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I. Introduction

During the past ten years many natural zeolites
have been produced synthetically in the laboratory,
along with many new zeolites not found in nature.

(1) and

With the introduction of synthetic zeolite A
zeolite X(2) by the Linde Company, the uses of molecular
sieves has grown exponentially, particularly in the
petroleum refining and petrochemical fields. While the
main use of zeolites has been in the field of catalysis,
much has been accomplished in separations and
purifications. Many unique processes have been intro-
duced in adsorption, separation, and treating which are
definite advances in the field.

Several excellent reviews of the use of molecular

(3) (4)

sieves in purification , treating , and separa-

(5)

tion have been presented. Here the authors will
attempt to present a combined picture of the use of
molecular sieves in separations and purifications along
with an introduction to zeolites -- their preparation,

structure, and molecular sieving properties.
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A. Delineation of Coverage

The uses of molecular sieves which could possi-
bly be included in this review are so manifold that a
thorough coverage would require a very extensive trea-
tise. Much of the fringe-area material will not be dis-
cussed in detail, but will be mentioned where appropri-
ate. These include preparation techniques, structural
considerations, molecular sieving properties and
processes using molecular sieves. For persons inter-
ested in the field, the authors have included an ex-
tensive bibliography of literature and patent references

(Appendix) .
II. Zeolites - History and Definition
A. History

Naturally occurring zeolites have been known for
well over 100 years, and the crystal structure analyses
have been completed on about one-half of the presently
known natural zeolites. Early findings by Weigel and
Steinhoff(6)
ethyl alcohols,and formic acid in the natural zeolite,

on the adsorption of water, methyl and

chabazite, and the exclusion of acetone, ether and
(7) who first used the

(8)

benzene were recognized by McBain
term "molecular sieve." 1In 1938, Barrer pointed out
the molecular sieving properties of these zeolites and
their uses in the separation of polar and non-polar
gases. However, it was not until the disclosure of
synthetic zeolites by the Linde Company that zeolites
came into prominence. During the past ten years, a
flurry of activity took place in the use of these syn-
thetic zeolites, particularly for separations and puri-
fications, resulting in the many unique processes used
today. With the introduction of Durabead 5 molecular

sieve cracking catalysts(g), further activity took

place in the field of catalysis. Even today, investi-
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TABLE I

Classification and Crystallographic Data of Zeolites

Species

Idealised unit cell Contents

Analcime group
Analcime

Nais[Al16Si3200s),16H20

Natrolite group
Natrolite
Thomsonite
Edingtonite

Nale[AllsSi240no], 16H zO
NasCax[Al20Si20030],24H.0
Baz[AlasieOzn],sto

Chabazite Group
Gmelinite
Chabacite
Erionite
Levynite

Cancrinite hydrate

Sodalite hydrate

Nas[AlsSi16048],24H20
Cuz[AliSin024],13H:0

(Ca ch.)4.3[A|98i27072],27”z()
Cas[AleSi1204s), 18H20

Nag[Al§Sis024],5H20
Nas[AlsSi6024),4H20

Phillipsite group
Phillipsite
Gismondite

Barrer's PI

(K,Na)io[Al0Si22044),20H20
Caa[AlsSis032}, 16H20

Nae[AleSi100a2],15H0

Heulandite group
Brewsterite

Heulandite

Stilbite

(Sr,Ba,Ca)2[A148i12032]), I0H20
Caa[AlxSi24072],24H0
Na2Caa[Al10Size072),28H20

Mordenite group
Mordenite
Dachiardite
Epistilbite
Ferrierite
Bikitaite

Nas[A1xSi40046),24H20
Nas{Al:SiT90as}, 12H0

Ca:u[A|aSi 1 qux], | 6H20

Na:Mg2[AleSiz0072],18H-0
Li2[Al1281402],2H20

Faujasite group
Faujasite
Linde A

ZK-5
Paulingite

(Naz,Ca)az[ AlesSii2sQOaus),256 H0
Nage[AleeSieeOsxa] . 216H20

Nuz.1|A|2‘1Si720192],90|_‘| 20
(Kz,Ca,Naz)is2|Al528i5200672], ~ T00H20
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Crystal data (with unit cell constants in A)

