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Table 1 Catalytic activities of various solid
catalysts for the cracking of ethanethiol at
400°C.

Carrier gas flow ratea=30 ml/min
Volume of reactant pulse=2yl

Catalyst N Diethylsulfide
Catalysts Weight Gon(\;;r)smn Formation
(8) ° (%)
CaO 0.10 0 0
Si0, 0.10 0 0
Al,O4 0.01 58.8 26.6
Si0,~Al,O4 0.10 23.3 0
©SPA 0.10 43.8 0
NaY 0.10 47.4 0
HHY 0.08 74.2 0
»ZnY 0.01 75.6 0
»CoY 0.01 89.1 0
»CdY 0.01 74.3 0

a) Solid phosphoric acid.
b) % ion-exchanged (HY, ZnY : 78.69, CoY:
71.49%, CdY :75.2%).
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Fig. 1 Changes of activities of HY zeolite for
the cracking of ethanethiol and cumene by
the calcination temperature.
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Fig. 2 Infrared spectra of ethanethiol ad-
sotbed on HY at room temperature.
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Scheme I Dehydrosulfurization of ethanethiol
over HY zeolite.
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Table 2 Catalytic activities of various MeY
zeolites for the cracking of ethanethiol at
400°C.

% 1 Electro- (ml /Acnf";yka .
Catalysts 0 "0n- | negativit m’/g-mun

4 Exchanged g 1 24 » ke
NiY 68.8 9.0 93.0 55.9
CoY 71.4 9.0 70.6 72.7
ZnY 78.6 8.0 42.6 101.0
CdY 75.2 8.5 32.3 18.5
CuY 77.3 9.5 32.2 45.7
AgY 93.9 5.7 18.4 46.3
PbY 90.6 9.0 22.8 0
MnY 69.3 7.5 13.4 28.1
AlY 82.1 10.5 8.0 3.3
BaY 79.5 4.5 7.0 0
CrY 98.3 11.2 5.2 0.6
CaY 73.8 5.0 4.1 20.4
MgY 69.2 6.0 3.2 31.2
NaY — 2.7 1.9 0
FeYa) 92.9 12.6 0.9 0

a) Fes+

b) Initial activity in the cracking of ethanethiol.
c) [Initial activity in the cracking of cumene.

log ks (ml/g-min)
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Fig. 3 Relationship between the electronega-
tivity X; of metal ions in MeY zeolites and
the logarithms of the initial activity of MeY
in the dehydrosulfurization of ethanethiol
at 400°C.
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Scheme II Dehydrosulfurization of ethanethiol
over MeY zeolite.
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Cat.wt.= 0.10g, Carrier gas(He) flow rate = 30 ml/min.

Fig. 4 Cracking of thiophene over HY zeolite
at 400°C.
(1) Fresh HY, (2) HY regenerated by the
calcination in Oy stream at 500°C, (3) HY
poisoned by pyridine.
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Fig. 5 Changes of activities of HY zeolite for
the cracking of thiophene and cumene by
the calcination temperature.
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(c) Thiophene adsorbed on HY at room temperature.

Fig. 6 Infrared spectra of thiophene adsorbed
on HY zeolite.
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Scheme III Cracking of thiophene over HY

zeolite.
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®: Co°Y (71.4), O: Ni°Y (68.8), @: Cu°Y (77.3), ©:
Ag°Y (93.9), O: Fe°Y (92.9), Cr°Y (98.3),

Cat.wt.= 0.05g, Carrier gas(Hz) flow rate = 30 ml/min.

Fig. 7 Catalytic activities of Me®Y zeolites for
the hydrodesulfurization of thiophene at
400°C. Numbers in parentheses represent
the percentage of ion-exchange of MeY.
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Fig. 8 Comparison of catalytic activity of
Ni°Y zeolite with those of various kinds of
catalysts for the hydrodesulfurization of
thiophene at 400°C.
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Fig. 9 Infrared spectra of thiophene adsorbed
on Ni’Y zeolite.

[ S
M Y 9 CI-S bond

¢ H cleavage
C4H4S+H1_‘2H o 2,_,/r5=C=CH—CH=CH1(I)

Zeolite
2H, H,S H,
Butene isomers
Hy=CH~— CH= ,{

Tiydrodesatfurt. C1r=CH = CH=CH: @) g i eiion \Butant
zation
Ha
Tydrooraciing C, ~ C; hydrocarbons (5)

Scheme IV Hydrodesulfurization of thiophene
over Me®Y zeolite.
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Fig. 10 A mechnistic model of hydrodesulfu-
rization of thiophene by Me®Y zeolite.
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Cat.wt.= 0.05g, Carrier gas(He) flow rate = 30 ml/min.

Fig. 11 Catalytic activities of. various H-
zeolites for the cracking of thiophene at
400°C.
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Table 3 Catalytic activities of various H-
zeolites for the cracking of thiophene and
cumene at 400°C.

Cat.wt. = 0.05g, Carrier gas(He) flow rate = 30 ml/min.

Thiophene injection = 2 pl

Conversion (%)

Catalyst

Thiophene Cumene
usy 82.0 100.0
susy 53.7 100.0
HY 19.6 95.4
H-Mordenite 11.6 64.3
HZSM-5 9.8 94.8
Si0,+Al,0, 0.6 51.9
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Fig. 12 Catalytic activities of transition metal/
USY for the hydrodesulfurization of thio-
phene at 400°C.
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Fig. 13 Catalytic activities of nobel metal/
USY for the hydrodesulfurization of thio-
phene at 400°C.
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Scheme V Hydrodesulfurization of thiophene over Rh/USY
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Fig. 14 Catalytic activities of Rh supported

on zeolites and metal oxides for the hydro-
desulfurization at 400°C.
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Fig. 15 Comparison -of catalytic activities of
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AL O3 in the hydrodesulfurization of thio-
phene at 400°C (Pulse reactor).
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Fig. 16 Comparison of catalytic activities of Rh/USY and Na-Rh/
USY zeolites with commercial CoMo/Al,O3 in the hydrodesul-
furization of thiophene at 400°C (Flow reactor).
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Development of Highly Active Zeolite-Based Hydrodesulfurization Catalysts

Masatoshi Sucioxa
Department of Applied Chemistry, Muroran Institute of Technology,
27-1 Mizumoto-cho, Muroran 050,

Zeolites are aluminosilicate crystallines and their crystal structure, surface nature and cata-
lytic properties, etc. are well defined in comparison with other solid materials. By these
reasons, the catalyst design based on molecular or atomic levels is possible for the development
of zeolite-based highly active catalysts. On the other hand, the invesigation of catalytic
desulfurization is an important subject for the development of highly active hydrodesulfu-
rization catalysts to produce enviromental friendly super clean fuels.
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The authors have systematically investigated the active sites and reaction mechanisms in
the dehydrosulfurization of aliphatic thiols and hydrodesulfurization of thiophene over
various zeolites in order to develop highly active zeolite-based hydrodesulfurization catalysts.
We revealed that the acid sites of HY and MeY zeolites act as the active site for the dehydro-
sulfurization of aliphatic thiols. In the hydrodesulfurization of thiophene over zeolites, the
reduced MeY zeolites (Me®Y) were effective for the hydrodesulfurization of thiophene and
both Bronsted acid sites and metal particles on Me®Y zeolites act as active sites for the hydro-
desulfurization of thiophene. From our systematic studies concerning these catalytic desulfu-
rization reactions over zeolites, a general rule was derived that the combination of strong
Bronsted acid sites and highly dispersed metal particles with high ability for hydrogenation on
zeolites provide high catalytic activity for the hydrodesulfurization of organic sulfur com-
pounds. On the basis of this rule for the development of highly active hydrodesulfurization
catalysts, we could develop much more active Rh/USY catalyst than commercial CoMo/Al, O3
catalyst as second generation highly active zeolite-based hydrodesulfurization catalysts.

