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Structure of unit cell of cellulose

Cellulose
molecules

Microfibril

2 —
Cellulose hﬁmﬁhrir"i d

Fig. 23. Hydrogen bonds of Cellulose I (128). A, arrangement of CH.OH
groups in cellobiose unit; and B, hydrogen bonds in Cellulose I unit ceil.
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Models of Cellulose Morphology
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1. w1+ % 2% (alkali cellulose ; soda cellulose)

27 53 FREBEE2ZEH R

- g
A ik
Soda cellulose T | C,H,,O; - NaOH - 3H,0 1.51
Soda cellulose T | C,H,,O. - NaOH - H,0O 1.50
Soda cellulose I | C;H,,O - NaOH - 2H,0 1.51
Soda cellulose TV | C;H,,O, - 0.3NaOH - H,0O _
Soda cellulose V. | C;H,,O - NaOH - 4.5~5H,0 1.41~1.46
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03 N

74t % (Sdoa cellulose) & it 5 2 [ CHCl (alkyl) 1~ 2 5
3 it 4 (alkylene oxide) ¢ =} = 4k %% fig (cellulose ether) » £ -
Fritmk (CSy) 1£% 2 s RERANE A F > AP TA 3R 2
=R R A JJ% (Viscose) » sk B2 5% f3 XN ;“Pj%i - Be A
X oo
Cellulose - NaOH + CH;CH,Cl == Cellulose-0-CH;CH; + NaCl+H,0
Cell - NaOH + CH;-CH; — Cell-OCH;CHz+NaOH

N/

0
alkylene oxide

Cell - NaOH+ CS; —Cell-0-C-5-5 Na+H,0
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()~ BaFapd
1~ & 2% fiy (cellulose ester)

(1) ~ @ pe% =2 (nitrocellulose ; cellulose nitrate)
(2) ~ fiy pr & 2% (cellulose acetate ; acetye cellulose)

(3) ~ a2 m k4 (cellulose sodium xanthate ;
cellulose sodium xanthogenate)
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(=)~ G enprs 4

2 ~ % 2% @(Cellulose ethers)#g w4 4=

(1). ® A4 % (methyl cellulose)
(2). ¢ &5 22 (ethyl-cellulose ;: EC) ; Cell-O-C,H.

(3). 27 A 2% (caboxylmethyl cellulose ; CMC ; Cell-O-
CH,COOH)
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W22 —1% 44 rEarmoBaonmass"

BB 513D MEKN/m & & 7% i
i 12} s 7 N e e & 2 ( ﬁgzﬂ )
Kl 57 & 290 ?.;_L 14.7 0.42 29
o 290 PEI 15.1 1.27 8.4
KT 2T K -
S SOMC HkdE 290 PEI 15.3 2.54 16.6
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6E

41



| frétgaa)=

B R Lt L
FRRIA = fadtle o BRI
% (PR % p(polyacrylic
acid) feig § hiE 2 T 2B AS
S ¥ gk SLgC R
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Y X L
y"’m'. - 23/170°C . MR o
AMZ57HE 150 X L 8| L 652 03 46
o~ ” o 20 647 1.40 216
v » ®IFZ é 20 736 (330 | |44.8
’ . VTHTE W A% |23 | 484
- . VIATE W 500 (246 | |492
v . WV "3} ﬂ; 0 500 |23 | | 468
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LB M 41 £ 2
2 Tpiri & A5 s

. o+ B BAPARhE §
ARTEREMEY L F B2 S

Pl FE A B RO

SR enT (inine) % & (%

o CH,0H
H ~H H1O H A0 1
OH_M—O FHIO f o
C
H  oH o o n
0 0

g CHO
~ NH: b'
l —

PF222-3K0 13 vEHEACIHLERADOER
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W2z—3X 431ves (i) oBeoRmume
alfED ME KN/m & M

% # B oamm

g/ mt v 1k ﬁ'-_"iﬁ_ ( ﬁgﬂﬁ )
. 5% } 260 7 L 14.4 0.42 2.9
- e B rm # PRI 133 201 15.1

} Tt L 9.6 3.85 D
222 f‘ﬂ PEI 11.4 6.00 5

45



{b B4 5 A & (man-made fibers)B9FE %8

1. £ 2 @22 & 2(regenerated cellulosic fibers)

1). f 2882 z4%0
ZE9 (Viscose) : & % (Rayon) ~ & 5 B AL S &
(Polynosic ) 4F"=%: cupra ~ & £/2: tencel (2). £ 2 ¥
R E PR ERR

2. X &2
i e 3 2% % ‘2 (Acetate ~ diacetate - triacetate)
promix(& 5 Y ' fofis o B R
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http://translate.googleusercontent.com/translate_c?hl=zh-TW&prev=/search%3Fq%3D%25E3%2583%2597%25E3%2583%25AD%25E3%2583%259F%25E3%2583%2583%25E3%2582%25AF%25E3%2582%25B9%26hl%3Dzh-TW%26biw%3D1152%26bih%3D558%26prmd%3Dimvns&rurl=translate.google.com.tw&sl=ja&u=http://www.weblio.jp/content/%25E5%2585%25B1%25E9%2587%258D%25E5%2590%2588&usg=ALkJrhg_4JZIfId9jc15VyMBxhCGgQMaag
http://translate.googleusercontent.com/translate_c?hl=zh-TW&prev=/search%3Fq%3D%25E3%2583%2597%25E3%2583%25AD%25E3%2583%259F%25E3%2583%2583%25E3%2582%25AF%25E3%2582%25B9%26hl%3Dzh-TW%26biw%3D1152%26bih%3D558%26prmd%3Dimvns&rurl=translate.google.com.tw&sl=ja&u=http://www.weblio.jp/content/%25E3%2582%25AB%25E3%2582%25BC%25E3%2582%25A4%25E3%2583%25B3&usg=ALkJrhhilJ70g-yJEJbESPbG5laDPWDZxA

