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Mo EEE LAny -4tk (2.5%580%)
. iy MBRHEN - -
& BEE | o) ) Nl " REUKEE(MPas) | BIRE | RRE 4 IVBE (h Pa)
(%) CHE P

1022 s 10.2s" (mPa-s) (h Pa) 10s 600 s
Laponite XLG | 89.4 1.04 90 3 25 3 0.5 0.2 0.2
Thyxopy 88.1 1.00 90 25 1050 13 11.5 6.7 455
Lucentite SWN|  93.5 1.01 95 25 900 9 15.3 7.7 412
Sumecton SA 91.5 1.12 80 2t 1200 7 13.9 1.5 26.8
Sumecton ST 90.9 1.04 97 21 550 10 10.8 1.9 24.4
Tonite-T 85.7 0.84 98 3 25 2 0.7 0.5 0.5
Kunipia-F 59.1 1.12 0.8 8 25 7 1.0 0.5 0.5
DPI-AW 69.7 0.88 0.2 8 150 6 1.9 1.4 1.7
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I¥@HK). BEIXF T ¥ A b Sumecton ST; 7 = X X TE(HK). lonite-T; ARILFEIHENFK). KW b1 b ! KunipiaF; 7= 3 3 TEE). KB
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PR —

250 =4k : O, Si:Ma:Li:Na:F=8:54:06:

0.7:3, A; Si:Ma:Li:Na=8:54:06:0.7
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EHBEOEEANZ b5 4 FEEHE ER S WIEERRE
ZRL, 225CLIEOBETARLIcbDERIEBIE—
TEDAEETE-TWVD, SMH CGRAEENRD 2 AHK
A7 S P EDFERRKEVEEEREEET 5.
EGIERL7Na-2 £ 2 41 FE17.0A BEDOERG
fRERT CEEoNTEY, 2000 UTOEER
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Fnie EGALIE BEHR 3 h
SMH 21.5 B A B
H-01 18.8 239 R
H-02 17.4 20.0 LS
H-05 173 18.5 L
H-09 143 17.4 118, 276
H-12 132 17.1 10.8, 28.5
H-13 135 172 103, 29.4
H-14 135 17.1 11.0, 29.4
H-15 13.6 17.1 11.3, 30.0
DPI-AW 14.7 17.1 10.0
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BRRAT594 PO OREUICH 2
REfERT AL
5.1 XXU54 FMERESK

egion of methanol-free system
O Region of methanol-added system

Hectorite Saponite

ZATIAL MDA VI —H =gy 0
A ER LT v VR T Ve =
Y AHFA VAEESSETER LR X
751 N ERESEREERVEREERT
Bici b, pz vy EOEREEET
fuiE, LTl s/ 7 L—aa4F
ZHERL, BESELLB5E5 VETRKR
Tho NV 4 FEBERELIZDDIR
B~V L4 MPLFRS A, R, B
R4 v, 7Y -2, SE#EE~—x b
BEICHVWLNTWV S,

HWMEZ 2 75 4 FOEMERAXS D, 718
HERORERMNEDOREIEHA~AI b534 S
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VEZOLAAFAVEA VY —HL— L TERE
BEEAR L, 5~ F5 4 PEBESKE
HEF A MNERESED v R TOR A
F, ZLIGEOER ERBOENSEL, 57+
Vv boe—EHRE LV, BEMRBHNMENT 1 BRIE
BOHNTH B~ b5 4 bR TSR
ELTAY /7 —wEMATES, RINEMLVETDH
BHOMEOEMZEL Y, —F, v8+4 FoH
BTHAY / —VORMBRIINE V. RFA b
DRRBHFARBMNE R 1 BRIEEREIGIVYD, B
BYh F4 v EEIEELTEO

0.2 0.4 0 0.2 0.4

n

K5 AERA754 F—BEBESEKD
bovx v Sy EGE DR R

AR E I 1, RBOKE 7,(mPa-s)i3370&E
ED(/SIICH LT, 1,=uD" (1>n>0) OBEFKICH
bo ZEEERE LTRLEY, FRFN—FIOAEEE
Lo O bz vOBIHE U & TREZESERE
B, @IFEAKEESST, FAVIVITAR /) —VAERN
L#zBDx 2 ) —WVEEARLTH S,

0.6

RAT A PERRAOSNTOEP 7, EELI

A-F AN EEHRETEERE~Z P54

ic

EFafxvR)FFvFLVvEELAVI—HL—
PR EICED, Ta—uRF b VEICHE
L, kT3 LOTEXIHMMBER 254 IR
(Lucentite SE) #BAR LTV 3%, & 5ickEH
RAVEAPDAZ ) =, TH) —WBEUI A
Fk T I FITHY 2 LR, KER
md 3 LB LICEBRREEETE2L0D
D5, BRP LSS ICETNAERARIE, FE
BEiEH 50 I3 EABEOMER SERED bDIcH

fTL2250, O oDHETORAOBERE S5,

F72, ST 1 EET IMBEOTH

LWEEREOBRSE b S h b,

DRESHRE L 15D, BEL: %5 Lucentite SE OEBMEBAE I T 5 BN ER (257C)

rukgEERLIE WD L WHTEES.58 8" TORBHIRE (mPa-s)

ZZ 515, AgJ =i THI— N N-UXFIHRLLTSI K
CHRTREALINTOS | ypoy  wr | mmoy  wE | BE%)  wE

BNV b F4 pE vz g 3 730 3 PY 3 7

EDIEMmMEIRIR ICE RN I BET 3 1400 4 520 4 13

3 %@ﬁf?rb\ﬁf, T a— & 4 2500 6 2600 5 2000
. . — 5 13000 8 15000 6 30000

DEBEA AR ICTER I p 23000 10 33000

L, Bkt 2R ER  cusmiront
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%6 BAE~Z 54 FH-02 (300°CHMBME) 8LV 2 VRTEFHOH-02
(600°CHNEVLER) DERER, MALAEE L CEEMAER
HEEHmg MILEK om’ g° PHMILERA
E o

XVJRT |3 oaRT| £KR7 AJTRF |2 o0KT7| K7 XJRT |2 o0KR7P| K7
H-02 214 381 532 0.147 0.082 0.228 27.4 10.3 17.1
OH-02 848 - 848 0.987 - 0.984 46.4 - 46.4