Key words: Catalyst development, Zeolites, High activity, Hydrodesulfurization, Thiol,
Thiophene.
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Table 1 Specific surface area of sepiolite.
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ENEML, RARO&EF 71 M

sample 60-80mesh/m?eg™! [80-100mesh/m?+g!
untreated- sepiolite 232.7 208.1
0.59NHCI treated-
sepiolite (10 min) 2947 290.1
0.59NHCI treated-
sepiolite (8h) 2468 250.1
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RKRDREZF 54 P 2D EMEE LT
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—~LOBKICEBFFFEFa7 5y ~NDE{LK
B vrzFLy sy a-arofiKicks oty
Y ~NDEALRIESEH S 5. BILRHARKIEDEA b
¥ R VIC & BIEREBIRARIGIC & DA LT
R S8 T %, COBEREL T 1 Fid 350
CTHER L B HHERR T2 C Lic kb 2kfi#p & L
THW3, THid b Vi ABED Mg™ 551 3Tk
BIkDBKIC & 0 REFES BERALE R, Z T~
Bkoirb 0 i KISEAL U CRISHREIE £120,
AR B & R i Bk BUE THERK U 7oK 5748
BEALEBAORIET S EZELZNITHATETHD
(Fig.4)o CORIGEREETIT>/e YZFVL Y
7 a— A OFHEE (WHSV) pVhE0n & SRS
E5 b YR ARICADE S - DBR{LES LRI TH
3O+ F4 VOBEIRRIT Table 2 IR LK HITK
X\, L&L, WHSVEZRELSTHERGIE F
AANDAHELTRATOHETTELDIF Y VHE
RDERRIZET T 50

b RLEED Mg' RMIOSBA 2 v ERBTE
BEWVWHEEL [oka & Oguchiic K VG INT
AV-S2A

2EE T4 D v RAEDOMS % A’ TEH

A RABBESEML TV Y R F Y FIR
BEIICER L TOWB T E0 5 (Fig.5)e C
OED 1 -2 F vy antt v ORMELITZV
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5 7 — LOBKEIETIR™, RIGEE 573K Tt —
FAOEREBSEZF LY/ EDEL, 673KiCb L
DR ITHEE LT 5, Corma lZHEDNR &
LTRRDEEZF 54 b2l Liczy /— 1D
7K LR D F B 7— & HSIBE SN T8 Dandy
OBV ESH LTS, REDETATIT-H R
R4 VEDREA S/ Milftickbszsy /s — LD
KRBT 280 C UL E TR F LV Y SBRHIITAERR
LTn3DTH, 24 /- LORKicAP Bk
E4 74 bOEBIIEE 2R T &V B S OfERIC
AR TR WETLAVH S, LIL, RARDE
EdS54rE AP BREEL 74 b TIREEAIRE
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Fig. 4 Coordination of Mg2* ion along tunnel
wall of sepiolite.

Table 2 The effect of WHSV on the yield of
dioxane (DO) at different amount of reacted
diethylene glycol (DEG).

WHSV  yield of DO selectivity of DO

h! /8 /%
added DEG added DEG
03g 04g 03g 04g

01 026 028 86 70

0.2 029 038 98 94

0.3 023 026 77 66

04 024 025 81 63
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Fig. 5 IR spectra of pyridine adsorbed on
sepiolite. a: AI’* sepiolite, b: natural sepio-
lite.

Table 3 Catalytic reaction of 1-methylcyclo-
hexene (MCH) on an Al-exchanged sepiolite.

Total Yields
conversion SMCH 4MCH Dimethylcyclo- Cracking
(%) pentene
424 244 108 41 3.1

BB » TV B T EITHENTH 5,

2454 PO Mg 2T AA VB4 Y TEH
4% & pKa #5107~ 133 @ MEE A b ER S 3,
TAHY EDOBHIZ 353K DKBETTITI. NV
X7 LFE F&EVT7 VBT F L &SR IbITHt
TREMETANVEA A YORNBICHRET S &
Cs>K>Na>LiDJaE/5%, A 714 +D
Mg™ & 1BDTAH VG4 4 Y TERBRLIZGAE
T & 4 4 R REONEEN D 51280, EPRS
LEZ{ME S POMBEIRE S, EHIEZOAIRDD
TOFMIBERIIL TOIR,

471 b EAYEREE L TRV B 05,
Aramedia ik 24 7 14 bicEE L7 Pd il %
BRIz, PdidE R 5 4 b RETEEHE 4 nm
DB T ELTELEL, L7 4 VEOKEILD
vyo~nte Yy EKRRELTKEBEEICLE T
== AT & FL v ORI EREETRT™, Martin
S5iE TEM KX BEED,S Pd 2 085%kEF 5 4
M iCHERE L7 il D Pd ORERAAAIE 0—100 A T
15 A ik bonient L, HEBED DB

(16)

0.70% Pd{BE:ARE Tt 140 A FTEAHIRIEL S
2™, Ni 2435k 0BT 5E 15— 40nmD
W T-E 723, COMIED A FA YT anEy v
D b AT DB BER I % @R IR
REVEEF, DX Bk FidiRsHEO
HELLTHREL 4 MIBAMTHEDENZ D,
PAERFME I 7T F L VA0 ZEEE~DKE
{bics LT Table 4 D& 5 5 RIRME 2R L ™)
CZCHEETNEEERIT, 4-octyne, Diphenyl-
acetylene D/KFALERRMH 0B L, LV REITH -
720 & ERBEALDREC s TVWHNWL ETH B, EE
SREDBIXDPTRENTORNOS, BZLL &
454Dy R AEEICHR T ZERERED
12HTHAHEEZOLND,

Table 4 Selectivity of the semi—hydrogenation
of acetylenic triple bonds.

Reaction Sso S,
Substrate conditions (%) (%)
Phenylacetylene ST 85 -
oP 94 —

2-Methyl-3-butyn-ol ST 92 _—
OP 93 —

1-Octyne ST 88 —
op 93 —_

4-Octyne ST 96 92
op 98 93

Diphenylacetylene ST 84 90
OP 94 97

Sso = 100 x [mol alkene/(mol alkene + mol alkane)]

S, = 100 x [mol cis/(mol cis + mol trans)]

Both selectivities are defined when the hydrogen required to
reduce the acetylenic triple bond has been reduced t¢ a double
alkenic bond has been consumed in a 100% selective process

Rhilfre €475 4 M3 p-X-C.H,CH=COR
DIKFALRIRIT B0 TRISED —EfE & ok FE biciE
HERL, BREEHSEHE SHR,

