Electrode
2. Reactor 7. Thermometer
3. Magnetic Stirrer 8. Porous Pyrex Glass
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Fig.2 Product compositions of Paired electrolysis of acetone.

Cathode: Pt Anode: Pt  Electricity: 240 coul 5
Electrolyte: 2M NaCl current density: 25 mA/CM
Acetone: 2M  Temperature: 25°C
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Fig.3 Effect of amount electricity passed on the reaction rate of daa at anode.
Cathode: Pt Anode: Pt Electrolyte: Zl\g NaCl
Acetone: 2M  current density: 25 mA/cm
Temperature: 25°C
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Fig4 pH value vs electricity passed.
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Fig.5 Product compositions of paired electrolysis of acetone.
Cathode: Pt anode: Pt  Electrolyte: 2M NaCl
Acetone: 2M  Current density: mA/cm
Temperature: 25°C
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Fig.6 Comparison of the selectivity of interrupt and continous paired electrolysis
of aldol reaction.
Cathode: Pt Anode: Pt Electrolyte: 2M NaCl’
Acetone: 2M  Current density: mA/cm
Temperature: 25° 98—
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Fig.7 Comparison of the hield of interrupt and continours paired electrolysis of
aldol reaction.
Cathode: Pt Anode: Pt Electrolyte: 2M NaCl
Acetone: 2M  Current density: rna/cm2
Temperature:; 25°
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Fig.8 Effect of concentration of acetone on reaction rate at c%thode.
Cathode: Pt Anode: Pt Current density: 25 mA/cm
Electrolyte: 2M NaCl Electricity: 120 coul
Temperature: 298K
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Fig.9 Effect of concentration of acetone on reaction rate at fnode.
Cathode: Pt Anode: Pt  Current density: 25SmA/cm
electrolyte: 2M NaCl  Electricity: 120 coul
Temperature: 298K
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Fig.10 Effect of concentration of acetone on yield
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Fig.11 Effect of current density on the yield of pairk electrolysis.
Cathode: Pt Anode: Pt Electrolyte: 2M NaCl

Electricity: 120 coul  Acetone: 8M
Temperature: 25°C
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Cathode: Pt Anode: Pt Acetone: 8M

Electricity: 120 coul  Current density: mA/cm2
Temperature: 25°C

—_101_,




10 BHRBHE+—H
-4.5

5 -5.0

-5.5 ' ' :
—2 -1 o 1
_ ILn (NaCl)
Fig.13 Ln R vs Ln [NaC]]
Cathode: Pt Anode: Pt Acetone: 8M
Electricity: 120 coul  Current density: rnA/cm2
Temperature: 25°C
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Fig.14 Effect of concentration of sodium chloride on the yield of daa.

Cathode: Pt
Electricity: 120 coul

Anode: Pt Acetone: 8M
Current density: mA/cm

~N

Temperature: 25°C
Electrolyte: 0.2M NaCl
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Fig.15 Effect of temperature on the formation rate of daa at %athode.

Cathode: Pt Anode: Pt

Current density: 25mA/cm

Electrolyte: 2M NaCl  Acetone: 2M
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Fig.16 Effect of temperature on the formation rate of daa at gnode.

Cathode: Pt Anode: Pt
Electrolyte: 2M NaCl Acetone: 2M
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Fig.17 Effect of temperature on the yield of daa.
Cathode: Pt Anode: Pt Acetone: 2M 5
Electricity: 120 coul  Current density: mA/cm
Electrolyte: 0.2M NaCl
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