5.2 XVURTEAK

22754 OREREERICRIET S C LASTETEE
ThE, B8 0mi gt Ul EoFWHE
HEREFR O ZRTE FUEDORRPHRFTE %, X 4
I8 4 PBRICT VI = ARV a=y LDER
SR A v A4 vy —HL— b LBER LT
SRBIMOBANTIHEAEK (S —F 7 L —)H
P IER & L THESh T3, &Rt %E
O es — K7 L— MRS T~0ABETY
FUv B4 FERLCOVWTH B, DFEHEELEE
TEEFHLELTEELT T4 FBEELTH, 2D
MFLEE BARE T THD, 10AL LOSTADE
RPFEHINTW B,

58 TR BIUEKBE TKEAGHR LR A 254
MEIBKT B EiE-T, 37X VETEER
TEGEIAER BT, cov) r— rEE~Y
PS4 PEBFREASEL, BRTAEICE-TH
VETEAGEERLBZCEARVIELTHS
(X6, %6) FEMETLEFLT VE=Y
LAFA VEBEICEATAIEICLD,

Amount adsorbed, mlig -1 (STP)

H-02

P/Po

K6 &EE~7 F54 +H-02(300°C HnSJLER)

BLU H-02 KD ERIL 72 2 V' RTEF4E

OH-02 (600°C iNZJLE) D — 196°C it B
LZERAZDOE « HESER

F1T BUEHEORNE B AV ETEHADH
HIFLR M — K BVE BRI D B

KBEEEIE T~ b5 4 FERicA ¥ 5 i | RENERJeREM EASW  Remna

—HL— LTV r— FAEREAE OH-01 125 738 0.779 22
e . .. OH-02 150 848 0.984 46.4
SIS ETEHEEIILEKRT 5 ‘E 57 OH-05 180 560 0.622 444
REVWES —ELTHRET B T LORE S OH-10 200 410 0.598 583
ATHE™ OH-12 225 261 0.243 372
° OH-15 300 229 0.255 445
F=TIRKBBTER L AER~NT L5 P62 125 820 0.931 45.4
N B 2 ) P63 150 751 0.804 4238
1 bICHERY %::?ﬁ a IHTELNICA YR P64 175 673 0.792 411
TEHRES L UDEEBPT LvF LT v P65 200 576 0.767 533
EoULHFAVERST Y —ICEM L—Czk P26 225 477 0.752 63.0
o P67 250 340 0727 85.4

BARFHCEALS TR SN A VR T P68 275 252 0.791 125

A OIS OE /R4, KEARKR P69 300 220 0.724 132

OH-01~OH-15 : &BAY + 54 MIERMENSILE £/-%, 6007C. 1 hHIMARE

REEHS 2000 £ TEIMH & b i3FEREIH
A ETAAVETEFURE S T
bo L>U 78 SKBARLERAS 225~300°C Tl
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B> T BDNBON5, Thid 225C Ll Eok#E
R ICERYIPIE T 2B A1 €7 — L2 2 EMH
V) — P ORFRENEE S EERTEDEE
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a: 5,7,8-trimethyl-tocol

ErEsgsciickd, MEEa Y o -

5L EDERETH %,

AT E-IV (0B 55 dimethyl-tocol

Y. 7.8-dimethyl-tocol

M TICARAA 754 b OBONLAVETS
ko s 3 v E DN ERT. ORI
BONSOEA T4 P THEDED T EPEREIKR
EEBSTFAENRE T 5 B0 « ik s
LCHEEREABRBARZ A 7414 + &0 BRFTTRE
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5.3 dEkR/BARFA NLEEENY

ER}/ AA T 5 A MNEEDREA ISIBAREIINK
RICEBEET B EBHISNTVED, RENLLD
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DL TESBOERBVELARBMBEEZEL 5N b,

A E Y HEF A4 PORBLANZK
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Ry, 8: 8-methyi-tocol
HOS 3 CHjy CHg CHj
7, 2
Rz o1 Qe CHa
R3 3
By
o
]
1 i J
0 2 4 6 8
min
K7 2VERTEERESERES o= b

757 4 —DEEBICHAWEEDES
IVEDYZu=w 5 A

HFs ¢ 21X250nm, BEME: n-~FH /2~
Fuase) —n=100/06, H##E 2ml/min, KR : Ex

295 nm,

Em 340 nm

%8 L/ HERFA MEEBEYO LA oY it

AR LIE A, BESTICIBRGH (257C)

A= THKICESICHTE L TR CF OU—FH(2.5%5 Bof)

ARG T EIHIB LA (8o AR - RENIEE(mPa-s) BIEKE BRIE S LREM Pa)
A5 4 b 2Tk~ EiERE / MHM“V”lwiﬁ mf‘m?ﬂ(T? :ﬁ T:
v Iﬁﬂ‘ /f b ﬂlﬁé%ﬁ%@ﬂ(ﬁﬁ?&'c !E&E/*?'zl'\’-)'/; r=2/1 50 4 3 1.2 0.5 2.9
DIHFNRIZ NS0, BIRR A7 5 s/ 4 1=l /3 | 400 1 5 5.3 3.8 12.4
4 FTEHEDONTOHBVLELSHLL Kunipia F 25 8 7 1.0 1.0 0.5

WERRBEL TS, L2, &9
ek b AikicigKk, KBBLF- +Y o
LIRS PO TERRAE TR R
MR ERL, Fios@AE LD B
WEZOND, £/, TOFREEE
SEMNIBRRR A7 74 + EREEICETL
thELTOME SR, Mo REH]
LLToHR GRS N S,

6. #&PHOI(C

VIEBA L&, ZRETIRT
EHCERRE L DB S 25 EE
TEEMR A 44 PETEMBEL
TRHL LS LT 2EBIcs Lhhd
205 B, 1930 ERFHITHE #HL

Fan VG X — 2 TME

F9  WERE /Y RF A MNEBESLYIOEIK, KB
F b U LR B K CEBRIEERD TOREZIR (25

C)
ey . RHUEE(mPas
A wE ME%) \ x(mPacs) ’
3.96s 15.8 8 79.2s
WAE [ FHF4 b=2/1 33 8 2100 660 -
Kunipia F ” 8 25 5 -
AR [ $ 4 b=1/1 | 1 N-NaOH 8 650 159 39
G [ FRFA b=2 /1 3 670 13 34
Kunipia F " 8 33 9 4
AR [ #¥F4 b=1/1 | 1 N-HCl 10 129 50 14
AL [ HRFA b=1/3 8 490 147 37
Kunipia F 10 40 12 6
BENEEEt TRIE
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New Development in Hydrothermally Synthesized Smectites

Kazuo Torii
Tohoku National Industrial Research Institute

Because of their cation-exchange properties, their ability to swell and disperse in water and
to from organic and inorganic inter layer complexes, smectites have been of interest as the
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possible materials for industrial applications. Recently in Japan, four chemical companies
have been prepared synthetic trioctahedral smectites such as hectorite, saponite and stevensite
as industrial raw materials. Dispersions of these synthetic materials show good rhelogical
properties compared with natural smectites and, on heating, form porous materials with micro
pores and meso pores. Several hydrothermal synthesis methods of smectites, including indus-
trial production processes, are reviewed here. Moreover, some novel attractive materials, such
as organophilic hectorites possessing ability to disporse in highpolar organic solvents, meso-
porous materials having exceptionally large surface areas, and serpentine/saponite interstrati-
fied mineral, are prepared from synthesized smectites.

