This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Pt e STEVEN 4, CRANTR Separation Science and Technology
Publication details, including instructions for authors and subscription information:
SEPARATION SCIENCE

http://www.informaworld.com/smpp/title~content=t713708471
AND TECHAOLOGY Specialty Polymeric Membranes. VIII. Separation of Benzene from
b e 1 | Benzene/Cyclohexane Mixtures with Nylon 6-graft-Poly(Butyl
Methacrylate) Membranes

Masakazu Yoshikawa?; Keisuke Tsubouchi? Toshio Kitao?
a DEPARTMENT OF POLYMER SCIENCE AND ENGINEERING, KYOTO INSTITUTE OF
TECHNOLOGY, KYOTO, JAPAN

Online publication date: 22 February 1999

To cite this Article Yoshikawa, Masakazu , Tsubouchi, Keisuke and Kitao, Toshio(1999) 'Specialty Polymeric Membranes.
VIIL. Separation of Benzene from Benzene/Cyclohexane Mixtures with Nylon 6-graft-Poly(Butyl Methacrylate)
Membranes', Separation Science and Technology, 34: 3, 403 — 422

To link to this Article: DOI: 10.1081/55-100100658
URL: http://dx.doi.org/10.1081/SS-100100658

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conmplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1081/SS-100100658
http://www.informaworld.com/terms-and-conditions-of-access.pdf

Downl oaded At: 11:15 25 January 2011

SEPARATION SCIENCE AND TECHNOLOGY, 34(3), pp. 403-422, 1999

Specialty Polymeric Membranes. VIIl. Separation of
Benzene from Benzene/Cyclohexane Mixtures with
Nylon 6-graft-Poly(Butyl Methacrylate) Membranes

MASAKAZU YOSHIKAWA,” KEISUKE TSUBOUCHI, and

TOSHIO KITAO

DEPARTMENT OF POLYMER SCIENCE AND ENGINEERING
KYOTO INSTITUTE OF TECHNOLOGY
MATSUGASAKI, KYQOTO 606, JAPAN

ABSTRACT

A novel pervaporation membrane was prepared by radical graft polymerization of
butyl methacrylate onto nylon 6. The permselectivity toward benzene was increased
by the introduction of poly(butyl methacrylate) onto anylon 6 membrane. From per-
vaporation and sorption experiments, it was shown that the introduction of poly(butyl
methacrylate) onto a nylon 6 membrane leads to the enhancement of permselectivity
toward benzene. The solubility data for benzene were described by a combination of
simple sorption and specific sorption, while cyclohexane solubility was described by
simple sorption.

Key Words. Pervaporation; Graft polymer; Nylon 6; Poly(butyl
methacrylate); Membrane; Benzene; Cyclohexane; Permselectivity

INTRODUCTION

Separation carried out by membranesisregarded as one of the most promis-
INg processes of energy-saving separation techniques. Our attention has been
especialy attracted to the membrane separation technique since the energy
crisis developed. When membrane separation techniques are used instead of
distillation, which consumes much heat energy, a number of organic liquid
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404 YOSHIKAWA, TSUBOUCHI, AND KITAO

mixtures which are difficult to separate, such as azeotropic mixtures, mixtures
with close boiling points structural isomers, or heat-sensitive organic com-
pounds, can separated with ease and with low energy consumption.

Pervaporation is a potential method to separate liquid mixtures wherein a
membrane separates an upstream mixturein the liquid state from downstream
permeates in the gaseous state and the downstream side is maintained at are-
duced pressure to ensure the gaseous state. Pervaporation was named by
Kober (1) and suggested by Binning and Lee (2).

For the application of pervaporation in the chemical industry, the following
three categories are required:

1. Water removal from water/organic liquid mixtures
2. Removal of organicsfrom water
3. Organic/organic separations

Much attention was focused in the 1980s on category 1, especially the sep-
aration of water from agueous ethanol solutions in connection with the effec-
tive production of ethanol (3, 4). More recently, categories 2 and 3 have
gained much attention. The former is closely connected with regulations re-
garding the removal of volatile organic compounds (VOC) (5, 6), and the | at-
ter, which has been the least developed up to the present and has the largest
potential industrial impact, has gotten attention since early in the 1990s. Cat-
egory 3 is thought to have the most significant potential application for per-
vaporation.

