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Abstract

The hyperthermophilic aerobic strain Geobacillus thermolovorans T4 is the first to
be reported that the strain has the ability of cellulose hydrolyzation. But it’s only used in
the phase of academic research. This research regards CMC as the group of contrast in
experiment and succeeds in acquiring the important result of two phases. In the first
phase, the experiment shows that the reducing sugar yield ratio of rice straw medium in
4 hours is 9.31%, and the one of the rice hull medium in 2 hours is 21.5%. But the corn
leaf sheath medium doesn’t have good result. Furthermore, we adjust the N/C ratio of
medium. And the reducing sugar yield ratio of CMC medium (N/C=1:9) is increasing

26.89%. reducing sugar yield - Then we steam the cellulose before placing the strain

into the medium. The reducing sugar yield ratio of rice straw medium (N/C=1:9) is
increasing to 37.41% and the one of rice hull medium (N/C=1:7) is rising to 51.66%. In

the final analysis, we discover when the rice hull medium is at the pH=6, 65C

environment, the reducing sugar yield ratio can approach 69.81%. In the second phase,
we take the rice hull medium in the best environment to react with T4 strain. And then
we mix the solution with yeast Saccharomyces diastaticus, the preliminary alcohol
fermentation rate is 69.42%. In other words, to turn the deserted cellulose in bioethanol
of conversion rate in this research already more than 28%. Fig 1. is the homemade
reactor by which we generate bioethanol. The preliminary test has good

transformational result.

Figure 1. The homemade
bioethanol
reactor.
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2.4 Geobacillus thermoleovorans T4E|f& 16S rDNAE 52 2 B 4 7119
16S rDNA sequences of strain T4 (1-1454 bp) (AY074879)

GTGCCTAATACATGCAAGTCGAGCGGACCAGATCGGAGCTTGC
TCTGATTTGGTCAGCGGCGGACGGGTGAGTAACACGTGGGCA
ACCTGCCCGCAAGACCGGGATAACTCCGGGAAACCGGAGCTA
ATACCGGATAACACCGAAGACCGCATGGTCTTTGGTTGAAAGG
CGGCCTTTGGCTGTCACTTGCGGATGGGCCCGCGGCGCATTAG
CTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAG
CCGGCCTGAGAGGGTGACCGGCCACACTGGGACTGAGACAC
GGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGC
AATGGGCGAAAGCCTGACGGAGCGACGCCGCGTGAGCGAAG
AAGGCCTTCGGGTCGTAAAGCTCTGTTGTGAGGGACGAAGGA
GCGCCGTTCGAAGAGGGCGGCGCGGTGACGGTACCTCACGAG
GAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTA
GGGGGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCG
CAGGCGGTTCCTTAAGTCTGATGTGAAAGCCCACGGCTCAACC
GTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGGAGAG
GAGAGCGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATG
TGGAGGAACACCAGTGGCGAAGGCGGCTCTCTGGCCTGCAAC
TGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGA
TACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTA
GAGGGGTCACACCCTTTAGTGCTGCAGCTAACGCGATAAGCA
CTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGA
ATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATT
CGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCCCTG
ACAACCCAAGAGATTGGGCGTTCCCCCTTCGGGGGGACAGGG
TGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATG
TTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCTCTAGTTG
CCAGCACGAAGGTGGGCACTCTAGAGGGACTGCCGGCGACAA
GTCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTA
TGACCTGGGCTACACACGTGCTACAATGGGCGGTACAAAGGG
CTGCGAACCCGCGAGGGGGAGCGAATCCCAAAAAGCCGCTCT
CAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCCGGA
ATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTC
CCGGGCCTTGTACACACCGCCCGTCACACCACGAGAGCTTGC
AACACCCGAAGTCGGTGAGGTAACCCGCAAGGGAGCCAGCC
GCCGAAGGTGGGGCAAGT
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cerevisiae cerevisiae ellipsoideus

B E UL (7 i E
Saccharomyces cerevisiae Saccharomyces ellipsoideus

WL Y AR

pastorianus apiculatus trigonopsis
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N : nucleus