3. & = 4 sz (synthetic fibers)

(1). F fg et
a. k7 (P ipE B =) 6~ 66~ H i
b. > = % * & fig’= (Aramid fiber ; Aromatic polyamide fiber)
(). ¥ =(para-)3|: PPTA >
(i1). #8 = (meta)3|: PMPIA

(2). % fg (Polyester) & &
a. R ¥ F - " ghe - BBy (Polyethylene terephthalate ; PET) % s
b. > = 4 * £ > fig(Polyarylate)

(3). [ *f p& (acrylic) &
a. ® i *f ' (Polyacrylonitrile ; PAN) 4 ‘&
b. s peap i B (PAN- # i ¢ & R 3 9)
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3. & = 4 sz (synthetic fibers)

(4). %% *5.(Polyolefin) 4 &
a. Foaa
b. 4% »F ER e
C. B[ fahi
(5). &2 ’f% A% (Polyvinyl alcohol, PVA) % &
(6). ® & ¢ % % (Polyvinyl chloride ~ PVC) 4 &
a. Fax oy
b. % % = % ¢ % (Polyvinylidene chloride ~ PVDC) & ‘&
c. Polychlal& & (PVC-PVAR = & i)
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3. & = 4 sz (synthetic fibers)

(7). % 4 fg (polyurethane) &2 : % % (spandex)
(8). & 7 m (polyoxymethylene) 4 &
(9). Fw & ¢’ (polytetrafluoroethylene, PTFE)ik &

(10). F? B a( R L5 3 ? pifapolyalkylene para-
oxybenzoate )4 &

(ID). #FHERFAFIFRE / 3BT REA
a. PBZ4 %=
(1) PBT(poly(p- phenylenebenzobisazole) s &
(11) PBO(poly(p- phenylenebenzobisoxazole) s s
b. ® e "= (polyimide) s &
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S ER SIS T PRy RO

2010 2483 B Bt g 2 G s mp

- BN | “"@fﬁ@lfi i vg P p
"% d ARz A A RaE sk Rl aAggiao HT
Viscose R ER A 400'/ P2 B R B E Raamdre B 55—
F) A fLz. % 5 R A e e (Polynosic) -
ik R fw@is@ FAREF LA S 2 o fit R 45.0 |
Cellulase acetate | fhfspeih i 7@l = 2 B4 o fig ' &59.50% vt mq?’*’»

‘sé« e flz ZppEEZ (triacetate) o o

Promix 1 27 R0 FR AT 8 30 F 7 £ 30%-60% -
-E! s me i o (—CHCHR—) -

3 HEWAAT B &30 A& 5 RAE=S e (—C0 - NH—)z %

Nylon @ﬂ%@gﬁ;‘ga\”wﬂ X 4R o

Vinylon N

MR G A R A S E = (—CH - CHOH—E £
65% 1t o 5 EMAREIFAI AL B
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LfEARICVEBEREOE RS GJE FE P

210 AR Flame 2 1Y

X RS F T

Fac ’fF A L ’fﬁﬁ 8 (—CH - CHCl—) & L = 2 A) = 2. L 4l &
PVC N B AT AR 2B

b YR JTJF VRS % )3 BB-% fﬁ 12<—CH2 . CC12—>7| ‘3"\%’3\‘74’7’ EN
PolyVinyldiene A ANz EFFAEON G2 EAR L LA F AT
chloride I A

e HEMAPT LEIMA LR SAEE(—C0-0—)2 Kk &
Polyester NB A FATA R R o

HHE(RA) P s E i (—CH e CHON—) £ 481k £ = 5 & F 974
Polyacrylnitrile N2 o

HAE (R4 A) PA% s~ E e £ 41 T40-00%Aim 7 & &4k &
Polyacrylnitrile B A TR R 2 R o

o1



ﬁé 7 TL §ff§ ,‘Jim Lg& % ?J'/é—: ?E’? H% > pg

010 264 B LR & 2 W ek mp

= - BN s N A

FHAEOURS A H) | P S ;guaf ~F B g vt T40~50% K 0w 7 L K 4Bk &

Polyacrylnitrile N B A TAL A 2R e

F e g e (—CH e CH—) % 2 R+ H = R gk & 2% A& 5 97

Polyethylene A5 2 gk o

P LR (—CHz -CHCHs—) 33 & H R4k EgA

Polyropylene F ATAS A 2GR o

F 4 Pa E%ﬁfmfﬁab*ﬂ RA AR MR E EMAPT SNBSS A

Poly urethane £ %% A (urethane‘/ %L (-0 «CO+NH—) 2z B4k & =
e A R B

Polyclarial 1 b e i (—CH:-CHCl—) s> HrHd=HEgF A~
= 3596~60% H s = & 1 & 5 7 ¢ % FE(—CH:-CHOH—) H
=2 R 4B £ A g A G A2 g o