The pervaporation separation of olefins from ol efing/paraffins mixtures and
of aromatics from aromatics/aliphatics mixtures with membranes are interest-
ing subjectsto chemical industries, especially in petrochemical industries. The
removal of benzeneis an interesting and important subject in connection with
the environmental issue (7).

Many articles have reported the pervaporation separation of benzene/cy-
clohexane mixtures, both of which were among the 50 chemicalsin 1995 (8),
with synthetic polymeric membranes (9-26). From the results reported in
these articles, anincrease in the solubility of benzeneisrequired so that novel
membrane materials for the pervaporation separation of benzene/cyclohexane
mixtures might be developed. However, it should be kept in mind that the
plasticization effect due to the incremental solubility of benzene often leadsto
adecrease in the permsel ectivity of benzene.

In the present report, nylon 6 was adopted as a membrane matrix because
polyamides (such as nylon 6, nylon 66, etc.) have been regarded as promising
membrane materials due of their excellent strength and commercial availabil-
ity. The polar amide linkage (L CONHLI ) in nylon 6 provides high crys-
tallinity (in other words, physical crosslinking) which is expected to show re-
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SPECIALTY POLYMERIC MEMBRANES. VI 405

sistance against swelling by permeants during pervaporation. As an atomic
group which shows an affinity to benzene, butyl methacrylate was selected
(27), and it was introduced onto nylon 6 by radical graft polymerization. As
summarized comprehensibly (28), heterogeneous graft polymerization with
vinyl and other unsaturated monomers onto polyamides has been investigated
ever since the late 1950s. However, we know of only afew successful exam-
ples of homogeneous modification of polyamides with free radical methods
(26, 29-33). In the present paper, the homogeneous graft polymerization of
butyl methacrylate onto nylon 6 is reported.

In the present article, the preparation of nylon 6-graft-poly(butyl methacry-
late) and the pervaporation separation of benzene/cyclohexane mixtures with
membranes from modified nylon 6 are described.

EXPERIMENTAL

Materials

Nylon 6 (N6), UBE NYLON 1022B, was kindly provided by Ube Ind. Ltd.
Butyl methacrylate (BMA) (34), potassium persulfate (KPS) (34), and formic
acid (35) were purified before use. Methanol (MeOH), 2,2,2-trifluoroethanol
(TFE), benzene, cyclohexane, and cyclohexene were used without further pu-
rification. Distilled water was employed.

Graft Polymerization

An ampule containing prescribed amounts of N6, BMA, KPS, and formic
acid was degassed by three freeze—pump—thaw cycles and sealed off under re-
duced pressure which was below 10~ % mmHg. The sealed ampul e was shaken
Inawater bath at a constant temperature of 80°C for 1 hour. The reaction mix-
ture was poured into alarge amount of nonsolvents of N6, such asMeOH, and
then the obtained precipitates were purified by dissolving them in TFE and
precipitating them with benzene.

Spectroscopic Measurement

IR spectrawere taken on aJASCO FT/IR-5300 Fourier Transform Infrared
Spectrometer.

The *H-NMR spectrum was obtained with a Varian Gemini 200 NMR
Spectrometer. The spectrawere measured at ambient temperature, using a 100
g-dm~3 2,2, 2-trifluoroethanol -d; solution with tetramethylsilane (TMS) asthe
internal standard.
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406 YOSHIKAWA, TSUBOUCHI, AND KITAO

Preparation of Membranes

Membranes were prepared from TFE solution (150 g-dm™3). The solution
was poured onto a glass plate with an applicator (casting thickness, 0.254
mm), and the solvent was allowed to evaporate at ambient temperature for 24
hours. Subsequently the membrane was dried at 50°C for 2 hours. The thick-
nesses of the membrane used in the present studies were 17-24 pm.

Pervaporation

Permeations of the benzene/cyclohexane and cyclohexene/cyclohexane
mixtures were performed by an ordinary pervaporation technigue (36). The
membrane area in contact with the liquid feed was 17.3 cm?. The downstream
pressure applied was around 267 Pa (2.0 mmHg). Pervaporation experiments
were carried out at a constant temperature of 50°C.

Separation analysis was carried out on a Shimadzu GC-8APT gas chro-
matograph equipped with a 3.0-m long column packed with polyethylene gly-
col 20M [Chromosorb W (AW-DMCS)].

The separation factor, «, isdefined as

o = (Ypenzene/ chclohexane) I (Xpenzene! chclohexane)

where the Y;s are the weight fractions in the permeate and the X;s are those in
the feed.