2EF 54 bicMn?, Ni¥, zn*"Z0&E1 4
VEEE LRI S —Ans Ty ST vAD
EALRIGICIzO LT N i &R AR 316 20 8)
SR/A 4 V2R T 5548, BREAREEEL S
1 MTEEL, BEBB500CTRRTSCEILD
BE U 7R AR TSN « EEIRE AR LT Mn®"
BLU Zn®" 2% 5 [ biciE Lioiltic k3,
Ty ) —NDT YT DAL DL B
F B RIGEBSI DL % Table 5 KR L1z, 2R
54 CEBEEE L LT, CoRBRDE
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Table 5 Comparison of products in ethanol conversion on various catalysts.
Catalyst React. React. C,H,OH C,H, Butadiene Butene+butan Ether MeCHO
atalys Temp. (K) Time (h) % % % % # %
Sepiolite 553 5 5.5 86.9 0.7 0.7 4.5 0.8
ZnO-sepiolite 553 2 0.1 12.9 63.5 139 0.7 04
0.7mmol/ g
ZnO-sepiolite 553 2 1.1 26.9 46.1 15.3 0.3 0.4
2mmol /g
ZnO + Sepiolite 553 3 0.5 86.5 5.3 1.8 0.1 1.6
mixed ZnO
0.7mmol /g
Mn-sepiolite 573 4 94 43.7 25.8 6.4 4.2 5.7
1.0mmol /g
Mn-sepiolite 573 7 - 414 334 8.3 2.0 7.5
3.0mmol /g
D& IS RIGERE T#dr (Scheme) ; Lick ) KBEFIEEOBERBAIRET =/ — LT
- ey s N— ' =
2C L OH dehydration C.H-OC.H dehydration 3 ﬁg'g’"% &1 7y /Em@@ﬁ$&ﬁ§)ﬁ®5
2HOH = 2HsOCHs = > CoHa & OMIT 3B B BIGDSH B T - 122 i,
(oYdehydrogenation WEEE v 514 b D i‘%é, ZniBEE,SE A
) 4 DY FAED Mg™ 1 4 VBOM1/2TT
2CH,CHO —20! condensaion CHyCH(OH)CH,CHO . . _
3 Bo@ SCHIORICH 5 U1 Y HIROBREREBAMEER Ul (Fig. 7)o
(@ dohyaration MnBLUFZniBE+ 4 5 1 PO XRD ici3ARE
CHICHO DTN E X F Zn0 B LT MO, MnO,, Mn,0,
CH,CH-CHCH,OH <—X21 2 ol CH=CHCHO D — 7 BRI h T, RS 5icoh

+CoHgOH  (a)+(b)
(a)l dehydration

(a) : acidic sites
(b) : basic sites

CH,CH=CHCH,
78 O v ORERRIGIC SEIERRS & EESOR
HHNRETHB, 2L 7 1 MBI TREBEOAL
FETDIHDIF LV YBEERY L5, 2D
B4 A vEHEFT A LI DIERASEL, N
BT I VEROBERY XA 5, Fig. 6 1TR
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Fig. 6 Dependence of selectivity for 1,3
butadiene formation on the amount of
phenol and CO, adsorption.
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Fig.7 Dependence of sclectivity of 1,3-
butadiene formation on Zn2* contents in
sepiolite.
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ACAR ZRIELI-& T 5, fikktah(c i) A L4k
WENCEA BT, p-PsliE® ACAR it BAHM:
DB X A2,

6. HHOIC

A T4 MIBOE b, hE, x4 Y
POMAINTENCOEONE L H I - TE
LA REOBED L Ed 5 1 OB SIEHIC
WEAETHNIN TV ADOTEED S 35 IISR
Shic, 0B, KRS 31 HBLIBORICE
AV 2= =T 5T 49 VATHER Lz EL S
1 b DEERIDEON T B,

References

1) A. Preisinger, “Clays and Clay Minerals”, Earth
Sci. Ser., Vol. 12, Pergamon Oxford, p. 365, 1963.

2) C. J. Serna and G. E. Vanscoyoc, Proc. Int. Clay
Conf., p. 197, 1978.

3) M. Rautureau and A. Mifsud, Clay Miner., 12,
309, 1977.

4) H. Nagata, S. Shimoda and T. Sudo, Clays Clay

(18)

Miner., 22, 285-293 (1974).

5) C. Serna, J. L. Ahrrichs and J. M. Seratosa, Clays
Clay Miner., 23, 452 (1975).

6) W. F. Bradley, Am. Miner., 25, 405 (1940).

7) J. E. Chisholm, Canad. Miner., 30, 61 (1992).

8) M. Ioka and Y. Oguchi, HAZABISE, 79-31099
(1979).

9) R. Otsuka, T. Mariko and T. Sakamoto, Mem.
Sch. Sci. Eng., Waseda Univ., 37, 43 (1973).

10) 4k, BRI, HEEA4EE, 31, 196(1992).

11) Y. Grillet, J. M. Cases, M. Francois, J. Rouquerol,
and J. E. Poirier, Clays Clay Miner., 36, 233
(1988).

12) S. Inagaki, Y. Fukushima, H. Doi, and O. Kami-
gaito, Clay Miner., 25, 99 (1990).

13) A. J. Dandy, J. Chem. Soc., A72, 334 (1971).

14) Y. Oguchi, B A/AB#EFF, M 53-7592.

15) Y. Kitayama and K. Wakui, RHE%

16) Y. Kitayama and M. Kamimura, Chem. Express,
5, 544—548 (1990).

17) A. Corma, J. Perez-Pariente, V. Fornes and A.
Mifsud, Clay Miner., 19, 673—676 (1983).

18) A. Corma, and J. P. Pariente, Clay Miner., 22,
423—433(1987).

19) A. J. Dandy and M. S. Nadiye-Tabbiruka, Clays
Clay Miner., 30, 347—352 (1982).

20) Y. Kitayama, and A. Mitishita, J. Chem. Soc.,
Chem. Comm., 1981, 401402 (1981).

21) A. Corma and R. M. Martin-Aranda, J. Cat., 130,
130 (1991).

22) M. A. Aramedia, V. Borau, F. Castellanos, C.
Jimenez, J. M. Marinas, React. Kinet. Catal. Lett.,
36, 251 (1988).

23) M, A. Martin, J. A. Pajales, and L. G. Tejuka,
J. Colloid Inter. Sci., 107, 540 (1985).

24) A. Corma, A, Mifsud and J. Perez-Pariente, Ind.
Eng. Chem. Res., 27, 2044 (1988).

25) M. A. Aramedia, V. Borau, C. Jimenez, J. M.
Marinas, M. E. Sempere and F. J. Urbano, Syth.
Comm., 20 (22), 35193528 (1990).

26) J. A. Cabello, J. M. Campelo, A. Garcia, D. Luna
and J. M. Marinas, J. Mol Catal,, 67,217 (1991).

27) Y. Kitayama, T. Hosina, T. Kimura and T. Asa-
kawa, Proc. 8th Inter. Cong. Cat., Vol. 5, 647—
657 (1984).

28) Jh@rL, BUEE 5, B4kik 1989, 1824—1829
(1989).

29) Y. Tuchiya, Y. Kitayama and M. Hasegawa,
“Positoron Annihilation”, pp. 824—827, edited
by L. Dorikens-Vanpraet, M. Dorikens and D.
Segers, World (1989).

30) M. Hasegawa, Y. Tsuchiya, Y. Kitayama, Y. Chiba,
T. Saitoh and S. Yamaguchi, Material Science
Forum, Vols. 1.5—110, pp. 257—264, Trans Tech.
Publications, Singapol (1991).

31) BAKSERIESIR, WA, 32%, 35(1992).



(19 Vol. 10 No.3(1993) 139

Catalytic Property of Sepiolite

Yoshie KiTAYAMA
Department of Materials and Chemical Engineering,
Faculty of Engineering, Niigata University,
Ikarashi, Niigata 950-21, Japan.

