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Abstract

To minimize the ecological change due to the
human activities, is a current consensus of the world.
The man-induced flow of materials, ie. from the
earth’s crust to surface by mining, utilizing, and aban-
doning of metals and petroleum, is the original sin
for the earth’s ecology. It is, therefore, required
presently for science and technology to find prob-
able method of recycled use of metals and petroleum
and probable substitutes produced by some
constituents of the natural environment of the earth’s
surface. Clays and clay minerals are the attractive
materials from such an ecological point of view,
because they have many utilizable properties and
return again to the earth when they are abandoned
after use. Natural organics produced by biological ac-
tivities are also attractive for their reproducibility
and abandability in the natural cycles of materials.

Based on such concept and some previous works
ourself, we have studied in the project to create a
substitute of polystyrene foam, a popular petroleum
product widely used as packing and insulating buff-
er material. The principle was a lyophilization of a

thixotropic sols of clays and bio-organic compounds,

which make porous composites having similar nature
to those of polystyrene foam.

Finally, we are successful in producing a porous
clay/bio-organic composite having suitable properties
as a substitute of polystyrene foam and in develop-
ing a method of its industrialization. Its compression
strength is rather better than that of the latter. A
problem is, however, remained for its practical produc-
tion, i. e. its cost of production is still higher than
that of polystyrene foam in the present market.

During the study, humic acid, a common and
complex organics in soil, has also been tried to use
in forming clay/organic composites. Humic acid/clay
interactions are studied as a fundamental for that pur-
pose. Moreover, as plastics having longer span of life
may decrease use of petroleum and of their abun-
dance, n-alkyltrimethylammonium intercalation into
swelling fluoro-mica has also been studies as fun-
damental study for industrial processing of inorganic
reinforced plastics, such as

particle polyolefin,

polypropylene and polyethylene. Those are all

described in the present report.
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HHEDFE MU ST, ARX 7 ¥4 FMERILEW T
Ho THOHEY EBHMEPEGVFEPRTENSL, A
A7 74 MCTHFE AL, BEER A L TR
L72KDOEMRTH 5

Z okt TU‘J—WJﬂ&ﬂf tHE%

TT’%’LU@ ZEE19mm £

X30mm O EIRICE A L, eS8 & B St
umnmymmL1PWgM«f R IR &

X3.2.312md, #hfE, e

(ZHEAET 2 &) IS EZ IS¢ 7oRo, LE %
HARLTWA, RERTIX, HAE»Icm2/3% TH
ah/izeZATHE zrfﬂ#r/\ ' 1 mm/min CH{ET

1 mm/min TH#HE

HEEDOMELMIE L7z, 3. 2. 3%, kit =
85/15DEEHZ D W T DBIE 72%6ﬁ> o [i90/10%
X U95/5 L KFED LWV AR L 72,

’f/\r:j B L HS |ifﬁi
Mk VB ZALBOIERRIIE, SR T
DREZIEE LHUL To. —EOWE(M3 . 2

EZIRES

[43.2.1

it R

i,

[X13.2.2 Kt AEPHERE A

IR DWITHI, SEM



S5 B T

2.5 T —— .

20 -

(kg)
<

15 C =

10 F @19mm¢ N
' 301?1@
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X323 Hhit AR & SILEO EEET)

LOAD

3OCH)FCHEICM R 2, HHICLPLELI
JEfE SN, —OEITI v s AD LSS &
37V, BHIEHIIUILOLH(M3. 2.3, O
AR & E R T AL, AR SUE o R
550g/cm*Cd - T, L7200t EKICHE RS
&, HFTORMERTH L, 1EoT, HWHHEZ wms
2L TOHBRRIIRIVERIEL RV, 72721,
LIRS TEARES S TO 7 I VR RNT L
W, FEHERE21280g/cm®l2 R B 2 L IF LIAT O#FZE T
HoTWaDT, WML L U7 2 VEBROBRET,
WD 1A AR ) A F L > OEMEHRE (1000g/cm?) 13 #
BLTC, —EOFEAAHOTEREZHLLOEELD
4 (Fujita et al., 1990),

