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The liquid phase formation of mesityl oxide from diacetone alcohol was studied. This
involves a system of three parallel reactions. Differential reactor data was used to obtain
kinetic equations of the Langmuir-Hinshelwood type by means of nonlinear regressions.
Calculated conversions from these kinetic equations fitted integral reactor data very well.

INTRODUCTION

The use of ion exchange resins as catalysts
has increased significantly in recent years.
This is mainly due to the high activity and
selectivity which is usually shown by this
material. Many reviews have been published
on this subject (I-5) as well as annual
reports (6, 7).

Other advantage of the use of ion ex-
change resins as catalysts is related to those
consecutive reactions which alternatively
need an acid and a basic medium in its dif-
ferent steps to obtain the final product. With
the conventional homogeneous catalysis,
more than one reactor would be necessary;
while by using a mixed bed of acid and
basic resin, only one reactor could be set
up (8). This would be a good way of obtain-
ing mesityl oxide from acetone since the
first step would be the reaction of acetone
to diacetone alcohol, which is catalyzed by a
basic catalyst, and the second step would
be the reaction of diacetone alcohol to
mesityl oxide, which is catalyzed by an acid
catalyst.

There are many studies regarding the first
reaction and its reverse (9); on the contrary
the second step has been very scarcely
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studied. A review on this matter has been
done elsewhere (10). The only reference on a
kinetic study of the formation of mesityl
oxide is that of Klein (1) who used acetone
as reactant and the acid form of “Dowex-50"’
microporous exchange resin as a catalyst.

However, the introduction of the macro-
porous ion exchange resins has led to a
significant increase of the application of
these resins as catalysts since they show a
greater accessibility to their internal active
sites and, specially for big molecules in
nonpolar solvents, a higher adsorption rate.

We have studied here the liquid phase
dehydration of diacetone aleohol catalyzed
by a macroporous ion exchange resin,
analyzing the influence of composition and
temperature on reaction rate. The main
reaction is accompanied by secondary reac-
tions which were also studied.

NOMENCLATURE

a;, a;  parameters in Eq. (7)

E apparent activation energy (keal/g-
mole)

F molar flow (g-mole/hr)

7 number of components in mulfi-
component mixture

k reaction rate constant per g-eq of
Ht

K equilibrium constant

K; adsorption equilibrium constant of
component i

M parameter defined in Eq. (6)
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m mass (g)

n number of moles (g-mole) or equiva-
lents (g-eq)

P mass percentage

PM molecular weight (g/g-mole)

T reaction rate (g-mole/min g-eq Ht)

S sum of squares of errors

s standard error of coefficients

¢ time (min)

L. ratio between acid g-equivalents of
resin and molar flow (min g-eq
H+/g-mole)

T temperature (°C)

x conversion

Y molar fraction

Suffizes

A acetone

c resin

D diacetone aleohol

F phorone

i general component

1

m sample

M mesityl oxide

0 initial

w water

1, first, second, and third reaction,
respectively

2,3

EXPERIMENTAL PART

Equipment

The study was mainly done in a plug flow
differential reactor; some tests were also
performed in a plug flow integral reactor. A
schematic tepresentation of the equipment
is given in Fig. 1. The reaction mixture
(diacetone alcohol and water or acetone or
mesityl oxide) was fed from flask (A), whose
air admission tube (B) contained anhydrous
sodium carbonate to prevent water con-
tamination. The reaction mixture flowed
through stopcock (C) and flow controller
(D) (a 1-mm i.d. and 30-em length tube with
a sliding stainless steel wire inside); then
to the manometric flowmeter (E); and
finally to the reactor unit (G). The reactor
unit was preceded by the preheating coil
(F) and a 15-cm length packed bed of 3-mm
diameter glass beads. Turthermore, (I)
indicates the 0.1°C thermometer, (J) the
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Fia. 1. Schematic flow diagram.

stirrer, (K) the heating electrical resistances
and (L) the thermoregulator.

The mixture flowing from the reactor exit
was recovered in an erlenmeyer (H) inmersed
in a bath at 0°C.

The reactor consisted in a U-tube 10-mm
inside diameter containing the catalyst bed
diluted with glass beads of the same size
of the resin. The bed was supported by glass
wool and over it there was other bed of glass
beads used to develop the descending liquid
flow. The reactor had two openings, one to
introduce a thermocouple (used only in
exploratory runs), and the other to replace
the catalyst. To obtain an integral reactor, a
second resin bed was added in the same
reactor.