Solubility Measurement

Solubility selectivities of N6PBMA-032 and N6 membranes were mea-
sured as described previously (37). The solubility selectivity, Ss, isdefined as

SS = (Zbenzene/ chclohexane) / (Xbenzene/ chclohexane)

where the Z;s are the weight fractions in the membrane and the X;s are those
in the solution.

Density Measurement

The densities of N6PBMA-032 and N6 membranes were measured by a
floatation method (38). A strip of membrane sample was placed in a solution
of sodium chloride at a constant temperature of 50°C. The polymer sample
should be initially resting on the bottom of the solution. Saturated aqueous
NaCl was added quantitatively while stirring until the membrane strip floated
freely in the center of the solution. The mean density of the membrane corre-
spondsto the density of the solution, which was measured with a pycnometer
(39).
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RESULTS AND DISCUSSION

Preparation of Membrane Materials

Theintroduction of BMA onto N6 was confirmed by IR and *H-NMR spec-
traof the graft polymers. An example of the IR spectraisshowninFig. 1. The
IR spectrum has anew absorption pesk at 1729 cm ™1, which is assigned to the
C=0 stretching band of PBMA, and which can be detected in addition to the
characteristic absorption pesk at 1638 cm ™~ assigned to the amide | band. The
existence of PBMA in N6 was also confirmed by *H-NMR measurement. The
H-NMR spectrum of N6PBMA-048 is shown in Fig. 2. Signals assigned to
methylene protons (f) in the backbone of PBMA overlap those in N6 (c), and
methylene protons (g and h) in the butyl moiety overlap thosein N6 (a and b).
After considering overlapping of the *H-NMR signal, the intensity of methyl
protons (€), which can be observed at around 1.0 ppm, and the area of methy-
lene protons (a, b, and ) in N6, led to a (PBMA)/(N6) ratio of 0.048. The re-
sults of graft polymerization are summarized in Table 1. In the sample code,
the last three numbers show the ratio of a unit mole of grafted PBMA to that
of N6. The relationship between the ratio of absorbance at 1729 cm™? to that
at 1638 cm~* and the chemical composition determined by *H NMR is shown
inFig. 3. Therelationship gave astraight line passing through the origin. From
this, it can be said that the correlation shown in Fig. 3 is applicable to the es-
timation of chemical composition of nylon 6-graft-poly(butyl methacrylate).
The four kinds of modified N6 thus prepared gave tough membranes like N6.

Pervaporation of Benzene/Cyclohexane through Modified
Nylon 6 Membranes

Table 2 summarizes the effect of PBMA content on pervaporation of the
benzene/cycylohexane mixture, where the weight faction of benzene in the
feed wasfixed at 0.5. For convenience, the result for the N6 membrane (26) is
aso givenin thetable. Theresultsin Table 2 are also shown in Fig. 4. As ex-
pected, modified N6 membranes, having PBMA as a side chain, permeated
benzene in preference to cyclohexane from the benzene/cyclohexane mixture.
As can be seen in the figure, membrane performance depends on the PBMA
content and shows a maximum at a (PBMA)/(N6) ratio of 0.032. This profile
might be explained as follows. Permselectivity toward benzene increases
through a certain (PBMA)/(N6) ratio with an increase in the concentration of
the PBMA unit in the membrane. Above acertain (PBMA)/(N6) value, the ef-
fect of membrane swelling surpasses that of permselectivity caused by thein-
troduction of PBMA onto N6. Asaresult, permsel ectivity toward benzene de-
creased with an increase in the (PBMA)/(N6) ratio.
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FIG.1 IR spectrum of N6PBMA-048 [(PBMA)/(N6) = 0.048.]
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TABLE 1

Preparation and Characterization of N6-graft-PBMA?

Charged amounts N6-graft-PBMA
PBMA fraction
(BMA)/ (PBMA) —047838m
Sample N6/g BMA/g KPS/g (N6)° Yield/g (N6)° wit mol
N6PBMA-016 2.66  1.69 0.15 05 2.28 0.016 0.020 0.016
N6PBMA-032 266 334 0.15 1.0 172 0.032 0.039 0.031
N6PBMA-040 266  6.69 0.15 2.0 2.18 0.040 0.048 0.038
N6PBMA-048 266 10.03 0.15 3.0 2.30 0.048 0.057 0.046

@ Graft polymerization was carried out at 80°C for 1 hour in 40 cm? of formic acid.
b Ratio of amole of charged BMA to aunit mole of charged N6.
¢ Ratio of aunit mole of PBMA grafted to that of N6.