Key words: Synthesized smectite, Hydrothermal, Dispersions, Mesoporous, Organophilic,

Hectorite.
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BHED D, 707 7 4 AEEITE W T—RDE
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SHBRE) g FERIEHAVBHE DR END B,
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EDFRNCIEBEOREENG A -2 RET DD
DT, BANIC, RETNEEHROME, RE,
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W, BROPKREBEHREZDBT 2854, HBRME
ERTEESERE LTI —BKLTH, HED/ 5
A= WFEELH, FhAEEEKT 2 REHTHOM
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Fig. 1 i@ A D 530, 261, 061 DRKEE, =
£ Y v M8 psendo~Voigt BIEIC & - THRL 7245
BART, BBV 7 075 A 3R L DHESE

Table 1 Some profile shape functions.

Functions Name Symbol
Aexp(-cx3/W2) Gaussian G
A(l+cx2/W2)-n

n=l Lorentzian L

n=l.5 Intermediate Lorentzian 1L

n=2 Modified Lorentzian ML
Af*2L(x")G(x=x")dx' Voigt v
A[YG+(1-y)L] Pseudo-Voigt p-v
A[l+x%/(ma?)]-" Pearson VI " PVI

* PVI goes from pure L with m=1 to pure G with m=w and
includes L, IL and ML as special cases.

[ { | [
315 320 325 g29() 330

Fig. 1 Least-squares fits for overlapped reflec-
tions. A: shape parameters of each reflec-
tion are determined as independent, B, C:
shape parameters of 261 and 061 reflections
and of all reflections, respectively, are deter-
mined as the same. Dots are the experi-
mental data, and solid lines are the profile
calculated and its Ka; and Ka; components,
Differences between observed and calculated
intensities are also shown together with
them. .

TR L7 DTH B, Fig.1lth, AREHEEL
B, A, EARARKEE, SAMEEIE, V2K
SDEIED 5 DDINT A — & 2 TIKDONTEARD[
PR THBE L CEHELZBD, BIIERY
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DR 2O CEFTROFEICET 5/v7 £ — 4 %4k
BICUTCEHELILSDTH 5, ADHETIEZLHED
Ny —VIdHEBE L B DD, 261 K & 061
REDAHEICT#: LY, 061 REDFIIKE A
NEbDER-TVE, Thid, 261 REOEHAHE
& 061 HDIEAM & BESL > TLE o7/, @
BHPENLICHRETE S, BELUTREIL L - 2w
Thbd, LDOLIIBPAELEARRIIE, B, C
DEHIC, Bicfid s, 354 -5 A23@E L, M8,
BEOCAEMIICESCEICL > THBTE 3,

Table 2iC7 4 wF 4 ¥ ICEDKDSNF K/~
5A—4%%Rd, Table 20OB&CEHET B L,
Al & RERZOHAANTIRE—HL, CoEH
MROFICBET /35 A —F ZBOTHD /N5 2 — %
LI b DER>TW S, EFHBOTE D 26 &

M HERITRE RN T, 20 BWEEOERRN T,
ZLDBEE, TORIREBEAEELLIENIE,DS,
BHEREICE TN IEELEZ 57301, ALK
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S ERE VRSB SN B,

QDT Eps, ERDOZVEHHEE T T >
AIWT 4w T4V EICED BRT BIEE, K3
NEBBAEIRBESIMOEHIBTREZE ST, »
150 OB TEEREOME, HE, Bicfd /¥
7 A =5 DREDTIRETH 50

Table 2 Profile parameters of overlapped re-
flections for each least-squares fit.

hkl 28 (Y 12 FWHM?®  pA? RGS

530 31.938%(7)

144(6) 0159(1) 126()  0.87(1)

A Z61 32607(2) 42)  0.124(5) 148(6) 1.0(2)
061 32708(2) 22(2) 02494 214(5) 0.72(2)
530 31.9382(3) 144(3) 0.1564(7) 1.269(6) 0.838(6)

B 261 326040(4) 123(3)

} 0.1593(9) 1.327(9) 0.90(5)

061  327300(5) 9.2

530 31.9394(3) 14.5(2)
C 761 3260373) 126Q2) } 0.1575(5)
061 327290(4)  9.X1)

1.309(5) 0.848(3)

1: peak position for CuKg; radiation in degree, 2: area
of reflection in cps-degree, 3: full width at half maxi-
mum of the reflection in degree, 4: peak asymmetry
defined as FWHMuigh/FWHMpow, 5: ratio of the
Gauss component in a pseudo-Voigt function.
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Fig. 2 X-ray powder diffraction pattern of heulandite type 1 and
least-squares fit of a part of it. Bragg’s index is shown at the

upper part of each peak.
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Table 3 X-ray data for heulandite group zeolites.