V : vacuole

S : spherosomes

M: mitochondria
C.w.: cell wall

C.m.: cell membrane
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(1) 7 4&2 % (multilateral budding) : - @ Mm% + g > 7 25 o

(2) = &2 5 (bipolar budding) : ¥ F sz s 4 ¢ O ?“Jﬁ(arKloeckera spp.) °
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Jﬁ (+-Schizosaccharomyces spp.) °

(4) 415 4~ 2 (bud fission) : 7 {2 R38R 5] 0 B e A e 2 FE A B

A% 3} 2 (4rSaccharomycodes spp.) e
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6. p* 4 (Saccharomyces) # % # iz

Ascomycetaceous Yeasts

(+ & EFfE*)

Saccharomycetaceae :
+ Ak L3R & HER

'

Schizosaccharomyceoidea :
o Neap:

— Nadsonioideae : & & 3! 5

— Saccharomycoideae : % #& 11 ¥ — Saccharomycodes

Lipomycetoideae :
_> 2 3 7 & Pl
2 e 2 A8 B3 f

Saccharomycodes/ s iFpH 4 i it 4 (%3 0 A ER* P B E R AR kL

) Wit > Wil e BT Y e wmte )~ PR R -

2.7 RE FEEN Be
1897 Buchners# .7 f¥ % > 48 11 7 EMP2 /2> 4 Bfssx 2 2 % 2 & i b

RS o AFT R TR Y eRfER Fen BRS04 & EF 4 3 Galazzo{rBailey
(1990) *“t#efm § % » B NHEILT B A S AN BFE BH B REETHEH > F -
RBE s Fp e gy AT

(1) *2 *t § F 425 d Transportase ig-it & 4§ § #& @ i 5| fmre p ’%L N E

#&(Intracellular Glucose - Glc, ) » ¢+ # Fxerinid £ (Flux) 2V & T °

(2) mre p F F 4 5 J Hexokinase it & & 35 = F F ¥ -6- &% & (Glucose

6-phosphate » G6P) » ¢ # Brerinil £ UV &7 °

(3) # & #E-6-mipt ;5 d Phosphofructokinase ig it & Ji& 35 = % 4 = 4 ik (Fructose
Diphosphate » FDP) » p* # Zf il £ 1V

PFKZ‘ 7
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(4) % = mipi s d Glyceraldehyde 3-phosphate Dehydrogenase igiit & &3 = Eifis
“fi B& 3 fir 2 (Phosphoenol Pyruvate » PEP) » gt 4 S erjnid £ 14V, % 7 °

(5) BHELF F% P fb k4 Pyruvate Kinase L & Jig 2 = ¢ fig( Ethanol ) » ¢+ % B et
EE IV, T oo

(6) % % #& -6-m: f& & d Glycogen Synthetase i it & & 3;, = s & v & #
(Carbohydrate) » p* # Feinid £ 71V %77

(7) % # = 74 p& ‘5 d Glycerol 3-phosphate Dehydrogenase & i* & J& 35 = 4

(Glycerol) » g+ Breriinid £ UV 277 o

(8) ATP.5 d ATPase it & fz2) = ADP » 4 Fxerjiid £ 11V, 47 o

Glycose
Valein, Y1
[ —1 .
f:)! (J]Clﬂ,)(L

=<1 ATR- o

_ VEHK, Y2
A ATP  ADP
. P AZ

~G6OP,X: Veab Y6 > Carbohydrates

A VEFK, Y3
ADP
FDP. X — - 2Glycerol
e VGro, Y7
2ADP .
AP VGapp, Y4
2NAD+- i
INADH
QI)F l ad i e F
— ATPXs<m==7"ADP
2ADP~| ATPase, Y8
satpe] VPK Y5
2Ethanol

Bl 2.7 P FIRE  BF R T
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EY
"E\
Sy
a.
S
(rv