PolyBenzoate I E ¥ F T Bafin (polyalkylene para-oxybenzoate) &

#%\E‘iw_(—o —©—CO0(CHIM—) % & = & #5235 & 2. & 5
g E(—O0—)ERmBEE(—CO-0—)2 3 NI E4ak & 2
B A A, A 2 g o

© : Benzene ring
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ZAESTFIEEMZ ARG

=  IZHEST A bEaE G
=7t BT FE R
b & &2
1. Polyethylene CH>=CH> RIE . R
BB, MR, REAHE
2. Polypropylene CHz= CH-CH3;
R
3. Polystylene CHz=CH-Ar I, T, A
4. Polyvinyl Chloride CH>=CH-CI fiHE
7 A LA
5. Polyacrylonitrile CH>=CH-CN %%ﬁﬁ‘fﬁ%ﬁﬁkﬁﬁ
Rk Rk, BN
6. Polyvinyl acetete CH>=CH-0O-(CO)CHj3; %A
7. Poly( Methyl Acrylate) CH,>=CH-C(0)-OCHjs
8. Poly(Methyl Methacrylate

CHZZC(CHg)C(O)-OCHQ,
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i FF

=R FIEEM2RERH

T IZHSETTAEEY RN

=7 BHAG FEE R
= > ” . = o=, ——- 3
9. Polyvinyldiene Chloride CH,=CCl, FALLSH I TG BE-
10.Polytetrafl thyl PRIEH
.Polytetrafluoroethylene CF»=CF> \
BB, e
11.Polybutadiene CH>=CH-CH=CH> o
12.Polychloroprene CH>=CH-C(CI)=CH> B
. B
13.Polyisoprene CH>=CH-C(CH3)=CH> I
14. Polyisobutylene CH,= C(CH>)-CH>
15. Polyoxymethylene H-C(O)-H
“EEX & (Polycondensation)
16. nylon 66 H2N(CH2)sNH2 IR ki
HOOC(CH),COOH e
Z
17.nylon 11 NH2(CH2)10COOH
HO(CH2),OH RHTE . RIS
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Viscose Rayon  ZE%% & %

A 5 NaOH : A%
Alkal Hul — L :
( Cellulose ) k&% e CeTHose A AR
CS: Cellulose NaOH Viscose
- . — B N B . B
% b Xthanate k% AR 358 B~ BIE B
R R ERALE 4K
- & A & & - il R — ok

(AA84%) (K~ AR ~ R E ~ R R )

o6



CED Rayon 4 ¢ = "=k %

WM&~ Sa BHuELsEEE ST BB
(Cellulose) Bk

#
£ - 5

EYY VSIS

B M BAXGES

o7



Cellulose Acetate

i (DN
B Bodhiss BAER EdE RAEA

4% (Cellulose) i b “RERBAT
7]( —_ /}ﬁ,/‘?’ i . l%j ﬂﬁ] g ;;,,A? %fhﬁ-\%\
=2 Ba }%_—) =REREEE e Acette Fiber
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Nylon 66

e
%4 i — Paraxylene Z A, Cyclohexanol #i#

&4t Cycloheanone #.1t Adipinic acid

Ammonia | 54iponitrile —H2. Hexamethylene

diamine
Adipinic acid +He§§lme!:hyleneﬁ#ﬂA Nylon 66
iamine & : )
HOOC(CH:)COOH ~ (XAIAne , £ OC(CH:),CONH(CH:)sNH ¥
kot Nylon 66
Bk DomD S
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Nylon 6

).‘

t;‘e
A i — Cyclohexane —_;“:—> Cyclohexanone

lydroxydiamine Cyolohexanone

L Oxime
S e g ok i
2= e-Caprolactamn 22,  Nylon 6  “. . Nylon 6 Fiber

HN(CH:)sCO %HN(CHz)sCO% "
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Polyester

e & .
% & — Paraxylene % Toluate —=tiemol | ptoluate
% 4 lerephthalic acid y.4.,,;  Terephthalic acid
£/t monomethyl "~ dimethyl
Terephthalic acid Polypethylene terephthalate

) + Ethylene agycol %4

dimethyl A C CH:CH:03 »
HCO0E O COOCH, + HO(CH)oH =~ #& $0C-(O-COOCH:CH:O0}
RS

pry » Polyester Fiber
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Acrylic Fiber

% i —Propylene Amnolzonia »Acrylnitrile (SOHIO)

y . R A ; : i i
Acrylnitri le2E2 Polyacrylonitrile .Dlmethylfomaldehyde , SRR

CH.=CH-CN +CH,—CH>, B4 # ~ rhodan salt - kE®m%
| (Thiamine Thiocyanate)
CN

Acrylic Fiber

7L\ 4 &

62



63



+
=~

B as 5

25T

b L i

#g (B A C LD, S M ~ dtdg ~ A7 ot e 33 8 M~
rEga - 4rp g m(Alunina/silica)
Tk i 47 R

Tyranno Fiber

BV R S S AR S 2

R R

(PAN ~ Pitch) ~ §F tpiZz s % ¥

}F?}UL v 3?‘»55}' BBB‘EF?% N £ v 7 BBB%\‘ N ﬁ?gaaafé > B %Q_‘BBB}% N ﬁﬁﬁﬁ“’%&l«t’@l N
TEF B4R R # Y - oxysulfonic magnesium