The reactor and the preheating section
were in turn inmersed in a liquid Vaseline
thermostatic bath electrically heated with
an accuracy of 0.1°C.

A more detailed description of the equip-
ment can be found elsewhere (10).

Sample Analysis

The samples were analyzed by a vapor
phase chromatograph. The operating condi-
tions for the different components were the
following:

1. Acetone and mesityl oxide were ana-
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lyzed with thermistor detector, a 2-m length
column packed with Carbowax 400 over
silanized Chromosorb W at 105°C, using
hydrogen as carrier at a flow rate of 40
ml/min. Sample volumes of injection were
3-8 ul.

2. Diacetone alcohol was analyzed with
an lonization flame detector, a 2-m length
column packed with Carbowax 1500 over
39, Teflon, at 70°C, using nitrogen as
carrier at a flow rate of 30 ml/min. Sample
volumes of injection were 0.05-0.1 ul.

3. Water was analyzed with a thermistor
detector, a 1-m length column packed with
Porapak Q, at 120°C, using hydrogen as
carrier at a flow rate of 40 ml/min. Sample
volumes of injection were 0.5-2 ul.

Catalyst and Reagents

The catalyst was the macroporous ion
exchange resin Amberlite IR-200 (from
Rohm & Haas). As it is provided in its
sodium form it was acidified in the con-
ventional way and stored at constant
moisture. It was screened and the fraction
0.149-0.177-mm diameter was used in the
catalyst bed. Ion exchange capacity was
measured to be 4.8 meq-g of H+/g of dried
resin. Every time the catalyst bed was
replaced the water content of the new one
was measured.

The reactants used were the following:

1. Diacetone alcohol (“Technical Grade”
from Sintorgan), which was purified twice
by vacuum rectification.

2. Acetone (“Pure” from Sintorgan).
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3. Mesityl oxide (from Matheson, Cole-
man & Bell).

4. Distilled water.

Impurities were determined by chromato-
graphic analysis. They were less than 19.

Ezxploratory Runs

Blank runs in the differential reactor with-
out catalyst showed no conversion. On the
other hand, runs of up to 0.10 conversion
of mesityl oxide at 80°C with the diluted
catalyst bed showed no temperature dif-
ference between reaction mixture in the
catalyst bed and Vaseline in the thermostatic
bath. It is to be observed that in the runs
used for ealculations, conversion was always
lower.

Steady state was observed to be reached
in a lapse which is three times the time
necessary for the reaction mixture to flow
from the reactor inlet to the sampling
device with a minimum of 30 min.

When feeding diacetone aleohol, it was
observed that the activity of the catalyst
began to decrease after 2 weeks, showing at
the same time a darkening. This can be due
to phorone and other products of the further
condensation of mesityl oxide, which would
remain inside the resin giving a further
polimerization. By extracting successively
with ethyl ether, ethanol and water, the
resin recovered practically its original capac-
ity, but the darkening remained.

In a previous study (11) it was observed,
that no acetone was formed from diacetone
alcohol. On the contrary, we observed

Il
SC=CH—C—CH, + H,0

Mesityl oxide

H3C\C/OH 9 0
H,C” “CH,~C—CH, ————— 2 CH~C—CH,
Diacetone alcohol Acetone
+ mesityl
3\ oxide
1 cx
HSC)C—_—CH—C—CH:ci ’ + CH,—CO—CH, + H0
H,C CH,

Phorone
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acetone was obtained in the differential
reactor when feeding diacetone alcohol but
not when feeding mesityl oxide. This implies
a modification in the scheme of reactions
to be studied and led us to perform runs
in an integral reactor in order to check the
proposed scheme.

Reaction System and Variables Range

According to what was previously stated,
let us propose the reaction system shown at
the bottom of page 83; which can be sche-
matically represented as follows:

D = 24, @)
D+M=F+A+W. 3)

We will discuss this scheme later on;
however, let us mention for the moment
that the first reaction is supported on the
fact that conversion to mesityl oxide and
water were always equal, within the experi-
mental error. The second reaction was
proposed because of the results of the
exploratory runs. The third reaction had
been observed already by Klein (77) and
also by us in the exploratory runs. The
production of heavier substances due to a
further condensation of mesityl oxide are
involved in the third reaction, which should
then be regarded as an “overall reaction.”
The reversibility of the first reaction was
considered by using the equilibrium constant
reported in the literature (11).

