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ABSTRACT

A study vas made of the rate of decowmposition:of diacetone sleohol
by anion exchange resins in & packed bed under adiabatic and isothermal
conditions. Two different resins were compsred: e conventional type
gel structure resin, Amberlite IRA~400, and a newiy msri.eted macrore~
ticular resin, Amberlyst A-26,

In a subsirate with low water content, the rate of decomposition of
diascetone alecohol by Amberlite IRA-4OO was controlled by intraparticle
diffusion. This was due to shrinkege of the polymer chain matrix of
the resin., When dry discetone aleohol feed was introduced the amount

of decomposition wes not memsurable.

It was found that the mecroreticulsr type resin, Amberlyst A-26
vag considersbly more effective as & catalyst due to its porous structure.
Decressing the water content of the feed actuslly incremsed the rate
of decomposition. Asberlyst A-26 effectively catalyzed the decomposi-
tion of dry discetone alcohol. Intraparticle dlffusion does not

control the rate of decomposition over the range of veriables studied.

The equilibrium concentration at 25°C for this reaction,using the
Amberlyst resin,was determined by extrapolating to zero space velocity
the concentration of acetone in the effluent. The value obtained was
88.95 weight per cent scetone. This is in ressonable agreement with
the value reported by Davis and Burrows (6) of 88.27%, who conducted

the decomposition reaction at 25°C in an sgitated batch system using
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barium hydroxide as a catalytic agent. A value of the equilibrium
constant of K = 18.65 was celculated from the Amberlyst equilibriwm

concentration deta at 25°C.

An attempt wes msde to develop a mathematical model for the
flow reaction in & pucked bed, using the simplifying assumption that
& single step controlled the overall rate. Equations have been derived
for the following cases:
1) First order kinetic control unidirectional.
2) Bidirectional first order kinetic control.
3) Bidirecticnal reaction, first order for the decomposition
end second order for the formation of dimcetone alecohol.
4L} Film diffusion control.

5) Intraparticle diffuaion control,

It was found that vone of the above resction mechaniews involving
diffusion and reaction kineties could be reduced to a linesr or non
linear form and solved with the data obtained using Amberlyst A-26 at
25°C over the entire range of varisble studied. Therefore, the
simplifying assupption that a single step controls the overall rate
does not seem to apply for the system studled.

The effect of film diffusion was studied by varying the super-
fieisl veloecity while maintaining all other variables constent. The
differences in superficial velocity did not affect the conversions
obtained using Amberlyst A-26, It was comcluded that film diffueion

to and from the bulk of the fluid 4id not influence the rate of
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deconposition of discetone alcohol for superficial veloeciiies in the

range of 0.001 to 0.01k feet per second. This study, as well as the

entire investigation, was conducted in the lsminar flow region of low
Reynolds Mumbers.

The first order kinetic equabtion for the unidirection reaction
will £it the experimental data for conversicns below 895, Above 85%
converslon, the effect of the reverss reacticn becomes apparect. The
rete constent for the decomposition of diacetons alechol by Amberlyst
A-26 resin st 25°C was caleulated and found to be k % 0,019 sec.”t
which conpares favorably with avalue of k & 00,0205 m.’l reported
by Akerlof (1) using O.1N KOH for firet order kinetics at the same
temperature of 25°C. Basinaki and Kurebah (2) reported a value of
k = 0,000535 m.'l for the decomposition reaction et 25°C using
Amberlite IRA-400 in a batoh system with an ethencl-water substrate.
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INTRODUCTION

There has been considerable interest in the use of ion exchange
resins as catalysts for a number of orgsnic reactions that are catalyzed
by scids or bases. lon exchange resins are synthetic polymers
(macromolecules or polyelectrolytes) which, though insoluble, simulate
or remct much ss acids or bages and can be considered as solid gel

acids or bases.

There are seversal advantages of using ion exchange resins rather
than the conventionsl secids or beses, the most important of vhich are:

1) fThe esse of separation of product and catalyst which,
in the case of conventional acids or bmses, involves
neutralization and several physical separstion
techniques such as distillation, washing, decentation,
centrifuging, ete.

2) The equipment required for an ion exchange operation
is fairly simple and economical and the process can
be run as & continuous flow operation.

3) fThe resin systems exhibit greater selectivities than
conventional acids or bases with resultant reduction
of side resctions along with improvement of yield and
‘quality of product.

4} The resin ecan usually be used repeatedly without
regeneration in batch processes or for long periods
of time in a contimuous flow process before

regensration becomes necessary.



5) The corrosion problems encountered with conventionsl

acide and beses are usually non-existent for resius.

Several shortcomings and limitations exist in the use of ion
exchange catalysts in non aqueous organic media, By far the most
important is that the gel structure of the resin shrinks with loss
of water to tbe organic process stream., This tends to inhibit
diffusion through the compactly shrunken gel and in effect, creates
unfavorable reaction kinetics., Another important shortcoming is in
the case of resin regeneration by polar solvents. The resin beads
will swell sppreciebly @uring regeneration,but will revert to a
shrunken state with the reintroduction of non-polar solvent feed,
The alternate swelling and shrinking provokes stresses thatl cause
progreseive crecking and bresking of the resin beads. This attrition
of the resin incresses the pressure drop through the bed, incresses
the loss of resin, and occssionally causes mechanical breskdown of
associated equipment, Pinally, the temperature limits for ion ex-
change resins are relatively low. The most common type used, the
divinylbenzene styrene polymers, start to decompose at 100°C. 1In
the specific cage of quaternary amsonium anion exchange resing, a
further limitation of 45 - 60°C exists due to the decomposition of

the saymonium redical.

The introduction of mecroreticular ion exchange resins that have
physical pores much lerger than the openings in the gel structure of

normal resins seems to alleviate some of the previously mentioned



4) Decomposition in emino-acid buffered solutions. (17)
5) Decomposition in a bateh system catalyzed by an

anion exchange resin. (2)

The sbove listed areams are in chronologicel order with the latest
work concluded in 1961. This was the investigation of Basinski and
Narebska (2) who reported work carried out in e smell scale batch
system using Awberlite IRA-400 as reaction catalyst in an alechol-
wvater substrate.

The present work investigates the catalytic deccuposition of
diacetone alecohol in packed anion exchange resin beds using &
continuous flow process. Aquecus and non-aqueous feeds were employed.
The experimentation wes conducted under adisbatic and isothermal
conditions fer the Amberlite IR;?.«&OQ gel resin and under isothermal

conditions for the Amberlyst A-26 macroreticular resin.



disadvantages. 'The relative rates of diffusion to the mctive gites
of the resin are much faster due to incressed porosity and surface
area., Macroreticular resins are much more resistant to osmotiec shock
induced by alternate swelling and shrinking; thersfore, thelr rate of

attrition is reduced,

Very little information or data is available concerning the

relative performances of macroreticular and standard gel type resins.
The purpose of this investigation is to examine the relative performances
of a macroreticular resin Amberlyst A-26 and s conventional gel resin
Avberlite IRA-LOO with respect to the diacetone alechol decomposition
reasction and to extend the work cerried out by previous investigators
on this reaction,

(CH3)2COHCH,COCH, == 2CH,COCH,,

Diacetone Alcohol Acetone

This reaction was chosen because 1t is fairly well known and has a

well esteblished kinetlc mechanism,

Resesrch wvork previously reported on the decompogition has been
confined to the areas listed below:

1) Decompesition in a 10% agueous solution using a hydroxide
solution as catalyst in a batch system. (12)

2) Decomposition in alkali hydroxide-alkali salt
solutions in a batch system. (1)

3) Decomposition in & non-agueous batch system using
dry powdered barium hydroxide ss catelyst. (6)



The Resingst

The anion exchange resing used in this study in the OH form can
be considered very high molecular weight polybases in which the OH
radicals are part of quaternsry ammonium groups held together by s
three dimensional hydroesrbon network produced by the polymerization
of styrene and divinylbenzene. The degree of crosslinking of the
polymer is dependent on the amount of divinylbenzene used in the copoly-

nerization.