#2fs @ 4% (Mgnesium hydroborate) # 4% ~ # % % (Wollastonite)
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12 BURSTIEE B EMERYIME - DUT 0 THE B 2 R LR AR AR 1 -

12 LA TR A

R EXFE | ABGE | CHEE | LB3E | DHEE | M | G Wilks5 | Tyranno
BWEL(umd) 1~15 1~15 3~15 | 05~15 | 3~15 3~15 2~ 2~20 8~
thE 2.2 2.54 2.50 2.49 4.30 2.16 2.78 2.6 2.3
isETRFE (kg/mm?) 600 350 280 280 170 246 250 134 ~200 | 100~200 290
o M (t/mm?) 7 74 7 70 5.1 5.3 75 12 ~7 8~9 21
RES (4 LAE)(C) 1660 846 710 749 579 771 1,760 | 1,200 | 1400~16
MTELRE(C) 1150 1,260 | 600~10 00 >1,300
EfE % (Keal/mhk) | 1.08 0.89 081 00
B BER(X10°/C) | 055 5.0 8.5 73 31 0.04 31
LEEH (Q.cm) 10° | 0% | 10 | 107 10* 10° 10°~10*
B % (IMHz) 37 5.8 6.5 6.24 9.49 3.56
BEMEH(IMH) | 9x10* | 1x10® | 7x10® | 5x10° | 7x10* | 5x10*
H = 1.547 1.52 1.54 147




(1).3xBe e
B A Mo R el Esxglgie Yy AR
Bk a? 4 »B203 ) B D Ah L Havekar i
;o
Bt a CaxlmEda -~ 737 % PbO ~ E bt
Fra ? NLBFEFERE > EMFT RREEY T -
TR DR R e r Z10, & La,05%F chff gt it
PEREREE
R R IR R A AFFERERFEL TR FRE &R
fo| o AR A AT D F 2 BT G AR E %
FetE K5 o
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4

s BIE R DE £ - K510 4m
7~8tm - fmisgar ¥ i
250 ~ 470 kg/mm? -

S L EU%'%‘« enfpg 2 p 0
PEnE LG s R S oe § X R
g "1{—» (3 SN ’f#—fﬁ {Zfﬁt;ﬁ, .
ik s prpEeriTd > ¥ I3 R
}ii&ﬂ’iﬁ » % 3~4% =

< \‘%

ik
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(1). 438 % @

s BT E m B

THE P okAFr LG BEF-OH A& o g -
OH Eg SAG P FRERENRT IS
P I

L
N = L‘LA
iR éE o §

SUGEN EAERL S MB AP S BH L Sk

- (sub- mlcron) ® /&% 0.5~0. 8/,4mmfv’aé< o MR

oo~ TR ARG AR AR T

R G
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SRS AOARA CARFARAIRHY | JaaiatE , (I '. > BHATRARINAY | Rellde ) (I
RA) - o RIREE 2 e A E S Sk b

BB Ranim R 5 Mo (micron) E i o
PIFE I NE ?’;ﬁ] 510004 2.1 mm(1 micron) o 325 < RAF R 1 R
434 ) ~r

4
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pRR M

$RIERFRLEP ¥

i # LI B R AL

MHTE 2.0

s T9x 10T/ (kge K)
e 3h~ O

pEERE 311344 x 100N/ m
Bk 6.53- 7.12x10°Pa

#EE 134 x 10°W (k)
Wik fal 5.0 x100/ C
waEh 00T

#ors 1548

Ridd 56
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2 »
S é{‘ ~» t{/
I' NWW W

(2) . 284
PEREINSIO, amER A iRk AREERSE
A L M AP L S 4 i AR N isERE s R 2
2 ’a-_
I

-

ﬂé.f;ﬂﬁ 96% F s = a2 5 IV ET R o A R T B LI P
A & 99.5% g 2 b oo /Aﬁaé%i"?‘f« ﬁmaﬁﬁ R X > e B E
:f:» B BHUERE o FOUE Glicik ] 0 WAt RE A .
AR T35 AT %Fm’%ﬁﬂi’*w%{&ﬁw%’**
I Bz Mo FARBE o

oIN85
%*éa
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RPN —\ N
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http://image.cn.made-in-china.com/2f0j01cvhtJeSlMzoN/%E7%9F%B3%E8%8B%B1%E7%8E%BB%E7%92%83%E7%BA%A4%E7%BB%B4.jpg

GE-F B

(3).45-# & sz (Alumina Silicate Fiber/ Wool)
gr- a8 d dr g § 41~ 56% Gud i it 3
i

/ J.

Gy v e A per 29 2 (blowing or spinning) %
Frag-H ok L mﬁf\l ) LL ];5 5 - 2R gk s (v %3_7 Z 4h
(short)sapt s o W aE-¥ 25 2 s & R
VRS L L EEY TR S T

hid
A

‘\ A}

Alumina-Silica Bulk Fiber Type ASBE Alumina Silicate Ceramic Fiber
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http://en.wikipedia.org/wiki/File:Ceramic_fibre_close_up_2.jpg
http://www.zircarceramics.com/pages/fibers/specs/albf-1.htm
http://www.alibaba.com/product-gs/491166894/1360_High_Aluminum_Alumina_silicate_ceramic.html?s=p

E-F B A

(3).48-# % 2 (Alumino SilicateFiber/ Wool)

/

Wi g amtAUR & R R 5 1000C -

« B >~A A F iR ke

7 4 511400 ~1500°C ﬁ’».% 5w T,éf@ £1 1260 7,]“4\1\#‘“:‘ éif%s?