The variables range is given in Table 1.

TABLE 1
EXPERIMENTAL RANGE OF VARIABLES

un 0.186-0.988
Um 0.002-0.690
yw 0.002-0.502
ya 10-4-0.801
7(°C) 30-50

me (g) 0.173-2.166
F (g-mole/hr) 0.120-4.603

The number of runs used in calculations
was 193.

CALCULATIONS

The reaction rate of component i in
the differential reactor can be calculated
through,

CUNNINGHAM

S An;
P neat

(4)

where An; is the number of moles of com-
ponent i which were obtained in the run
and which were measured by the chromato-
graphic analysis; 7. is the number of gram-
equivalents of H* of the resin; and At is the
time of sample recovery.

It is then observed that the main experi-
mental error arises from chemical analysis
(459%,) others being less than 0.59. The
error in the reaction rate calculation is then
less than 109,.

The conversion of component i in the
integral reactor was calculated as follows

.= %1_09( g-mole of i ) )
Y7 mm M \total g-mole ?

where m,, is the sample mass and

M

= ), (P/(PM)) (6)

1

LMNA

Conversion was calculated as a function
of the “residence time”’ ¢,. This relationship
was represented by the polynomial

zi = atd® 4+ aqtl?,

@

whose analytic differentiation led to the
rate of formation of i, dz;/dt.. The error in
this case may be higher than in the dif-
ferential reactor; nevertheless, the =x;(t,)
function was represented with an error less
than 59;.

Gradients of composition in the external
liquid boundary layer as well as inside the
catalyst particle were determined to be
negligible, in the latter case by using reaction
rate expressions of the Langmuir-Hinshel-
wood type (12, 13).

Temperature gradients inside the resin
bead were determined to be negligible too
by applying Anderson’s criterion (14).

On the other hand, the plug flow model
was verified for conversions up to 0.40
(15, 16).

The equilibrium constant used for the
first reaction was that reported by Klein
(11):

K; = 1.70 X 10t exp(—3,247/T) (8)

Some of the results obtained are sum-
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TABLE 2
ExpERIMENTAL DaTA
™™w TA

(g-mole/hr g-eq) (g-mole/hr g-eq)
T Te
(°C) (mg eq) YD Ym yw Ya Expt Cale Expt Calc
30 2.257 0.911 0.0067 0.080 0.0017 0.0340 0.0356 0.00584 0.00491
30 4.180 0.573 0.406 0.0190 0.0018 0.0204 0.0185 — —
30 1.822 0.510 0.0075 0.0066 0.476 0.0526 0.0541 — —
30 4.174 0.934 0.050 0.0117 0.0047 0.0431 0.0394 0.0156 0.0144
30 4.174 0.899 0.066 0.0288 0.0060 — — 0.0101  0.0100
35 1.151 0.972 0.0142 0.0116 0.0027 0.123 0.116 0.0286 0.0298
35 1.822 0.439 0.0052 0.0049 0.551 0.0868 0.0869 — —
35 2.257 0.908 0.0084 0.082 0.0018 0.0673 0.0682 0.00860 0.00632
35 4.174 0.883 0.073 0.0357 0.0080 0.0619 0.0600 0.0131 0.0141
35 4.019 0.564 0.411 0.0210 0.0042 — — 0.0127 0.0119
40 0.939 0.980 0.0103 0.0077 0.0020 0.190 0.197 0.0506 0.0494
40 1.822 0.506 0.0095 0.0087 0.476 0.177 0.165 — —
40 2.257 0.905 0.0096 0.083 0.0023 0.119 0.117 0.0210 0.0200
40 4.174 0.891 0.066 0.0339 0.0088 0.116 0.123 0.0338 0.0316
40 4.180 0.303 0.688 0.0066 0.0020 0.0376 0.0427 0.00940 0.0108
45 0.939 0.974 0.0129 0.0103 0.0029 0.315 0.310 0.0874 0.0849
45 1.830 0.374 0.0077 0.0071 0.611 0.212 0.220 — —
45 2.257 0.495 0.0025 0.502 0.0002 0.0251 0.0223 0.00304 0.00264
45 4.180 0.299 0.690 0.0084 0.0030 0.0622 0.0669 0.0210 0.0250
45 4.174 0.871 0.078 0.0402 0.0111 0.173 0.169 0.0464 0.0438
50 1.822 0.501 0.0114 0.0105 0.477 0.387 0.367 — —
50 0.833 0.977 0.0105 0.0092 0.0032 0.425 0.423 0.140 0.139
50 2.257 0.741 0.0150 0.239 0.0046 0.126 0.125 0.0214  ©0.0200
50 4.180 0.300 0.689 0.0078 0.0034 0.0788 0.0808 0.0352 0.0400
50 4.174 0.839 0.092 0.055 0.0145 0.248 0.255 0.0628 0.0631