When the resins are in contact with water they behave like gels.
They are capable of sbeorbing and retaining the water, The OH redicals
become ionized and leave the polymer chain or mstrix and are free to
diffuse within the resin and to some extent to the water cutside the
resin. This sbsorption of water involves an increasse in volume of the
resin or swelling which is limited by the degree of crosslinking of the
resin, The lower the degree of erosslinking of the resin, the more the
resin can swell and the more the matrix expands to accommodate the water
volume. This expansion of the matrix on swelling increases the space
between coils of the polymer chain.

From the former paregraph it would seem desirable to use resins
with very low degress of crosslinkage to obtain &n expended matrix that
would offer very little resistance to diffusion and would incresse the
mobility and effectiveness of the OH radical. The degree of crosslinkage

also affects the physicel and chemiecsl stebility and the mechanical



strength of the resin. Enough crosslinking must be provided to fulfill

the requirements in this ares,

In the particular case of the newly developed macroreticular
resing due to & refinement in the polymerization technigue, physical
extra-gelular pores are left in the resin., Therefore, the free space
in the resin is not limited by the degree of crosslinking end swelling
of the resin. The acecess to the interior of the resin is guaranteed
by the physical pores and the degree of crosslinkage can be increased
to obtain better mechanical properties. This increased degree of
crogslinkage means that macroreticular resins will be less free to

swell and shrink than the conventional resing.

Swelling in Orgenic and Mixed Solvents

Liguids other than water can be sorbed by the resin and will
also produce an incresse in volume or swelling. The degree of
swelling induced is in general & function of the affinity of the
resin for the solvent. In general, the resins swell more with in-

creased polarity of the solvent although some exceptions exist.

If & mixture of two liquids are used in the general case, the
resin will sorb one more strongly than the other. In fact, the
preference may be s0 stropg that one of the ligquids may be excluded
altogether from the resin. It is possible,due to this preferential
sorption,to maintain in the resin phase s liquid which is not present
at all or only in very small quantities in the fluid in ecuilibrium

with the resin. As s matter of fact, it iz posaible to have only
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water in the resin and only solvent in the fluid outside the resin

if a solvent of extremely low polarity like kerosene is used,

In the case of diacetone alcohol and water the resin has a
stronger afiinity for waler. If a water swollen resin is in contact
with a stream of dry or low moisture diacetone salcohol and scelone,
it will not lose all of its water. The resin willretain some of the

water but it will sorb some diamcetone alcchol and acetone.

The Catalytic Frocess

The catalybic effect on the diacetone alcchol decomposition by
ion exchange resins should be considersd homogeneous rather than
hetergeneous catalysis inasmuch as the actual catalyst is the counter
ion of the resin. The catalytic effect 1s due to the presence of COH

ions in the intersticial liquid inside the resin gel.

It would be difficult to explaein the fact that ion exchange
resins and conventional scids or bases behave identicslly as catalysts.
This is in direct contrast with the more common reaction in which the
reaction occurs only at the catalyst surface., The following steps can
then be postulated for a reaction catalyzed by an ion exchange resing

1) The reactants must diffuse from the bulk of the fluid
stream to the resin surface and into the resin phase.

2) A homogeneous catelytic reaction occurs in the resin gel,

3) The product must diffuse out of the resin and to the

bulk of the fluid.



Film diffusion from the bulk of the fluid to ion exchange
resins is not different from the general csese and will not be dis-
cussed here in any detail, If this diffusion rate is fast enough
and equilibrium is reached, the concentration at the resin interface

will be essentislly that of the bulk fluid,

The diffusion into the resin phase is sctually a sorption
process., The composition in the resin phase when equilibrium with
the bulk fluid is reached may be different from the composition of
the bulk fluid. The composition will be proportionel and relsted by
s distribution constant a8 in the general case of distribution of

polutes between two immiscible golvenis.

Kinetic¢c Mechanism

The mechanism of the homogeneous catalytic decomposition of diacetone
alcohol by bases is fairly well developed in the litersture. The rate of
decomposition of discetone slecohol is & first order reaction with reapect
to the concentration of the discetone alcochol. The catalysis mechanism,
as defined by Frost and Pearson (7), involves the formation of an sctivated
complex with the OH , decomposition of the activeted complex and
regeneration of the OH” in three steps:

CH3COCHzCOR(CHg )2 + OH” ~—— CH,COCHC(CH3)20" + HeO
cn3cocngc(cns)2e‘ <—— (CHz)e CO + CH3COCHZ"
CH,COCHz + He0 —<—— (CHz)a CO + ON
Therefore, the concentretion,or rather the activity of the OH  radicsal in
the phase where the reaction is taking plece, will also affect the rate of

decomposition of dlacetone aleobcl.
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Susmeriging, it can be said that the date of decomposition of diacetone
alcohol is pseudo first order being proportional to the first power of the
concentration of diacetone aleohol and the first power of the activity of

the OF  radieal.

The reverse reaction, the formation of diacetone alechol from acetone,
wvould involve the same mechanism and the same statements mmde for the
decomposition of diacetone aleohol are true slso for the reverse reaction.



EXPERIMENTAL

Opereting Procedures

Resin FProperties _IRA-LOO _A-26

Maximum Operating Temperature 60°C 45°¢

Density (backwashed and drained

bed volume) W/ t3 y3g/ee3

Moisture holding capacity 48% 64%

Effective Size 0.38 - 45 mm 0.45 « 0.55 mm

Experimental Exchange Capacity bt 02 4.1 + 0.1 meq/g
Dry Resin

Diacetone Alcohol Feed

Density at 25°C 0.938 gm/ec
Viscosity at 25°C 6.0 centipoises
Purity of feed supply 1.0 - 5.0% acetone

0.2 - 0.5% mesityl oxide

The variation in feed purity was due to two factors. First, the
shipment of different material lots by the supplier and second, the slow
but steady decomposition of the supply over a period of months while

avaiting use.

The column containing the resin was put into operation no later
than 24 hours after regeneration of fresh resin. This time factor allowed
for minimm decomposition of unstable quaternary soomonium groups in the
resin, The resin used in cae series of runs was analyzed and discarded.,

Fresh resin was regenerated for each new series of runs. The system of



regenerating fresh resin contributed to the consistency of the runs and
held eny possible effeet of resin fouling to & minimum.

Adiebatic Operstion This operation wes carried out using both
Aumberlite IRA-4OO and Amberlyst A-26 resins. At a feed temperature of
25°C the temperature difference between esmbient and the column was smaell
encugh s0 that heat transfer to the bed was found to be negligible.
Therefore, it was decided not to insulate the column in order to observe
the bed at all times. Thermometers for conirol and messurement were
placed in four preas of the system: in the feed reservolr, in the
constant temperature water bath, in the column sapproximately two inches

below the resin surface, and in the product outlet stream.

Discetone alcohol was pumped from & glass carboy through a glass
hest exchanger to the top of the packed column., The glass heat exchanger
wag suspended in & constant temperature water bath at 25°C., The pump
employed for diacetone alcohol fred hed a volumetric flow rate range of
15 to 100 ce per minute, When & predetermined flow rate was established,
the resin bed was allowed to attain equilibrium with the feed. In this

process the resin would lose water to the feed and sbsorb solvent from it,

At the equilibrium point the bed contracted to a volume dependent
upon the aqueous content of the feed, This equilibriuwm point was esta~
blished by three methods: the constancy of the bed height, the
reproducibility of effluent composition as measured by successive G.L.C.

annlyses, and by Karl Fisher molsture determination on the product stream.
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Experimental runs were carried out by limitation of the system

variables to feed flow rate and feed moisture content.