Isostructural species

cubic la3ld a=13-7 Wairakite, leucite, pollucite,
viseite, kehoite
orthorhomb, Fdd2 a=18-30 b=18-63 c= 6-60 Mesolite, scolecite
orthorhomb. Pnn2 a=13-07 b=13-08 ¢=13-18 Gonnardite
orthorhomb. P2,2,2 a= 954 b= 9-65 c= 6-50
{pseudotetrag. P42, m)
hexagonal P63/mmc¢ a=13-75 ¢=10-05
trigonal R3m a= 94 a=94"28
(hexagonal a=13-78 ¢=15-06)
hexagonal P6symmc a=13-26 ¢=15-12 Linde T
trigonal R3m a=10-75 au=76"25
(hexagonal a=13-32 ¢=22-51)
hexagonal P6s2 (?) a=127 ¢= 515
cubic P43n a= 8-88 Nosean, Zhdanov's G,
danalite, tugtupite, (synthetic
Ca-alumino-sulphate)
orthorhombic B2mb a=99 b=14-25 c=14-25 Harmotome
monoclinic P2,/c a=10-02 b=10-62 c= 9-84
=92 24’
cubic Im3m a=10-0 Linde B, garronite (?)
monoclinic P2;/m a= 671 b=17-51 c= 7-74
B=94" 18
monoclinic Cm a=17-71 b=1784 c =746 Clinoptilolite
B 116”20
monocline C2/m =13-64 b=18-24 ¢=11-27
B=128°0
orthorhomb. Cmcm a=18-13 b=20-49 c= T7-52
monoclinic C2/m a=18-73 b= 7'54 c=10-30
B=107° 54’
monoclinic C2/m a= 8-92 b=17"73 c=10-21
B =124 20"
orthorhomb. Immm a=19-16 b=14-13 c= 7-49
monoclinic P2, a= 8:61 b= 4:96 c= 761
B=114°26
cubic Fd3m a=24-7 Linde X, Linde Y
cubic Fm3 au=24-64 ZK-4
(pseudo cell: cubic Pm3m a=12-32)
cubic Im3m a=18-7
cubic Im3m a=35"1
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gations in the separation and catalysis fields are con-
tinuing at a rapid pace.

B. Definition

A zeolite, more commonly known as a molecular
sieve, is a hydrous crystalline aluminosilicate having
a tetrahedrally coordinated framework and capable of
reversible hydration-dehydration, ion exchange, and the
sorption of molecules having a smaller critical dia-
meter than the uniform crystalline pores of the struc-
ture. From this definition, zeolites are readily dis-
tinguished from other crystalline aluminosilicates
such as clays, feldspars, and mica.

IITI. Structural Considerations

Although some 57 varieties of naturally occur-
ring and synthetic zeolites are known, detailed cry-
stallographic structure of only about 25 have been iden-
tified. At present, seven groups of zeolites can be dis-

(10)- Meier

tinguished by structural considerations
designated these seven groups (Table 1) as the anal-
cime, natrolite, chabazite, phillipsite, heulandite,
mordenite and faujasite groups -- in which all members
of a given group contain some common building unit.

For example, the crystal structures of faujasite, Linde
A, ZK-5 and paulingite all contain a truncated octra-
hedron (Sodalite cage) and/or a truncated cubooctra-

hedron(ll)

as their primary structural unit (Figure 1).
Some of the secondary building units of zeolite
frameworks are shown in Table 2.

IV. General Properties

A. Formula

Zeolites can be represented by the general for-
mula: M% (A10,.x 5i0,) .y Hy0, where x is the ratio of
silicon to aluminum and y is the moles of water of
hydration. The number of equivalents of M (of valence
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FIGURE 1

Arrangements of Truncated Octrahedra in the Framework
Structure of Linde A (a) And Faujasite (b) And Of
Truncated Cubo-Octrahedra In ZK-5 (¢) And Paulingite (4)

v) cation is always equal to the number of moles of
aluminum, and mixed cations can be present -- i.e., Na,
K. Zeolites having the same crystal structure but vary-
ing silicon to aluminum ratios can be synthesized --

for example, zeolites X and Y have faujasite-type
structures but different Si/Al values. Typical zeolite
formulations are shown in Table 1.
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FIGURE 2

Adsorption Isotherms of Zeolite Y

B. Adsorptive Properties

Besides the elemental composition of the zeolites,
also of interest are the physical properties of the
zeolites in relation to their use in separation and
purification processes. For example, one of the primary
characteristics of a particular zeolite is its adsorp-
tive properties. Complete adsorption isotherms are
particularly helpful in determining equilibrium sorp-
tive capacities, which can be useful in the evaluation
of zeolites for specific separation and purification
processes. Typical adsorption isotherms for Linde
zeolite Y are shown in Figure 2.

Sorptive properties can be used tc differentiate
between large and small pore zeolites, as shown in
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TABLE III

Effective Sorption Capacities of Molecular Sieves

Amount Sorbed at 25 C

{g/100 g Activated Sample)

Zeolite HO  n-CeHy,  Cyclo-Cy
4A 24.5 - -
SA 2.5 12.0 -
8 20.0 - -
X 3.5 16.8 18.5
Y 28.0 16.5 19.0
Erionite 11.3 4.4 0.7
Offretite 16.6 8.6 5.3
Mordenite 13.3 6.1 1.3
Experimental Conditions femp. 25 C

P ttorr) 12 20 20
PiPgy 0.%4 0.2 0.2
mco (A '@ 2.8 4.6 6.0

(a) Approx. molecular dimension measured with Courtauld
space filling molecular models.
Table 3. Zeolite A, synthesized in the sodium form, is
a relatively small pore zeolite with an effective pore
diameter of about 4 g. As expected, it sorbs water but
excludes both normal hexane and cyclohexane, whose
mean critical diameters (4.6 i and 6.0 i, respectively)
are too large to allow entry into the planar octagonal
ports. Zeolite X, however, is a relatively large port
zeolite with an effective pore diameter between 7 and
10 g, and therefore sorbs all three liquids.
C. Thermal Properties

Another physical property of interest is the
thermal activation (loss of the water of hydration) or
thermal stability of the zeolite crystal structures.
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Thermal Stability of Zeolite A

For example, the sorptive capacity of zeolite A for
water increases greatly after thermal activation from
100 to 300°C, then remains relatively constant, and
finally decreases markedly above 600°C as the crystal
structure collapses (Figure 3). Thermal stability
would then be a prime prerequisite for high temperature
adsorption-separation processes.