Figure 5 shows the results of pervaporation of benzene/cyclohexane mix-
tures through the N6PBMA-032 and N6 (parent polymer) membranes (26),
wherethe weight fractions of benzenein the permeate are plotted against those
inthefeed. The vaporiquid equilibrium curve for benzene/cyclohexane mix-
tures at 50°C (40) is also given. The results of pervaporation of cyclohex-
ene/cyclohexane mixtures through the N6PBMA-032 membrane, (to be dis-
cussed later) are also shown. The N6PBMA-032 membrane gave a good

0.06 T T T T T

0.05 |- Y -
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FIG. 3 Relationship between composition of N6-graft-PBMA and ratio of absorbance at

1729 cm~* to that at 1638 cm ™1,
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TABLE 2
Pervaporation of Benzene/Cyclohexane Mixture through N6-graft-PBMA Membranes®
(PBMA)/  Thickness/
Membrane (N6) wm Xpenzen®  Yoenzene® a8 Jgm 2h?t
N6PBMA-016 0.016 18 0.4979 0.9049 9.6 6.7
N6PBMA-032 0.032 24 0.4996 0.9357 14.6 2.2
N6PBMA-040 0.040 17 0.4932 0.7849 3.8 14.6
N6PBMA-048 0.048 21 0.4986 0.7562 3.2 49.0
N6° 0 37 0.5002 0.5764 14 4.3

& Pervaporation was carried out at 50°C; downstream pressure ~ 267 Pa (2 mmHg).

b Weight fraction of benzene in feed.

¢ Weight fraction of benzene in permeate.

Yo = (Ybenzene/ chclohexane)/ (Xbenzend! chclohexane)-
¢ Cited from Ref. 26.

membrane performance for permselectivity toward benzene as expected,
while the pervaporation data for the N6 membrane is located slightly above
the diagonal line in the whole feed fraction range. On the other hand, the feed
fraction dependence of the flux value for the N6PBMA-032 membrane re-
sembled that for the N6 membrane (26), and the flux ranged from 0.9 to 7.3

gm 2h1.

FIG. 4 Effect of composition of N6-graft-PBMA on the pervaporation of benzene/cyclohex-
ane mixture. [Weight fraction of benzene in feed, ca. 0.5; operating temperature, 50°C; down
stream pressure, ca. 267Pa (2.0 mmHg).]
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Pervaporation of Cyclohexene/Cyclohexane through
Modified Nylon 6 Membranes

In order to elucidate the factor which governs the permselectivity, cyclo-
hexene was used instead of benzene as a component of the feed mixture, and
pervaporation experiments of cyclohexene/cyclohexane mixtures through the
N6PBMA-032 membranewereinvestigated. Theresultsaregivenin Fig. 5to-
gether with those of benzene/cyclohexane mixtures. Cyclohexene was perme-
ated in preference to cyclohexane as in the pervaporation of benzene/cyclo-
hexane mixtures, while permselectivity toward cyclohexene was not as high
asthat of benzene in benzene/cyclohexane separation. The same tendency for
the permselectivity between aromatics/aliphatics to be much better than that
between olefing/aliphatics was also observed in pervaporation through a cel-
lulose acetate/poly[vinylidene chloride-co-styrene(diethyl)phosphonate] al-
loy membrane (13) and a cellul ose acetate/poly[ styrene(diethyl) phosphonate]
alloy membrane (16). From these resultsit can be said that -€lectronsin ben-
zene play an important role in permselectivity.
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FIG. 5 Effect of feed composition on permselectivity for N6-graft-PBMA (N6PBMA-032)

and nylon 6 (N6) membranes. (@, benzene/cyclohexane through N6PBMA-032 membrane; O,

cyclohexene/cyclohexane through N6PBMA-032 membrane; O, benzene/cyclohexane through
N6 membrane.)
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Sorption