5 MAEE RO E oo FM A
1 e

3? B
s R RABAEF R~ NP g BRI AR R e )

. @zwﬁ“%a¢gamﬁw«+‘ﬁ'%(mmm)'~3mmng4$%}

z

# (cristobalite) 0 & o e &_> p

S e ek I
OB BRI R T

4 i hicim TRV ER

GBS E @
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(4). Tyranno 4 (s i 7 5 &)

- 11 B4 B (polytitanocabosilane) s Sg48 4 2 1
Ao FREITER-SI~TI-C-0O- e /a8 ymt
Fusk g B 2.8- 3.0 GPa #£ 4

'“dkaﬁﬁmﬁzﬁ%ilmm(:oy§23~24w%ﬁMﬁ%~

oW E CHERAEE S AR RER . SR R R @
Wgirt T EART A S A108-10"02 7 -

ﬁ‘é%‘fﬂ'wﬂ‘mv»ﬂz% kR TR A R RS
. AR FIREHER 0 A R RS R

4



(4) Tyranno & E‘_(EP\’L el )

A e Tyranno Sk 5 56 & 0 7 3 AT B IR AT 8 -

B2LF ERDIEY > LB PARBRELUL > &0 iR

3 tpfrg 3 it RS s EiLEg > SIC 48 % 1800°C
1’3 ‘.‘Jif:igrﬁ R ORARGE S o

SIC 4 & thend B HlAEHHE & F1k 5 ek 3+ o

- g it T™ CIC 4 @HiaﬁmOCEJ e g R
% o SIC/SIC 7 £ R £15007C 5 ik F= 147 g I
ﬁwﬁﬁﬁ%%%~E**?%ﬁ%%ﬁww&@%ﬂ~
a8 1000°C ~1500°C st T3 F & £ B ehig * o
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(B 1t 7 4 )

FS/ K (EBEIL—F) OFE
C

e A D - F G H

[ 7 | (ohm-cm) 10° 10¢ 10° 10! 10° 10
T47AY MR (um) 8.5, 11

74727 M (fil.lyarn) 1600,800

T T (g/1000m) 220(8.5 u m,1600fil./yarn)

G (GPa) 3.3 3.3 33 3.0 2.8 2.8
G| 5 A =2 (GPa) 170 170 170 170 180 180
i [y i O (%) 1.9 1.9 1.9 1.8 1.6 1.6
= i3 (g/em®) 2.29 2.35 2.35 2.40 2.43 2.43

76



(B 1 77 4 51)

FS /MM (AT U—R) QFM®

R S LoxM ZMI SA
T4F3AYME (um) 8.5 11 11 10, 7.5
7454y M (F/E 1600 800 800 800, 1600
7y 7 A (g/1000m) 220 200 200 180, 190
Gl nle n& ¥ (GPa) 3.3 3.3 3.4 2.8
5 IR (GPa) 170 187 200 380
B e e O (%) 1.9 1.8 1.7 0.7
= i3 (g/lem?) 2.35 2.48 2.48 3.10
& %, (wt.%) Si 50 55 56 67

¢ 30 32 34 31

0 18 11 9 <1

Ti 2 2 -

Zr - - 1

Al - - - =2
R R (10/K) 3.1 (FR-00) - 4.0 (FR-100C) 4.5 (£H-1001C)
Bz (W/m K) 1.0 1.4 2.5 65
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(5)H o ez 33 )Fﬁ‘ ghom

# 1 (Rock wool) ¥ r s * %600 C = + «h¥rat ~ g ~ =
%gwwrowﬁﬁg@ugﬁﬁﬁﬁ@ﬁ’%wiﬁﬁ
%5 (slag) ; ,_f&fm‘» BHEP xRN0 2R
(dolomite) ~ # % £ 1% 21500 C = + i3 fe 2 = A4
Fait - gLasrIHmT7um 2+ ~ £ A10~100mm -

v

EIRS

AR R Ry DR AT R AR R S o Bl
F ib4me 4uw¢f&§ » A Ca/lPER v £06-1.72 FF
AR pe Y 55 1F 3 5 & 100~200 kg/ » mm2 mﬁ\q o pfE
BN RS A IS EE O (implant)A4L? H B 5 ¥
4 AR o

wm

/8



awﬁéﬁﬁf*&é&% SRR 1 L A 2 4R

BTN F AR SRR L A EAL AR F AR 13
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gk et 44

% 13, PR Fiaayid
PAN B¢ | JEER | |AE0e | &M | e | bty | e | bR

WHER (L md) 6~9 ~10 ~10 ~10 10~15 5 9 20
tbE 1.8 2.0 ~2 2.55 5.7 3.2 3.9
= |5E 78 (kg/,mm?) 280 210 250 30~40 280 35~140 260 210
BB 5% (t/mm?) 34 38 33 1.~1.4 18 15 25 39
RIEE(C) 3650 3650 3650 2690 2650 2040
MR FE(C) 2760 2760 2760 1300 1,250
Eh {2522 (K cal/mhk”) 36 1.7 2
EIHE R (x108 /) -1.0 1.7 3.7 7.2 8.8 6.0~6.5
CEEERE (Q.cm) 10°® 10-* 10°%~10° | mEM: >10" 108 >10M >1014

SR (1MH2) 40 4.9 9.6
55 (IE#, IMHz) 0.015 0.001
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(1). 7 5 &

2 % LR 5% (polyacrylonitrile 5 PAN) & g g §
(Pitch) & L cph 5 .