D. Effect of Ion Exchange

Ion exchange of the parent cations present in a
zeolite with other cations can have a profound effect
on the molecular sieving properties of the zeolite.

For example, the effective pore diameter of zeolite A
increases from about 4 to 5 i as the parent sodium ions
are replaced by divalent calcium ions. As expected,

then, 4 A sieve sorbs water and low carbon number com-
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Effect of Ion Exchange on the Adsorption
Properties of Linde Type A Zeolite

pounds such as methane and ethane while 5 A sieve sorbs
higher molecular weight straight chain compounds such
as n-hexane. Using n-hexane as a selected probe
molecule, one can readily observe the change in the
effective pore size in the zeolite as a function of ion
content (Figure 4).

Molecular sieves can then be tailored to a
certain degree by ion exchange to effect certain sorp-
tive properties. The replacement of sodium ions in
type X zeolite by the larger potassium ion has the
effgct of reducigg the effective pore diameter (from
10 A to about 7 A). On the other hand, replacement of

sodium ions in type Y zeolite by the smaller ammonium
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ions which are subsequently reduced to hydrogen ions
by calcination,increases the sorptive capacity of the
zeolite.

V. Synthesis of Zeolites

A. Crystallization Techniques

The synthesis of zeolites is a field complete in
itself, so only rudimentary and general procedures can
be discussed herein. At least four components are nec-
essary in the synthesis: a source of cations usually
in the form of a strongly basic hydroxide, aluminate,
silicate, and water. Mixed bases may also be present
and the silicate and aluminate may be replaced with
germanate and gallate. The tetrahedron required for
the representation of the four-component systems can
be examined by the use of ternary diagrams in which the
fourth component - water - is held constant. Typical
reaction compositions required for type A, X, Y, and
sodalite in the Nazo-SiOZ—Alzo3 system are shown in
Figure 5. It is obvious that detailed exploration of
the crystallization fields would require extensive and
laborious experimentation. Indeed, some 1000-2000 ex-
periments would be required in one four-component field
to cover component variations as well as other vari-
ables, such as seeding, temperature, mixing variables,
reaction time, etc. Typical crystallization fields
used in the extensive study of hydrothermal synthesis

by Barrer and co—workers(12)

are shown in Figure 6.
Even with the wealth of zeolite synthesis reported,
large areas in the crystallization fields still remain
to be explored.

These diagrams also include many metastable
phases. For example, the metastable phase, after
longer contact with the mother liquor, transforms into

a more stable compound, i.e., type A will recrystallize

29k
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Na,0

FIGURE 5

Reaction Compositions of Zeolite, A, X, ¥, and

Sodalite in the Na20 - 8102-A12O3 System

to sodalite and type X to phillipsite.
VI. Molecular Sieve Drying

A. Gas Drying

Molecular sieves provide an economical and

efficient means of drying gases to dew points below

-100°F and liquids to moisture contents less than 1 ppm.
Two properties make molecular sieves among the most
effective desiccants known: (1) they exert strong

physical forces on molecules in their vicinity, and (2)
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Fig. 6 Approximate areas of formation of some products of low-tempera-
ture crystallization of gels Nazo, A1203, nSiOz+ NaOH aq. The figures
give the excess % of NaOH,

Na-Q Synthetic Na-zeolite (Linde Sieve A) Na30,A1203,28i02,4HsO

Na-B  Analcite Na30,Al05,45i0¢,2H:0
Na-S Near-chabazite or gmelinite Nag0,Al03,4-78i04,6 - 6HsO
Na-R Near-faujasite (Linde Sieve X) Naz0,Al:0s,2-7Si04,6 - SHsO
Na-F  Basic nosean Na20,A1203,25i03,xNaOH,yH:O
Na-I  Basic sodalite Naz0,Al30s,2 - 18i04,2NaOH, ! - SH:O
Na-P  Phases of phillipsite group Nag0,A}03,3-38i04,4-3HsO

to Nag0,ALOs,5-38i0:,5- THsO
Na-D Mo: Jenite Na0,Al03,108i01,6 - TH,O

large molecules are excluded from the active sites.
The cations in the crystal lattice act as strong posi-
tive charges, attracting the negative end of polar
molecules. The more polar the molecule, the more
strongly it will be adsorbed. This results in high
capacity at low partial pressures (Figure 7)(13).
Although molecular sieves 4A, 5A and 13X have
been used in gas drying processes, the preferred zeolite

is 32, a potassium-exchanged zeolite A, which restricts
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the effective pore size so that only water and inorganic
gases are adsorbed. Water concentration as low as 35
ppb are obtainable over a wide range of operating condi-
tions.