Sepiolite is a fibrous magnesia-silicate clay mineral. The idealized formula for the structure
of this mineral is MggSi;;O30(OH)4(H,0)s 6—8H,0 and the crystal contains uniform size
parallelpiped intracrystalline tunnels along the fiber and their cross section is about 1.35
x 0.67 nm2. The zeolitic water and coordinated water molecules are contained in the tunnel.
As sepiolite can provide a restricted field for reactions as like as zeolite, it can be used to
shape selective catalyst with high selectivity such as cyclodehydration of diethyleneglycol.
The Mg?* ions located at the edge of the octahedral sheet which form the walls of the
tunnels along the fiber are exchangeable with various alkaline and transition metal cations.
Sepiolite is active for the demetalation from petroleum. Sepiolite can be used as the catalyst
for dehydration of alcohol, because it provide Lewis acidic sites by releasing a coordinated
water from Mg2?* located at the tunnel wall. Broensted acidic sites are formed by substituting
Mg2* located at the tunnel wall with AI3*. While basic sites are formed by substituting with
alkaline cation such as Li*, Na*, K* and Cs*. The sepiolite substituted Mg2* by transition
metal ions behaves as an acid-base bifunctional catalyst for the conversion of ethanol to 1,3-
butadiene. Sepiolite is an effective support of the catalyst for preparing fine particles of
metals. The reaction od positron in the tunnels of sepiolite is interesting as a new tool to
investigate microporous material.

Key words: Sepiolite, Microporous Material, Fibrous clay, Catalyst.
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Solid-state NMR Study of Layered Clay Minerals
and Their Intercalation Compounds

Shigenobu HayasHI
National Institute of Materials and Chemical Research

Solid-state NMR studies of layerd clay minerals and their intercalation compounds are
reviewed. Kaolinite is treated as a representative of the clay minerals in this article. ?*Si NMR
spectra confirm the presence of two inequivalent Si sites, and > Al NMR spectra also suggest
the presence of two inequivalent Al sites. 'H wide-line NMR spectra demonstrate rigidity of
the hydroxy groups. The 'H chemical shift obtained by use of the CRAMPS technique indi-
cates the basic nature of the hydroxyl groups. Natural kaolinites contain a considerable
amount of paramagnetic impurities such as Fe3*, which have a great effect on the linewidth
of the NMR spectrum and the nuclear relaxation time. NMR studies of heat-treated kaolinite
samples give us information on spatial distribution of residual hydroxyl groups in the de-
hydroxylation process and change in the coordination number of Al atoms. NMR studies of
the intercalation compounds present changes in the structure of the host lattice caused by
the intercalation and the sites and the dynamics of guest molecules. However, further studies
are necessary to specify the sites and the dynamics unequivocally.
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Capillarity Phenomena and Metal-Dielectric Interaction
in Zeolite Channels

Valentin N. Bogomolov
Ioffe Phys. Tech. Inst., St. Petersburg, Russia

A simple model of transition metal-dielectric layer based on the experimental data on the
capillary phenomena for the 6/12 A diameter channels and on the Van der Waals bond as a
weak excimer interaction of the fluctuation nature is considered. Some aspects of interphase
interaction for adsorption, catalysis, energetics, and electronics problems were discussed.

Intermediate layers between the different
phases are very widespread and important
objects for heterogeneous systems equilibrium,
chemical reactions velocity, catalysis, micro-
and nano-electronic devices and so on. The
microscopic structure of the extremely thin
transition layers and the local interactions are
very difficult for the experimental investiga-
tions.*>®  The most direct and adequate
method of investigations of this problem is
examination of capillary phenomena in the
atomic diameter channels. Such experiments
were undertaken as an attempts to create the
low-dimensional systems by means of the
matrix method. It was a task in line with the
HTSC- problem. The rutile (TiO;) monocrys-
tals with a 4-member spiral structure channels
as a matrix were utilized for that purpose and
the zeolites monocrystals with the 6/12 A dia-
meter channels were the next.?

The simplest model for the two phases
contact is the some surface without the thick-
ness and with surface tension ¢. When the
interphase boundary become curved the pres-
sure difference P between the phases may be
expressed via the surface tension ¢ and the
curvature radius 7 by means of the Laplace
equation P=20/r." Apparently Poisson was
the first who understand that the capillary
phenomena were consequences of the finite
thickness of the capillary layer. Along the
intermediate layer properties of the both
phases must altered relatively fluently. As with

most research, this concept has raised a new
problems of the properties of this layer which
may be considered ‘as a new physical object.
For example the surface tension of the spheri-
cal drop (one phase situation, vapor pressure
absent) depend on the surface curvature
radius r:

os(N/oo=r2[(rs+ 5po)2 =] -—251,0/7‘8;
0s(r)= 66— dpo P,

where P is the Laplace pressure, ¢,=0(=0),
dpoP is the elastic energy of the interphase
layer volume. In that case the surface of
tension (r,) is not coincide with the equimolar
surface (7,) (see Fig. 1a). Tolman length gy,
is the difference between these surface curva-
ture radii r.—r and it determines the surface
tension versus the pressure dependence. It
depend on the compressibility &k of the volume
and on the surface and volume properties
difference.

The simplest case of the two phase inter-
action is the liquid-metal-dielectric contact.
This type of interaction is of importance for
adsorption and catalysis, for capillary and
electrocapillary energetics, for composites and
electronic devices, and other® It becomes
possible to directly determine the properties
of the interphase layer and the dependence of
the surface energy on the curvature when
channels of single-crystal zeolite are employed.
Fortunately, the channel diameters are known
with crystallographic precision (6.7 x 7.0 A in
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mordenite and 11.7 A in zeolite X) and the
channels have a high degree of monodispersion
and a high density (the channel volume is as
much as 50% of the volume of the X-crystal).®)
The capillary walls in zeolites consists of the
oxides Al,O3 and SiO, with saturated valence
and have no broken bonds (‘““molecular” sur-
face) in contrast to the surface created by me-
chanical methods. However in such capillaries
there are two types of interphase boundaries
present simultaneously: liquid-vapor and
liquid-solid insulator, along with faur kinds of
curvature: spherical and cylindrical, positive
and negative (for window regions between the
zeolite cavities).

Experimental investigations of the capillary
phenomena in zeolite channels give an infor-
mation on the liquid metal-dielectric interac-
tion and one may introduce a qualitative des-
cription of the some phenomena observed.
So an interphase gap A =>=(1.1/1.5) A between
the liquid metal and dielectric wall with the
compressibility £=>4-10 atm™ was observed
and the interphase metal-dielectric interaction
energy as a function of the metal surface
tension and of the Laplace pressure was mea-
sured*% It was shown that the well known
picture of the capillary phenomena remains
for the atomic diameter channels also.

Thermodynamic theory of capillarity does
not depend on the nature of the interacting
phases but at the some time it can not answer
the question on the local structure of inter-
phase interaction and its microparameters,
on the magnitude and sign of the Tolman
length.??  Thorough understanding of the
problem must involve the physical approach
also. The simplest example of the problem
is determination of the magnitude and sign of
the Tolman length for metallic drop in vacuum
at 7=0. The above mentioned well-known
Gibbs-Tolman-Koenig-Buff (GTKB) formula
describes the dependence of surface tension
on the diameter of a free spherical drop. The
GTKB equation also describes the dependence
of surface energy on the interphase pressure
or Laplace pressure when the second phase is
vacuum. For metals the vapor pressure at

moderate temperatures is small. For §po/r=1
the approximate GTKB formula differs from
the exact formula by 10%." The length 8,,
=—do/dP. If Tolman length d,, negative, the
surface tension increases as the drop diameter
decreases (as the Laplace pressure increases)
and vice versa.