PAN it 4 4 000 [ 4 % 5 42 © 4 (Viny) B 4 ems 55 2
ST > £200-300C n f T F 1 ab A
F A oSy e 0w 800~1100°C T m it Wi o
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(1). 75

+ PAN Zppt 2 BB 7 i A

- (D). % AR Ak W S ﬁ'r} ook« BIRES H 20 o

- (2) % T P g% LR

- (3). it B i o (4).11 R -HABER > L RALHAN 4 Fut
G Bim% 048k -

~ (5). 3 F4E 4 5 0.2 X 106 /C ~-0.7~-1.2 X [06/C -

- (6). M A~ X ReNiLiFE G -
(7).#mpe2 3 CTH(BE)RE TS 25 ° 3 PEANERS
3507C -
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(1). 7 5k &

B2 MREaid iz h e i BTHRY 5 B
=2, = - 2 o N P rg
WA X e i A o I

£ 4 $hen® S R OGR I FAIS 0 LT 2
S R 5 R E S B R R I F] R 4T

BGanET e 285 22— HT B g
G F AP G A RN, TG A
PR PR K gS g e F]p o B R E R e ]2
Ap EFT I > EHRAT RN TIEL o

i J; m , r{ g T \5;1 P b fie 5 i S R F AT
RGBS Ap e T ]

n 3

7

T
y %
WY

>
= =k

o

W (i< Ao
D) AN
=
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n \K W W'

(10¢cm).,,

R I Al DR

1. L= K3 74
2. gLyl IEED10OfF

(EEY) 5
3. @WUTaL r
4. i 10 m
- X3EFEA. LT 5 ﬂ'-"_;E;&
ML N B
ﬁ" 5 A

-HEHER (0 THD 0§ 10 15 20 25
ZHELIc< X (10w

X (EIBIY)
=

< g RS R > (FaHEY)
PR (5 274 FiEE

B (7 20 8H#)

c [
| | I
C=EN C=EN C

(E8: —2—F#H)

=N

http://www8.cao.go.jp/cstp/5Sminutes/020/index2.html
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1). 7 5
" ‘K W o

RO RRERE (FH9)

A A0
(1971— 2000) (2001—
140 + ) %
=
120 - = x
- 7 % i
wots . 7 7] :
I 1
B0 - E B A f:: ik
I-.tl :l-l-' _? 7 iE
: K 2 < 5= -
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Z 14, FE R e F M

BPE \E& 07 10 15 20 20
S m’/g 700 1,000 1,500 2,000 2,500
w3t L A~ T 9 12 16 22
W3 F ml/g 0.12 0.22 0. 50 0.75 1. 20
FEREFA Wtd 14 22 45 65 90
wRFE mg/g 750 950 1, 550 2,000 2,400
Lo EmRd 4 ml/g 0 0 270 340 380
pH & 7 T T I T
A A % 0.03 0.03 0.03 0.04 0.05
FYRR C 470 470 470 470 470
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15-1 5 ¥ 3 8 ik aengs b

SiC SizN, Al,O4 K,TigO13 CaSO,
R (L mD) 0.05~1.5 0.1~1.6 1.0 <1.0 2
“hAEE (1 m) 5~200 5~200 20~50 60
LLEE 3.18 3.18 35 3.0
BirEs&E (kg/,mm2) 2100 1400 2100 700 210
BE 3% (/mm2) 49 38.5 43.4 28.0 18.2
tEH & (Mohs) 9 9 4 2~3
FEE(TC) 2700(5%) 2040 1371 1450
M 20EE(C) 1,600 1,200 1000
HUHRZR(x10° /C) 4.5 2.5
EEFEHT(Q2.cm) FERS G GBsgae 3x10%
775 FE.43(100KHz) 3.6
L (IE#,1IMHz)




L 15-2 = 8B %

ElB ?ﬁ N ;ﬁ’ 'H—

Na,Ca,P,015 MgO Mg,B,0s MOS* A4 wWha
UK (L md) 1~5 3~10 ~1.0 <1.0 0.03 1~6
W1 m) 50~400 200~3000 | 10~500 10~100 <5000 20~50
LE 2.91 2.3 2.5 2.9
briERE (kg/,mm2) 260 100~800 56~75 270~410
SEPEFR(/mm2) 12.4 — 30~53
i & (Mohs) ~4 5.5 2.5~4 5.5
FEL(C) 740 2,825 1,340 1,550 1,200
MERE(C) 1,600 1,000 250~300 550
B BRR(x10°/°C) ~6
EEHEH(Q.cm) 1x10" 1x10"2 5x10°
%85 (100KHz) 17~34 —
B4 (IEF%,1MHz) 4x10°7 —
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Preparation of composite TiO2-zeolite
sheets and their application on
environmental improvement
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Background

O Volatile organic compounds (VOC), dealt with in this study, have
caused various environmental problems.