Numerous methods and processes are reported in
(14,15,16)

(17)

the literature A modified dehydration pro-

cess reported by Clark is shown in Figure 8, Here
the flow control valve is moved from the feed line as
in conventional dehydration to the product line. The
entire feed would pass through the dryer at full 1line
pressure. The water content of the effluent would be
approximately 0.1 lbMMsCF. Approximately 10% of
the total gas flow would be split off from the product
gas, passed through a heater, raised to the bed tem-
perature and passed down through the bed for regenera-
tion. Using 4A sieve, design capacities in the range
of 10-14 wt % are available.

For drying refinery off-gases, molecular sieves
have been found superior to other desiccants, such as

{18)

alumina. Cochrane shows that effective drying is

an essential process step where hydrogen-rich off gas

from reformers is used as a raw material for the
synthesis of anhydrous ammonia. Alumina containing
varying amounts of molecular sieve has increased dryer
capacity for conventional hydrogen dryers. Increase in
capacity is almost directly proportional to the amount
of molecular sieve used (Figure 9). Although sieves
can increase the capacity of the dryers, they have no
effect on the dew point of the effluent gas. Water
content of the effluent gas is less than 10 ppm.
Molecular sieves have proved superior to other dessi-
cants where interference from aromatic and straight
chain hydrocarbons in the gas stream is a problem.

The use of acid-resistant zeolites with approx-
imately 4 g pores (AW-500) has been used to dehydrate
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Molecular Sieve-Alumina Dryer Capacity
Increases with Zeolite Content
. . . . . (19)
high acid gas in field operations . The process

scheme in Figure 10 reduced the water content of the
produced gas from 90 to 2.5 1b/MMCF or a dew point of
17°F. Field tests up to 3,150 regeneration cycles
and the predicted capacity of the sieve desiccant are
shown in Figure 1l1. A two-year service life has been
achieved.

Pierce and Stieghan(zo)

have reported the use
of 3 A sieve (potassium zeolite A) for dehydrating
cracked gas streams and to prevent the poly-
merization of olefins in the feed stream on the desi-
ccant. The desiccant activity of molecular sieve com-

pared to silica gel and alumina is shown in Figure 12.
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Dehydration of High Acid Gas

The small pore size of 3 A sieve precludes the adsorp-
tion of all olefins -- even ethylene.

The problem of co, adsorption by the desiccant
in propylene drying was solved by Sun 0il Company by
using 3 A molecular sieve. McConnell(2l) shows low
CO2 content in the propylene product even after the re-
generation after 200-400 barrels of propylene had passed

through the bed (Table 4).

The above examples exemplify the many uses of
molecular sieves in gas drying. Today, virtually all
gas chromatographic units, whether laboratory or com-
mercial size, use molecular sieves to dry the carrier
gas stream. Practically all the hydrogen produced from

reforming operations is purified by molecular sieves be-
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FIGURE 12

Desiccant Activity Versus Gas Processes

TABLE IV

A 3 ANGSTROM MOLECULAR SIEVE GAVE LOW
CARBON DIOXIDE CONTENT IN THE
PROPYLENE PRODUCT

Propylene Processed After Carbon Dioxide in
Regeneration, Barrels Propylene, ppm
1 3
30 2
45 1
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COOLING-GAS BYPASS
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REGEN.
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DRYING REGENERATION
TO PLANT
X FUEL SYSTEM
DRY OIL
COOLER
H,0
FIGURE 13

Processing Steps in Molecular Sieve 0il Dehydration

fore use as a process stream in other refinery opera-
tions, such as hydrocracking.

B. Liquid Drying

A molecular sieve dehydrator for drying adsorber
0il normally used in low temperature oil-adsorption

(22) ~ »

processes has been reported by Collins and Raidt
typical dual-bed dehydrator (Figure 13) provides lean
adsorber oil with only 10-15 ppm water content. Dry
lean 0il produced by this method can be shown to give a
greater hydrocarbon recovery from natural gas streams,
i.e., more propane, butane, and ethane.

The superdrying of alkylation feeds for HF alky-
lation units has been reported by Collins(23). Figure
14 shows a typical flow diagram for drying (<15 ppm) the

olefin and isobutane feeds. Typical performance of the
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WET
OLEFIN
FEED
MOLECULAR SIEVE
DRYER
'\HF ALKYLATION
WET
ISOBUTANE
FEED ALKYLATE
PRODUCT
MOLECULAR SIEVE
DRYER
FIGURE 14

Flow Diagram Shows How Molecular Sieves
Dry Olefin Feed and Isobutane Makeup Stream

HF alkylation unit process are: 1less frequent catalyst
regeneration, less corrosion and fouling, less acid con-
sumption, and higher octane ratings of the product.
Results of this molecular sieve drying (3 A sieve) are
shown in Table 5.