In the first series of runs with varieble flow rates, samples
were taken at the apparent equilibrium points and analyzed by the gas
ehramatograph at 10 to 15 minute intervals until the results of three
consecutive samples checked within 0.2 per cent. The feed flow rate
was then changed to the next desired rate and the same oriteria used
to check the attaimment of steady state. Reaction data perteining to
these series of Adisbatic runs are contained f{n Table 2 for Amberlite

IRA-4OO Resin and Table 4 for Amberlyst A-26 Resgin.

In the second series of runs, the feed with the highest water con-
tent was processed first with subsequent sampling and anelysis. This
was followed by the sddition of more concentrated feeds. This order of
feed addition accompliched progressive dehydration of the catalyst bed
until equilibrium with the drizst feed was attained. Resaction data
pertaining to these series of adiabatic runs are contained in Tebles 1

and 3 for Amberlite IRA-L0O and Amberlyst A-26 respectively.

 Since the decomposition of discetone alcohol is an endothermic
reaction, the temperature gradient within the catalyst bed was of specisl
interest. When steady state was attsined, temperature messurements were
made at two locations in the system. The first point wes two inches
below the bed surface and the second in the product stream. Measure-

ments taken over the entire geries of adisbatic experimentation
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revealed & maximm tempersture gradient of 2°C within the bed. The
resin bed was an efficient heat sink due to its large head cepacity.
Even though the temperature gradient within the bed wes negligible

at equilibrium conditions, the bed temperature was substantially lower

than that of the feed.

Isothermal Operation Isothermel experimentation followed
essentially the same mode of operation as the previcusly described
adisbatic work. Reaction variables were limited to feed flow rate,
column dismeter, and weight of catalyst. BExperimentation was confined

to Amberlyst A-26 resin using dry diacetone alcohol feed.

Isothermal operation was obtained by Jjacketing three different
diameter columns and recirculating water from the water bath through
the jacket to maintain a bed resction temperature of 25°C. The feed
reservolr was also maintained at 25°C by immersion in a geparate con~
stant temperature bath., The same eriterie described in the adisbatic
section was used to establish that steady state was reached., The
sanpling and anslyzation techniques were also the same as described
in the adiabatic section.

At the conclusion of a series of isothermal or adiabatic runs,
the column was drained and the resin in the colwn allowed to discharge
by graviiy. A representative sspple was obtained for moisture
determination and ion exchange capacity. A more detailed deseription

of the four series of isothermsl runs may be cbtained from Tebles 5

m&haa
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Regeneration of Amberlite IRA-K00 to Free Base Form

Amberlite IRA-LOO is shipped in the chloride salt form and must be
regenerated with & 5 per cent sodium hydroxide solution before advantage
can be teken of its strong base catalytic propérties. Due to the fact
that the rate of flow during the regeneration and rinse sivps has s
marked effect on the final exchange capacity, it wes necessary to
standardize these rates and also the amount of scdium hydroxide so
es to achieve miniman varistion in ion exchenge capamcities fyom one
run to another, Since all runs with IRA-L0O resin were made with
510 grames (wet beais) of unregenersted resin, the regenerstion
procedure used was:

1) The wet unregenerated resin vas weighed to + 0.2
gram and added slowly but contimiously as & slurry
in deinﬁized water to the column two-thirds filled
wvith deionized water. The column was allowed to
drein as needed to prevent overflow. The resin
was supported by s one inch layer of 2 mm glass
beads added on top of a plug of glass wool.

2) A prepared solution of 3.75 liters of 5% sodium
hydroxide szolution was pumped through the bed at
& rate of 40 c¢c per minute,

3) The resin was then rinsed with deionized water
pumped through the colusmn at a rate of 150 cc per
minute. The rinse was contimued until 100 ce of
the effluent solution was neutral to phenolphthalein
upon the addition of two drops of N/10 ECL.
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Regeneration of Amberlyst A-26 to Free Base Form

Amberlyst A-26 is also shipped in the chloride form and must be
regenerated in & similar manner to Amberlite IRA-L00. The only major
difference in the regeneration procedure of Amberlyst A-26 was the rinse
flow rate. A rinse flow rate of 40 cc per minute was used for the

Anberlyst A-26 resin as per manufscturer's suggested procedure. (15) (16)

Isothermal runs were made using two different amounts of
Arberlyst resin. In the experimental runs made with the standard 510
gram bed, Runs 10 through 21, a regenerant solution of 3.75 liters of
5% sodium hydroxide was used. When the bed size was reduced to 170
grems, in Runs 22 through 38, the amount of regenerant was reduced

propertionally to 1.25 liters of 5% sodium hydroxide solution.

The previously mentioned stsndarized procedures resulted in exchange
capacities of 4,1 + 0.1 meq/gram dry resin for both Amberlite IRA-LOO

and Amberlyst A-26 resins.

Analytical Procedure for Composition of Feed and Produet Streams

Three possible methods of eanalysis were surveyed:
1) Ultraviclet Spactrophotometry
2) Infrared Spectrophotometry

3) Gas Liquid Chromotography

The accurscy of the Ultraviclet Spectrophotometric method is
limited considerebly due to the fmet that the absorbance peasks of

acetone and diacetone slcohol are very close together. Diacelone
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alcohol peaks at 276-283 mmu and acetone 270273 mu depending on the
solvent used. Therefore, background corrections would have been
necessary. Mesityl oxide would have been very easy to measure. It
has 8 very high sbosrbance peak at & lower wave length. This compound
would interfere with the measurement of acetone or diacetone aleohol
even though it bas a minimm in its U.V. spectra in the 270-280 region
due to its extremely high absorbance.

Infrared Spectrophotometry is very convenient and useful for
identification of organic compounds end qualitative work, but is not
sensitive encugh for fine quantitative analysis. It could not pick
up smell amounts of scetone in dlacetone alcohol or vice versa, This
was due to the fact that the compounds involved are closely related

and have similar functionsl groups.

It was finally found that Gss Liquid Chromotography gave very
accurate and reproducible results with & minimm of sample preparetion
and in & short period of time. The only disadvantage wes that even
though the mctusl time of enalysis was less thsn ten minutes, the
instrument required a period of several hours warm up time to reach
equilibrium. 7%The following is & list of equipment characteristics
and operating conditions of the gas chromotograph:

Instrument F & M Model 500 Gas Chromato-
graph.

Partition Column

Liquid Carbonwax 1540, 20% on

Chromosorb
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Solid Support ~ Chromosorb P 60-80 mesh
Length 4 Feet
Dismeter 1/4 Inch
Operating Conditions
Column Temperature 8o°c
Detector Block Temp. 8o°c

Injection Port Temp. 100°¢C
Partition Gas Helium

Gas Flow Rete, Column 80 ¢e/min.

Ges ¥low Rate, Ref. 30 e¢/min,

Detector Filament 150 milliamperes

Chart Speed 1 inch/min,

Semple Size 1 mieroliter

Attenustion As needed to keep peaks on scale

The only seawple preparation was drying over asnhydrous sodium
sulfete. A small emount of sample was shsken vigorpusly with the
sodium sulfate and allowed to settle ocut for & few minutes. A one
microliter Hamilton syringe was filled with the supernatant liquid and
uged to inject the sample into the column, GSamples of known camposition
vere anslyzed with and without sddition of anhydrous sodium sulfate.
After allowing to stand for different periods of time, no change in
sample composition could be detected.