T ETHRE o BI2.847F 0 F F AR imie ) SRR E
oo BT RO A R R £ ARSI PR
peigd 2@ e it p¥ % (pyruvate decarboxylase) &% 4 & e fg > @ {5 o fEigd o
F:4 & p¢% (alcohol dehydrogenase) i # i& i & iF# % » NADH#t ¥ it & NAD"
RO AR gy T @A ST 7 o

biosynthesis
trehalose

glycogen

glucase glucose \ T / glucmeng"““is*\
|
& Giyoxylata

succinala

l

biosynthesis o K]
HE Sx
siS 3E
SlE EE
sis S
=N S

-
HZO

E

g

E W—Twm

- (AA 0
MW%M

G
L
Y
c
o
L
Y
=
I

S

xm N
€O, = fﬂ acnﬂcaud\

B12.8 Saccharomyces ¥aimz 1 & %352 [T g
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By AT (18~24C) o pr* A AR B R
Amerine % 4« (1980) #*ﬁ NEE £ AR PF R R N 5 22-27C > et
BIEERAFPE AL R AR BPEBA FAHTAL L D A RHEAS 0 bl
Hbo~ R JRIpEE o

© FAETE > Sy

i 2P A BRI 5 J Gay-Lussac#t ¥ ) s & Gay-Lussac quation » 4T

FUATIE

CeH1,05 — 2C,Hs0OH + 2CO»
(19) (0.51g) (0.499)

P AP FERT F0LI%L P S o FpERF L E RS & T

Pl B

o2
RO e m e

At 2 AFE(Q) B: #pEs 7 2 8F 2(q)

VI F R &7 B3 0 1 gF § #4942 2051 giFpp#{-0.49 g- §
B Bt 2 F TR 0 e £ R 10510 11049 RIAR FTIFI L A R -

19



$ RN

A7 3 & §81 f2Geobacillus thermoleovorans T4 (™ f§ £ = T4) Atk - &1
# " J 4t (carboxymethyl cellulose, CMC ) i® 5 e 2™ » B F ic 5 »ad & fE A3
% 5 8 F# £ 1% Saccharomyces diastaticus Fj A& {7 iFpH 3 fF » 148 R
KT 5 ¥R % 0 iR RIS, diastaticusE_FE At rTd A fREERB R 5 e

P P e AFTE A E A A (TR R T S RAL
L FALERARESE (JoB fofh) B TAFKRTY PR S wpkR 2 M G -

2. FREERIBREE (Fof o) & T4 it pRe R R@ERZ M

3 v EMARSREE  wAERALERRERAEFER R MG

4, VEBEERY AR AV HE- BREE wEERSRRBER R M GH
hgaZ o BRI R R R EER S FL TR TERELAF
At 5}57J 7\—@‘% °

5. Fiip Pk i T » NS HEFE AT 2 AERERRM G K
4 S. diastaticus Fikfe B BRI R F RS -

S

PR TS BE R 2 APGR I A B

20



TAF RN -~ i 2 5

A 4

TAF A 25 2k p £

S R S
= IF B (v o i L

T S

A P

e o
I

A

B ET v wE

g Fi ke
. 823
oo IS

v

S RTARRS £ ARF RE > FHERMRF A

v

=~

MRS G BB RPEA Kb ik i 2

v
VR BR R IR R B IR B

Pl FERE RE




o~ g g2

~  Ffh R

1. Geobacillus thermoleovorans T4-17200 1% : P p A7+ & &1 £ # EF 7 72 &

?%%%£P%éu@ﬂm%é%%ﬁ%i@ﬁ%&ﬂﬁo

2. Saccharomyces diastaticus-21662Ftk  Bp AT+ 8 1 ¥ #F BF L *12 H F ik
%72 F7 3 ¢ (BCRC) » & it (7 P fE L f 2 7 ©
= " BE

1. Modified chemically defined CMC medium ( Mandels and Reese, 1957 )

HaBenfe= dok397 > B9 54 %7 AReE(CMC) > ¥ % 171 & pR

%O T REREE AR KR FV ARG A R PEL

#3 Modified chemically defined CMC medium

Component Content (per liter)
Peptone 10g¢
CMC 10¢
(NH,),SO,4 149
Urea 03¢
KH,PO, 209
CaCl, 0.34¢g
MgSQO,.7H,0 0.3g
FeSQO,.7H,0 5.0 mg
MnSO,4.H,O 1.6 mg
ZnS0,.7H,0 1.4 mg
CoCl,.6H,0 2.0 mg
pH 7.0