marized in Table 2. The rest of them can be
obtained elsewhere (10).

ANALYSIS OF RESuULTS

To establish a reaction scheme, it is
necessary first to analyze the conversion—
“residence time” curves for the products
obtained from pure diacetone alcohol. These
results must be obtained in an integral
reactor. One of these results is shown in
Fig. 2. We observe that the results for the
formation of water and mesityl oxide differ
very slightly, leading to the assumption that
‘both produets correspond to the same reac-
tion (the first one for us). There is a minor
tendency, however, for the results for mesityl
oxide to give lower conversions than water.
This should be interpreted in terms of a
systematic error or even well in terms of
another reaction, much slower than the first
one, which should involve mesityl oxide but

no water as a reactant. This possibility must
be investigated.

On the other hand, acetone is also pro-
duced but at a rate very much slower than
water and mesityl oxide. At these conditions,
the only source for acetone production could
be the diacetone alcohol decomposition
(second reaction in our scheme).

To verify the possible existence of the
other reaction (the third one) with mesityl
oxide as one of its reactants, mixtures of
diacetone alecohol and mesityl oxide of
different compositions were fed to the
differential reactor at different tempera-
tures. Phorone was detected as one of the
reaction produects, leading us to propose
reaction (3). However, phorone can polym-
erize. Hence, reaction (3) should be regarded
as an overall reaction which includes the
possibility of formation of higher polymers.

Rates of formation of water and acetone
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Fie. 2. Integral reactor data.

are strongly depressed by mesityl oxide,
specially at low molar fractions of it, in-
dicating mesityl oxide is adsorbed by the
resin.

On the other hand, a similar inhibiting
effect on rates of formation of acetone and
mesityl oxide is observed by water when
feeding the differential reactor with mixtures
of diacetone alcohol and water at different
compositions and temperatures. This in-
hibiting effect of water has been observed
also in other vapor and liquid phase reactions
catalyzed by ion exchange resins (6, 17-19).

The influence of the remaining reaction
component, acetone, on the rate of forma-
tion of water, when feeding the differential
reactor with mixtures of diacetone alcohol
and acetone at different compositions and
temperatures, showed a slight depressing
effect. This is explained as due to the lower
polarity of acetone compared with the other
reaction components.

All these runs were performed at five
temperature levels: 30, 35, 40, 45, and 50°C.

So far, and on the evidence of integral
reactor results, we have arrived at a hypo-
thetical reaction scheme. In turn, differential
reactor results gave us some picture on the
mechanism of the proposed reactions.

Our next step should then be to obtain a
quantitative interpretation of these dif-
ferential reactor results by means of kinetic

expressions based on some model of the
reaction mechanism.

Provided these kinetic expressions were
right they must predict the results observed
in the integral reactor.

On the other hand the apparent activa-
tion energies for the first and second reac-
tions were calculated from the rates of
formation of water and acetone at 35, 40,
45, and 50°C, when feeding the differential
reactor with pure diacetone alcohol. The
values obtained were £, = 17.3 and E, =
20.3 keal/g-mole. Furthermore, activation
energies for the homogeneous reactions were
reported to be E; = 20.4 keal/g-mole for
nitric and perchloric acids as catalysts
(20), and E; = 19.1 kcal/g-mole (21) and
E, =180 (22) for sodium hydroxide as
catalyst. This should show no diffusional
falsification of activation energies in our
results.