REBCHEBEREVOIZ, M3.2.3DANS B
¥ C, WEOMERIZH - THN10% 1T ETEHE % [IE 3 5
ZETHhD, UM TH L, BlEamozhE
EEZONDLYS, REBRTIIMMEDE, B2 ITT AN
ZMNEREERE, ZOoOWTIEERE L TWwivy,
Mo T, WHMEOF DA ZO T, WlshRrs, L
PRI T RE S LIERAEEE ST (K 3.
2.4,

S

1) Fujita, T., Sugiyama, H., Adachi, M. and H. Nakazawa, Proc
9th Int. Clay Conf., 56-61 (1990)

2) Nakazawa, H., Yamada, H., Fujita, T., Hashizume, H. and S.
Shimomura, Advanced Materials 93, V/A: Ecomaterials, R.

Yamamoto ed., 157-160 (1994)

3. 2 2 ¥t/ RAKBUHESIFESSILE
[ @ o) Nl
RO 408 R 13875008 /em? TdH - T, TR

WEE HI05E

DFVAAR ) A F L I H1000g/cm>THh 5 DT, L
D7=dziE, Pl &b EF/EE N LR
Rz E AT EH 6 v, fE L ILROM & iHED
BIGRD5, [F CEBEOLIMARTHIUE, ZEILOFEN
INEWEE, ERREEIC B E 13 o T A, KA
DY O/ L E 2 b, A CHHHE R
L CHERA LB REA L 5 2 R ADY, WIfFL
FREOMHEG R L, CLATIEERES T THDL 73
YEEOTRMO SN TH 72, 7 3 VERICIE, =L
DEENELTERRDD - 72,

T3 VIRSHEME S ST TR ORISR T
HLW, KEWTHLDOT, A5 TOEBOKGTE
MEER LT, KBRS LB, FaFroE<
HENL 72 2 KT LB DRGSR 7 o -5 By %
THIELETEDEZ NS, Thbb, HEOKDT
WFHBEZKRST X0 ERLDO /ORI AV F—
REL, TOOICENTRERT L &I, Xk
M2 KGR e B L HEE I NIz, 22T, ERELD
TeODOWM L LT, KBEMDORKERE 5T — M
W2, MBErInFhAZ &L,

—77, B2ETHERLL THHEREREEICHNN A R
My OBENST 5L, SRECAMENZRETE
FAMERR TR T 5 THERERYY, THHNE
THhhb, TOEKRTIX, THAEWEEGTEY I EHE
T HEWE ST, e 0L ERIOMRICIE A
Vo BETICRIRAED A TR TALERD LD,
it E RERE D F2H0I0E 2T, BHER LT
BEHRTEIEE DD, AR AF Ly ey
HHMERITRETHH ) EEZT,

EIRB X OHE R -

Wit 'R, FrTSy, BI5FY, TAFUBY -
O BXUTHAEFI VAT L LT — AEEGELE
AAT YA MIFIEICRRABLIZOER L L, RAD
Rt A KBS L > TR LTS (Z =¥ T F, 7
ZIATEMAHF, KEEELTI 9OV E
L7z FERIZDATH (Nakarai Chemicals) % vy, #9
60CDIBBIZENT, 10 9D NE LTz, WE%,
0 100, 10:90, 20:80, 30:70, 40:60, 50:
50, 60 : 40, 70:30, 80:20, 90:10, 100: 0 O
TRAELT, HEVVE L, BEEG/ VET VI =
7 KON ($E19mm, £ &30mm) (2EED T, RS
FITIRE SRS L (1 X107 ml/sec 1), H
ZeRE IR L TEALRE L7z,
kREERRRIC, TS (TEHa - A8 —F,
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i LRI B