Although the analysis could be postponed for two or three hours

without any detecteble change, samples were anslyzed immediately.
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The retention times cbtained for the products involved at the

conditions listed above were as follows:

Acetone 0.75 minutes
Mesityl Oxide 1.75 minutes
Discetone Alcohol 5.25 mioutes

The internal normelization method was used to calculate the
couposition from the chromatogrsm. The area under the respective
pesks was obtsined from the disc integrator traseing and converted
to percentages. The weight percentages were calculated from the
area percenteges by the use of s calibration curve for acetone and
diacetone alcohol, This calibration curve was plotted by preparing
and analyzing known mixtures of pure spectro grade reagents. 'The
amounts of mesityl oxide involved were so small that it was not
desireble or necessary to use spy calibration curve for this component.
The srea pregsent under its respective pesk was sgsumed identical to
the weight per cent of mesityl oxide in the sample.

The reproducibility of the analyticel method as ocutlined above
was found to be + 0.1% for identical samples run consecutively. The
overall accuracy of the method was estimsted to be + 0.5% minimum,
allowing for the error in the calibration snd the reproducibility of

instrument operating conditions from one day to the other.

Analytioal Procedure For Resin, Feed and Product Moisture Contents

At the end of an experimentel run, the resin is discharged from

the column and & representative sample obtained. The Karl Fischer
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Method which yields very sccurate moisture determinations was employed
for the resin system.

The resin sample was weighed in an apalytical balance into
standsrd Kerl Fischer weighing bottles. The size of the sample varied
from one to five greams depending on the expected moisture content.
Twenty«five cec of a 3:1 chloroform methanol solution were plpetted into
the bottle. Then 10 ee of standard Kerl Fischer Resgent ves sdded to
the resin by mesns of burette. The resin solution was then titrated
with 8 known water standard. The endpoint of this titration was
ascertained by means of 8 color change and by potentiometric readings.
For each experimental run at lesst two samples were titrated with the
results expected to check within + 0.1% of one snother.

In sddition to checking the moisture content of the resin at the
conclusion of & series of experimentsal runs, the Karl Fischer Molsture
| Determination Method was used to measure the water contents of the feed
and product, The moisture content of the product was especially
important because it established the time the bed was initislly in
equilibrium with the feed and signaled the starting point of gas
chromotography on the product. The moisture of the feed was determined
in Guplicate for each series of runs and the molature of the product

at least onee for each experimental run.



Apalytiesl Progedure for lon Exchange Cepacities of Resins

In order to check the regenerated resin for consistency of
exchange capscity, samples of the resin were obtained prior to and
after experimentetion. After seversal series of runs the analysis
of used resin was discontinued when it became apparent thet the
capacities before and after experimentation did not vary more then
4 0.1 milliequivalent per gram of dry resin,

For each sexries of rung an excess of ten grems of reslin was
regenerated to afford sufficient meterial for apalytical purposes.
Prior to experimentation 2 ten gram aliquoite sample of resin was
removed from the column, Pive grams of this sample were weighed out
on an anslytical balance to three place accuracy and then tray dried
at 100°C until constent weight wes attained. The solid content of the
aliquote sample was then calculated.

From the same ten gram aliquote; two - 2 grem ssmples were
wveighed with three place sgcuracy into separate Erlemmeyer flasgks.
Seventy~five ce of 0,1% phenolphthalein in 3A alecohol sclution was
sdded to esch flesk. The resin samples were titrated with 0100 ¥
HCl until the resin beads changed in color from red to normel amber,
At this point the pH of the golution was checked on & Beckman pH
Meter. when a pH of 7.5 + 0.2 was attained, the volumetric titration
wes discontinued and an end point wes established, The fon exchange
capacity for easch series of runs were calculated from the followirg
formuls:

Meq/gm. dry regenerated resin = (Titratioa in ce) (N of Acid)
Dry weight of titrated resin




CALCULATIONS

Equilibrium Constant

Conversions epproaching equilibrium were obtained using 510 grems
of Amberlyst A-26 as catalyst “at 25*C and low flow rates. The composition
at equilibrium conditions was calculated from stoichicmetrie considerations
and the concentration of acetone extrapolated to zero space velocity in
a concentration versus space velocity plot, Figure No. 7. Mole fractions
of acetone and diacetone alcohol were calculated for the equilibrium
composition. The equilibrium constant, K, was calculated using these

mole frections 1n the equation that follows:

(1) K=L§—A~]~= 18.65

[Co

Kinetic Mechanism

A Tigorous treatment of the kineties of the decomposition of
diacetone aloohol ,according to the mechanisms postulated in the theory,
should include the effect of the hydroxyl ions in the rate sccording te
the equation.proposed by Frost and Pearson (7):

(2) r & k C, Cgp

This approach could not be used when using ion exchenge resins as
catalyst beceause it is impossible to measure or calculate the activity
or concentration of the hydroxyl ion inside the resin particles where
the reasction is taking place. The alternative approsch used was to

ecarefully control the regeneration of the resin to obtain identical



exchange cepacities and assume that the resulting concentration and .
activity of the hydroxyl radical would remsin constant, In that case,
the concentration of the OH can be included in the rate constant and
the equation for the rate decomposition can be written:

(3) r = k, Co
The same considerations are involved in obtaining & rate equation for

the reverse resction, the formation of diacetone alcohol from acetone.

Equation for First Order Decomposition

Helfferich (9) derived the following:
(ka2 )
(’*) CD :Coe

The above equation was converted to the linear logarithmic form:

(5) in g{:“‘)‘%ﬁz
A plot of 1n C,/C; versus z (1 - ) /v was prepared, Figure No. 10,
The value of 5 used was 0.4; this value was taken from the porosity
dorrelations for packed beds as defined in Brown (k). From an inspection
of Figure No, 10 it is apparent that this equation fits very well for
conversions below 85%. The value of kA was calculated for cach cne of
the eleven roints where conversicus were below 85%, Arithmetic average
of the values obtained was:
kA= 0.01342 sec

It was sssumed that the molar distribution coefficients of diacetone

aleccohol and acetone are similer when compared egesinst the molar distribu~

tion coefficient of water. The molar distribution coefficient of dlacetone
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sleohol would then be equal to the weight fraction of solvent in the
intersticial liquid. The value of A c¢btained on this basis from Table 10
i8 A =0633 | This permitted us to calculate a value of k = 0.0194
sec.”l for Anberlyst A-26 st 25°C.

Internal Reaction Contrel: First Order Decomposition and

Pirst Order Reverge Reaction

The differential eguation derived for this case is?

(6) %% - —leCD ‘_:(_j—équ kaCa —‘/T’;é-

The concentration of acetone was expressed in terms of the councentration
of discetone alcohol, and the rate constant of the reverse reaction
substituted by K/k' . The equation was then integrated and the

following expressions results:

{(n ln(Z—K.—+ L\‘D>CD—Q_—%C°D: L:JE-Z<2_YS.<\-!"<D>

Kb kp

An attempt was made to fit the sbove equation to the data using the value

of k' obtained from Equation (3) for eonversions below 85%, and a value
of the equilibrium constant K sssuming Tirst order reverse reaction., The

equation would not fit the experimental data.

In’cerm;n Reaction Control: First Order Decomposition~3econd Order

Reverge Resction

The Gifferentisl equation derived for this cese is:

(8) %.%=_Ebcb_~é'; 2 +kaCh P



The concentration of acetone was expressed in terms of the concentration
of diacetone alochol. The egquetion was then integrated and the followe
ing expressions result:

' |y 2ax+b-V b -4dc . -p , .
(%) VEr - dac nzax+b+\/§’_'4ac o F for b »4a

Z
Aac
2 +an” 2ax+ b - for b <
(s0) V4ac - b* V4ac - b* v~
2_ I - ‘6 4‘0( zDz = 40{0
9e - = z
( ) 2Zax+b v
vhere a8 = 4ka

- - (KD+4"§|AC;: +8[<IACDD)

-4
1

(4C5C2+Co™ 4Ch7) K

8 ]

c

i3

x Cp

The value of k' % 0.01342 was used in the above equation. The k'

wes calculated from this value of k', and the equilibrium constant K
caleulated from the equilibrium composition. The equation did not fit the

data,

Filw Diffusion Control

The equation proposed by Helfferiech (9) for film diffusion control is:

(-3D 5€2)

o

(3.0) CD = CD e
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The film thicknees § was calculeted from the equation proposed
by Gilliland {8) and is as followss:

-0.84
(11) §-0.1v, Reo

The proposed equation did not fit the data.