KiNETIC INTERPRETATION OF RESULTS

The models of the reaction mechanisms,
which were applied to interpret the reaction
results were:

1. The Langmuir-Hinshelwood for the
first and second reactions.

2. A phenomenological rate expression
of the type of a potential law for the third
reaction.

All the possible mechanisms for the
first and second reactions were postulated.
Firstly, a multiple linear regression was
performed on the rates of formation of water
and acetone. On the basis of these results,
the most probable kinetic expressions were
selected. Secondly, a nonlinear regression
following the method proposed by Mar-
quardt (23, 24) was made on the most
probable kinetic expressions arising from
the linear regression. Computation were
done in a digital computer IBM /360.

It is necessary to point out that, when
proposing different Langmuir-Hinshelwood
mechanisms, the reaction involving two
active sites was included. In this mecha-
nism, we have neglected the possibility of
diffusion of intermediates between sites
since distance between two adjacent sites
appears to be ‘of the order of 1.2 A. This
value comes from the assumption that all



DIACETONE ALCOHOL CONVERSION

87

TABLE 3
MEecHANISMS SELECTED FROM LINEAR REGRESSION rOR First Reaction (D = M 4+ W)

Case Controlling step Kinetic expression
ki Kplyp — ymyw/K1)
1 D = M W =
st s+ We n (1 + Koyp + Kuyu + Kwyw + Kaya)?
o (Ds+ s = Ms + Ws) i kwKi(yv/yw — yu/K:)
- Ms =DM+s ' 71 ¥ Koyp + Kwyw + KiKuyn/yw + Kaya
3 2(1D/2)s = Ms + Ws r = kKol — yupw/Ki)

(1 4+ (Kpyn)?® + Kuym + Kwyw + Kaya)?

the sites are accessible to reactants and
uniformly distributed.

First and Third Reactions
The rate of formation of water is given by,

rw = nlct%ltv_v = 71 + ksyoyu. (9)

For the first reaction, 26 mechanisms were
formulated, from which 16 kinetic expres-
sions arose (10). Two linear regressions were
made in order to obtain the numerical value
of the parameters of 7; in the first one and

of ks in the second one.

Those mechanisms which showed a high
scattering in the final results (ratio between
the sum of squares of errors of reaction rate
and the square of the mean value of reaction
rate) and/or a significative negative value
in the parameters were neglected. Thus,
three mechanisms were selected, as shown
in Table 3. It is to be pointed out that the
first results showed the adsorption constant
of acetone was 10* times lower than the other
adsorption constants, as could be foreseen
from the influence of acetone on reaction
rate as compared with the influence of the
other reaction components. This fact, how-

TABLE 4
NoNLINEAR REGRESSION REsuLTs FOR FIrsT REscTiON (D = M + W)
Case 1
T(°C) ko s Ky s Ku s Ky s kye s S
30 0.270 0.022 1.32 0.24 13.64 3.36 9.26 1.24 0.0645 0.0096 2.28 X 10—
35 0.699 0.112 0.467 0.121 8.51 2.70 7.28 1.25 0.0859 0.0296 1.89 X 103
40 0.895 0.031 0.953 0.081 7.25 1.66 7.86 0.99 0.175 0.036 4.14 X 1073
45 1.54 0.08 0.733 0.070 7.97 1.40 7.28 0.63 0.290 0.038 4.10 X 1073
50 1.8 005 108 008 4.07 1.48 6.73 0.73 0.228 0.1290 1.51 X 102
Case 2
ku
30 0.0486 0.0423 1.082 1.005 6.70 X 10~ 0.037 3.84 X 10~®
35 0.0248 0.0136 0.229 0.146 9.80 X 10™® 0.081 1.35 X 1072
40 0.0234 0.109 1.59 X 108 5.14 X 102
45 0.0327 0.106 8.65 X 10~ 1.05 X 107
50 0.0870 0.217 1.30 X 10—~ 2.56 X 107!
Case 3
30 0.417 0.134 6.25 4.72 32.60 6.85 18.92 3.83 0.0692 0.0105 3.05 X 104
35 0.613 0.235 0.992 0.640 11.63 3.54 9.92 1.93 0.0858 0.0291 1.75 X 1073
40 1.14 0.13 6.86 2.20 13.40 3.56 14.59 2.45 0.174 0.039 4.91 X 1073
45 1.66 0.24 2.96 0.95 12.53 2.52 11.49 1.39 0.288 0.043 5.01 X 103
50 2.60 0.27 11.70 4.30 6.50 4.18 14.06 2.55 0.132 0.232 2.14 X 102

e Units of reaction rate constants are g-mole/min g-eq of H*.
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Fia. 3. Calculated vs observed reaction rate for first reaction (D = M + W).

ever, led to a nonconvergence of the non-
linear regression. Hence a value of Ky, = 0
was taken (25).