The amounts of benzene and cyclohexane sorbed in N6PBMA-032 and N6
membranes and the total amounts sorbed in the membranes are shown in Fig.
6. As expected, the amounts of benzene in the N6PBMA-032 membrane were
more than those in the N6 membrane. Simultaneously, more cyclohexane was
sorbed in the N6PBMA-032 membrane than in the N6 membrane, and the
amount of cyclohexane sorbed inthe N6PBM A-032 membrane was about one
order of magnitude above that in the N6 membrane. The solubility parameter
was applied to explain the sorption phenomena (16, 20, 41-44). The solubil-
ity parameter (8s,), Which consists of the contributions of dispersion forces
(34), dipoleforces (8), and hydrogen bonding (5r), was calcul ated for N6 and
PBMA, asintheliterature (45-47). The space distances between benzene and
membrane material (DBM) and between cyclohexane and membrane material
(DCM) are defined with the following values: 845 = 18.3 J*2.cm 32 5,5 =
1.0 *2.cm~¥2 and dp 5 = 2.1 J¥2.cm~¥2 for benzene (46); and 84 = 16.7
J¥2.em=¥2 5, c = 0.0 *?.cm~*2, and §},c = 0.0 JV>cm~ 32 for cyclohexane
(46). The equations are

DBM = [(84 — 8a;8)° + (Bp — dpg)? + (8h — dne)?]Y?
DCM = [(84 — 8a.c)® + (8p — Bp,c)® + (8n — dhc)?]M?

The estimated DBM and DCM values for N6 and PBMA are summarized in
Table 3. From these results it can be deduced that the increase in the amount
of benzene caused by the introduction of PBMA onto N6 was due to the de-
creasein DBM. Asfor DCM, asimilar correlation was observed although nei-
ther N6 nor PBMA can be dissolved in cyclohexane. It can be said that the in-
creasein theamount of cyclohexane caused by theintroduction of PBMA onto
N6 was due to swelling of the membrane by benzene sorption rather than to
the decrease in DCM.

Each amount of permeant sorbed in N6PBMA-032 and N6 membranes was
plotted against the corresponding concentration of solution which was equili-
brated with the membrane. The relationship for the N6PBMA-032 membrane
isshown in Fig. 7 and that for the N6 membranein Fig. 8. Asfor the sorption
isotherm of cyclohexane in both membranes, the isotherms are straight lines
passing through the origin. Thisimpliesthat cyclohexane was sorbed into both
N6PBMA-032 and N6 membranes without any specific interaction with the
membrane. Theisothermsfor cyclohexanein both membranes are represented
by the following equation:

Cc = Cpc = kp c[cyclohexane]
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TABLE 3
Space Distances between Permeant and Membrane
Material
DBM/3"2.cm~¥2 DCM/32.cm~3¥2
N6 9.4 117
PBMA 6.0 8.0

where Cc = concentration of cyclohexane in membrane, mol/m? polymer
kp.c = solubility coefficient for cyclohexane, m*/m? polymer
[cyclohexane] = cyclohexane concentration, mol/m?3

On the other hand, the dependence of the benzene isotherm on benzene con-
centration in the outer solution exhibits a dual sorption isotherm, which im-
plies that benzene sorption consists of dissolution without specific interaction
with the membrane (Cp g) and sorption on the specific site of benzene (Cy ),
similar to the dual sorption of gases (48, 49). The sorption isotherm for ben-
zenein N6 is represented by the following equation:

Cene = Cpg + Chg = kp g[benzene]
+ (NneKne[N6G] v [benzene])/(1 + Kye[benzene)])

where Cgne = concentration of benzene in N6 membrane, mol/m? polymer

kp.g = solubility coefficient for benzene, m*m? polymer

Nne = the ratio of the maximum amount (mole number) of benzene
sorbed in N6 membrane to unit mole of specific binding sitein
the N6 membrane, mol/mol

Kne = affinity constant between benzene and specific binding sitein
N6 membrane, m*/mol

[N6]\m = concentration of constitutional repeating unit of N6 in N6

membrane, mol/m? polymer
[benzene] = benzene concentration, mol/m?®

It is possible that the sorption isotherm for benzene in N6PBMA-032 con-
sists of three modes of dissolution: sorption without specific interaction with
the membrane (Cp ), sorption on the specific site of benzene in the N6 part,
and sorption in the PBMA part. Assuming that the additivity of sorption on a
specific site of benzene is true, the sorption isotherm for benzene in a modi-
fied N6 membrane is represented by the following equation:

Cenerema = Cpg + Chg = kp g[benzene]
+ (NneKne[ N6 v [benzene]) / (1 + Kyg[benzeneg])
+ (NeemaKpema[PBMA] M [benzene])/ (1 + Kpsma[benzene])
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where Cgnepsma = concentration of benzene in N6PBMA membrane,
mol/m? polymer
Npema = the ratio of the maximum amount (mole number) of ben-
zene sorbed in PBMA part in N6PBMA membrane to unit
mole of PBMA in the N6PBMA membrane, mol/mol
Kpema = affinity constant between benzene and PBMA part in
N6PBMA membrane, m3/mol
[PBMA]\ = concentration of constitutional repeating unit of PBMA
in N6PBMA membrane, mol/m?® polymer

The five parameters in the equation for benzene sorption and the one pa-
rameter for cyclohexane sorption, determined to give the best fit Figs. 7 and
8, are summarized in Table 4. [N6]y, and [PBMA]\ in the equations were
provisionally adopted. In the table, the values of nyg[N6]y and
Neema[ PBMA] v, which imply the maximum amount of benzene sorbed on a
specific site in the membrane, have a physical meaning rather than individ-
ual values. As for the parameters for benzene sorption, the introduction of
PBMA onto N6 led to an increasein the solubility coefficient kp g. The affin-
ity constant between the PBMA part and benzene is higher than that between
the N6 part and benzene. As expected, the introduction of PBMA effectively

TABLE 4

Various Parameters for Sorption |sotherms
Membrane N6PBMA-032 N6
ko s 1.1x 10t 6.7 X 1072
Kne/m>mol 1 6.5 X 10742 6.5 x 10°4
KpBMA/m3'mOI71 84x 104 —
N 43 x10°2P 43X 102
[N6]y/mol-m—2 9.8 X 10° 1.0 x 10*
Nne[N6]p/mol-m—3 42 % 10? 4.3 X 10%
NPeMA 6.7 X 1072 —
[PBMA]n%mol-m—3 3.2 X 10? —
Npema[PBMA]m/mol-m™3 2.1 X 10° —
ko.c 8.1x 102 53x 103

& Kne vaues for N6 membrane were adopted as Ky values for
modified N6 membranes.

b nne values for N6 membrane were adopted as nye values for
modified N6 membranes.

¢ Concentration of constitutional repeating unit in N6 mem-
brane.

d Concentration of constitutional repeating unit of PBMA in
modified N6 membranes.
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increased the solubility of benzene. The solubility coefficient of cyclohex-
ane, kp ¢, for the N6PBMA-032 membrane was determined to be about 15
times higher than that for the N6 membrane. This might be also dueto thein-
troduction of PBMA onto N6. In other words, the increase in benzene solu-
bility led to swelling of the membrane, as a result, the sorption of cyclohex-
ane was enhanced.

By using the sorption data given in Fig. 6, the solubility selectivity, Ss,
was obtained. According to the solution—diffution theory, the diffusivity se-
|eCtiVity, SD (: Dbenzene/DcycIohexane; Dbenzene and Dcyclohexane are the dif-
fusion coefficients of benzene and cyclohexane, respectively) can be
estimated from the separation factor, «, and the solubility selectivity,
SS (: S)enzene/SCycIohexane; Soenzene and Styclohexane are the SO|Ub|||ty coeffi-
cients of benzene and cyclohexane, respectively), thus obtained (50). The
separation factor, solubility selectivity, and diffusivity selectivity for
N6PBMA-032 and N6 membranes are shown in Fig. 9 as a function of the
weight fraction of benzenein the feed. Asfor the N6PBMA-032 membrane,
it was concluded that both solubility selectivity and diffusivity selectivity
contributed to the permselectivity of benzene. On the other hand, N6 also
showed solubility selectivity for benzene. However, the diffusivity selectiv-
ity of N6 showed a preferencefor cyclohexane over benzene. Asaresult, the
N6 membrane did not have as high a permselectivity for benzene as did the
N6PBMA-032 membrane.

CONCLUSIONS

From the present study, the following conclusions can be drawn.

1. Nylon 6 is applicable as a membrane matrix for the pervaporation sepa-
ration of benzene/cyclohexane mixtures.

2. The introduction of poly(butyl methacrylate) onto nylon 6 by radical
graft polymerization caused an increase in permselectivity toward ben-
zene.

3. Membranes from nylon 6-graft-poly(butyl methacrylate) have potential
for applicability to petroleum refining processes.
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