1 2 3
h koI Qe gy I G g ! Qe Coos I
020 894 891 1000 900 898 1000 903 901 1000
200 7931 7925 62 7910 7899 34 7905 7903 28
30 1 6805 6794 28 6789 6779 16 6779 6773 07
00 1 6648 6642 16 6634 6630 13 6634 6632 06
220 5934 5923 17 58942 5936 13 5947 5946 1.0
130 5581 5570 10 5611 5608 1.1 5624 5622 08
221 5415 5417 02
021 5336 5329 20 5341 5338 1.3 5346 5345 04
311 5261 5255 50 5252 5246 36 52456 5244 15
111 5117 5118 63 5110 5106 43 5112 5107 23
310 5071 5068 48 5061 5058 22 5059 5058 1.
131 4649 4843 153 4664 4663 1.1 4670 4867 72
040 4472 4466 2.0 4501 4499 29 4513 4506 55
io1 4370 4367 27 4359 4357 13 4352 4349 08
131 3978 3977 259 3985 3988 152 3990 3990 9.0
330 3956 3953 112 3962 3961 135 3965 3964 73
321 3926 3922 7.1
240 3895 3893 156 3912 3915 187 3919 3919 135
221 3836 3841 32 3834 3837 14 3836 3836 07
241 3737 3740 18 3752 3753 24 3757 3758 19
041 3725 3727 24 3732 3732 07
302 3713 3717 38 3705 3707 12 3702 3701 06
420 3625 3630 05
312 3567 3568 30 3560 3561 25 3556 3557 1.1
112 3521 3522 068 3515, 55y, qg
150 3490 3490 15 3511} > : 3520 3520 16
511 3475 3474 21 3.467 3466 1.1 3463 3463 03
322 3429 3430 7.4 3426 3427 49 3425 3425 27
o2 3402 3403 46 3394 3396 15 3389 3390 04
002 3324 3324 17 3317 3318 1.1 3317 3316 07
322 3180 3179 103 3476 3476 62 3173 3173 3.3
341 3125 3126 6.1 3131 3131 83 3183 3133 4.1
132 3076 3076 42 3077 3077 25 3078 3077 16
512 3038 3037 17
351 3000 3000 67  3.011
060 2981 2981 145 3001 } 3005 185 3008 3009 160
15 1 2972 2973 203 2984 2985 185 2989 2990 9.6
350 2063 2963 234 2974 2974 170 2979 2978 114
112 2955 2955 131 2943 2948 30 2950 2948 10
401 2886 2887 08 2879 2878 07
530 2801 2801 123 2799 2798 7.8 2799 2799 4.1
261 2731 2729 67 2745 2744 96 2750 2750 69
061 2720 2721 47 2734 2734 44 2740 2739 40
a2 2708 2710 21
132 2676 2674 14 2678 2678 04
042 2668 2670 16 2670 2673 1.1 2673 2674 07
222 2559 2557 10 2555 2555 13 2556 2556 0.8
is2 2534 2533 27 2540 2539 53 2543 2545 3.4
551 2517 2518 39 2522 2523 14 2524 2524 09
351 2485 2486 27 2490 2488 12 2493 2492 0.4
761 2472 2472 12 2475 2475 08
26 1 2440 2440 29 2449 2448 22 2453 2453 07
441 2425 2425 37 2425 2426 2.8 2427 2427 15
460 2391 2392 2.8 2394 2395 08
1: heulandite type 1, 2: heulandite type 2, 3: clinoptilolite.
Table 4 Lattice parameters of heulandite
group zeolites.
a(A) <(A) B() V(A%
1 17.713(5) 17.884(3) 7.431(2) 116.49(1) 2107(1)
2 17.678(4) 18.005(2) 7.413(2) 116.50(1) 2112(1)
3 17.653(4) 18.053(2) 7.407(1) 116.41(1) 2114(1)
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Fig. 4 X-ray powder diffraction patterns of
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Fig. 5 Least-squres fits of diffraction patterns
of pottery.

Table 5 Profile parameters and contents of
glass phase in pottery.

20(°) d(A) I P.H  FWHM  P.A. wt(%)

A 222 400 628 55  10.5 1.4 54
B 21.9 4.06 762 65 10.5 1.45 66
C 247 3.60 930 68 129 1.07 80
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Table 6 X-ray data of quartz obtained by using
a very small crystal.

h k_1 28 dobs deaic !

100 20.888  4.249 4.255 138.2
011 26.634 3.344 3.343 387. 4
110 36.550 2. 4564 2. 4566 66.5
102 39.468  2.2812 2.2813 62.4
111 40.284  2.2368 2.2364 30.8
200 42.450  2.1276 2.1274 46.9
201 45.799  1.9795 1. 9796 32.7
112 50.142 1.8177 1.8178 112.8
022 54.916  1.6705 1.6716 39.3
013 55.539  1.6532 1. 6591 1.7
121 §9.966  1.5413 1.5414 86.7
113 64.057  1.4524 1.4528 16.8
300 65. 747  1.4191 1.4183 6.5
122 67.628  1.3841 1.3820 26.5
203 67.922  1.37188 1.3749 56. 6
0 31 68.240  1.3732 1.3718 78.9
104 73.462  1.2879 1.2879 2.7
302 5. 661 1. 2559 1. 2559 29.6
220 17.672  1.2283 1.2283 15. 4
213 79.915  1.1994 1.1998 355
221 79.907  1.1995 1.1977 3.4
114 81.147  1.1842 1. 1840 23.9
310 81.470  1.1804 1. 1801 28.2
131 83.822  1.1531 1.1529 18.8
20 4 85. 001 1. 1401 1. 1406 3.6
132 90.813  1.08166 1. 08148 28.7
400 92.814  1.0635t 1.06372 5.9
015 94.618  1.04793 1. 04773 17.6
4 01 94.702  1.04723 1. 04370 31.3
21 4 96.223  1.03467 1. 03455 1.7
223 98. 781 1. 01461 1.01488 13.6
042 102.194  0.98978 0. 98981 12.3
115 102. 131 0. 99022 0. 98945 9.7
133 102.374  0.98853 0.98719 15.2
03 4 104.088  0.97688 0.97833 10.1
231 106. 661 0. 96030 0. 96060 77.0
403 114.600  0.91533 0. 91599 24.4
411 114.600  0.91533 0. 91509 24.4
224 115.874  0.90890 0. 90830 5.3
006 117.523  0.90087 0. 90085 3.3
125 118.308  0.89716 0. 89717 14.9
31 4 120.136  0.88880 0. 88885 1.9
142 122.575  0.87824 0.87812 10.2
026 136.399  0.82958 0. 82954 19.9
1 43 137.893  0.82535 0. 82534 25.5
330 140.293  0.81891 0. 81886 9.6
502 143.262  0.81161 0.81169 36.5
225 143.262  0.81161 0.81149 38.5
240 146. 647 0. 80407 0. 80410 20.0
135 150.204  0.79705 0.79712 15.2
2 34 153.535  0.79126 0.79127 44.2
1.2 6 157.079 0. 78592 0. 78594 15.0
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Table 7 Lattice parameters of quartz.

a(A) (&) V(A3)
Gandolfi 4.9131(2) 5.4051(3) 112.99(2)
Diffractometer ~ 4.91302(2)  5.40474(4)  112.980(2)
0.10
0.05 i [ ] L]
L [ ]
] d « o ¢ ¢
E‘ 0.00 . ‘.‘. - tet
3 R S
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0 60 120 180

20 (degree)

Fig. 7 Differences between observed and
calculated peak positions of quartz.
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Precise Analyses of X-ray Powder Data by Using a Profile Fitting Technique

Yoshihiro NakamuTa
Department of Earth and Planetary Sciences,
Faculty of Science, Kyushu University

X-ray powder diffraction methods are the simplest ones by which we can obtain a useful
piece of information on the structure of a crystal, and are used in many laboratories. Dif-
fractions which arise from reciprocal lattice points distributed in a three-dimensional space
are recorded linearly in an X-ray powder diffraction diagram. Then, it is usually very difficult
to-obtain some information on the structure from powder data, because of the overlaps of
reflections.