The results from the nonlinear regression
are shown in Table 4 from where it is possi-
ble to conclude the most probable mecha-
nism is the first one

1 dnw _ k\Kp(yp — ynyw/K1)
ne dt (1 4+ Kpyp + Kuym + Kwyw)?
~+ ksypym, (10)

which corresponds to a surface reaction
on a double active site.
In arriving at this

conclusion, analysis

of the sum of squares of errors, as well as
relative error of every parameter in the
nonlinear regression, were performed.

The caleulated reaction rate is plotted
as a funetion of the observed one in Fig. 3
for all the temperatures. As shown, the
fitting of results is quite good.

Second Reaction

The rate of formation of acetone is given
by,

1 dna

A= n. dt

= 27’2 + kgyDyM. (11)

TABLE 5
MrcHANISMS SKLECTED FROM LINeEAR REGREssiON FOR SkcoNd Ruaction (D = 2A)

Controlling step

Case Kinetic expression

ko:Kpyp

1 Ds = A A ry =

s At " = TF Koyo + Kuyn + Kwyw + Kaya
o (Ds = As + A) ry = : kaKsyn/ya
“ As = A+ s 1 + Kpyp + Knym + Kwyw + KoKayn/ya
k:Kpyp

B D: = 2A = :

3 St § T UF Koyo + Knym + Kwyw + Kaya)?

4 2(1)/2)s = 2As - ro koK oy

= (1 T (prn)°-5 + Kuym + Kwyw + Kaya)?
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Fig. 4. Calculated vs observed reaction rate for second reaction (D = 2A).

The second reaction was analyzed in a
similar way as the first one, but neglecting
the influence of the reverse reaction. Eigh-
teen different mechanisms were formulated,
from which 14 kinetic expressions arose
(10). The selection performed on the results
from the linear regression left four mecha-
nisms as the most probable (see Table 5). A
value of Ky = 0 was also assumed here.
Table 6 shows that the third mechanism
seems to be the most probable:

Ldng _ k2K pyp
n, dt (1 + Kpyp + Kuyu + Kwyw)?
+ ksyoym, (12)

which corresponds to a surface reaction on a
double active site.

The calculated reaction rate is plotted as a
function of the observed one in Fig. 4. Al-
though the fitting of the results is good, a
greater scattering is observed at low reaction
rates. However we must point out that, as
the nonlinear regression minimizes the dif-
ference between calculated and observed
reaction rate that difference is magnified for
low values if the plot is log—log.

On the other hand, we found the errors
of calculation of the parameters are rela-
tively high. This can be due to two sources:

1. As reaction rate was very low experi-
mental errors inereased.

2. The lack of an experiment design led
to a high covariance among parameters.
Another disadvantage was the impossibility

TABLE 7
Dara Usep to PreEpicr INTEGRAL REAcTOR PERFORMANCE (50°C)

Reaction 1

ke =1.77 Kp =1.08 Ky = 3.23 Ky = 6.41 K, =0.745
Reaction 2

ke = 0.20 Kp = 0.50 Ky =3.72 Kw = 6.85
Reaction 3

ks = 0.050

= Units of reaction rate constants are g-mole/min g-eq H*.
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of measuring reaction rates for binary
mixtures of acetone and diacetone alcohol
(26, 27).

Prediction of Integral Reactor Performance

The kinetic expressions for the three reac-
tions were integrated numerically assuming
plug flow to calculate conversion as a func-
tion of residence time for the values of the
parameters given in Table 7.

The results are presented as the curves
of Fig. 2 showing the agreement with the
observed conversions is very good.

CONCLUSIONS

The liquid phase dehydration and decomn-
position of diacetone alcohol catalyzed by
an acid ion exchange resin was studied at
five temperature levels (30, 35, 40, 45, and
50°C).

The proposed reaction mechanism in-
volves three reactions linearly independent:

1. Dehydration of diacetone aleohol to
mesityl oxide.

2. Decomposition of diacetone aleohol t0
acetone.

3. Reaction between diacetone alcohol
and mesityl oxide to give acetone, water,
phorone, and higher products of the con-
densation of mesityl oxide.