The magnitude and sign of dp, can be
evaluated from very simple considerations.
The change in the interatomic distance “@”
associated with compression or heating, must
cause a change g~a™. After a simple transfor-

mations one can obtain

do/dP=nok/3; d&/dT=*na,6’/3;
do/dP=—(t/F)da/dT

where £ is the compressibility, & is the volume
thermal expansion coefficient, do/dT is the
entropy of the surface. These quantities are
well-known from the experimental data in
contrast to the Tolman length. For majority
of metals at the melting temperatures we have
de/dT~—(0.1/0.3) erg/cm2deg, that corre-
sponds approximately to n=~6. This yields
do/dP=2k6. Hence for K and Na we have
dpo=—0.7 fA, while for the other metals dp,
~ —(0.2/0.3) A. It is not surprising since
the do/dP=-—(de/dT)/rc,, where r is the
Gruneisen constant and ¢, is the volumetric
specific heat. The sign of the effect in this case
correspond to ¢ increasing as the diameter
decreases (as the pressure increases) in agree-
ment with the calculated results.?) Evaluation
of the Tolman length if 2r>~a may be made
also from the well-known atomic Goldschmidt
contraction for metals. When the number N
-of the nearest neighbour atoms is lowered from
12 to 0, the atom diameter decrease: dy /di,
- ~0.8; (dp,®—do®)/dy,° ~kda(do)/de. Tt is
easy to show that

1=dy/dy,
={[1+(1 —10,018/d1,)?1/2}/3=0.79

That way also gives for §,, value in the order
of magnitude obtained above: |dp0| < d12/8.
Pure thermodynamic considerations let us
make the conclusion on the some interphase
transitional layer existence. But the question
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about the layer nature is opened. If one accept
the supposition that é,, exist in reality and in
first approximation does not depend on the
curvature radius », it must be mentioned that
the space scale for this layer corresponds only
to that of atomic orbital splitting.” Out of the
metal volume the excited state orbitals of
various nature are situated. For very small
metal clusters the atom-like model of electron
energy is valid and the excited state orbitals
are the cluster orbitals. Variation in energy
of the cluster by some perturbation induces
the corresponding variation in cluster diameter
the latter is determined as a position of the
principal maxima in electron radial distribu-
tion function” From the other hand a sub-
stance composed by the atoms in excited state
(excimer state) must have the volume greater
than that of the substance in ground state.
These considerations are valid for the surface
also. In order to display the existence of the
interphase layer it is necessary to induce the
occupation of the cluster or surface excited
state orbitals by means of some perturbation.
Part of electrons displaces from the atoms on
the surface out of the volume. That may lead
to lowering of the local density of states of
the surface atoms also. Such effect have been
observed in experiment® This picture is not
in contradiction with the thermodynamic
scheme (Fig. 1b).

When the zeolite channels are filled with
the liquid metal one has a three-dimensional
liquid metal “‘sublattice” with the well defined
surface of metal (0.2/0.5 A accuracy). This
surface may serve as a sound probe for the
dielectric surface investigation.

Fig. 1 a) Metal-vacuum boundary thermo-
dynamic scheme,
b) Interphase layer thermodynamic

scheme.

(30)

A weak metal-dielectric interaction is dis-
played in wetting (Adhesion energy o.). One
can define the surface energies as follow: a;
for solid surface, ¢, for liquid surface, a4,
for interphase layer. The contact angle «,
Laplace pressure P, surface and adhesion
energies are connected with the help of the
Young, Dupre and Laplace equations (Fig. 2,
inset):

0;= 05— 00 COSA; 6.,= 0o+ 0, — 045 ;
Gx= 0o~ 0.= 0o COSA=P 7[2

Total surface energy exceeds the free surface
energy (surface tension) by the entropy item
Tds/dT. The last contribution is small when
the temperature is low relatively to the critical
temperature.

Using the Berthelot relation for inter-
action constants of molecules O and T: Cot=
(CooCrr)Y?, Girifalco and Good (GG) have
obtained a simple expression for van der Waals
(VDW) interaction energy between the two
phases®);

0c=2M(000t)1/2=% + 04— 040,
M=4rort/(ro+rt)2

where r,,; are the mean radii of the particles
in the different phases.

Earlier Pauling has utilized this relation for
the electronegativity scale determination in
the case of the covalent bonds.!®

Surface energy o; of the solid body one can
find by means of the contact angle measure-
ments and with the help of the GG formula.

0, ergfcm?

Y 7

300 \%’ Ot g

Oo N2t _ £ _,0¢ .

I °
200 .

[ ]
100 _*
200 400 600 o ergfom?

Fig. 2 Matal-zeolite adhesion energy o, on the
metal surface energy ¢, dependence
(points). Solid line corresponds ¢.=
2(040 0)Y? at 6,=25 erg/cm?. Inset —
metal drop on the dielectric surface.
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Series of such experiments were performed for
the mercury and the dielectrics with the dif-
ferent chemical nature contact.”) Values from
several — units up to several tens erg/cm? were
calculated for different materials. Another
case — using of the different liquid metals
with the surface tension o, (100/700 erg/cm?)
and one and the some dielectric (zeolite) in
contact for precise determination of o; of the
dielectric.? The points in Fig. 2 indicate the
values of adhesion energy o. obtained by cal-
culations with the help of the above mentioned
relations and experimental data on 4,9
Adhesion energy has a two parts o.(o,;Py)
=00 (0050)+0:.Py(0,)/2, where ¢ (0,;0)
is the initial adhesion energy at the interphase
pressure P,=0. A Tolman length o0.~(1.2
/1.5) A is a proportional coefficient between
the interphase (Laplace) pressure and the
additional adhesion energy. The Tolman
length 0. was determined only in order of
magnitude so far as o.o~110erg/cm? as a
constant and independent on ¢, was used ®

For the zeolite case one has a dielectric
surface with no broken bonds and no Tamm-

levels (quasimolecular surface). But it does
not mean that surface energy oy is absent
(inset in Fig. 2). Own surface energy o, for
zeolites is about 900 erg/cm? according to the
calorimetric data and to the evaluations with
the help of the GG formula and the water ad-
sorption energy o., >~ 300 erg/cm2. Berthelot
relation is also valid for wetting contact.
Zeolite monocrystals are the metastable
systems. Their chemical bond energy is smaller
than that of the A1,O3 and SiO, bulk materi-
als. Part of the chemical valence bond energy
is spread over the channels surface and this
energy display itself as an ability for VDW
interaction. It is the base for the zeolites uti-
lization as a powerful tool for chemical tech-
nology. There are many examples of the
transition of the chemical bond energy into
the different forms. For example the mecha-
nochemical activation process may by men-
tioned. Surface energy oy of the zeolite
channels is about 0.6 kcal/g. Energy capacity
of such order of magnitude is ordinary for

explosive substances like trotyl. There is a
possibility of the explosive substances fabrica-
tion if to use zeolites.

The solid line in Fig. 2 corresponds to GG
formula ¢,=2(6.0,)/?, when o, =25 erg/cm?.
Solid surface energy o, in order of that ob-
tained in? Thus there is the essential dif-
ference between the effective surface energy
0, =25 erg/cm? of the solid dielectric and own
surface energy o, =900 erg/cm? if the contact
metal-dielectric is present. Such discrepancy
has been observed earlier.!” It must be taken
into account the fact that the wetting liquids
fil the channels completely, while a liquid
metals fill only a part of the channel volume.
A gap h=(1.1/1.5) A exists between the wall
of the zeolite channel and the liquid metal
surface. The magnitude of this gap is near the
interphase Tolman length.®) Qualitatively the
difference between the two kinds of the sur-
face energy for zeolite one can understand
from the following consideration. Orbital
radii of the excited states for atoms on the
surface are greater than radii of the ground
state. Above the surface of the dielectric a
planar network of the electronic excited states
at the distance ~# appears under the influence
of the metal-dielectric perturbation interaction
(Fig. 3a). Because of the fluctuation nature
of the interaction mean occupancy of the
excited states X<1. The case X =1 correspond
to an excimer state. Appearing of the excited
states with X <1 above the dielectric surface
prevents the direct contact of the metal surface
with the dielectric high energy surface from
one side and- rises the VDW interaction energy
o. from the other.