A profile fitting technique is applied to resolve the overlapped reflections in a powder
diagram, and the position, the intensity, and the shape of each reflection are precisely deter-
mined. Lattice constants of heulandite-clinoptilolite group zeolites and the amounts of the
amorphous phase in pottery can be determined precisely by using the positions and the inten-
sities resolved in this way. Precise lattice parameters of a very small quartz crystal, 50 xm in
diameter, can be also determined by applying a profile fitting technique to a powder diagram
obtained by using a Gandolfi camera.

Key words: X-ray powder diffraction, Profile fitting, Lattice parameters, Amorphous, Small
crystal.
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Table 1 The conversion to methane.

conversion to methane (wt%)

catalyst coal carbon volatile carbon

. basis basis
1 Ni-montmorillonite 30.0 95.0
2 Ni/HY-zeolite 26.7 87.4
3 Ni/TiO, 26.3 85.9
4 Ni/a-Al,O4 24.7 81.3
5 Ni/MgO 15.1 50.3
6 Ni/y-Al,03 6.2 20.3
7 Ni/SiO, 6.1 19.8
8 none catalyst 4.7 14.0

Table 2 The properties of catalysts employed.
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Fig. 2 Schematic illustration of reactor for
catalytic reforming of tar.
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Fig. 5 Powder X-ray diffraction patterns of
the ion-exchanged Y-zeolites.

Table 3 Catalytic reforming of volatile matter of Datong coal.

(wt%, daf coal basis)

liquid
catalyst k
atalys gas benzene toluene  xylene total coxe
none catalyst  9.22 0.05 0.04 - 0.09 -
Al-PILC 10.38 0.05 0.04 — 0.09 2.02
Ti-PILC 10.86 0.16 0.22 0.04 0.42 2.14
HY-zeolite 10.40 0.09 - 0.42 0.14 0.64 3.28

catalyst/coal ratio: 1.25, temp.: 773 K
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Table 5 Comparison of H/C atomic ratio and

aromaticity.
coal H/C A(3040em-1)/A2920em 1)V
Taiheiyo 0.984 0.278
PSOC-830 0.977 0472

a) Absorbance ratio calculated from FT-IR data
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Microporous Materials as Catalysts for Catalytic
Reforming of Tarry Matter from Coal

Toshiaki MaTsuNaGa and Kiyoshi Fupa
Department of Materials Engineering and Applied Chemistry,
Mining College, Akita University

The effective utilization of coal should be important for the energy supply in future. From
this view point we have investigated conversion of volatile matter from coal into methane or
BTX by in situ catalytic reforming. As the catalysts, several kinds of microporous materials
were examined and compared with each other and with Y-zeolites. For conversion to methane,
Ni/montmorillonite for which Ni has been inserted by ion-exchange into interlayers of mont-
morillonite worked very well as catalyst so that more than 95% of carbon in tarry matter
converted into methane. For production of BTX by catalytic reforming of tarry matter,
pillared montmorillonite with TiO,(Ti-PILC) showed almost similar or a little less catalytic
activity compared with HY-zeolite, while coke formation decreased in case of Ti-PILC. Ion
exchanged NaY-zeolites with Ni, Zn, and In, were also investigated for BTX production and
the relation to the structure of tarry matter was diccussed.

Key words: Catalytic reforming, Tarry matter, Pillared clay, Intercalation, Zeolite, Coal.
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HYDROCRACKING PROCESS USING A REACTIVATED CATALYST

Inventors: Clark Danford E (US)

Assignee: Union 0il Co of California

Patent(No,Date);applic(No,Date): US 5340957 940823 US 994535 921221

PREPARATION OF ZEOLITES USING LOW SILICA/ALUMINA ZEQLITES AS A SOURCE OF
ALUMINUM

Inventors: Nakagawa Yumi (US); Zones Stacey I (US)

Assignee: Chevron Research and Technology Co
Patent(No,Date);applic(No,Date): US 5340563 940823 US 908680 920630

METHOD TO SYNTHESIZE DENSE CRYSTALLIZED SODALITE PELLET FOR IMMOBILIZING
HALIDE SALT RADIOACTIVE WASTE

Inventors: Koyama Tadafumi (JP)

Assignee: U S of America Energy Department of
Patent(No,Date);Applic(No,Date): US 5340506 940823 US 943624 920911

STABILIZED SODIUM PERCARBONATE COMPOSITION
Inventors: Kondo Tomomasa (JP); Sato Kanji (JP)

Assignee: Tokal Denka Kogyo K K JP
Patent(No,Date);applic(No,Date): US 53404946 940823 US 29987 930312

INK COMPOSITIONS TREATED WITH ZEOLITES

Inventors: Breton Marcel P (CA); McGibbon Barbel (CA)

Assignee: Xerox Corp

Patent(No,Date);Applic(No,Date): US 5340388 940823 US 107107 930816

FREON FREE REFRIGERATOR

Inventors: Garrett Michael E (GB)

Assignee: BOC Group PLC The GB

Patent(No,Date);Applic(No,Date): US 5339639 940823 US 908661 920702

REMOVAL OF ALKALI METAL METHOXIDE CATALYST RESIDUE FROM HYDROXY-TERMINATED
CONJUGATED DIENE POLYMERS

Inventors: Diaz Zaida (US); Tsiang Raymond C (TW)

assignee: Shell 011 Co

Patent{No,Date);Applic(No,Date): US 5338824 940816 US 87646 930706
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NON-OXIDE METAL CERAMIC CATALYSTS COMPRISING METAL OXIDE SUPPORT AND