®» VOCs bring about global warming and induce
photochemical smog.

= VOC:s are carcinogenic, bad smelt, and degrade housing
environment.

O Various adsorbents have usually been applied for the removal
of environmental pollutants.

O Especially, zeolite, which has a high adsorption capability, has
generally beenused as a material which removes NO,, CO,, and VOC
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Concentration of residual acetaldehyde (ppm)
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Figure 4 Concentration changes of gaseous acetaldehyde in contrast
with composite TiOz-zeolite sheets irradiated with UV: (4), TiOs sheet;
(M), composite sheet/Ti:ZE=2:1; (A), composite sheet/Ti:ZE=
1:1; (%), composite sheet/Ti:ZE=1:2: (7)), composite sheet/
Ti:ZE=1:4; (®), composite sheet/Ti:ZE=1:8, (O), composite
sheet/Ti: ZE=1:12.
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Zeolite,

O Zeolite, which is a hydrated alkali-aluminum silicate,
O has a characteristic three-dimensional structure.

O = /% £ NalAlSi,O]-H,0 45# Bk dp

m 4F F CalAl2Si;0,]-3H,04F 7 f& 4p

O Artificial zeolites are presently commercially available.

O They have been used in various applications such as desiccants,
molecular sieves, ion exchangers and catalysts -
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Zeolite sheets

O Zeolite sheets have been reported that the adsorptivity of
the sheet was very high.

O However, the performance of the zeolite was virtually
abolished when it was saturated or when the adsorption
equilibrium was reached.

O Furthermore, toxic substances adsorbed by the adsorbent
may be desorbed again by a change in the surrounding
conditions such as temperature and humidity.
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T10, photocatalysis

O There have been many studies on TiO, photocatalysis for the removal
of toxic materials from the environment.

O For example, the decomposition of dioxin, trichloroethylene and VOC
has attracted a great deal of attention.

O In the cases of dilute pollutants at ppm levels, it is very difficult to
decompose them completely by TiOz_ photocatalysis alone.

O An effective way of achieving a rapid and efficient decomposition
under such dilute conditions should be to prepare a composite zeolite-
TiOz sheet to concentrate the toxic substances around the TiOz.
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In this report,

The adsorption and photocatalytic decomposition of
acetaldehyde gas with sheets prepared under various conditions
using a papermaking technique were studied.

The synergistic effect of irradiating the composite TiO,-zeolite
sheets with UV irradiation ( /=365 nm) on the photocatalytic
decomposition of VOC was investigated.

And the potential application of the composite TiO2-zeolite
sheet to VOC removal was studied.
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O To solve these problems

O Composite sheets of titanium dioxide (TiO,) and zeolite
having the characteristics of high adsorptivity and photo
catalyst were prepared by a papermaking technique.

O As the harmful materials adsorbed by zeolite can be
decomposed by TiO, photocatalyst, the zeolite will be
expected to have a durable performance.

U ) S - F A A S MR AR B

,> 3»
Fd 2
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[2 3+ RP R

( Anionic polyacrylamide, A-PAM) 1.0% | puip 10%,

Ceramic fiber 24.5%,
Zeolite, TiO, 0-65.5%.
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Preparation of the composite sheets
Fl# F) AB R = F 0 A T A &K

Pulp slurry was mixed with 0. 1% PDADMAC

4

addition of inorganic suspensions containing
ceramic fiber » zeolite, and TiO, and 1.0% A-PAM

g

Prepare handsheets of 250 g/m?

Il

Pulp 10%,
Ceramic fiber 24.5%,
Zeolite, TiO, 0-65.5%.

The wet sheets were pressed under 350 kPa for 5
min. and dried in a oven at 105°C for 30 min.

g

soaked in the alumina sol, composite sheets were
pressed under 350 kPa for 5 min. and were kept in a
conditioned chamber (20-C, 65%RH) for 24h.
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Figure 15-18. Model for dual polymer retention aid system. (a) Formation of a cationic patch by a low
molecular weight, bigh charge density cationic polyelectrolyte (PEI in figure). (b) Adsorption of high
molecular wetght, low charge density anionic polyelectrolyte (A-PAM in the figure) to the positive
patch on tbe particle to form a strong anchoring point. The surrounding negative surface on the
particle causes the anionic polymer to extend out into the surrounding water. (c) Attachment of the
extended anionic polymer to a positive patch on a second particle forming a strongly anchored bridge
between the two particles.
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TABLE 1 Retention of inorganic materials and proportion of TiO;

and zeolite in the sheets

Composition of sheets (%)

Sheet Retention (%) | TiO» Zeolite

Zeolite sheet 05.0 0 100

TiO; sheet 90.1 100 0

Composite 05.0 67 33
sheet/Ti: ZE=2:1

Composite 87.2 50 50
sheet/Ti: ZE=1:1

Composite 90.8 33 67
sheet/Ti: ZE=1:2

Composite 91.6 20 30
sheet/Ti: ZE=1:4

Composite 86.4 11.1 88.9
sheet/Ti: ZE=1:8

Composite 00.8 7.7 02.3
sheet/Ti: ZE=1:12

(Ti: ThO», ZE : Zeolite).
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3. Results and discussion




—

Adsorption of acetaldehyde onto zeolite sheet

OFig. 1 shows the adsorption of the
acetaldehyde on a zeolite sheet,
powdered zeolite, spherical zeolite and

paper.