Intraparticle Diffusion Control

The equation for intraparticle diffusion given by Helfferich (9)
is as follows:

o ("Bkbl—l‘éz>
(12) C,-=Ce v

It could not be made to fit the whole range of experimental data.



DISCUSSION OF RESULTS

Amberlite va. Amberlyst

The gel type resin, Amberlite IRA-400, did not appreciably
catalyze the decomposition resction unless significant amount of
water were present in the system. Runs performed with dry (0.3%),
2%, end 4% water in discetone alcohol feed yielded corresponding
equilibrium bed moistures of 6.4%, 18.9% and 2i%. Significant con~
versions were not attained from these runs., Sizeable conversions
were not achieved until a feed of 8% water in diacetone alechol was
introduced. The equilibrium moisture content of the resin using
this feed was 31%. The conversion obtained with feed conteining
8% moisture was found to be ten times greater than with feeds
containing 4%.

The proposed explanation for the above results is related to
the fact that the degree of swelling of the resin is proportional
to its water content. This is shown in the graphs relating bed
height to per cent water in the feed and in the resin. GSee Figures
Nos, 2 and 3., Shrinkage and swelling of the bed is a result of
shrinkage and expansion of the regin polymer chains.

- The rate of diffusion of resctants and products in snd ocut of
the resin gel is dependent upon the free space or pores availsble.
This free space decreases with gel shrinkege because of & correspondw

ing decrease in distance between loops of the polymer spiral ehain,
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Therefore, it is proposed that at low bed vater econtent, the rate
of diffusion in and out of the gel is negligible and correspondingly
small conversions are obtalned at the gel surface. Intraparticle
diffusion was found to be the rate controlling step when using low
moisture feeds for the range of varisbles studied with Amberlite
IRA-LOO,

The second resin studied, Amberlyst A-26, is & macroreticular
ion exchange resin with discrete physical extra-gelular pores. This
results in a slightly lower bulk density vhen compared to Amberlite
IRA-400 and a given weight will yield a larger bed volume. The cbserved
degree of shrinkage and swelling of the A~26 resin was much smaller
than that of the IRA-LOO resin due to its higher degree of crosslinkage.

Anocther interesting quality of Amberlyst A-26 was its tendency
to retain a larger amcunt of water than IRA-400 when used with feed

moisture streams containing 0.2 to 4.0 water.

The effectiveness of the A-26 resin as & catelyst did not decrease
with corresponding decreases in resin water contents. In fact, due to
the corresponding ineresse in the diacetone aleohol concentration in
the feed, the conversion obtained with dry feed was larger than that
c¢btained with moist feeds. As the concentration of water in the feed
streem was increased the conversiong obtained were progressively

lower. This can be seen from Figure No. L.
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The smaller bed length and greater degree of shrinkege or
the smeller percentage of water retained in the resins sre not
enougbh to explein the difference in conversions. For example, in
experimental runs 3 and 1) where the water contents of the resins
are spproximstely the ssme, conversions were 4.7% for Amberlite
IRA-400 and 68.3% for Amberlyst A~26. In experimental runs & and 11
with identical bed lengths and greater resin water content in the
IRA-LOQ run, the mecroreticular resin catalyst achieved substantially

higher conversions.

The higher conversicns obtained with Amberlyst A~26 ms compared
to Amberlite IRA-L00 under similer conditions ¢an be explained by
the fact that intreparticle diffusion is no longer the rate cone
trelling step. Further evidence is the ineressed conversions
cbtained while decreasing the moisture content of the feed as opposed
to the decreasing conversions obtained with the IRA-LOO resin.

Equilibrium Constant

Conversions approaching equilibrium were cbtained using low
flow rates with Amberlyst A-26 resin. These runs were made under
isothermal conditions at 25°C. The concentration of acetone in the
product at equilibrium conditions was determined by extrapolating to
zero space valoeity in & concentration of scetone in the effluent
versus space veloecity plot. See Figure No. 7. The value obtaeined by
this procedure was 88.95% acetone. A value of K *= 18,65 was calculated
from the extrapolated concentration of acetone snd the concentration



of diacetone slecohol from stoichimetric requirements.

The experimental value of the equilibrium concentration is in

good agreement with the value reported by Davis end Burrows (6) of

88.27% scetone, who conducted the decomposition reaction in a batch

system using barium hydroxide as a catalyst. An equilibrium con~

centration of 89.04 ecetone was reporited by Basinski and Nerebska

(2), vho used Amberlite IRA-400 in an ethanol-water subetrate. The

letter wvork was conducted in & bateh system,

Rate Controlling Step

It 15 usually sasumed in studying catalysis prcblems quantitatively

that of the aseveral rate processes involved one is much slower than the

others and the overall process progresses at this rate while the faster

ones proceed essentially at equilibriuvm conditions, Otherwise, the

mathematical treatment is impossible. The different steps involved

in this care heve already been discussed In the theory section and sre

as follows:

1)

2)
3)

k)
5)

Film diffusion of the resctante from the bulk of the
fluid to the resin interface,

Intraparticle diffusion into the catalyst beads.
Chemicel resction catalyszcd by the OH ions in the
resin phese.

Intraparticle diffusion out to the resin interface.
Film diffusion to the bulk of the fluid.
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Helfferich (9) has developed rate equations for the diffusion steps,
and for the kinetlc step in the perticular case of & first order
unidirectional decomposition. The authors of this thesis also developed
the equations for the kinetic step for two more caseg: bidirectional
reaction, first order forward and reverse, and bidirectional resction

first order decomposition but second order reverse reaction.

An attempt wvas made to fit each one of the above equations to the
experimental dsta contained with Anmberlyst A-26 resin and dry discetone
alcohol feed at 25°C, Even the ones that could not be reduced to a
linear form were tried by trial and error, but all the attempts were
unsuceessful, None of the eguations it the experimental dste over

the entire range covered,

Film Diffusion

Three series of experimental runs were made using different
diameter packed beds to study the effect of film diffusion on the
rate of decamposition of diacetone alcohol by Amberlyst A-26 under
isothermal conditions at 25°C. An identicel smount of catalyst, 170
grame, from the seme lot vas used in all three cases, and the volumetric

flow rate was varied over the same range, 15 to 100 cc per minute,

The space velocity and retention time are dependent only upon
the amount of resin in the bed and the volumetric flow rate, They
are not affected by the difference in diameter of the hed, The
superficial velocity of the bulk of the fluid past the resin particle

is a function of the volumetric flow and the cross section eres of the
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bed. Therefore, at the same volumetric flow rates, the superfieial
velocity was greater for the smaller diameter bed and decresses with
increase in cross sectional area when going to larger diemeter beds.

The resistance to film diffusion should increase with lower
superficial velogcities due to lower Reynolds Mumbers cbtained which
would result in an incressed film thickness. The higher resistence
to film diffusion should result in lower conversions when using
larger dismeter columns due to & decrease in the overall rate of the
process. There was no difference in conversions cbtained by changing
the column dismeters from 1-1/4 to 1 to 7/8 inch as can be seen from
Figure Ro, 8., Therefore, for superficisl velocities of 0.00L to
0.01k feet per second, film diffusion to and from the bulk of the'

Tluid was fast enough not to affect the rate of deccmposition.