Typical example of the VDW materials is
the condenced inert gases (IG). VDW radii of
the IG atoms are close to that of the atom
excited state orbitals and to the atomic radii
of corresponding alkaline metals. Density of
the condensed IG is close to that of the corre-
sponding alkaline metals. In the case of the
IG atoms the bond can be treated approxi-
mately as though it were metallic type bond,
but resulting from the orbitals of an excited
state whose mean occupation X <1 (life time
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Fig.3 a) Metal-dielectric boundary and metal-dielectric inter-
action schematic picture.
b) Metal-VDW condensat
dielectric interaction schematic picture.

about 10-19sec.). Under the high pressure the
condensed IG become metals (X=1) with
inter-atomic distances sufficiently greater than
the diameters of the ground state orbitals.

Transition of the atoms from the ground
state into excited state depend on the relation
between the transition energy AE and the mean
perdurbation energy e. If the perturbation
energy has a fluctuation nature the occupation
X may be expressed by means of the factor
exp (—AE/¢e), similar to the Boltzmann factor.
Now the liquid IG can be regarded as weak
excimer analog of an alkaline metal (occupa-
tion of the excited states X<1). Since for
simple metals the bond energy ~e?/r,,, for the
liquid IG one can write gvpw =C12X2/rypw.
The occupation X depends on the difference
between the energies of the excited and ground
states AE and on the magnitude of the
Coulomb perturbations interaction ¢ of the
atomic shells by one another X=<exp (—AE/¢).
where & =Ae2/28r+Be2X/Ar=e2(4+2BX)/
2Ar=e2Z/2 Ar (see Fig. 3b). Ar is the radii
difference of the excited and ground state.
Surface energy and binding (condensation)
energy are connected.!” Therefore surface
energy of the liquid IG is ovpw =~ C,e2X?/
rvbw-

boundary and dielectric-

A simple modet of VDW bond as a weak
excimer interaction may be easy employed for
the metal-dielectric adhesion energy calcula-
tion. At a metal-dielectric contact the filled
orbitals of the metal interact with the partly
filled orbitals of the excited state of the di-
electric surface (see Fig. 3a):

0o = C3(—e)(eX) + Cyle)(—eX)=2Cse2 X
=2(Ce2Cre2X?)2=2Cy(0,avow)'?
=2Cg(0,0¢)'?

Therefore the excimer model of VDW metal-
dielectric interaction is satisfied the Berthelot
relation if the solid state surface energy of
dielectric corresponds to that of the some
equivalent VDW condensat. Surface energy
6:=25 erg/cm? of the pertially filled excited
states at the dielectric surface is corresponded
to the surface energy of Kr. Kr atoms has Ar
~1.3 A, AE=10¢eV. Energy of such magnitude
may affect on the metal-dielectric contact
parameters only. This is in accordance with
the results of introducing mercury into zeolite
X at 20°C and at 400°C. Any difference in the
contact angle (Laplace pressure) except the
case of the de/dT — dependence was not ob-
served.

If we use above mentioned capillary re-
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lations together with the GG formula, then
we can obtain an expression for the interphase
energy oy : (00)"2=(0)"*—(oy)'*. It means
that the interphase surface energy is the result
of the difference between the electron concen-
trations in the vicinity of the metal surface and
on the excited state surface of dielectric:

Xto =X0_Xt;(Xo:1)-

If the interphase energy 6y = 6o+ 6y— 0,
we can define the interphase Tolman length
as 0y =0p,+0¢—0d,. A simple calculations
give:

oc=—do./dp=—[1+F(AE;h)]e kn
~—(1/1.5) A;6,>0

for the experimental value k~4.10%atm™
and if AE>~10eV;0;<d,.

The picture of the metal-dielectric inter-
phase layer described above is in agreement
with that obtained by the thermodynamic
approach (Fig. 1b). If the gap ho=h— d,, can
be treated approximately as though it was
interphase Tolman length it is greater than the
Tolman length of metal and has an opposite
sign. It means that as the interphase pressure
increases, the interphase surface energy falls
of due to the rise in adhesion (wetting) energy.
At the high pressure (or small radii) the ener-
getic boundary between the phases may disap-
pear. Excimer model of the metal-dielectric
contact is not in contradiction with the real-
istic parameters of the system.

Now we shall regard the VDW bond as a
quasi-chemical metal-type interaction by means
of the partially filled orbitals of the excited
state in contrast to chemical bond as an inter-
action of the groung state orbitals.

One can make some another conclusions
about the metal-dielectric and dielectric-
dielectric contacts from this point of view.

There are some instability in X magnitude
if the X-dependent members in the Coulomb
perturbation energy were taken into account.
Instability in system of the excited states
occurs at the certain relation between the
parameters. Equation:

A+2BX)InX=—2AEAr/e?=—r
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Fig. 4 Z(X)InX=—r dependenceat B=1,4=
1.09(1); A4=1/3.6(12); A=1/20(3).
X : extremum position.

has a graph shown in Fig. 4. Numeral evalu-
ations of the condensation energy of the IG,
H,, N,, CO with the help of the excimer for-
mulae are close to the experimental data if 4
~B=>1, The instability point corresponds to
B=1, A=2/e2=1/3.7. Correct condensation
energy for O, one can calculate only if A~
1/3.6. In contrast to the rest gases O, has a
magnetic properties as well as nitrogen oxides
and sulphur in molecular forms. These ele-
ments are often present in compounds with
the phase transition.

It must be emphasize that the model dis-
cussed above provides only a simple and quali-
tative description of the experimental findings.

If the dielectric is in contact with the metal
surface, Z(X) must be modified and it may be
the reason for the transition of the physical
adsorption into the chemisorption and oxygen
chemical activity.

For the case of metal-VDW dielectric con-
tact (adsorption layer on the metal surface)
electron occupation X of the first layer de-
pends on the Coulomb perturbation:

e1=A,e2/(Ar+h)+ By e2/h+B,e2X /h

For the second layer X; > X, so far as ;> ¢,
=A,e2/2h+B,e2X,%/h and so on. Calculated
adsorption energy for the Kr and O, on the
metal surface are shown in Fig. 5. The bond
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Fig. 5 Calculated adsorption energy for Kr (1)
and O, (2) layers at the metal surface.

energy (or adsorption energy) ladder will cor-
respond to the excimer state ladder. These
are four distinct steps for Kr case in agreement
with the four steps of experimental adsorption
isotherm.' The amount of steps depend on
the substance parameters. For example there
are six clear steps for oxygen adsorption energy
along the layer numbers. This picture is in
accordance with the calculated ‘‘terraced
wetting”.'® In the model discussed a simple
mechanism of the some excitations or the
interactions translation on a long distances by
means a relay race from atom to atom appears.
So, the real transition region between the
phases may spread over the several atom layers
for the weak bond substances. For the high
bond energy substances (zeolites and metals)
excitations decrease more rapidly. For exam-
ple for the platinum cluster the local density
of states at the Fermi energy run up to the
bulk value at the third layer and depend on
the second phase presence.®)

Metal-dielectric interaction has a direct
relation to the catalysis. It is the problem of
the chemical reactions between the different
adsorbed atoms on the metal surface. So for
atoms A and B on the metal surface one may
obtain their interaction energy gup~

e2X amXBm/Fvpw, i.€., the interaction between
the atoms A and B on the metallic surface is in-
creased in accordance with the ratio X am Xgm/
XaXg>1. Thus on the catalyst surface the
catalytic reactor with the high component
concentration, high temperature, long time of
interaction, and high effective pressure is
realized. This mechanism may be of im-
portance for catalytic reactions with the ad-
sorption processes.!*)