7= 3IAx13), €£7F ¥ (4, Kanto Chemicals),
TIVF UERY — ¥ (1M, Kimitsu Chemical Ind.),

BLUOHNLVREE DL AF L — R (T2, Telnite)
ENFIKE 2T ISBENT, AAZ %4 MV

LIRELT, BELILAEERL -,

LIRS X O E)

Bohlzznzho, it /Kia Iitﬂ@ﬁaﬁfﬂﬁé‘
LR DM SEM THBIEET 5 L dbiz, Betkatbark
(INSTRON model 1123) CIEAFZE) % 72, X 3.
2.512, KEMWLSEMEGE+ % 75* 0 /100,
50/50, 100/ 0)%n~d . KitZILAkizlRT, #EXE
DEEITEILOEINS D, BREZTOLILE
TIXHB I, BHAKDOKDOEREIZRIC, 395 & FD/N

[X3.2.5 %Et/ﬁ )Cvz > 2 LR O (SEM
(a) i+ 2 ILIK
&R (it /9K =50/50)

%)
(b) 4k t/}tfil EEZI
o) BRLILE

SWIHILAITE T3, M3.2.5CHEEa >~ b
FAMPNENWZETRTENETHA ), KiBHA
BT L OBEET, ZIUERDOMREIHET I &5
n5,
3.2.613, #it /ERILE AR LI-LILERDOF
¥zl L oM E RS, ZILEOHEIZKERD
A — % — (Carlo Erba, Model PO-200) % v 7z, K
DI GE > T, ZZILEDWIDHE N THH S, 72
2L, EORMEIIERMTIEIZVWOT, Bt EXL
A550/50FEELL FERDSHEE L THIHRIEZ L v,
[MZfLIR % 1IERE 2 FIEPIR (B8 19mm, & &30mm) (25
ML, EMBHzRACERO) bR ERIE=
50/50D 6 % X 3.2.7 I2/R"F, JEHE®EEI305
mm/min. FEFSICDE & D0 % (2 EHE L 72 R A Ty
HELD XY, FICEET A0S TRz, AR
EOERIIE LW, ZhIETEIY, EMEIAICHE

4

Ej nk E]][-

Average Pore Size (1

0 20 40 60 80 100
Composition (Agar content in wi%)

X3.2.6 MAMILDEL LKL FERESLILED
FIZILEORAL

Load(kg)
O
\
-—

B

O 05 1.0 1.5 20 25 3.0
Compression(mm)

X327 #hit  EREELILKDE
2K It =50/50, §rﬁ+90%)

ZE)(HiL



HERERBEBIAIAM B & L T ot - BHESIHEM OB

T35 3.2.7CHIZHIET A2MEL b > CHHER
L L, oy, ¥5F2, FTAXUHBY—F,
BXOALVEFI NV AF VO R T OBEES
LIRS BB O AR UIEMEEz & 5,

KiEtd & O -

W TEMRIRIE, Rk KRRt 5 T ek
MR —EDPHENOH L EERFRL TV (K
3.2.7, ADBB), ABOTLORSIZHRT, #
30% DEAN R DVETH B, FENERE T FERDH]
THAHY, it/ ¥7F UV EELIEEL T F
¥ =50/50) DAL, #965% ORIEHFHD H Tz, B
A& L ToIHIZE o TEZELRFERI I mS b
TCHh b,