Water and mesityl oxide strongly in-
hibited reaction rate due to adsorption
effects. On the contrary, acetone did not.

Analysis of differential reactor data
showed the first two reactions are controlled
by a surface reaction on a double site. A
potential law rate equation was in turn used
for the third reaction.

The proposed reaction scheme was veri-
fied, checking calculated and experimental
results in an integral reactor.

The macroreticular structure of the cata-
lyst seems to be the reason for which we have
observed the second reaction which was
undetected in other studies (1) on miero-
reticular resins.

On the other hand, the formation of
mesityl oxide from acetone is very much
slower than the three proposed reactions.

A reversible deactivation of the catalyst
was observed after 2 weeks of feeding
diacetone alecohol. The deactivation can be

explained in terms of a progressive con-
densation of mesityl oxide inside the resin.

REFERENCES

1. HeverericH, F., Angew. Chem. 66(9), 241

(1954).

2. GLenar, R., Chemie Industrie 75(2), 292
(1956) .

3. Navmany, G., Chem. Tech. (Leipzig) 11, 19
(1959) .

4. Kressman, T. R. E., Ind. Chem. 36, 3 (1960).

§. Gorrrrenr, J. C. doctoral thesis, F. C.
Exactas y Naturales, Univ. Buenos Aires,
Argentina, 1966.

6. Kunin, R, Ind. Eng. Chem. 57(11), 109
(1965) ; 58(11), 104 (1966).

7. Kunin, R., anp GusrtarsoN, R. L., Ind. Eng.
Chem. 59(11), 95 (1967); 60(11), 57 (1968).

8. VerkHovsKAYA, Z. N, Kummenko, N. A,
ZaLesskava, E. M, ano Brycmkova, I. N,
Khim. Prom. (Moscow) 43(7), 500 (1967).

9. Frost, A. A, aNDp Prarson, R. G., “Kinetics
and Mechanism,” Chap. 12. Wiley, New
York, 1963.

10. Lemcorr, N. O, doctoral thesis, Departamento
de Industrias, Univ. Buenos Aires, Argen-
tina, 1970.

11. Kuein, F. G, PhD thesis, Univ of Michigan,
Ann Arbor, Mich., 1955.

12. Roeerrs, G. W., aNp SarrerrieLp, C. N., Ind.
Eng. Chem., Fundam. 4, 288 (1965).

13. K~nvupsen, C. W., Roeerrs, G. W., AND Sar-
TeRFIELD, C. N., Ind. Eng. Chem., Fundam.
5, 325 (1966).

14. AnpersoN, J. B, Chem. Eng. Sci. 18, 147
(1963).

15. Levenspier, O., ANp Biscuorr, K. B., Advan.
Chem. Eng. 4, 95 (1963).

16. Kramrers, H., aANp Westerterp, K. R, “Ele-
ments of Chemical Reactor Design and
Operation,” Chap. 3. Academic Press, New
York, 1963.

17. KaBen, R., aAnp Jomanson, L. N, AIChE J.
8, 621 (1962).

18. Merzner, A. E., Lasuamer, P. K, anp Enr-
reicH, 1. E., Actes Int. Congr. Catal., 2nd,
1960 1961, 735.

19. Bocaner, M. B., Gerser, S. M., Viera, W.
R, ano Rocer, A. J., Ind. Eng. Chem.,
Fundam. 4, 315 (1965).

20. PressMAN, D., Brewer, L., anp Lucas, H. J,,
J. Amer. Chem. Soc. 64, 1117 (1942).

21. La Mg, V. K, aNnp MiLLer, M. L., J. Amer.
Chem. Soc. 57, 2674 (1935).



92 LEMCOFF AND CUNNINGHAM

22. Frencu, C. C., J. Amer. Chem. Soc. 51, 3215 25. Pererson, T. I, anp Laerbus, L., Chem. Eng.
(1929). Sci. 21, 655 (1966).
23. Marquaror, D. W., J. Soc. Ind. Appl. Math. & Baro, Y., anp Larwus, L., Catal. Rev. 2(1),
67 (1968).
11,(2), 431 (1963).

27. Kirrrewr, J. R., Hunter, W. G., anp War-
24. Marquarpr, D. W, Share program No. 3094, sox, C. C., AICRE J. 11(6), 1051 (1965);

1963. 12(1), 5 (19686).