According to Fig. 2, adhesion energy for
metal clusters and dielectric carriers may be
of the order of the bond energy for metals,
i.e., relatively strong. If the free electrons are
appeared in carrier the cluster-carrier inter-
action may become stronger. Part of the
cluster effective valence spends on the cluster-
carrier interaction. It displays itself in lowering
of the adsorption ability of the clusters. This
phenomena may be the cause of the sup-
pression of the gas adsorption after a high-
temperature reduction of the metal support
system (Pt/TiO,) in H, (catalyst strong metal-
support interaction state—SMSI effect).'®

Systems consisting of a liquid and a capil-
lary absorber (hydrocapillary working medium)
are of interest, e.g., for several energy-storage
devices. When a nonwetting liquid is intro-
duced into a capillary the expended energy is
accumulated in the form of the energy of
broken chemical bonds of the newly formed
surface. It can be recovered as mechanical
work when the liquid comes out under pressure
(a hydrocapillary or mechanochemical energy
store). For d=~a the energy capacity of such
storage device approach that of electrochemi-
cal batteries, approximately 200 kJ/I. The
advantage of a hydrocapillary storage devices
include high power (up to 20 kW/I), constant
pressure, total and rapid charging and dis-
charging, the absence of any electric motors
and generators, as well as the obvious and
immediate possibility of converting them into
hydrocapillary machines utilizing the well-
known dependence of the surface tension on
temperature or on the interphase potential
difference (electrocapillary phenomena).

FElectrocapillapy phenomena have been
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thoroughly studied in the case of contacts
between metals and liquid electrolytes having
ionic conductivity. The decrease in ¢ under
the influence of the potential difference F
results from a buildup of charge ¢ in a double
layer and is proportional to the energy of the
charges in the interphase capacitor, og = g,
—CE?*/2 (an analog of the reduced GTKB-
equation). The value of the capacity is C=30
mF/cm? and the experimental values of the
interface thickness are about 1.5 A. The inter-
phase tension is several fold for E=~1/5V. If
we use a conducting matrix with a porosity
close to that of zeolite X, the capacitance of
such a system can reach 400 F/cm3 and by
itself it becomes an electrical battery with an
energy of about 200 kJ/I. When such a storage
device is discharged, liquid is expelled from
the channels at a pressure, which allows it to
be used as a hydromotor without a moving
mechanical elements (a capillary electric
motor). A power of 1kW/I can be achieved
even with a capillary diameter of 1000 A and
a cycling frequency of 1 Hz. Such motors
have essentially already been achieved in ex-
perimental devices, but with negligible power.

When a high-energy surface is formed, either
by forcing liquid into channels or by removing
an interphase potential difference or including
a metal-dielectric transition through a tem-
perature or pressure change, there is a change
in the system entropy and absorption or release
of heat. This effect may serve as a working
principle for unconventional refrigeration cy-
cles. Now we have a new working medium with
the equation PV=5(3, — 6pP— 0:T —qE).

High energy of metal-dielectric interaction
(Fig. 2) may effectively alter the properties
of the thin metal and dielectric (semiconduc-
tor) layers in vicinity of the contact. It may
be of importance for the electronic devices in
micro-region.

Interphase interaction is very important for
the systems with highly dispersed components.
Using the zeolites and other porous matrices
one can create a three-dimensional systems
of microparticles (clusters) — a new type of
solid bodies — cluster crystals.'®? If we shall

regard a cluster as a large atom-like particle
with compressed energy level scale one can
imagine the “cluster Periodic Table” the last
being more various than the ‘“atom Periodic
Table” (in contrast to the case when the elec-
trons changed by muons and all atoms become
very small). This is a base for the possible
cluster crystals diversity.

Cluster crystals are very sensitive for the
external influences being very narrow energy
gap systems. An as example may be mentioned
the NaXTe,s and NaXTe,; cluster lattices with
N and S-shaped voltage-current characteristics
for electric field about 103V/cm.!”? NaAHg,;s-
system with magnetic phase transition under
the magnetic field about 10%G.'® Potassium
clusters incorporated into the zeolite LTA
cavities are shows ferromagnetism.'®) Three-
dimensional K;Cg cluster lattices are revealed
superconducting behavior 2%

Cluster crystals in zeolites matrices and clus-
ter systems based on the carbon structures are
resembled. In both cases the Mott-transition
problem is arise also (interaction across the
interphase layer).

The study of capillary effects in systems
with extremely high dispersion is evidently
of both scientific and practical interest for
problems of chemical technology, electronics,
energetics, and environmental engineering.
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METHOD FOR PRODUCING A CELLULAR BODY (-)

METHOD OF REDUCING THE BENZENE CONTENT OF GASOLINES (Institut PFrancais du Petrole)
TRANSPORT INCUBATOR HAVING AN INTEGRATED ENERGY STORE (Dragerwerk)

HYDROCARBON CONVERSION PROCESSES USING CRYSTALLINE MICROPOROUS ZINC PHOSPHATE
COMPOSITIONS (UOP)

BENZENE REMOVAL FROM GASOLINE BOILING RANGE STREAMS (Bxxon)

CHROMATOGRAPHIC PACKING MATERIAL HAVING FUNCTIONALIZED POLYMERIC COATING ON A SUBSTRATE
(Biotage)

APPARATUS POR TREATING INDOOR AIR (North Carolina Center for Scientific Research)
INCREASED CONVERSION OF C2-C12 ALIPHATIC HYDROCARBONS TO ARGMATIC HYDROCARBONS USING A
HIGHLY PURIFIED RECYCLE STREAM (Mobil)

SUBSTITUTION OF CR IN PLACE OF AL IN THE FRAMEWORK OF MOLECULAR SIEVE VIA TREATMENT WITH
FLUGRIBE SALTS (UOP)

PREPARATION OF BOROSILICATE ZEOLITES (Chevron)

CATALYST COMPOSITION FOR HYDROTREATING OF HYDROCARBONS AND HYDROTREATING PROCESS USING
THE SAME (Cosmo 0il)

PROCESS FOR THE PREPARATION OF CRYSTALLINE COPOLYBSTERS (Bastman Kodak)

FLUIBIZED CATALYST PROCESS FOR PRODUCTION AND BTHBRIPRICATION OF OLEFINS (Mobil)
CONTINUOUS GRANULATION PROCESS (Henkel)

REACTIVATION AND PASSTVATION OF SPENT CRACKING CATALYSTS (Phillips Petroleum)



166

US 5189182 :
US 5189203 :

Us 5189225 :
US 5189876 :
Us 5190693 :

Us 5190882 :

Us 5190903 :
US 5191131 :

Us 5191135 :
Us 5191137 :
US 5191142 :
US 5191146 :
Us 5192520 :
Us 5192521 :
Us 5192522 :
US 5192722 :
Us 5192724 :
Us 5192727 :
US 5192728 :

US 5192809 :
US 5194235 :
US 5194244 :
US 5194319 :
US 5194410 :
US 5194411 :
Us 5194412 :
US 5194413 :
US 5194457 :

US 5194669 :

Us 5196571 :
Us 5196621 :
US 5196623 :
Us 5196631 :

US 5198099 :
Us 5198102 :

¥x 54 (46)

PREPARATION OF 5-METHYLBUTYROLACTONE (BASF)

PROCESS FOR PREPARING ACBTIC ACID, METHYL ACETATE, ACETIC ANHYDRIDE OR MIXTURES THEREOF
(Haldor Topsoe)