ZIVERDIERRIE DO EFRIZEL VAT, T TO—
HOWZE T, TR EOBIINIR L C 2k EAH AT
HmEhaE(X3.2.7, C)OHMNIARKS ) OE
Flddiy EEFELTEL, ST RM LT £
LawvoTh o L BHEmmz, TEMHEFm, ToR
2D10% F THODIZLERBAITHES 72 ONME F
d) EERTHIEDTEDL, Mtk S ERLEE
A ABEE SR G 2 e L, #t BRI
TEBLON, K3.2.8THbH, EHMEDER
THT O 773 %05, MR L TR
DR ERT, EMREBEIEIERES - 07,
N/mm?, TRLTHD, ZOHEL T, THROIEER
) AF L 302N/ mm* D ERERE A A 5,

kit EREELIVAOIENTRE L, PRI ERN
TRV, BEROMBIKEL LB ERETS
(3.2.8)0 #20% DEIMTHBEDOFIBAR) X F L

Ny
(e

pury
v«
—

o
oQ

Compressive Strength (N/mmz)
o
3

0

(=)
(=]

<

20 40 60 80 100
Composition (Agar content in wi%)

328 MELLOERL LML ERKESLZILAED
JEMETREE, b AICHROEEEY) AT
L v O HEEEX0.22N/mm’

YEFBELZRY, 50% TS EOME L2 HT S,
BWEIZ X pEmE S P L2 L)L, ERS
5F OFAKEL, -OH, -COOH, -NH, & ELDKE
FEOMEERIZED, BHK LGRS o 70kOKE
LS L, & 0 il ks el LT, RS L ChH
22T H b D L HETE S,

Ty, BSFy, FTUNXVBY Y, BLOA
WRF N AF NN T~ AL ERR LSO RKIEES
e Frkit e Ee by L Th, SILkoER
LRI R H ), FRENICEE L0 D 525
{AR) AF L 2 BB HLMEEL AT 5, ERL
B LTHE, EROFRER IR b L WITTHOE
3 ErBERLT, ERboO0ME T &T
Hb,

BEH

1) Ohta, S. & H. Nakazawa, Applied Clay Science, 9, 425 (1995)

2) Nakazawa, H., Yamada, H., Fujita, T. & Y. Ito, Clay Science,
6, 269, 1987)

3) Fujita, T., Sugiyama, H., Adachi, M. and H. Nakazawa, Proc
9th Int. Clay Conf., 56-61 (1990)

4 ) Nakazawa, H., Yamada, H., Fujita, T., Hashizume, H. and S.
Shimomura, Advanced Materials 93, V/A: Ecomaterials, R.

Yamamoto ed., 157-160 (1994)

33 BEBICLIH LT/ RAERMESLILED
BLEXRICEY 2%
=R oY Nl

FHNE LIS EMERIE 2 H 9 DB L Ot
KBRS FRE R 8T 28003, s
ICES LT & BT ARICHRE L O SORRE %
Wz BZETHo7, TOIOERBFRIECILBRE
DEVEB/NMEIC NV ERFNTRAREZICRE SIS
FEatRo7z, Lo L, WHRSHIKIED BT 254
Th 5O, HAEYW (2 OBEI13/ME) ORTE THlET
LDOTEEDEREDOTIANEL, FO0BO(LRES
FHE LT, Ko “BdE” #f5Ic o TELTLAERD
W L72AE TRV KROBHERE L) RiF g, %
HOWMEBEMAR L Y BURED BEGH “B0k” OF&Mx
W3 AHTHAHo Frz, REFRIIIGLE, IR AF
LyoREE2ZBRBLTWLDT, BEPEEOHKIT A
b S FE I AN TSR & v,

REITIE, & EHHONGE L BEOWE &%
BLT, FHROGHEEHEEL, thit vt



TEREA BT SRR T S e o

B L UL KEERE S FEE SR RGE 2 A 72,
N FEERICIE I X ot OKEE R TR E SR

A

FAVE L - S EBERE (OISR 7)) —F =) OB AN
B3 . 3. 1ICRT, REEIZEE OEHEE L [ %
BT, WEHMEMBARLY 25, HHHEHS3.3.1
HA43) 12298 mm X 500mm X 22mm D FEHIK T, P
DWNFR A H AN THE L —50C T TREEOIREH
ENTRETH B, EmEE RIFT 5 720 O Wit O
FoiE 7 CREE ENE T 525, U T Bi%GHET
5