OClearly the adsorption of
acetaldehyde was more extensive and
took place much more rapidly onto the
zeolite sheet and powdered zeolite
than onto paper.

250

200

—k— paper
= <O= powdered zeolite
—— zcolite sheet

—&@— spherical zeolite

150

100

s F

Concentration of residual acetaldehyde (ppm}

o w0 e s 1 OThe initial rate of adsorption on the
e zeolite sheet was superior to that on
Figure 1 The adsorption of acetaldehyde onto various samples: (&), pa- . . .
per; (®), spherical zeolite; (<), powdered zeolite; (#), zeolite sheet. the commerCIal Spherlcal ZeOllte.
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—
Adsorption and decomposition of acetaldehyde

by TiO,-zeolite sheet

O The adsorptivity of the zeolite sheet was similar to that of
powdered zeolite, which indicates that the function of the
zeolite is substantially maintained when it is made into
sheets by a papermaking technique.

O However, the adsorption equilibrium of acetaldehyde on
zeolite sheets was readily reached about 25 ppm and the
adsorptivity of the zeolite sheet then decreased.

O Sheets made of zeolite alone could not therefore remove
acetaldehyde completely.
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Adsorption and decomposition of acetaldehyde

by TiO,-zeolite sheet

B ¢ 0O The synergistic effect of the adsorption and
photocatalytic decomposition by the composite
Ti02-zeolite sheet was expected to provide a

T On WY lumpoll solution to the above problem.

—— UV lamp on

200

150

O Fig. 2 shows the removal of gaseous acetaldehyde
by the composite TiO2-zeolite sheet/Ti : ZE=1: 1.

100

..... R T R e

50

Concentration of residual acetaldehyde {(ppm)

0 When theUV lamp was turned off, the

", " " " " concentration of acetaldehyde was decreased by
ime (i) the adsorption of zeolite mainly in the TiO, -
Figure 2 The effect of UV-irradiation on acetaldehyde removal by com- Zeonte CompOSite Sheet, bUt the CompOSite-

posite TiO;-zeolite sheets: (¢), UV lamp off; (¢), UV lamp on.

0 TiO,- zeolite sheet could not remove the
acetaldehyde completely. This result was similar to
those shown in Fig. 1
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Effect of TiO2/zeolite ratio
on the degradation of acetaldehyde
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g
g
-—i 40
-
% TABLE II Apparent velocity of decomposition of acetaldehyde by
30 . v ! .
5 the sheets with different TVZE ratio
=]
. | .
g
| . : . :
gl Sheet After 5 minutes  After 25 minutes
0 -5 Ti0), sheet (.87 (.28
0 P e 8 Composite sheet/Ti: ZE=2:1  5.13 1.26
, , ‘ , Composite sheet/Ti: ZE=1:1 6.30 1.63
Figure 4 Concentration changes of gaseous acetaldehyde in contrast _
with composite TiO;-zeolite sheets irradiated with UV: (), TiO; sheet: Cﬂm[.‘rOEltE: shﬁtm : EE = 1 : 2 6.6‘:‘ 1.33
(W), composite sheet/Ti:ZE=2:1; (A), composite sheet/Ti:ZE= .
1:1: (x), composite sheet/Ti:ZE=1:2: (7). composite sheet/ Cﬂmpﬂﬁltﬂ Shﬂﬁtm . 2E= 1 . 4 Tj“"" Em
Ti:ZE=1:4; (®), composite sheet/Ti:ZE=1:8: (O), composite o
sheet/Ti: ZE=1:12. Composite sheet/Ti: ZE=1:8  7.76 1.82
Composite sheet/T1: ZE=1:12 702 1.81
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(¢: Concentration of acetaldehyde, 1: reaction time).
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Effect of T1O,/zeolite ratio on the removal and

degradation rate of acetaldehyde

0O The effect of the TiO2/zeolite ratio in the composite sheets on
the decrease in acetaldehyde concentration under UV
irradiation in order to research the optimum ratios of TiO,-
zeolite in the composite sheets with the high function for

effective removal of acetaldehyde.

0O The decomposition rate (—dc/dt, where C is the
concentration of acetaldehyde and t is the reaction time) of
gaseous acetaldehyde decomposition by the composite
TiO,-zeolite sheet
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Permanency of TiO2-zolite composite sheet

Concentration of residual acetaldehyde (ppm)

120 r

A TiO,

& Composite sheet/TRZE=1:1, UV lajnp off
posite sheet/TIZE=1:1, UV lajnp on

€ Com

sheet

60

120

Time (min)

180

240

In order to assess
whether the composite
sheet could repeatedly
remove the
environmental pollutants

a test was carried out in
which 50 ppm of
acetaldehyde was
injected every 60 minutes.
The results are shown in
Fig. 3.
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Permanency of TiO2-zolite composite sheet
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Permanency of TiO2-zolite composite sheet

O In the case of the composite sheet irradiated with an UV
lamp, the acetaldehyde decomposed completely after about
40 minutes.

O Acetaldehyde could be effectively removed by the
combined effect of zeolite adsorptivity and TiOz
photocatalysis.

O These results indicate that the composite sheet can
continuously remove environmental pollutants and can be
utilized semi-permanently.
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