PROCESS PFOR CATALYTICALLY PRODUCING MONOALKYLETHER OF DIHYDRIC PHENOL COMPOUND (Ube)
BEXHAUST GAS PURIFICATION SYSTEM ROR AN INTERNAL COMBUSTION ENGINE (Toyota Jidosha)
STABLE AQUEOUS SUSPENSIONS OF INORGANIC SILICA-BASED MATERIALS INSOLUBLE IN WATER
(Ausidet Srl IT)

METHOD FOR QUANTITATIVELY DETERMINING THE AMOUNT OR SATURATES, OLERINS, AND AROMATICS IN
A MIMTURE THEREOF (Exxon)

LOW ACIDITY Y ZBOLITE (UOP)

PROCBSS FOR PREPARATION OF LOWER ALIPHATIC HYDROCARBONS (Research Association for Utili-
zation of Light 0il)

AROMATICS ALKYLATION PROCESS (Mobil)

MOLECULAR STEVES COATED WITH NON-OXIDE CERAMICS FOR TOLUENE DISPROPORTIONATION (Mobil)
PROCESS FOR CONVERTING METHANOL TC OLEFINS OR GASOLINE (Amoco)

OLEFIN ISOMERIZATION PROCESS (UOP)

SYNTHESIS OF ALUMINOSILICATE ZEOLITES OF FAUJASITE STRUCTURE (Nationale E1f Aquitaine)
SYNTHESIS OF CRYSTALLINE SILICATE ZSM-12 (Mobil)

ZBOLITE LZ-277 AND PROCESS FOR PREPARING SAME (UOP)

HIGH DENSITY LBUCITE/POLLUCITE BASED CERAMICS FROM ZEOLITE (UOP)

REACTIVATION OF SPENT CRACKING CATALYSTS (Phillips Petroleum)

PROCESS FOR MODIFYING THE PORE SYSTEM OF ZBOLITE LZ-202 (UOP)

TIN-COLATING MICROPOROUS CRYSTALLINE MATERIALS AND THEIR USE AS DEHYDROGENATION, DEHYDRO
CYCLIZATION REFORMING CATALYSTS (Mobil)

PROCESS POR RECLAIMING A THERMOSET POLYMER (Arco Chemical)

SYNTHESIS OF SSZ-16 ZEOLITE CATALYST (Chevron)

BASIC ALKALI METAL-ZEOLITE COMPOSITIONS (Shell 0il)

SHAPED POLYAMIDE ARTICLES AND PROCESS POR MANUFACTURING THE SAME (Kanebo)

CRYSTALLINE MOLECULAR SIEVE SYNTHESIS USING QUATERNARY AMMONIUM-PRUNCTIONALIZED PRGANOSIL
CATALYST COMPOSITIONS AND PROCESS FOR MAKING THE SAME (Catalysts & Chemicals)

CATALYTIC COMPOSITIONS (Grace)

CATALYTIC CRACKING CATALYSTS AND ADDITIVES (-)

ZEOLITIC NUCLEANTS FOR CRYSTALLINE POLYOLEFINES MODIFIED BY MEANS OF MACRORADICALIC
DEGRADATION (Emimont Augusta)

PREPARATION OF ALKYL (ALKOXYCARBONYLCYCLOHEXYL) CYCLOHEXENECARBOXYLATES AND DIALKYL
BIPHENYLDICARBOXYLATES (Bastman Kodak)

PREPARATION OF UNSATURATED MONOESTERS (BASF)

PROCESS FOR THE CYCLODIMERIZATION OF 1, 3-BUTADIENES TO 4-VINYLCYCLOHEXENES (Dow)
AROMATIC ALKYLATION PROCESS EMPLOYING ZEOLITE OMBEGA CATALYST (Rina)

CATALYST ROR PRODUCTION OF AROMATIC HYDROCARBONS AND PROCESS FOR PRODUCTION OF AROMATIC
HYDROCARBONS USING SAME (Research Association for Utilization of Light 0il)

THREE-STAGE PROCESS FOR PRODUCING ULTRA-CLEAN DISTILLATE PRODUCTS (Exxon)

BENZENE REMOVAL FROM A HEARTCUT FRACTION OF GASOLINE BOILING RANGE STREAMS (Exxon)
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INTEGRATED INSTRUMBENT FOR SUPERCRITICAL PLUID SAMPLE BXTRACTION, SAMPLE SEPARATION AND
CONCENTRATION (Analytical Bio-Chemistry Labs)

ARTICLE COMPRISING A WATER SOLUBLE BAG CONTAINING A MULTIPLE USE AMOUNT OF A PBLLETIZED
FUNCTIONAL MATERIAL AND METHODS OF ITS USE (Bcolab)

ALKYLATION OF AROMATIC COMPOUNDS (Dow)

BIMETALLIC CATALYSTS FOR DEHYDROISOMERIZATIGN OF N-BUTANE TO ISOBUTENE (Texaco)

AQUBOUS RESIN PREPARATIONS AND A PROCESS FOR STABILIZING ROCK AND PLUGGING CAVITIES
(Epple)

PROCESS FOR THE DEALUMINATION OF ZBOLITE BETA (Mobil)

: HYDROGEN REGENERATION OF MONOFUNCTIONAL DBHYDROGENATION AND AROMATIZATION CATALYSTS

(Mobil)

CATALYSTS ROR OXYHYDROCHLORINATION GF METHANE (Gaz de France)

IEOLITE SSZ-28 (Chevron)

EXHAUST GAS PURIRICATION SYSTEM FOR AN INTERNAL COMBUSTION ENGINE (Toyota Jidosha)
ZEOLITE §SZ-25 (Chevron)

APPARATUS ROR LOW TEMPERATURE PURIFICATION OF GASES (BOC)

INTERCALATBD CLAY HAVING LARGE INTERLAYER SPACING (UOP)

PREPARATION OF 2-METHYLENEPROPANE-1, 3-DIOL DICARBOXYLATES (BASF)

PROCESS OF RECOVERING MONOALKYLBENZENE AND PURE 1, 3, 5~-TRIALKYLBENZENE FROM A MIXTURE OF
DIALKYL- AND TRIALKYLBENZENE (Dow)

ADSORBENT BEDS FOR PRESSURE SWING ADSORPTION OPERATIONS (Praxair)

PROCESS FOR THE PURIFICATION OF THE INBRT GASES (BOC)

ZBOLITBS DERIVATIZED WITH SULFONIC ACIDS (Mobil)

CATALYST COMPOSITION AND A METHOD FOR ITS PREPARATION (Technalum)

MULTIPURPOSE ADDITIVE SYSTEM FOR THERMOPLASTIC RESINS (Union Carbide)
FIRE-RETARDANT GLAZING (Schiott Glaswerke)

METHOD AND APPARATUS FOR GROWING FISH IN A RECIRCULATING TANK (-)

METHGD FOR MAKING GREY-BLACK INCLUSION PIGMENTS (Degussa)

ZEOLITE AGGLOMERATION PROCESS AND PRODUCT (Clorex)

SILVER LINED CERAMIC VESSEL (U S of America Navy)

SILANE COMPOSITIONS AND PROCESS (Ethyl)

SYNTHBSIS OF ECR-1 USING MBTHYLTRIETHANOLAMMONIUM CATIONS (Bxxon)

PROCESS FOR REACTIVATING A DEACTIVATED CRYSTALLINE MOLECULAR SIEVE GROUP VIII METAL
CATALYST (Union 0il)

: STABLIZED SYNTHETIC ZEOLITE AND A PROCESS ROR THE PREPARATION THEREBOF (Kanebo)
Us 5206196 :

CATALYST FOR PURIFYING BXHAUST GAS (Tosoh)
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