rE L EEHE, ERAMAEZERLTINETHWAA X
7594 MIEMEORNSDTIZ R, RAOXY b
T4 MAAZ Y4 VRS EIIECEA, WEE) 2 EF
53270 UTICHBRL, 1+ K| THI) LA
FUEELLZLDER, BERHNIKE N THE
Wikl 9ok L, —BREHEL THKL 2,
KEEETTE LT, BEXZEEL CTHEEOATF
PESLF VT (I¥Fa -V Ay —F, 7 =3 %
TEE) %8, BHICBENTL : 90V E L,
KterFr7romsvE, 100/0, 80/20, 50/50,
20/80, 0/100DHTERALT, #HEV IV E LT

[{ v %, SPACREG EEE (—30C 12R% %) LD 100mm
X100mm X 5 mm OFEAICFHEE L THAS L, HEZSE
fh, AHRKERSE & AR EEE 21T o 720 SRS M IS,
#5.0X10"'ml/sec TH 72D T, HHREZFIIZHESH
723AE D 1 X10 ' ml/sec (I2HXRT, H5FETH-7,

RER

SEM (Z X % fHik s gs

MBI D F7 B AL T 2 T A SR D BT
® SEM &I, wificrtal LK BEERS ST O
MRT, T T OHEBEPREVE, EBILEINESL

composite sols casting
on the panel

cat rclease

v

radiator

expansion valve

>SS e s

urrent of coolant

X3.31 SEEHH PRI SRR (B 2X)

#1055

% % M0 % FEERE L 72, MBI % SEM & (Rt /7~
7 H=100/0, 50/50, 0/100D)%[X3.3.2IImRw
¥ s
e i A
T TS Lot/ 70 7 U A% LK
IR TH 2 DT, 50mmX50mm (ZEYIHF L, FEAE
RTIEE25mm ([ZH L7z, 2 OB % I fiinh g 35
# (B E AGS-100A, T — K+ L1000k,
¥ — FO5mm/min) T, #EH10% (25mm) FHE S b
ROMELZMEL, TOMEEEMmEE L L7 RIES
M) .

Kt/ 727U DR BREIOIEEEEOE b x

~y FRA

X i‘ . 9‘ v\ 9 |
19 WP QRN A ol

R332 HultheA I TSR L Rk 7

7 BEZALEOHMSEM (B) () #

+ WKt/ Fr T EAEILEE

ST =50/50) () F YT



HERREEHAMAA R L LT oML - HRIESHEM OB

M 3.3.32RT, FMICIZLEBOZDIZ, FEROHM
BCHARREICEE s T2 L o L UKD IEHEHE
(FEiZo), B L OHWORARY AF L ¥ OEHEH
FELEMTHEANTS S,

TARERFIT N & iRl S 8 5 EBREM R, &A1
I X B HEAD, BRSEOBETIIRE CHEMME
DOFEIZEE L2 LI TH D, MIEiTONRI X
3N, F T OHROBEINAE o TEIED AR
FEDSEEINT A Z L IZTFHl S TnizDy, mEigE v
2T, WP R LGy, RO
AR ) AT Ly OMELERL, Wt/ 7y TR
=50/50TC13# 6 LN DEMREIC R o 72DIF R E
HESRTH o7,

REBOFE, W1 F 7230t AKEERTT
WELILED, HHORER) AF L v L) BEEOE
MREEZ AT L 00 EHESHELSN, Pl
bakE 7O AT, BIEOSTETH D Z L AEL
R, BERY AF L REBEOEMICRE CRIEL 72,

&
%20

[22]

used PF

o

P

used LNz
EPS

Compression St{f:ngth(lO'z Nm
<

<

20 4‘0 60 80 100
Composition(Starch in wi%)

