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Fig. 1 Schematical diagram of the FR
method. The volume of the gas
space is varied sinusoidally,
AV, and the response due to
A A is monitored by AP in
the chamber.

B/ BLTH, BETIR—ELLT, 20@X%21)
HCKRALTAP, AAIKSWT Taylor BB L+
(WBhNEVWDT) pLad—kOMWNEETLE L,

AAW =K' (Kk-4/(x s+ iw)) AP@ (5)
BEoNhB, TTT,

K'=dA/dP (=BREZRHEONE) ; (6)

k-5 =— (88:/0A) (=[ADEFEERE]) (1)

FUHBHER T T, BEX
d
. X+ AW}

=2 PO VW/RTY +A®] =0 (®)

(), @, BIRERALT, ELOREES=0,
EHES=0r0@8005 2 >OMBEREEHT S
&

(w/p)eos® — 1=K [1/{1+ (w/k-2)*}]

EKQ: (K-A;w) (g)

(w/p)sin® =K [(w/k_)/{1 +(w/k_)*]

=Ka,(ks; w) (10

K = (RTo/V) * (dA/dP) (1

Higohs (H28R) . Alldp & @D w-KkFH
DEHE»SBEONE FR-ARZ b” | 0
{a, a) GHEX S, ho>Ubhs0T REROD

—T7—



R LFERC Licd B,

COXEO® inphase i %®EFbH T HH N a, & out-

of-phase K E2FbdT a,. 073 723 ICRT,

[Experimental] [Theoreticall
dA - :Rate
A \i(ﬂ at AP.A) Equation
A P(t) l
v
Material ij._{ P(”‘V(t}} __dA
Balance: 4t RTO t
FR- (v/plcos £-1=K-&¢ | : characteristic
Spectra: (v/p}sin @ =K-og| Functions

Fig. 2 Background of the FR method. FR-
spectra on the left side can be ex-
perimentally obtained from the data
on AV (#) and AP (). On the other
hand, characteristic functions on the
right hand side can be theoretically
derived from the solution for the
rate equation, AA (). To correlate
them the material balance is essen-
tial. Matching the FR-spectra to
the characteristic functions, we can
determine rate constants contained
in the rate equation.
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1
e
o ¥
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= =
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log(w/«,)

Fig. 3 In-phase and out-of-phase charac-
teristic functions, a.(w) and a, (w),
raspectively, versus the angular fre-
quency, w/Kk-,. They contain only

one parameter, K-4.
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Polinski, 1963)%,

1/K
(b)
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I+

R 0 1
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Fig. 4 Out-of-phase components of a FR-
spectrum in a typical two-component
system ; two curves corresponding
to a, (@) in Fig. 3 can be super-
posed ; the parameters are postu-
lated as &£ =10 min™'; K, = 1
and K-y =1 min™'; K;=2. This
was named an “adsorption-rate

spectrum” by Naphtali and Polinski

(1963).
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Fig. 5 Characteristic functions for an X
=— A system affected by heat of
adsorption-desorption, a’. (w) and
a’, (w), where the parameters are
postulated as: (O) h = d = 0.2;
() A = 0.2 d = 1. Deviation of
each curve from the semicircle de-
monstrates the effect due to the
heat of adsorption-desorption. The
number beside each symbol indi-

cates the value of log (w/k 4).
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Fig. 6 Characteristic functions for an X
— A=— C system, a6 (w) and
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Mesoporous crystal derived from
a layered silicate
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Fig. 1 Transmission electron micrographs
of FSM-16. a) Perpendicular and h)
parallel plane to the channels.
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Fig. 2 Adsorption isotherms of N: on
FSM-16.
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Table 1 Specific surface areas (nf/g) of
FSM-16 calculated by BET and

as-plot methods.
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Fig. 3 as-plot for the adsorption of N, on
FSM-16. N: adsorption data on non-
porous silica’” were adopted as

standard as-curve.
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Table 2 dm in XRD and pore diameters of
FSM-16 prepared by using various
surfactants with different alkyl-chain

length.

Surfactant Pore
chain length Xd]?mD diameters”

CaHza41N*(CH3) s (D)

(n=) (nm) (nm)

8 2.68 <1.5

10 2.84 1.8

12 3.19 2.1

14 3.38 2.3

16 3.79 2.8

* Pore diameters were determined from Ngj
adsorption isotherms by Cranston-Inclay
method.
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Fig. 4 Adsorption isotherms of N, on FSM-
16 prepared by using various sur-
factants [CaHz041N"(CH3) 3, n=8~
16] with different alkyl-chain length
(n).
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Impressions of Japan and
uniform mesoporous materials

Peter J. Branton

Department of Chemistry,
Faculty of Science, Chiba University,
1-33 Yayoi, Inage, Chiba 263, Japan

Having recently completed my Ph.D. in ad-
sorption at Exeter University, England, | am
spending 3 months at Chiba Universily re-
searching adsorption on the new mesoporous
material FSM, under the supervision of Prof.
K. Kaneko. This presents an ideal opportunity
to further my interest in mesoporous systems
and to strengthen collaboration between the
UK and Japan, which is necessary for future
projects.

My first impressions of Japan are the large
cultural differences the high cost of living and
the absence of green fields compared with
England. The laboratories of FProf. Kaneko are
well equipted with a wide range of sophisticated
instrumentation whereas English laboratories
tend to specialise more. Space in Japanese
laboratories is sevearly limited and as a result

Interface Sci., 38, 109 (1972).

8) Yanagisawa, T., Shimizu, T., Kuroda, K.,
Kato, C., Bull. Chem. Soc. Jpn., 63, 1535
(1990).
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safety standards are not as high as in England.
In England, technicians are available for the
construction and upkeep of our instruments.
Teamwork plays an important role in Japan-
ese research, much more so than in England.
I have also come to realise how useful English
18 as a first lauguage for a scientist,

It is well known that mesoporous adsorbents,
e.g. silica gels and activated aluminas general-
ly possess broad ranges of irregular pores. [t
was therefore of great interest when in 1992
Maobil scientists the preparation of a new
family of highly uniform mesoporous materials
designated as M41S. Since then a flurry of
publications has appearsed and in particular
to one member of this family with uniform
hexagonal mesopores in the range 1.0 to 10
nm, known as MCM-41. Equally important,
but receiving less attention is FSM, based on
the ion exchange reaction of a polysilicate
kanemite. As well as potential catalysts, these
new materials present a good opportunily to
examine current theories on physisorption in
mesopores and to provide a reference meso-
perous and to provide a reference mesoporous
material for calibration purposes. I hope to

play an important part in this new reserch.
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