INTERMEDIATE CERAMIC PASSIVATING LLAYER

Inventors: Burk Johst H (US); Sherif Fawzy G (US); Triplett Kelly B (US);
vreugdenhil Willem (US)

Assignee: Akzo Nobel nv NUL

Patent(No,Date);Applic(No,Date): UsS 5338716 940816 US 984129 921201

DIVALENT TRANSITION-METAL-ALUMINOSILICATE HYDROCARBON CONVERSION CATALYSTS
HAVING MAZZITE-LIKE STRUCTURES, ECR-23-D

Inventors: Strohmaier Karl G (US); Vaughan David E W (US)

Assignee: Exxon Research and Engineering Co

Patent(No,Date) ;Applic(No,Date): US 5338526 940816 US 11914 220201

MFI-TYPE ZEOLITE AND ITS PREPARATION PROCESS

Inventors: Brunard Nathalie (FR); Caullet Philippe (FR): Faust
Anne-Catherine (FR); Guth Jean-touis (FR); Joly Jean-Francois (FR);
Kolenda Frederic (FR)

assignee: Institut Francais du Petrole FR

Patent(No,Date);Aapplic(No,Date): US 5338525 940814 US 923880 921016

WASTEWATER TREATMENT BY CATALYTIC OXIDATION

Inventors: Yan Tsoung Y (US)

assignee: Mobil Corp

Patent(No,Date);applic(No,Date): US 5338443 940816 US 61127 00512

METHOD FOR HYDROCRACKING A HEAVY HYDROCARBON OIL UTILIZING & FAUJASITE
ALUMINOSILICATE :
Inventors: I[ino Akira (JP); Iwamoto Ryuichiro (JP); Nakamura Ikusei (JP)
Assignee: Research Assoclation for Residual 011 Processing JP
Patent(No,Date);Applic({No,Date): US 5338437 940816 US 871407 920421

DEWAXING PROCESS

Inventors: Harandi Mohsen N (US)

Assignee: Mobil Corp

Patent(No,Date);Applic(No,Date): US 5338436 940816 US 73267 930608

FLUID LASER HAVING A ROUGHENED, CATALYTIC INNER SURFACE

Inventors: Foster Jack (US)

Asslgnee: Unassigned Or Assigned To Individual
Patent(No,Date);Applic(No,Date): US 5337329 940809 US 911679 920707

REMOVAL OF ACETALDEHYDE FROM HYDROCARBONS

Inventors: Diehl Klaus (DE); Mueller Ulrich (DE); Sandrock Gerhard (DE);
Sauvage Lothar (DE); Weilss Ralf (DE)

Assignee: BASF AG DE

patent(No,Date);Applic{No,Date): US 5336836 940809 Uus 98730 F30729

INTEGRATED TWO STEP PROCESS FOR CONVERSION OF METHANE TO LIQUID

HYDROCARBONS OF GASOLINE RANGE

Inventors: Chaudhari Sopan T (IN); Choudhary Vasant R (IN); Sansare Subhash
D (IN)

assignee: Council of Scientific & Industrial Res, IN

Patent(No,Date);Applic(No,Date): US 5335825 940809 US 91296% IJ20710
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MORDENITE CATALYSTS IN TOLUENE SYNTHESIS o

Inventors: Ghosh Ashim K (US); Shamshoum Edwar S (US)

tssignee: Fina Technology Inc o o
Patent(No,Date);Applic(No,Date): US 5336824 940309 Us 11029 930129

SBLKYLATION PROCESS WITH REACTOR EFFLUENT HEAT RECOVERY

Inventors: DeGratff Richard R (US); Schulz Russell C (US); Van Opdorp Peter
J (Us)

Assignee: UOP

Patent(No,Date);Applic(No,Date): US 5336821 940809 US B7397 FE0506

PROCESS FOR PRODUCING AN ORGANIC CARBONATE
Inventors: Kezuka Hirocaki (JP); Okuda Fumio (JP)
Assignee: Idemitsu Kosan Co Ltd JP

Patent(No,Date);Applic(No,Date): US 5336803 940809 US 848117 920309

DUAL PHASE ADSORPTION AND TREATMENT OF GLYCERIDE QILS

Inventors: Bogdanor James M (US); Pryor James N (US); Welsh William A (US)
Asslgnee: Grace, W R & Co-Conn

Patent{No,Date);applic(No,Date): US 5336794 940809 US 561850 900801

CATALYSTS AND METHODS FOR DENITRIZATION

Inventors: Nakatsuji Tadao (JP); Shimizu Hiromitsu (JP): Yoshimoto Masafumi
(Jp)

Asslignee: Sakail Chemical Industry Co Ltd JP

Patent(No,Date);Applic(No,Date): US 5336651 940809 US 84332 F30630

ZEOQOLITE CATALYSTS SUITABLE FOR HYDROCARBON CONVERSION

Inventors: Hall Anthony H P (GB); Winstanley Alistair W (GB)

Assignee: British Petroleum Co Ltd The GB
Patent(No,Date);Applic(No,Date): US 5336648 940809 US 56217 970430

HIGHLY SILICEQUS PORQUS CRYSTALLINE MATERIAL

Inventors: Dwyer Francis G (US); Valyocsik Ernest W (US)

Assignee: Mobil Corp

Patent(No,Date);applic(No,Date): US 5336478 940809 US 101791 930802

PROCESS AND COMPOSITION FOR TREATING FABRICS

Inventors: Clements Anthony H {(GB)

Assignee: Conopco Inc

Patent(No,Date);Aapplic(No,Date): US 5336447 940809 US 77888 930615

PROCESS FOR CATALYTICALLY CONVERTING ORGANIC COMPOUNDS

Inventors: Masunaga Hiroharu (JP); Sawa Masahiko (JP); Takatsu Kozo (JP);
Wakushima Yasushi (JP)

Aassignee: Idemitsu Kosan Co Ltd JP

Patent(No,Date);Applic({No,Date): US 5334393 940809 US 890580 920528

APPARATUS FOR HEATING AND/OR COOLING A COMPARTMENT

Inventors: Burk Roland (DE); Khelifa Noureddine (DE)

assignee: Behr GmbH & Co DE

patent(No,Date);applic(No,Date): US 5335719 940809 US 958098 921007

PRODUCTION OF ETHYLBENZENE ‘ ) ‘
Inventors: Chu Pochen (US); Landis Michael £ (US); Le tQuang N (US)