( Mandels and Reese, 1957)
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2. fefR s A fE S fERER A A
A WP (R enfEts s 1K fE 2 fG3 > 1180 C 210 ) pE2 (S > I BT
FRI B KK 0 1210 g & B2 R CMC medium® siCMC = & > fe @il & fo4% ~ . F

2R BEBRAA  NBERBRAALTT FL R K2 o

W5.1 &6 % A2 b

3. ¥ &7 a4 A (Nutrient Broth, NB)

1 & eha & 5 15 g peptone (special ) ~ 3 g yeast extract ~ 6 g sodium chloride v
1gdextrose 3>t 1 25 ke @A T * RIFL MR A {-ETF %R AR

7 % o

4. FEH FR AU R A

MRAAIEAPACERAPF TR Y B EARS T Y NP REOT %R

F A A

23



4 REFIEEEA

Material Concentration
glucose 2009
yeast extract 60
peptone 60
K,HPO, 24
KH,PO4 49
MgSO, 29
(NH,),SO04 25¢

5. EA FA K FEBREA

S AL ST LR S

e

~ERAEE2ml Fik o 4o ~80% Hw2ml R &

23188 ~-80°C b F AR iFg o

-8

%5 L hEEFEEA

Material Concentration
glucose 20049
yeast extract 59
peptone 109

24



= ~ PN iR RN

3,5-dinitrosalicylic acid (DNS) ##|2. * & - £4/* DNS Z:® & 4 (reduction)
2 g gtk it S5 ¢ B 5 free 8 potentially free 2 fig e fit 2= group it fdk it

Bird FRRw A > A RENT R g
reduction

3,5-dinitrosalicylic acid — 3-amino-5-nitrosalicylic acid
(§¢) (4 )
Flpt o Tl HEEd B2 B R ITRESEF B eipliE o DNS ##hi & 2 0 5
1 g DNS ~ 30 g rochelle salt 4= 1.6 g NaOH £ 4r = =t 4 &3 -k (double distilled
H,O) = 100mL -

e~ TAFBRE A 2 ¢

1. s %

[
¥

P~Ftk G.thermoleovorans T4 & » 7 5 3mL «NB-[ ¢ 7 > 260C T 1 &
48 | pF o TR B E Y B 1mL #4835 3 NB150mL chgaajEgs
BA A8 )y - F AR o RY - X FERRDER D 1 mL
¥ - #gR7e0 NB 150 mL s ajsg e » & 60°C™ > &F 160rpm 32 % 48 /| pF >

TP FRABH By -2 FARBRLDFHR DN ImL jF » ¥ - 5x379 NB

150 mL=4a 2557 > 260°C™ » 23 160rpm > % 48 /| pF > TPEPk o
2. FtkeaiE

#- Geobacillus thermoleovorans T4 484> Nutrient Broth agar (NA; 1.5%
agar) Wz F o AS0CHA12 | O FEREFT AL BF e Rl - B R
T P~1R32 R TNB > 12 kS R 33 B2600 nmeiw sk i@ (optical density, ODgoo)
E P 510 P~045mL i e »0.15mLiny # 0 R £3553 2% g —80C T &

B ifs o

25



3. R FHcaR

wiRl & AR BP0 1 mLagEiR 0t R FE J\:t&—];],,zﬁ% Flig ¢ ik
B R Lot E o KFHMEY 92 A AR ETAFRS 2/ ol FHik
P p12 ] pF e 2B BImL hER o g > FR204 &) A X
X BRI EHBELE (ODgo) » & 3B E 2 555 pvt o