Rate Constent of the Decomposition Reaction

Although no satisfactory equation could be developed for the
entire range of experimental data, it wes found that the equation for
the unidirectionel decomposition of dimcetone slcobol fitted the data
for conversions below 85%. A rate constant of k = 0.0194 sec.”t vas
obtained by teking the average of the rate constants calculated from
eleven experimental runs in this i'ange and using & value of the

moleculer distribution constent N\ = 0.693.

This rate constant compares very well with the value of k - 0.0205
sea."l obtained by Goste Akerlof at 25°C (1) using potassiwmm hydroxide

in an 0.1¥ concentrastion es a catalyst. Basinski and Nerebsks (2)
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reported a value of k = 0,0005 sec.:."l

for the first order decomposi-
tion of dimcetone alcobol at 25°C using Amberlite IRA-LOO in & batch

system with an ethancl-water substrate,

Catalyst Deactivation and Fouling

The exchange capacity of the resin was checked before and after
several of the runs. No difference could be detected in exchange
capacity after four gallons of discetone alcohol had been processed
through the 170 grsm bed. This would mean that in this type of
gervice the resin could be used for extended periods of time before

regeneration would be nesded.

Anion exchenge resins are effective organic scavengers. They
efficiently sbsord high molecular weight organic msterials. This
wag apparent in the experimentsl work on diacetone alcohol deccmposi~
tion. The discetone aleohol feed had & very light amber color due to
the presence of some impurity. This impurity did not come oud vith
the effluent but was retaiped in the resin, which darkened apprecisbly.
Even though the resin color turned progressively from a light ten to s
dark brown the performsnce did not change. The conversions obtained
at the start of the run could be reproduced at the end and the exchange
capacity did not decreese as already has been mentioned.

Mesityl Oxide Formation

The formation of mesityl oxide from acetone according to the
equations
2 CH3 COCHg — (cxa)'gc = CHCOCH + HgO
acetone mesltyl oxide water
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is also catalyzed by ion exchange resins in the OH form.

It was found that at 25°C. the amount of mesityl oxide formed was
usually only a few tenths of m per cent except for a few runs where
very high conversions to scetone were achieved and the amount of
mesityl oxide formed increased up to 1.9%. B5till these levels of
megityl oxide formation are too low to justify or permit & quantitae~
tive study and should not affect sppreciably the decompcaition of
discetone aleohol.



CORCLUSIORS

The decomposition of diacetone aleohol is catalyzed by anion
exchange resins in the hydroxyl form. Both resins studied, the gel
type Amberlite IRA~-400 and the macroreticular type Amberlyst A-26
will effectively increase the decomposition in the water swollen

state.

The introduction of dry diacetone alcohol to a packed bed of
the gel type resin resulted in loss of nearly all its swelling water
and in considersble contraction of the resin bed. The macroreticular
resin, however, retalned a larger proportion of its water content when
dry feed was supplied t0 the bed and the observed decresse in bed

height wvas also smaller,

The Amberlite IRA-400 resin will not effectively catalyze the
decomposition of dry diacetone aleohol, In contact with dry dlacetone
alcohol it will lose its water content and shrink. Once the resin is
no longer swollen the diffusion into the gel is virtually impossible
and the decomposition reaction does not proceed at a measursble rate

for non-aqueous media,

For feeds conteining up to 10% moisture the rate controlling step
for Amberlite IRA~400 1s intraparticle diffusion. This is the result of
incressed resistance to diffusion within resin particles due to shrinkage
of the polymer chain.
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The Awberlyst A-26 resin was found to be much more effective as
a catalyst than the Amberlite IRA-4OO due to its porous struct&re.
The rate of diffusion into the catalyst beads was much faster and the
conversions obtained under similer conditione much higher, Amberlyst's
effectiveness a8 a catalyst did not decresse upon loss of moisture to
the diacetone slecohol, due to the fact that intraparticle diffusion is
not limited by the swelling of the resin, Thig is due to the presence of
physicel pores available for diffusion in the Amberlyst structure.
Intreperticle diffusion is not rate controlling for Amberlyst A-26.

The concentration of acetone at equilibrium conditions using
Amberlyst A-26 at 25°C was 88.95%. This is in good agreement with the
value of 88.27% obtained by Davis end Burrows (6) using barium hydroxide
as catalyst, and the value of 89.0% of Basinski and Narebska (2} using
Amberlite IRA-LOO in & bateh system. The equilibrium constant caleulated

from Amberlyst A-26 data was found to be K = 18.65.

The rate constant for the first order decomposition of diacetone
alcohol was celeulated from the experimental data obteined using Amberlyst
A-26 at 25°C in the range of conversions below £5%. The value of the
rate constant k = 0.0194 sec.”t vas obtained by using a value of the
distribution constant of diacetone alcohol between the bulk fluid and
the resin of N = 0.693. The value of the rate constant obtained com=
pares very favorably with the value of k 5 0.0205 sec.”l by Akerlof (1)
using 0.1 K potsssium hydroxide at 25°C. Basinski and Narebska (2)
reported a value of k = 0,000535 sea,.'l for the first order decomposition

of diacetone alcohol in an ethenol-water subastrate by Amberlite IRA~400,
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The fact that the values for the egquilibrium and rate constants
using Amberlyst A-26 are similmr to those obtained for inorganic bases
support the conclusion that the resin can be considered essentially
high molecular weight polybeses in which the hydroxyl radicals are
ionized and mobile within the polymer matrix. These hydroxyl ions in
the resin matrix homogeneouely catalyze the decomposition of the
diacetone aleohol vwhich has diffused into the resin.

An unsuccesful attempt was made to develop s mathematical equation
to fit the whole range of dats including the high conversions near the
equilibrium point assuming that only one of the rate steps controlled

the overall rate of decomposition.

The effect of film diffusion was studied by varying the superficial
velocity while maintaining the other variables constent. This was
accomplished using the same smount of resin in different diameter
colwms. The difference in superficial velocity 4id not affect the
conversions obtained. It wes concluded that film diffusion to and from
the bulk of the fluild 8id not sppreciably influence the rate of decompo-
sition of discetone alcohol by Amberlyst A-26 at 25°C over the range of
superficial velocities between 0,001 to 0.0)4 feet per second,

It wvas found that the ion exchange capacity of the resin and its
activity &g & catalyst did not decrease during a series of experimental
runs, Regeneration will be needed only after extended periods of operation
in this service. Fouling will be more of a problem than the loss of
activity. The resin absorbed & small amount of colored impurities present
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in the diacetone alcohol feed, as can be gpprecisted from the fact that
the effluent from the bed was colorless, but the resin turned progressively

darker during the runs.

The formation of mesityl oxide is also catslyzed by Amberlyst A-26.
For the experimentsl conditions covered, the amounts formed were too
small, in most cases, not even detectable except when large conversions
to acetone were obtained, This indicates thet mesityl oxlde was formed

from acetone rather than from diacetons aleohal.



SUGGESTIONS

A study of the effect of temperature on the rate of dlacetone alcohol
decomposition by Amberlyst A-26 would yield informetion helpful in under-
gtanding the mechanism of the overall process. This study would be limited
to a narrow temperature range due tp the decomposition of the active

groups of the resin at temperatures sbove LS°C.

Different particle sizes of resin could be used as catalysts and
the effect on the rate of decomposition observed., This information
would be of great value in determining the effeet of diffusion within
the resin particles if narrow cuts of the seme resin could be prepared
over a wide enough range to get measurable differences in the rate of

decomposition.

The rate of formation of diacetone alcohol using pure alcohol as
feed could be studied in the same resin system as the decomposition
resction. A much stronger atteppt could then be made at developing an

equation covering the high range of cenversion.