In summary, molecular sieves can be used to dry

(24) pave

many substances. For example, Gehrhart and Kyle
reported the drying of benzyl alcohol by 5 A sieve. Some
of the compounds that can be dried by molecular sieves

. (13)
are shown in Table 6 .

VII. Ligquid Phase Treating

The use of molecular sieves has become the

standard approach to sweetening products from liquid
propane and butane to natural gasolines. Conventional

dehydration processes (Figure 15)(25) or variations

304



18: 21 30 January 2011

Downl oaded At:

SEPARATION AND PURIFICATION USING ZEOLITES
TABLE V

Commercial Performance of HF Alkylation Unit
Using Molecular Sieve Feed Dryers

Water content of feed dryers,
ppm by wt. ... 100-450
Water content of dry efflu-
ents,, min, detectable, p.p.m. <15p.p.m.
Acid regeneration frequency,
per month ... ... .. . . .. .. 1
Typical HF water content
before acid regeneration,
wt, % ... 1.2
Typical HF water content
after acid refrigeration,
wt. % ... ... ... .. 0.4

Olefin Isobutane

feed makeup
Stream compositions:
Propane, vol. % .. 7 8
Propylene, vol. % . 15 o
i-Butane, vol. % .. 35 31
n-Butane, vol. % . 12 60
i-Butylene, vol. % . 12 o
Butene-2, vol. % . 13 o
Pentanes, vol. % . 5 1
Pentenes, vol. % . 1
Sulfur compounds,
ppm. by wt. . 100 —125
TABLE VI

Some Substances Which Can Be Dried by Molecular Sieves

Inorganic gases .. Air, annealing gas, chlorine.

Hydrocarbons . . . Ethane, propane, propylene, n-butane, isobutane,
butylene, butadiene, isaobutylene, pentane, cyclo-
hexane, n-heptane, isoprene, benzene, toluene,
mixed xylenes. :

Halogenated hydrocarbons | Methyl chloride, methylene chloride, carbon tetra-
chloride, ethylene dichloride, propylene dichloride,
2-ethylhexyl dichloride, n-butyl chloride, di- and
mono-chlorodifluoromethanes.

Alcohols .. e Methanol, ethanol, n-propanol, ethylene glycol,
2-ethylhexanol.

Others . . .. .. Dimethyl, diethyl and /isopropyl ethers, amyl n-
butylamine, 2-ethylhexylamine, dimethylformamide,
acetone, acrylonitrile, pyridine.
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FIGURE 15

Typical Molecular~Sieve Sweetening

of the basic design, make a variety of sweetening pro-
cesses available.

In the sweetening of liquid propane or butane,
the products of such treatment are non-corrosive to
copper strip, contain low total sulfur compounds, and
are dry. Molecular sieve treatment provides all three
advantages in a single step operation. Operation is
simple and straight forward as in ordinary dehydration
processes. In a typical operation the adsorption step
is at ambient temperature with pressure high enough to
prevent vaporization. The liquid flow is downward with
the adsorbent bed full of liquid. On completion of
the adsorption step, the liquid in the bed is draineqd,
the pressure reduced, and the vaporized product sent

to recovery or fuel. The adsorbent is regenerated with
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TABLE VII
SULFUR SPECIFICATIONS

Natural- Gasoline Fraction

C3-C4 3.0 ppm total sulfur (maximum or 0.3 grain/
100 scf ( maximum} and noncorrosive

iC5 3.0 ppm mercaptan sulfur, doctor sweet and
noncorrosive

nC3 and Heavier 3.0 ppm mercaptan sulfur, doctor sweet and
noncorrosive

a downward purge of hot, dry, sweet gas. The cycle is
then repeated by the introduction of the liquid feed
to the top of the bed.

In many cases molecular sieves can be substituted
in the dehydrator of existing scrubbing-desiccant puri-
fication units. Operating costs are almost entirely
the replacement cost of the sieve, which has at least
a two-year life span. Today, over half of the propane
produced is treated by molecular sieves. There are
more than fifty light hydrocarbon sweeteners in opera-
tion today. Most of these units use 3 A, 4 A, or 5 A
molecular sieves depending on the needs of the installa-
tion.

Sweetening of natural gasoline fractions by
cyclic adsorption and regeneration can be accomplished

using 13X molecular sieves(zs). Efficient desulfuriza-

tion is necessary to enable the use of natural gasolines
in motor gasolines of higher octane numbers and as
charge stocks for catalytic conversion processes.