~EER SR

50.6 mL ( F#c5x10° B/mL) g » 80009 4t.<10 A 48 B~0.5mL
URIALE A A bl ST ERp A

2. Ml A SR 222 (CMCase) /&2 ipl

P-05mL iR > 40 »0.5mML 0k &in ik (1% CMC~ 2o £ ~ 242~ #
A #3201 M > pH 7.0 2 NaH2PO4- Na2HPO4 g4 B 3 b3 i ) *+100°C = -k
#F 104 4588 o 2 DNS ZRI 2SR A FEGZ £

3. DNS & & fE i) % (Miller, 1959)

Pk JilmL (0.5mL fefEdie 2 0.5mL A F 3 R350C kisl [ F) > 4
~1mL s7DNS 34 > R & 15 hitokip ? S B 54 H 0 de 23 ML E AR AR

084355 1528 3 38 #5550 nmerx sk & (ODsso)

$RE e 205mL jefEE iR 2 05 mL & Fipik o 4 » 1 mL DNSEZAR & 145
PaAp R F BFERT R  F R RRBER I HREDRRBE > THE

A ELEEE R R R E -

AE g R B F R Sy R RPEE o § F 4% (glucose)
R AR iT2 5 P0.1~1.0 mole/mL 1§ F #&4:%1mL > 4c ~ 1 mL DNS ##& &t

Wi TopskiE o F N EEY R o
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\L
Pl

A% RABREIFER T

1 7§ s TRB A Rk Rl E

#-50ml hpER A B E ~ 100l 60°C & st 16~9 s 3 & A9 » 11 120
rpm 2% 0 F A [ EERe F Iml fER o R EH F#ox % E(ODeo) ? 2 DNS
% 3k 8 (ODsso) * M R FMER L E FERHER -

2. P FERBRBAfETERT

#-50 ml chpER A W &~ 100 ml <h 55°C ~60°C ~65C 2 %2 70 Ceghia2 15 %
A ¢ 12120 rpm %fi% ZoE S FEBon ’g 1 ml ‘-’f”*ﬁ:’]n@ RIEH 3’@)»4: 1] (ODGOO)
"1 2 DNS # % i (ODsso) » ™4 4 FAEIE & 12 § 5 4BIE A -

3. * ek EIRE A Rk RE

#-50 ml iR A W B 2 100 ml pH 5~8 chgk e k3 & A ¢ 1 120 rpm B F
¥ oA S g5 o B ? 1 ml m]?:]/li’ ’ /P g(VAJDIE' (ODsoo)uZ‘ DNS = sk &
(ODssp) » M RO FAMERMZ §FEHER -

= \pi%t_% ;ﬁ}%{,e‘s ;\:

s DA
1. /:fi_’ 3

fﬁ‘;

P~ & Saccharomyces diastaticus & » # & * j ji /5 1 33 & 2100 mL 47
P oRAE 24 ) RE - AFEARE RS- X FARRZDFR RN ImL
N ¥ - FLATER A & A100 mL g4 AsEgT o e 24CT 0 B 120
rpm 3 & 24 )P FL S S A FARZ R S X FABZ SRR RSN ImL
¥ - FLATENR fBE 1 1 & 100 mLehgaAsEg Y 0 424°CT 0 BF 120 rpm o
BA 24 ) TERE o
2. FRDEF

#- Saccharomyces diastaticus FR8fE> £ w 2 2 3k ed 2 % AR &> 224T1
£12 P xR L RAEG 0 B2mIER > 40280 % de2ml R E355 188

»-80°C 4 ik 13 o
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3. 2 AR T
Boig b 2 ik ImIE 100mIs & A > & - ) EEl mLsjgin o * @ s e
Uzkpﬂu’iﬁff?“'is'ﬁ kR R A G TR B R E B o kR
* FF L o R o g R12)

AP ARIBERBEFER T

1. 2% & pH &R T

#-100 ml chgiz B2 100 ml RRF Fpsss A A Y 0 2 120pm Rg R A 0 F -
JRERRE PR AAR > AR TR oM LUF S pH R E 0 T iR R
r o LAl PR RS FEE A AR R -