Quantitative information of sorption by ion exchange resins of
different orgenic liquids in non-~aqueocus media is virtually non-existent.
This results in & great handicep in trying to intexrpret and correlate
experimental data, Work in this area would yleld information of a general
nature and its applicability and usefulness would not be limited to
catalysis problems but would be a contribution to ion exchange technology

in general.
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Liquids other than water could be used to swell the resin, and
the conversions obtained compered to those using water swollen resin,
Methanol or ethancl would be good choices because in general strong
base ion exchange resins swell more strongly with these than with
water and their polarities are only slightly lower than water. Acetone
would have the advantage of not having to introduce an extrs component
into the system and its polarity is similar to that of methanol end
ethanol.

The formation of mesityl oxide could be studied at aligutly higher
temperatures where the conversions would be large enough to measure
agcurately. The temperature would be limited by decomposition of the
quatenary ammonium groups of the resin sbove 45°C in Amberlyst A-26.



NOMENCLATURE

Concentration of acetone in feed - moles/liter
Concentration of diacetone alcchol in feed - mileg/liter
Concentration of scetone - moles/liter

Concentration of discetone alcohol - moles/liter
Concentration of acetone - mole fraction

Concentration of diacetone alecohel - mole fraction
Diffusion coefficient = cma/sec.

2.718

Reaction rate constant - sec.™t
Reaction rate constant for dimcetons slechol formation - sec,™
Reaction rate constant for discetone alcohel decomposition -

see."t

Apperent resction rate constant - sec.~t

Apparent reaction rate constent for surface reaction - sec.“l
Equilibrium constant - dimensionless

Particle radius of sphericel ion exchanger beads - cm.
Reynolds Number - dimensionless

Linear flow rate in column ~ cm/sec,

Bed length - cm.,

Fractionsl void velume in bed « dimensionless

Film thickness - onm.

Molar distribution coefficient - dimensionless



(1)

(2)

(3)
(1)
(5)

(6)

(n
(8)
(9)
(10)
(11)
(12)

(13)
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TABLE 1

Amberlite TRA-LOO - Adisbatic ~ Constant Flow - 1 1/4™ Column -~ 510 Gm. Bed

Experiment Number 1 2 3 4
Flov Rate~ce/min. 28 28 28 28
Superficial gglocity

Ft/Sec. 10 2,01 2,01 2.01 2.01
Retention Time~Sec. 513 531 642 760
Spece Vel. = Sec, ~1

X 10°3 1.143 1.143 1,143 1.143
% Water in Resin at

Operating Cond, 6.4 18.9 24.0 31.0
Bed Height as

Regenerated - Ft, 3.06 3.20 3.0 3.05
Bed Height at

Operating Cond.~Ft. 1.72 1.78 2.15 2.55
Feed Composition

% Disc. Ale. 98.9 98. 98.8 98.2

% Acetone 0.9 0.9 1.0 1.6

% Mesityl O. G.2 0.2 0.2 0.2

4 Water 0.3 2.0 4.0 8.0
Preduct Composition

% Disc. Ale. 98.9 98.1 95 4g.7

% Acetone 0.9 1.7 b.7 50.0

% Mesityl O. 0.2 0.2 0.2 0.2
Conversion - Wt. % il 0.8 3.7 ho.h
Diac. Ale. in Feed

Moles/100 gm. 0.852 0.852 0.850 0.846
Diac. Alc. in Prod. 0.852 0.845 0.820 0.k28

Moles/100 gm.
Conversgion

Miles/100 gm. Wil 0.007 0.030 0.418
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TABLE 2

Anberlite IRA-UOO - Adiabatic - Constant Feed - 1 1/4" Column - 510 Gm. Bed

Experiment Number b} 6 1 8 2
Flow Rate-cc/min 22.5 by 55 80 100
Buperficial Veloelity

Ft/Sec. 1073 1.62 3.07 3.96 6.12 7.19
Retention Time-Sec, ghko ko7 382 2h3 205
Space Vgl. - Seg, "}

X 107 . 0.920 1.795 2.25 3.27 4,07
% Water in Resin at

Operating Cond, 31.0 31.0 31.0 31.0 31.0
Bed Height as

Regenﬁl‘ated - Fta 3095 3.% 3.05 ) 3005 3.05
Bed Height at |

op&r&tiﬂs cﬁnd.‘n. 2.5h E-S& 2052 3.58 gt%
Peed Composition

% Disc. Ala, 98,4 98.4 98.4 98,4 98.4

Acetone 1.6 1.6 1.6 1.6 1.6

% Mesityl C. 0.2 0.2 0.2 0.2 0.2

% Water 8.0 8.0 .0 8.0 8.0
Produet Composition

% Diac. Alc. 48,9 58.7 62.2 68.4 T70.2

% Acetone %0.9 h1.1 37.6 3.4 29.6

% Mesityl O. 0.2 0.2 0.2 0.2 0.2
Conversion = Wt. % 50,2 k0.1 36.6 30.3 28.5
Disc, Alc. in Feed

Moles/100 gm. 0.848 0.848 0.848 0.848 0.8k8
Disg. Alc. in P!'Oﬁ.

Moles/100 gm. 0.422 0.505 0.536 0.590 0.605
Caonversion

Moles/100 gm. 0,426 0.343 0.213 0.258 0.243



TABLE 3
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Amberlyst A-26 Adisbatic - Constant Flow - 1 1/4" Column - 510 Gm. Bed

Experiment Rumber 10
Flow Rate - ce/min 28
Superficial Velocity

Ft/See, 10-3 2.01
Retention Time-Sec. 830
51’866 valo - See. ""1'

X 10~3 1.143
% water in Resin at

Operating Cond. 28.6
Bed Height as

Regenerated -~ Ft. 3.25
Bed Reight at

Operating 2.78
Feed Composition

% Diac. Ale. 98.0

4 Acetone 1.8

% Mesityl O. c.2

% Water 8.0
Produet Composition

¢ Diac. Ale. 35,6

% Acetone 64,2

% Mesityl O. 0.2
Conversion - Wt. % 63.6
Diac, Alc. in Feed

Moles/100 gm. 846
Dlec. Ale. in Prod.

Moles/100 gnm. .307

Conversion
Moles/100 gm. 539

12
28

2.01
65

1.1k3

A3
28

2.01
165

1.1k3

18.0



TABLE k

Amberlyst A~26 - Adisbetic - Constant Feed - 1 1/4" Column ~ 510 Gm, Bed

Experiment Number 1k 15 16 17 18
Flow Rate - ce/min 16 hiy 64 76 100
Superficial Veloeity 1,152 3.17 4,61 5.47 7.19

Ft/Se¢c. 103
Retention Time-Sec. 1455 525 361 303 229
Space Vel. ~ Sec. -1

X 10 0.653 1.795 2.61 3.10 4,08
% weter in Resin at

Operating Cond. 28.6 28.6 28.6 28.6 28.6
Bed Height es

Reg@n&mﬁ&d had R‘ 3;25 3&25 3.%5 3.25 3.25
Bed Height at

Operating Cond.-Ft. 2.80 2.77 2.7 2.76 2.75
Feed Composition

% Dime. Ale. 96.5 96.5 96.5 96.5 96.5

4 Acetone 3.2 3.2 3.2 3.2 3.2

% MQSityl O. 013 913 °o3 0-3 0-3

% Water 8.0 8.0 8.0 8.0 8.0
Product Composition

% Disc. Ale. 28.4 38.4 39.1 53.2 57.3

% Acetone TL.3 61.3 60.6 k6.5 k2,

% Mesityl O. 0.3 0.3 0.3 0.3 0.3
Conversion - Wt. % 0.7 60.2 59,5 k.9 4o.7
Dise, Ale. in Feed

Moles/100 gnm. 0.832 0.832 0.832 0.832 0.832
Diac. Ale. in Prod.