Sulfur specifications for natural gasoline fractions

are shown in Table 7.
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(
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FIGURE 16

Flow Pattern for Sweetening Processes

Frontal-Type Breakthrough r

Suffur
Cortert|

Percolate Throughput or Time
FIGURE 17

Frontal-Type Breakthrough is Must if Sulfur Compounds
are to be Removed to Meet Stringent Sulfur
Specifications
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TABLE VIII

Composition of Natural Gasolines

% by Weight ~Sulfur Content: p.p.m.—

Component— of Gasoline Total Mercaptan
Gasoline A . . 885 146
CyCi . . L 837 450 450
iC; . . 232 1,062 918
nC; and heavier . 23.0 1,717 1,219
Gasoline B . . 2,265 970
Cy—C, . : . ss.1 1,500 768
iCy 233 1,800 1,500
nC; and heavier . 216 4,700 900

TABLE IX

TYPICAL EFFLUENT SULFUR DATA

Adsorption: 100°F, 350 psig, Liquid Weight Hourly Space Velocity (LWHSV) - 1.68
Column: 2.1 Inches I.D. x 3.4 Feet Long-1/8 Inch Pellets Molecular Sieves

Sulfur Content

Instantaneous
Throughput _(23-_(‘,4 iCs nCg Plus
Gallons of Gasoline! Mer- Mer- Mer-

Fraction Pound of Sieves Total  captan Total  captan Total  captan

Feed B 1500 768 1800 1500 4700 900
Effluent 1.0 <1 <1 1.0 <1 1.2 <1
Effluent 2.0 <1 <1 1.3 <1 L5 <1
Effluent 2.5 <l <1 1.5 <1 2.0 <1
Effluent 3.0 <1 <1 3.5 <1 10.0 <1
Effluent 3.5 1.0 1.0 1.0 1.0 120 10.0
Effluent 4.0 3.0 3.0 20 5.8 350 43
Effluent 5.0 3.0 5.0 400 65 1800 190
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Using a process scheme shown in Figure 16, de-
ethanized gasolines are passed through a bed of 13X
sieve pellets to remove the sulfur compounds. Since
the sulfur specifications are low, the design and opera-
tion of the adsorption phase must give a frontal-type
breakthrough for the sulfur compounds (Figure 17). This
assures highest purity, as well as maximum adsorbent
life. Typical gasoline compositions and effluent
sulfur data are shown in Tables 8, 9.

VIII. Commercial Processes

A. The IsoSiv Process for Upgrading Gasoline

The Union Carbide Isosiv process presents certain
advantages as a tool, either by itself or in combination
with isomerization, for upgrading gasolines. Using
Linde 5 A molecular sieve as the adsorbent, only normal
paraffins are adsorbed from mixtures of normal paraffins,
isoparaffins, aromatics and naphthenes. The process is
a vapor-phase, isothermal, rapid-cycle, pressure-swing,
fixed-bed adsorption process as shown in Figure 18(27).
Using a light naphtha feedstock, flow continues until
the adsorption front reaches some predetermined point
in the bed short of the breakthrough of the normal
paraffins., The isomer gasoline is condensed, cooled
and pumped to storage. The adsorber is then taken off
stream, partially depressurized, and the bed desorbed
by vacuum countercurrent to the feed step. As the pres-
sure drops, the normal paraffins are desorbed, con-
densed and pumped to storage. The adsorber then is re-
pressurized and put back on the feedstock stream. With

two or more adsorbers, the continuous operation is
achieved. Isosiv is extremely versatile and can handle
feedstocks from natural gasoline through gas oil frac-

)(28)

tions (Figure 19 . Depending on the boiling range

of the feed and the purity of the normal paraffins ob-
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ADSORBER
FIRED
HEATER
LIGHT-
NAPHTHA | —|——————
FEEDSTOCK Lo
{ l DESORPTION SYSTEM
BRANCHED  N-PARAFFINS
CHAIN AND
cycLics
FIGURE 18

Isoviv Process for Separation of Normal Paraffins
from Branched Chain and Cyclics

tained, the products have a variety of uses, such as
specialty chemicals, pure solvents, biodegradable de-
tergents, intermediate jet fuels, isomerization feed-
stocks, etc. Typical product distributions are shown
in Table 10, 11, and 12(28).

A modified Isosiv process yielding high purity
n-paraffins in the Cll—C20 range has been recently dis-
closed(zg). Operating conditions vary depending on
feedstock composition, but the purge material, n-hexane,
is always the same. A recent program shows the process
can recover 95-97% of 98%-pure normals in the ClS—C20

range.
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TABLE X

KEROSINE MATERVAL BALANCE,

Normal Paraffins
Isomers & Cyclics
Aromatics

Olefins

Total

Freezing Pt., °F (ASTM D-1477)

Smoke Pt., MM (ASTM D-1322-59T)

Existent Gum, mg/100 m!
(ASTM D-381-61T)

TABLE XTI

LIGHT NAPHTHA MATERIAL BALANCE,

Non-Normal C5

nC5

Non- Normal C6

nC6

Non- Normal C7

nC7

Non- Normat C8
Total

Octane No. Ft + 3 CC Tel

8 D
Non-
Normals Normals
Feed Product Product
2,655 66 2,589
5,832 5,832 20
1,400 1,395 5
93 65 28
10, 000 1,358 2,642
-24 -48 -
23 21 -
3.6 0.4 -
BPD
Non-
Normals Normals
Feed Product Product
208 200 8
196 R 164
2,159 2,715 u“
2,362 47 2,315
4,294 4,256 38
158 1 157
23 23 -
10, 000 1,214 2,726
2.3 95.4 -
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TABLE XII