2. B AEEIRE

#-100 ml sops* F R B~ 100 ml g pEss & 4 0 12 120 rpm shR i 0 2 (7
P eEp £ L T ATREHERE TR PR EE R a0 R
ea deh AR -

#-100ml shps* R B o~ 100ml 5 pEss & A o 0 24°C 120 rpm iR
BRI F 12 ) U AIREE LR BRI PERE RS g
Roogafam AR

FSEFRSOOBAALPEARLT TEEFE Aw 12 ) FL PR 00

G 12 PSR G XA RN  LEEF BB LF T gl KE R

FpE 0= 48.9 x100

At b2 BER(Q) B:#s T 2 8L E(0)
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¥ - ML FAFHEN B Ry

#-p BCRC § % 1 G. thermoleovorans T4 Fifa*c » NB# &k ¥ 2781 ¢

16 PFo MERB S AR T Rt TRAEL S BhEESL

B B E 1 BARE-FMY NB ¢ B 3o NA Y ive F ] e
12 [ PFETFAERE LA e RERFEIS 23 5E - FE o % r NB
Binx 1% o

Foh= 2 0 7 PR TRT
i

§ 0 —80CkRE Y

WpER T4 Ffe i (s TA B
& FE (75 1 e (£ 3 it > 252 XiEi)

SiEw X 154 KN T4 EH T4 AR s § 0 iR
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“EE X LNBY T4 K o ™ ¢ T4 5(1000x)

©

FoRp TARN 2 PR AR AR L ARREATI VR

i AEARRARTRRS R ERARE AL mFL R R AR R T4
FA Bl » CMC~ s 11 2 fedidus 4 A7 wF2 £ opfin > B %% m (4rF 6.1
A ) TAFE 7 bie= R 447 2 LA ACMC % A7 (% 96 B |
BEEFBYE (TR LE0171) £ 2 2 SR 4B Afeln i A 4
kL A %S 8 FikEET FE (T ek iE 0.065) li,ffjin%i%%
AP ARk AR A8 FHREETEFE (L5 XE 0264) 7
R B0CHE AT TART AARRSEAY L L PEE I RE LR A8

T4EE A A A R AE R B m B h 2k R Hw e
—e— Filrt —m— iR —a— CMC

0.30
0.25
0.20
0.15
0.10

0Dsoo

0.05
0.00

W (hrs)

B61l TAF*™ 2 k%A 224 L KE
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4R ER > T ATECMC S LB R S R R B R
) B

: "‘T4;5F]
Prenid s > APK AR AaRB A ACRRBERApRN AL R AREAE

FR(ArB 6277 ) TAFHE CMC R AT Y4B | FENE A ERpEAEE(T
A4 B I RRpE (L5

R hpEAE 085 mMM); e R AT G4 | 2 (i 44
@%EﬂO%mem%ﬂyréﬁgﬁwQZJﬁﬁ B AR@EAE (T

4 60CeHuE £ T » TAF+ 7 iz A d A7 &

BRBOEE RS &

R RpEAE 215 mMM) > &5 &
FIAfR a2 i BRER 4 > AL Aol 47
e o

BB 62wl E i RAFENEAFEAZE > MTEEEAIL 6 & T AT o

d B 6.3 BEFR - d T4 FAE AR
Peo B2 )T 21.50% R RpEA S 0 Rtk A F v AR PR G F

S L BRPE o fERRNE S R A

PAPEFARERRRAT AN EAF BER > EPEGAFAEEEF
B R ALEEEC L BREAS > FHEL A o

TABRS T AL SRR B

—— FEglil = FEfE —— CMC

3.0
2.0
1.0 1

oow/¢/ : : :
4 0 2 4 6 8 10

-2.0

SRR B (mMm)

Pl (hrs)

Bl63 TAdFc2 k2 A ERpEA T RF
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126 BRMAEHEL