204 e M O (44)

assignee: Mobil Corp
Patent(No,Date);Applic(No,late): US 5334795 940802 US 967954 921027

COMBINED PARAFFIN ISOMERIZATION/RING OPENING PROCESS FOR CS5+NAPHTHA

Inventors: Del Rossi Kenneth J (US); Dovedytis David J (US); Esteves David
J (US); Harandi Mohsen N (US); Huss Albin Jr (US)

Assignee: Mobil Corp

Patent(No,Date);Applic{No,Date): US 5334792 940802 US 958826 921009

OXYCHLORINATION CATALYST PROCESS FOR PREPARING THE CATALYST AND METHOD OF

OXYCHLORINATION WITH USE OF THE CATALYST

Inventors: Ishino Masaru (JP); Komatsu Masashi (JP); Suzukamo Gohfu (JP);
Yamamoto Michio (JP)

Assignee: Sumltomo Chemical Co Ltd JP

Patent(No,Date);Aapplic(No,Date): US 5334789 940802 US 83502 9306350

PROCESS FOR THE PREPARATION OF NITROBENZENE

Inventors: Bertea Leopoldo (CH); Kouwenhoven Herman W (CH); Prins Roel (CH)
Assignee: CU Chemie Uetikon AG CH

Patent(No,Date);Applic(No,Date): US 5334781 940802 US 5104 970115

PREPARATION OF J3-aMINOPROPIONITRILES

Inventors: Brudermueller Martin (DE); Merger Franz (DE); Witzel Tom (DE)
Assignee: BASF AG DE

pPatent(No,Date);applic(No,Date): US 5334745 940802 US 69129 9730528

PHOSPHORYLATION WITH MONOMERIC METAPHOSPHATES

Inventors: Jankowski Stefan (PL); Quin Louis D (US)

Assignee: Research Corp Technologies Inc
Patent(No,Date);Applic(No,Date): US 5334741 940802 US 916661 920720

ZEDLITE ZSM-45

Inventors: Rosinski Edward J (US); Rubin Mae K (US)

.Assignee: Mobil Corp

patent(No,Date);Applic(No,Date): US 5334367 940802 US 964477 921021

PRODUCTION AND INSTALLATION FOR THE PRODUCTION OF GASEQUS NITROGEN AT
SEVERAL DIFFERENT PURITIES

Inventors: Garnier Catherine (FR); Venet Francois (US)

Asslgnee: Ailr Liquide Etude Exploit Procedes FR
Patent(No,Date);Applic(No,Date): US 5333463 940802 US 81813 230622

PREPARATION OF N-HYDROXYAZOLES

Inventors: von Locaquenghien Klaus H (DE); Baus ULt (DE); Hahn Erwin (DE);
Hoelderich Wolfgang (DE); Reuther Wolfgang (DE)

Assignee: BASF AG DE

Patent(No,Date);Applic(No,Date): US 5332830 940726 US 37910 230526

METHOD FOR MAKING A SPACER ELEMENT FOR A MULTI-PANE SEALED WINDOW

Inventors: Levinson Lionel M (US); Lewils Larry N (US); Schultz William N
(US); stein Judith (US); Sumpter Chris a (US); Zumbrum Michael A (US)

Assignee: General Electric Co

Patent{No,Date);Applic({No,Date): US 5332538 940726 US 970429 $21102
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STABLE SLURRY-COATED SODIUM PERCARBONATE, PROCESS FOR PRODUCING THE SAME

AND BLEACH DETERGENT COMPOSITION CONTAINING THE SAME

Inventors: Kikuchi Hideo (JP); Kuroda Mutsumi (JP); Saito Masahiro (JP);
Suzuki Akira (JP); Yamaguchi Nobuyoshi (JP)

Assignee: Kao Corp JP; Nippon Peroxide Co Ltd JP

Patent(No,Date);Applic(No,Date): US 5332518 940726 US 43907 930407

PARTICULATE FABRIC SOFTENING AND DETERGENT COMPOSITIONS

Inventors: Doms Jan R P (BE); Gillis Marcel J E G (BE); Grandmaire
Jean-Paul M H F (BE); Heckles Paul A (BE); Lambert Pierre M (BE); M
?ni?a Hermosilla (BE); Puentes-Bravo Eduardo E (CL); Tack Viviane E A
BE

Assignee: Colgate-Palmolive Co

Patent(No,Date);Applic(No,Date): US 5332513 940726 US 884499 920515

CATALYTIC PROCESS FOR DEWAXING HYDROCARBON FEEDSTOCKS

Inventors: Dai Pei-Shing £ (US); Durkin Joseph & (US); Petty Randall H (US)
; Taylor Robert J Jr (US)

Assignee: Texaco Inc

Patent(No,Date);Applic(No,Date): US 5332490 940726 US 952037 920928

HYDROCARBUON FRACTIONATION BY ADSORBENT MEMBRANES

Inventors: Abrardo Joseph M (US); Baade William F (US); Rao Madhukar B (US)
; Sircar Shivaji (Us)

Assignee: Alr Products and Chemicals Inc

Patent(No,Date) ;Applic(No,Date): US 5332424 940726 US 98654 F30728

EXHAUST GAS PURIFICATION SYSTEM FOR AN INTERNAL COMBUSTION ENGINE
Inventors: Hirota Sinya (JP); Katoh Kenji (JP); Takeshima Sinichi (Jp)
fssignee: Toyota Jidosha Kogyo K K JP

Patent(No,Date);Applic(No,Date): US 5331809 940726 US 425893 901204

CATALYST FOR TREATMENT OF DIESEL EXHAUST PARTICULATE

Inventors: Beckmeyer Richard F (US); Tsang Chih-Hao (US)

Assignee: General Motors Corp

Patent(No,Date);Applic(No,Date): US 5330945 940719 US 970707 921103

SULFUR-RESISTANT HYDROGENATION CATALYST AND PROCESS FOR HYDROGENATION USING
SAME

Inventors: Sherif Fawzy G (US); Vreugdenhil Willem (US)

Assignee: Akzo Nobel NV NL .