HEAVY NAPHTHA MATERIAL BALANCE, BPD

Non-

Normals Normals

Feed Product Product

Non-Normal Cg 80 8 2
nCg 10 13 51
Non- Normal Cg 1,070 1,047 23
nCq 160 15 745
Non-Normal Cq 3,100 3,031 69
nCy 710 14 696
Non-Normal Cg 1,920 1,878 a2
nCq 430 4 426
Non- Normal C9 1,610 1,568 42
nCy 130 3 127
Non-Normal Cyq _ 120 _15 _ 5
Total 10, 000 1,766 2,23
Octane No. Ft + 3 CC Tel 1.2 88.4 -

In 1971, Shell and Union Carbide offered a com-
bination process for upgrading gasoline(3o). The Total
Isomerization Package {(TIP) combines the Hysomer process
and Isosiv. TIP provides a flexible design which can
optimize operating efficiency over a wide range of
feedstocks and product specifications. With narrow-
cut feedstocks rich in n-pentane and n—hexane' the
Isosiv process separates the product from the Hysomer
unit and the unconverted normals are recycled back to
the isomerization unit. For feedstocks high in benzene
and C7
with the high octane components sent directly to blend-

+'s, the Isosiv unit precedes the Hysomer unit,

ing, thereby reducing the size of the isomerization
stage.,
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Y

VALUE
FIGURE 19

Isosiv Will Handle Any of These Feedstocks,
But Economics Dictate End Use of Products

More recently, Union Carbide has announced a
new development, Olefin Siv(zg). With identical equip-

ment used in the Isosiv Process, high purity isobutene

and n-butene are recovered from a mixed butenes feed-
stock. With a feed containing 50/50 iso-to-normal
ratio, Olefin Siv yields 99.5% pure n-butenes.

B. Texaco Selective Finishing Process

The Texaco Selective Finishing Process (TSF)
is a versatile process for upgrading gasoline by the
removal of low octane normal paraffins by adsorption.
The process is a typical adsorption-desorption fixed
) 31) in which the bea

of selective adsorbent (5 A sieve) becomes saturated

bed cyclic operation (Figure 20
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TABLE XIIT
Response of Various Stocks to Texaco Selective Finishing

———Research octane numbers——— RON
~—Charge to TSF— ~Finished product— increase

Stock Clear +3 cc TEL Clear 43 cc TEL (clear)
Light straightrun naphtha ........... 69.0 87.1 83.7 96.6 14.7
Heavy straightrun naphtha ... . ... ... 4.1 66.4 70.6 e 26.5
Full-boiling-range platformate A ... .. 87.1 97.1 95.3 101.1 82
Full-boiling-range platformate B ... ... 94.0 100.8 98.1 104.0 4.1
Thermal cracked naphtha . ...... .. ... 76.0 88.5 89.1 96.1 13.1
Heavy FCC naphtha ..... .. .. ... . .. 88.0 94.0 94.4 98.8 6.4
Light FCC naphtha ..... ... ..... ... 93.8 99.2 95.7 100.6 1.9
Aviation alkylate ....... .. ... ... .. 93.1 104.4 93.6 S 0.5
Propylene polymer gasoline ... ... . ... 93.0 98.0 93.6 98.6 0.6

with straight chain paraffins until no further sorption
takes place. The paraffins then pass through the bed
without being sorbed and appear in the effluent product
Charge to the bed is then stopped and desorption
effected.

Using this method, TSF can increase the octane
number (clear) of various naphthas from 4-27 octane
numbers (Table 13)(32)
sponding best to TSF. Therefore, the TSF process can

with straight run naphthas re-

improve the octane number requirement without increas-
ing the aromatic concentration.

C. The UOP Molex Separation Process

The Molex process is a fixed bed, isothermal,
ligquid-phase continuous separation operation (Figure
21) for the separation of normal paraffins from iso-~
paraffins and cyclic compounds in a single processing
step. In this process the feed and desorbent streams
enter the sieve chamber simultaneously while the
raffinate and extract streams are withdrawn. The four
streams are routed through a distributing device which
shifts the flow of these streams into another quartet
of lines. Movement of the inlet and outlet points
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Process flow

for recovering normal paraffins
Molecular-sieve g £
cha/mler Raffinate 2 S
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= o o
3 4 =

—23

-—|— ——;—(

Desorbent
Fresh feed @

— €] “Raffinate Normal

paraffins
FIGURE 21

Process Flow for Recovering Normal Paraffins

from one location to the next adjacent location pro-

viding a flow situation where the molecular sieve (5 A)

might be imagined as moving slowly through the chamber.

The process can be used for a wide range of
charge stocks, including full range gasolines, light
straight run gasolines, kerosines, jet fuels, and light
gas o0ils up to 630°F EP. Molex has pronounced econo-
mics and technical advantages when complex separations
are involved, such as a mixture of pentanes and
hexanes(33).