A | CMC 2% (mMM) | &5 82 E(mM) | 45 2 & (mM)
A -0.91 1.07 -0.79
0 0.04 2.09 0.28
2 0.24 2.15 0.61
4 0.85 1.82 0.93
6 0.67 1.13 0.39
8 0.70 1.08 0.35
10 0.78 1.47 0.07

27 BRPEATHEL

3k PR CMC 2 % e e A%
# -9.13% 10.70% -7.92%
0 0.45% 20.86% 2.84%
2 2.41% 21.50% 6.05%
4 8.49% 18.18% 9.31%
6 6.67% 11.34% 3.85%
8 7.01% 10.77% 3.47%
10 7.82% 14.73% 0.74%

R 3 (0)

TARFE T [ 55 B AL 1 BUR P& 3 TR

—— FEELEL = A —a— CMC
21.50 %

E\ﬂf i (hrs)

®l 6.3

s Al sad A R REE A S 1B

32




Breb o b B 6.1 H B 6.2 4T R THRY A FEARY 0§ wAKE
EbH A pE o RRPEA TG T EARS > HReF S ERAEL TR FE A

3 Ba B o aer@enB R T A0 kiR EREBEREER TS o

kS
I
\1-

M AFREAV IRV BFBRFCHBRFELE F PP E

(-) TAFHA R b § R OMC(A & )5 & BB R EA $ ot i

48 CMC &7 b §atsi Ay RRPEA LR A

= & (hrs)
. 0 2 4 6 8 10
& A
CMC & “4¢ *]33] 0.00% -0.34% | -1.03% 1.03% 1.38% -0.34%
CMC 4 T4 ﬁ@ 0 0 0 0 - 0 0
(N:C=1:6.3) 0.00% 12.07% | 12.07% 0.00% 0.34% 1.38%
CMC #c T4 ﬁ 0 0 0 0 0 0
(N:C=1:5) 0.00% 0.34% 1.72% 0.00% 2.76% 0.00%
CMC +4: T4 “éﬁ 0 i 0 i 0 i 0 0 0
(N:C=1:7) 0.00% 2.41% 1.03% 2.07% 2.07% 8.96%
4 -
CMC_ C_T4 7l 0.00% 20.69% | 20.00% | 26.89% | 22.76% | -1.72%
(N:C=1:9)
P BBREY CMCH, B 5L R RS L
—— CMCH 1[I —=— CMC"[IT4[x 'F(16.3)
—4— CMC[IT4[#(15) —— CMCY[IT4(17)
30 —*— CMCJJ[|T4[¥I(19) 2689 %

= NN
o o o

BRI 3 (96)
5

(.IHOU'I

4
4

il hrs)

B 64 CMCAEarFFayERA? BRAFEA T RE
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At CMC 33 & A vGdse R 7§ A > 4oBl 6.4 977 7 400 N/C=1:9

FRFER S 61 P> § 5B BRMAS 2680 % 5 iz 3t £ 918.49% > & & + 1§

ALY 3BT BB ALY PF AT G o A R RPEDA
1}L'|~1T'?%’§“ffﬁcz%f E f ;l:%%’\ﬁsc‘ fjﬁk\bb’}?ﬁ%‘:)‘i{fi%ﬂ %A

Fouhn { AtgenkH - ERRPEGDAE T o
(2) T4ERA BT I F B el 2 feR R AR BRPEA T R
L3 § A el (R ER)B % R EREA T o

20 ERCGRER)LD FFAS R LY BREA S R

GO 0 2 4 6 8 10

3 A& A

fots A4cF | 2.86% | 6.51% | 6.20% | 6.90% | 5.90% | 7.43% | 4.92%

4R 4 53]
fote e T4 | 2 68% | 6.89% | 7.46% | 8.90% | 7.50% | 9.20% | 8.18%

(N:C=1:3.4)
ol 4 3
%*_Y_T_A'E] 2.26% | 6.07% | 6.70% | 7.60% | 7.20% | 7.50% | 7.63%
(N:C=1:5)
ol 4 3]
%*_Y_T_A'E] 2.52% | 6.98% | 8.90% | 8.10% | 8.62% |10.78% | 9.64%
(N:C=1:7)
2 4E 4 2]
® Jf&_ “_T_A'E] 2.21% | 6.03% |11.60% |10.12% |12.91% | 11.30% | 7.19%
(N:C=1:9)
T RISV G RROF BRI PER
—— T — B FEAE TR FL(L:3.4)
—A— TR TATAIL5 TR ITARALT
14 —k— FEARITARAL:9
12 12.91%
10
S 8
th
L
2
0
#J 0 2 4 6 8 10
el (hrs)