Moles/100 gm. 0.245 0.331 0.337 0.458 0.h94

Conversion
Moles/100 gm. 0.587 0.501L 0.k95 0.374 0.338
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TABLE 5

Amberlyst A=26 - Isothermal - Constant Feed - 1 1/L4" Column - 510 Gm. Bed

Experiment HNumber 19 20 21
Flow - Rate - ce/min. 15 28 80
Superficisl Veloeity

Ft/Sec. 1073 1.08 2,01 5.76
Retention Time-Sec. 1400 752 263
Space Vel. - Sec.™l

X 107 0.612 1.143 3.27
% Water in Resin at

Operating Cond. 16.2 16,2 16.2
Bed Height as

Regenerated - Ft, 3.33 3.33 3.33
Bed Helght st

Operating Cond.~Ft. 2.52 2.52 2.52
Feed Composition

% Dimc. Ale. 95 b 95 .4 95 .4

% Mesityl O. 0.6 0.6 0.6

% Water 0.2 0.2 0.2
Product Composition

4 Diac. Ale. 9.6 16.0 12.4

% Acetone 88.6 88.3 86.7.
Conversion - Wt. % 88.6 88.3 86.7
Diac. Ale. in Feed

Moles/100 gm. 0.813 0.813 0.813
Disc, Alc, in Prod

Moles/100 gm., 0.083 0.086 0.107

Conversion
Moles/100 gnm. 0.730 0.727 0.706
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TABLE 6

Auberlyst A-26-Isothermal ~ Constant Feed - 1 1/4" Column - 170 Gm. Bed

Experiment Number 22 23 2k 25 26
Flow - Rate - ce/min. 16 37 62 7 96
Superficial Vgleuity

¥4/Sec. 10” 1.152 2.59 L.h7 5.55 6.91
Retention T4me-Sec. 500 202 129 103 83
Space Vel. - See.™t

X 10° 1.96 k.53 7.60 9.43 11.7%
% Water in Resin at

Opexating Cond. 15.5 15.5 15.5 15.5 15.5
Bed Height as

Regenerated - Ft. 1.25 1.25 1.45 1.2% 1.2%
Bed Height at

Operating Cond.~Pt. 0,958 0.958 0.958 0.958 0.958
Feed Composition ‘

% Dise, Ale. 95-’3 95""‘ 95-15 950’* 95'1"

% Acetone L0 L0 4,0 4,0 L.0

% Mesityl O, 0.6 0.6 0.6 0.6 0.6

% Water 0.2 0.2 0.2 0.2 0.2
Product Composition

4 Diac. Ale. 11.7 17.7 19.8 25.1 32.9

4 Acetone 86.3 8.2 79.6 Th.3 66.5

% Mityl 0. 2.0 1.1 0.6 0.6 0.6
Conversion - Wt, % 86.2 80.9 79.3 73.7 65.5
Disc. Adle. in Feed

Moles/100 gm. 0.813 0.813 0.813 0.813 0.813
Dise. Ale. in Prod,

Moles/100 ga. 0.101 0.153 0.171 0.217 0.284

Conversion
Moles/100 ge. 0.712 = 0.660 0.642 0.596 0.529



hg‘

Amberlyst A-26 - Igothermal - Constent Feed - 1" Column - 170 Gmn. Bed

Experiment Number 27

28 29 - | -

Flov Rate - cc/min 16

Superficial Velocity
Ft/Sec. 10* 2.0

Retention Time.Sec. 387

Space Vel, - 3ee.'l
X 103 1.96

% Water in Resin at
Operating Cond. l2.2

Bed Height as
Regenerated - Ft. 1.80

Bed Height at
epamting cm."m; 1'29

Feed Camposition

% Dlac. Ale. 94,7

% Acetone L.8

4 Mesityl O. 0.5

% water 0.2
Produet Composition

% piae. Ale. 11.0
% Acetone 871.8

% Mesityl O. 1.2

Conversion - Wt. % B87.7

Moles/100 gm. o.817
Dise. Ale. in Prod.

Moles/100 gm. 0.095
Conversion

Moles/100 gm. 0.722

28 4s 63 TT 95
3.5 5.62 T.87 9,75 11.86
221 138 99 8o 65

3.43 5.52 7.73 9.43  11.63
12.2 12.2 12.2  12.2 122

1.80 1.80 1.80 1.80 1.80

ok, T oh,7 ok T 9k .7 9k.7
4,8 5.8 4.8 4.8 4.8
0.5 0.5 0.5 0.5 0.5
0.2 0.2 0.2 0.2 0.2
12.1 15.2 20,5 28.5 32.5
85.9 8.2 79.0 7.0 67.0
1.0 0. 0.5 0.5 0.5
85.7 83.8 78.3 69.8 65.7

0.817 0.817 0.807 o.827 0.817
0.104 0.131 0.177 ©0.245  0.280

0.712 0.686 0.640  0.572  0.537



TABLE 8
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Amberlyst A~26 - Isothermal - Constant ¥Feed - 7/8" Column ~ 170 Gm, Bed

Experiment Mumber 33 3% = _ ¥ ¥ = _3I B

Flow Rate « ec/min. 15

Superficial Veloeity
Ft/Sec. 1073 2.16

Retention Time-Sec. L66

Space Vel.«Sec.™%
X 107 1.84

% Weter in Resin at
Opereting Cond.  14.0

Bed Height as
Regenerated - Ft, 2.4l

Bed Beight at

Operating Cond.-Ft., 1.675

Feed Composition

4 Diac., Alc. 95.7
% Acetone L.,0
% Mesityl O. 0.3
% Water 0.2
Product Composition
% Dise. Ale. 10.3
% Aceteone 88.9
% Mesityl O. 0.8

Conversion « Wt. $ 88.7

Diac. Ale. in Feed

Moles/100 gm. 0.825
Diac. Ale. in Prod.

Moles/100 gm. 0.089
Conversion

Moles/100 gm. 0.736

30

k.32
233

3.68
lz’ .o
2.h1

1.675

ooy@
bw ol

ok
W oE

%
*
o)

00825
0,104

0.721

k9

7.06
12

6.01

1k .0

83.2

0.825

0.136

0.687

65

9.37
107

T.97

k.0

0.825

0.247

0.578

79

11.38
88

9.68
14.0
2.h

1.675

o ouw ¥
R GO

o.&‘ﬁ
[o + 30—l 5 +

LAY
LS54
L d

b

0.8

0.283

0.528

97

13.95
T2

11,90

k.0

2.

c.81

0.303

0.508
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TABLE 9

CALIBRATION OF F, AND M., GAS CHROMATOGRAPH

Actual Chromstograph

Known Mixtures % _Acetone Ares ~ $ Acetone
(1) 8.33 10.82
(2) 11.25 13.45
(3) 61.10 54,20
() 73.40 79.35
(5) 78.55 84.95
(6) 82,0k 86.95
(1) 88.35 91.78

(8) 95.77 97.56



TABLE 10

ANALYSIS OF ION EXCHANGE RESIN

Experiment HNo. 19-21
Exchange capacity before run

(milliequivelents per gram dry resin) b1
Exchange capaeity after run

{(milliequivalents per grem dry resin) 4,1
% Volatile (wet basis) 52.0
% Water (wet basis) 16,2
% Solvent (wet basia) 35.8

Weight fraction of solvent in the
intersticisl liquid 0.689

5&.

22-26

L2
51.5
15.5
36.0

0.695



TABLE 11

CALIBRATION OF FEED PUMP FLOW RATE

Make and Model:

Motor:

Pump Setting
1,0

2.0
3.0
L.0
5.0
6.0
7.0

Distillers Company Ltd.,
Marlin Pump, 0.864 cc/
stroke, LOO psig. max.

working pressure.
Parsalux, 1/15 H.P.

Volumetric Flow Rate - 25°C

13.0 ce/min,
28.0
43,5
56.0
70.0
85.0
100,0

53.
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