Patent(No,Date);Applic(No,Date): US 5320944 940719 US 9209 930122

PROCESS FOR IMPROVING THE PHYSICAtL AND CATALYTIC PROPERTIES OF A FLUID
CRACKING CATALYST

Inventors: Alberg Edwin W (US); Shi Joseph C S (US); Wilson Geoffrey R (US)
Assignee: Thiele Kaolin Co

Patent(No,Date):applic(Na,Date): US 5330943 940719 US 9047356 920625

ADHESIVE COMPOSITION AND METAL-BONDED COMPOSITE

Inventors: Iwata Kinpei (JP); Taguchi Koichi (JP)

Assignee: Denkl Kagaku Kogyo K K JP

Patent(NO,Date);ADDliC(ND,Date): Us 5330844 940719 US 813694 911227
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ZEOLITE L SYNTHESIS AND RESULTING PRODUCT

Inventors: Chapman David M (US); Gatte Robert R (US); Wu Jianxin (US)
Assignee: Grace, W R & Co-Conn

Patent(No,Date) ;aApplic(No,Date): US 5330736 940719 US 986406 921207

METHOD FOR PURIFYING EXHAUST GASES

Inventors: Ishibashi Kazunobu (JP): Kondoh Shiroh (JP); Matsumoto Shinichi
(JP); Utsumi Yasuhide (JP)

Assignee: Cataler Industrial Co Ltd JP; Tosoh Corp JP; Toyota Chuo
Kenkyusho K K JP; Toyota Jidosha Kogyo K K JP

Patent(No,Date);Applic(No,Date): US 5330732 940719 US 870218 920417

CLUMPABLE ANIMAL LITTER

Inventors: Glynn Jerry D (US); Jones Martin & (US):; Pattengill Maurice G
(us)

Assignee: Western aAggregates Inc

Patent(No,Date);Applic(NO,Date): Us 5329880 940719 US 108950 230818

PROCESS FOR THE CYCLODIMERIZATION OF 1,3-BUTADIENES TO 4-VINYLCYCLOHEXENES

Inventors: Burdett Kenneth A (US); Diesen Ronald W (US); Dixit Ravi 5 (US);
King Stanley S T (US)

Assignee: Dow Chemical Co The

Patent(No,Date);Aapplic(No,Date): US 5329057 940712 US 954710 920930

TRANSITION-METAL-ALUMINOSILICATE HYDROCARBON CONVERSION CATALYSTS HAVING AN
L TYPE STRUCTURE, ECR-22-D

Inventors: Strohmaier Karl G (US); Vaughan David E W (US)

Assignee: Exxon Research and Engineering Co
Patent(No,Date);applic(No,Date): US 5328675 $40712 US 11913 930201

METHOD FOR PURIFICATION OF LEAN-BURN ENGINE EXHAUST GAS

Inventors: Chattha Mcohinder S (US); Gandhi Haren S (US); Montreuil Clifford
(us) - ‘

Assignee: Ford Motor Co

Patent{No,Date);Applic(No,Date): US 5328672 940712 US 874315 920427

HEAT AND MASS TRANSFER

Inventors: Rockenfeller Uwe (US)

Assignee: Rocky Research

Patent(No,Date);applic{No,Date): US 5328671 940712 US 931036 920814

REFORMING NAPHTHA WITH LARGE-PORE ZEOLITES

Inventors: Rainis andrew (US)

Assignee: Chevron Research and Technology Co
Patent(No,Date);applic(No,Date): US 5328595 940712 US 970975 . 921102

MAGNETIC SEPARATION OF 0OLD FROM NEW CRACKING CATALYST BY MEANS UF HEAVY
RARE EGRTH ~“MAGNETIC HOOKS?’

Inventors: Hettinger William P (US)

assignee: Ashland 011 Inc

Patent(No,Date);Applic(No,Date): US 5328594 940712 US 986234 921207

HYDROCRACKING PROCESS USING A CATALYST CONTAINING ZEQLITE BETA AND A
LAYERED MAGNESIUM SILICATE
Inventorst Occelli Mario L (US)
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Assignee: Union 01l Co of California
Patent(No,Date);Applic(No,Date): US 5228590 940712 US 843984 920227

SEPARATION 0OF ALIPHATIC PARAFFINS BY ADSORPTION

Inventors: RBasset Jean-Marie (FR):; Benazzi Eric (FR):; Choplin agnes (FR);
Hotier Gerard (FR); Nedez Christophe (FR); Theolier albert (FR)

Assignee: Institut Francais du Petrole FR

Patent(No,Date);aApplic(No,Date): US 5326928 940705 US 26791 230305

METHOD FOR REGENERATING CERTAIN ACIDIC HYDROCARBON CONVERSION CATALYSTS BY

SOLVENT EXTRACTION .

Inventors: Cooper Michael D (US); King David L (US); Lopez Ronald R (US);
Rao Pradip (US)

Assignee: Catalytica Inc

Patent(No,Date):applic(No,Date): US 5326923 940705 S 796940 $11122

COATED SUBSTRATES

Inventors: Clough Thomas J (US); Grosvenor Victor L (US); Pinsky Naum (Us)
Assignee: Ensci Inc

Patent(No,Date);applic(No,Date): US 5326633 940705 US 972857 921109

PROCESS FOR THE PRODUCTION OF LPG RICH IN OLEFINS AND HIGH QUALITY GASOLINE

Inventors: Yamin Wang (CN); Yongaqing Huo (CN); Yukang Lu (CN); Zeyu Wang
(CN)

Assignee: China Petro Chemical Corp CN: Research Inst of Petroleum
Processing CN

Patent{No,Date);Applic(No,Date): US 5326465 940705 US 30578 930312

GASOLINE UPGRADING PROCESS

Inventors: Fletcher David L (US); Hilbert Timothy L (US); Sarli Michael S
(US); Shih Stuart S (US)

Assignee: Mobil Corp

Patent(No,Date);Applic(No,Date): US 5326463 940705 US 967322 921028

GASOLINE UPGRADING PROCESS

Inventors: Keville Kathleen M (US); Lissy Daria N (US); Shih Stuart S-S
(us)

Assignee: Mobil Corp

Patent(No,Date);Applic(No,Date): US 5326462 940705 US 929543 920813

METHOD OF COATING ALUMINUM SUBSTRATES WITH SOLID ADSORBENT

Inventors: Behan Albert § (US); Dunne Stephen R (US)

Assignee: UOP

Patent(No,Date);Applic(No,Date): US 5325916 940705 US 124830 930921

POROUS ANIMAL LITTER

Inventors: Glynn Jerry D (US); Jones Martin A (US); Paltengill Maurice G
(U3}

Assignee: Western Aggregates Inc

Patent(No,Date);Applic(No,Date): US 5325816 $40705 US 108472 9.
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