A prime example of the versatility of this
process is the separation of Cll_cl4 normal paraffins
from virgin crude fractions for use as a raw material

in biodegradable detergent manufacture(34).

Results
of processing a Cll—C15 kerosine containing 15.5%

normal paraffins are shown in Table 14.
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TABLE II.

Secondary Building Units of Zeolite Frameworks.

Species

Single rings
6

Double rings

8 4-4 6-6

Complex or multiple units

4-1 5-1 4-4-1

Analcime

+ +

Natrolite
Thomsonite
Edingtonite

+++

Gmelinite
Chabazite
Erionite
Levynite
Cancrinite
Sodalite

F+F 4+

ot

Phillipsite
Gismondite
Barrer P1

Brewsterite
Heulandite
Stilbite

|+ ++

++

Mordenite
Dachiardite
Epistilbite
Ferrierite
Bikitaite

+++++

Faujasite
Linde A
ZK-5
Paulingite

++++

+ 4+

Feed

oS

v

FIG. 22.

o ) o

Adsorber

Distillation

M-xylene
o-xylene
ethylbenzene

»

Distillation

P-xylene _

»

U.0.P. Parex adsorption process for p-xylene.




18: 21 30 January 2011

Downl oaded At:

LANDOLT AND KERR

The process has been shown to be economical
not only when in competition with fractionation but
also when called upon to perform separations impossible
with fractionation.

D. The UOP Parex Adsorption Process for
Paraxylenes
One of the major advances in separations is

the separation of paraxylene from other C8 isomers
using molecular sieves instead of the usual crystalli-~
zation processes. The Universal 0il Product Parex
process is a prime example. This process is based on
a unique adsorbent with a strong affinity for para-
xylene and a weak affinity for the other three isomers
normally associated with paraxylene. The adsorbent
used is a potassium or barium exchanged type X zeolite.
The continuous separation process (Figure
22)(35)

at moderate pressures using a countercurrent flow of

is carried out in the liquid phase at 120-175°C

adsorbent and liquid without actual movement of the
solids. Pilot plant performance shows that this

continuous system reguires on'y 1/25 of the adsorbent

(36)

inventory required in a batch process Paraxylene
with a purity of 99.5% is obtained with extraction
efficiencies of 98.4%. Typical pilot plant performance

-arcomatic isomer mixture from a
(36)

for treating a C8

reformate extraction are shown in Table 15
U.0.P. claims that this process offers both

lower capital investment and operating costs than

)(35). Four

present crystallization methods (Table 16
Parex units have been licensed and are in the design
and construction stage.

IX. ©Novel Uses in Separation and Purification

Many unique uses of molecular sieves have

been developed over the years. Novel uses include the

(37)

drying of pyrolysis gas , separation of hydrogen
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TABLE XV

Pilot Plant Performance When Treating C,—Aromatic
Isomers Derived From a Reformate ExTract

Feed
(Udex Cs-Arom.) Extract Raffinate
p-Xylene, wt.-% ............. 143 ... 995 . ... <0.1
Ethylbenzene, wt.-% ........ 325........... 03........... 37.9
m-Xylene, wt.-%, ............. 354........... 0.1.......... 41.3
o-Xylene, wt.-% ... 17.8....... . 0.1... . 20.7
Total ................... 100.0........... 100.0............ 100.0

isotopes(38), vacuum drying of iodine(39), drying of
low molecular weight fatty acids(402 separation of
ammonia and methyl amine(4l), separation of inorganic
phosphates(422 separation of lithium isotopes(43),
adsorption of heavy water(44), and the drying of
dimethyl formamide and acrylonitrile(45). Molecular

sieves have been suggested as cigarette filters,
packaging desiccants, desiccants for fast drying
cements, and the encapsulation of volatile or poison-
ous gases and liquids for storage. The uses of
molecular sieves appears to be unlimited.

X. Looking Ahead with Molecular Sieves

The many unique and commercial separation and
purification methods reported here show that molecular
sieves have an extended future. Adsorptive separations
indicate many new and novel processes will appear as
more new synthetic zeolites with unique molecular
sieving properties are discovered. It is only a
question of time until molecular sieve separation

processes replace crystallization and fractionation as

the major techniques for the production of the many
products required in the petroleum and petrochemical

fields. Combination processes in which molecular
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sieves are used both as catalysts and adsorbents are
rapidly being developed. These developments will
continue to engage the interest of research workers
and engineers alike, and will provide a tremendous

stimulus to search for new uses.
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W. Joithe, A. T. Bell, S. Lynn, ACS Single Article
Announce, No. 21 (11-15-71)
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44, 44 No. 1 (1971)
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Lukin, Romankov, Astakhov, Novasel/Skaya, Yur/Eva,
ZH. Prikl Khim (Leningrad), 44, 323 No. 2 (1971)
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2,900,430 ( ") 2,982,715 ( ") 3,094,483 ( ")
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3,520,801
3,524,895
3,531,400
3,531,539
3,533,220
3,537,237
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