F65 AFFEEAsFimtidd BRMAS SRR

34



d B 65 Tm Far fefk AATFAZFEFRT W 2R IRV EEAY ER

"

PEA % - B3 e o NIC=L: 9 chis X AP B i3 BRMEAT » 26 P
$ 12.91%¢%. % & 5 o

2. AR F A AR R AR (C FR)B R ARRPEA S R

210 fep(c FR)RARF A LAY BRPEA T REA

& (hrs) 10

o
N
N
(o]
oo

, A
2R A

fots A 4e 7 | 0.00% | 22.17% | 20.39% | 20.58% | 21.38% | 20.19% | 17.22%

248 4 Ja
fots S T4 - B 6 0006 | 21.779% | 24.15% | 25.73% | 26.92% | 24.54% | 21.57%

(N:C=1:3.4)
e 4 7]
i(T\IC‘Z:-ZII_-AfS)F] 0.00% | 20.19% | 22.17% | 24.74% | 27.31% | 25.53% | 24.34%
5% 4 7
%J\]CE:IZ;)F] 0.00% | 21.18% | 27.51% | 29.69% | 34.04% | 22.56% | 20.98%
g 4 7
%(T\I'CE:-]I.-'A;)F] 0.00% | 21.97% | 27.11% | 29.49% | 37.41% | 26.52% | 21.97%
Tl BB (2 2R B B L RUR PR
— e B —B— FEAR I TARA 'RL(L:3.4)
—A— FEAE I T4 (15) TR TARAT)
A —x— FER T4 (L:9) 37.41 %

BURUTER 5 (95)

FTHiChrs)

W6.6 ©z@Efefar ki Eh? RREL I RH
AEFR 20 AP SR SERBDET ] TR LA PP ED
R Tt AR E R AR B A b 2 T R Y BKglem® SR 4~ 126°C
SR R R I BER R R BB L e~ TA FHRETF 5o d B 6.5~
B 66 Tmv i P AaNC=1:9 F BRERF L 6 ] BT » ok A FF 2
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C EFBRFEAF RS 12.91%2 3741% 0 Vg B TR L A X £V
AL I PRFZERIKFAOY G AP TR E M ERERS
(RenBRpEAS A% -

21U fEEECEFDAPRIRBAAY BREEA S RA

d

GO 0 2 4 6 8 10

32 A& A

FEF B A 4o ) | 0.00% | 21.38% | 22.17% | 22.76% | 28.90% | 24.74% | 23.95%

%ﬁir#ﬁ T4 E’i
0.00% |19.79% | 26.52% | 28.90% | 31.27% | 31.67% | 29.69%

7 (N:C=1:6.3)
LEL B4 53
ﬁtf(;l‘\lccl-g 11 0.00% | 21.979% | 24.15% | 28.50% | 31.27% | 32.46% | 26.13%
AL A 4 =
fezs (N: C_“l,T;; 11 0.00% | 23.16% | 25.14% | 42.95% | 44.73% | 51.66% | 46.12%
jil‘}f‘{. =
fezs (N: C_“l,TQL; 11 0.00% |20.98% | 25.14% | 35.82% | 38.59% | 43.34% | 35.23%
Tl BB EpRRA (1 IO B R BB R
——FER S I —=— AL I TAR FU(L6.3)
—A— R TARR 15 —— FR R I TARH L
—x— R I TARA 1:9 51.66 %
60 7
S L
&
-
B
[ ¥ (hrs)

B 6.7 fefmir kiantAi RREEAT Y HF

2
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