0333 MELORE BHL 7Y T EELAL

RO EHERE, PR ARSI,

LN2 R FREE, EPS | RIEE

R AF LV

<

SEXH

1) KH#E—, FiReLE, LR35, 165(1996)
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4. 1 Freic

Rit e SHMOMmAR LR, THE, i
H Wi o RIS B OJFRWE LI 5, BHTAY
BhorABEsFraEntnd, 200 HEhog)
Yk 3 AR AR L TR OSB3 5, Hh
KRB A OME 2 0284 5 LT, ABRTHK
TAHYEE LTSRN THEAEHT L2 L1ET
E\v, T, WHMRESHONIENRT, €0Ov
ZUMG I 7 OORERLYED INE T, BEEES
BEOME» O SN TE T, DM RERHNE
A EAUE, Hr L v HUERBRSEA B O SPE- Hali A3 A
FNLTHAI) LHIFEENA,

TIEFOFHYE L, HBCET L EERDED
I BDEE~T5% %5, (1) 7 37 (pH & THRICA
7w, (2)7 3 UBR(>pH= 2 TARIZTE), (3)7)0
REE (pH &I THIZTTE) IR S b, TNHidsE
BA R, KLY, EEERIESLY), BBV
foFERY, PIZITEEWEZE, #HEFHLTF
L=} gtz o< 52 MbNTWE, Rk
DT, B L RS OBEE R H D L b
mehTwb,

RAFRIWIFETIE, HUBREREEHIAN B FE4 o i 28 D LAl
Wrgeo—Bg L LT, AWM Y, eyt
A MeT7 I VEROMENER O pH ARFEMER T 51
EHROMMAAEOBERE TR B L3R, pHDORLR S
ORI T I VEBBEA IR E DY, £ DL
BB AT, FEZIUETHRERY 2F L v REDTT
BEME A B R L7z,

4. 2 pHRURBEIKELEZIVE ETrEUO
F 1 NMEEHRORH

BRI E D7 I vEEE, TrEYTFA NEOR
HBERO pl R RERAE RN, 7I VBT
Ty aF A FEERICOWT X REIYT R OB ER
T L DRIz,
EBVEYAFA ML, RARoF MY waEyE)D
TA MV, 7IVBRIETVEZ Y LAEDOLDE
L7z,
FrUDALAEYEYTFA MMOmg LT I ¥
B4 ~100mg = Iz, 15ml OELZEKEMZ, pH %3

~VAZHEE L 7o BURHI2ARRMIIETR L, Z 0%l
BEWC & D EE L 7o AT O 7 3 e & RSN
B Jegsm25anm OWIELIZ X RS, 73 VEEOW
EEERDz, RIRWITZERKIZL DR L, Sk
P SR U T 0 R B X [ o 1 R VR T B AR S
L YR~z

T IVEEOT Y E) US4 NIRRT S BRI,
TRCOT I VERRET, BEITIEY I VEIEE <
TrE)aFA MIREL, TVAYAITIEREED
ity EmERLE(K4.2.1), BEKD X
BUEFCId, pH4 ~ 5 TIIBICEA KDY -2 7o
T 7 AN B EREOKT L fifbE R LA, Th
AT ERROMEMIER S o T2 pHA OBAIR
DETFHEMFEBE» S, WAEKRITIKIROEEEEE 25
e olz(X4.2.2), FES AN
Y= iENT —H D WIEE I E AN b L
7oo TN MIOEAME, FRE /2T R VIRTH
0, BHF/8E — PERTTRR FITRE 2 /o) v 78
BHbh7z(4.2.3),

BT AR & 2 BB RO X AT 6 WA
HOTREIZDWTIE, BRMEMICIERL L 7= A % Ik
THEVEYOF A MIEOEERRE Y — MCFEEL T

006wt ——E— 0.46wt%

—0— 0.26Wt% —&— 0.06Wt%
—=—— 0.05wt% —=a— 0.026Wt%

0.6 —
0.4 _
0.3 _

02
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