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On the Existence of Cycles in a Graph

Kazuhide HIROHATA

Abstract: In 2010, Qiao and Zhang proved that if G is a graph of order at least 4k with the minimum degree 8(G)> [.7k/2] , then G
contains k vertex-disjoint cycles such that each of them has at least two chords. We show the lemma needed to improve the degree

condition of their result.
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Application of Software Development Methodology to Software Design by a Group Composed of Experts in Various
Fields

Yozo TAKIZAWA

Abstract: Authors show a revised software development methodology in this paper, which to solve a problem that consumers or users

can not require nor hold their responsible for a system development appropriately. Also further improvement of the methodology and

problems are described in this paper.
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Frameworks and Development Environment for Function-Limited Software Systems

Yozo TAKIZAWA, Makoto YAMADA, and Hiroshi TSUCHIKAWA

Abstract: Authors describe a study to define frameworks and a development environment including support tools for constructing

function-limited software derived from existed software systems. They suppose the frameworks to be referred by people who require the

software system, not who develop the existed software, and also propose a database system to storage the existed software categorized

under degrees of coupling of input, output and process modules. Support tools to access the database are also proposed as parts of entire

supporting system.
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The Approach to An Organic Solar Cell Mimicking Photosynthesis
Fujio EBINA, Hokuto OHURA, Takashi ISAGO, and Minoru SATOH

Abstract: An organic solar cell mimicking photosynthesis has been designed and assembled, in which tetraphenyl-
porphyrin derivative and anthraquinone were used as photo acceptor instead of chlorophyll and as an electron pool
device as well as a binder between the porphyrin pigment and graphite electrode, respectively.  The ester group was
chosen to link the porphyrin and the quinine, and to prevent the reverse current of electron from the quinone into the
porphyrin.  In the new solar cell, the graphite electrode attaching the porphyrin-quinone couple and the I'TO-coated
plastic sheet were applied as the cathode and the anode, respectively. The evaluation of the new solar cell was

made by measuring the open circuit voltage (Voc) and the short-circuit current (Isc) under the irradiation of

fluorescent lamp.
values of Voc and Isc, 20mV and 2 1 A, were observed.

When the porphyrin pigment containing Zn?* as the central metal ion was used, the maximum
Although these values are too small compared with those of

the conventional solar cells, the novel principle of solar cell can still be demonstrated in this new system.
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Production of Propylene from Butanol over Various ZSM-5 Catalysts

Nobutsugu Y AMAGATA and Yutaka KAWAKAMI

Abstract : Two catalytic conversions of 1-butanol into propylene have been investigated with various ZSM-5

catalysts, because bio-butanol is expected to increase in the future. In the first reaction of 1-butanol, a Ba-ZSM-5

catalyst was found to improve the selectivity for propylene. However, the catalytic activity seemed too low to be

used. In the second reaction that was mixed with ethylene as a reactant gas, a ZSM-5 catalyst modified with iron

(Fe) showed the highest selectivity for propylene (17.8%) and the catalytic activity was comparatively stable.
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Fig. 1 Temperature Dependence of 1-Butanol Conversion
over H-ZSM-5 (SiO,/Al,05 ratio=300)

Reaction conditions: Catalyst 0.10g, Flow rate 0.80 mmol
min™' (1-butanol /Ar =73:27).

Fig. 2 Effect of Contact Time on Product Distribution in
1-Butanol Conversion over H-ZSM-5 (SiO,/Al,0; ratio=150)

Reaction conditions: 723K, Catalyst 0.050g, Flow rate 0.4~
3.2 mmol min™' (1-butanol:Ar=73:27).
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Fig. 3
H-ZSM-5 (Si0,/Al,0; ratio=80)

Reaction Conditions: 723K, Catalyst 0.050g, Flow rate 0.80
mmol min”" (1-butanol:Ar=73:27).
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Table1 Catalytic Performance of H-ZSM-5 Catalysts for 1-Butanol Conversion *
W/FY Product Distribution® / C-mol%
Si0,/Al,0; Ratio

gh/mol Cy Cs C, Cs,Cs Ci~Cs Ci~Cy BTX

27 0.52 1.6 19.7 41.9 15.1 11.8 7.1 2.9

80 0.14 3.1 214 34.8 233 10.5 4.0 29

150 0.52 3.0 23.1 30.1 22.5 9.0 6.3 6.1

400 4.03 32 23.1 319 222 9.6 5.4 4.5

a) Reaction conditions: 723 K; Catalyst 0.0134~0.050g, Flow rate: 25ml min™';1-Butanol/Ar =73/27 (vol%), Total pressure 0.1 MPa;
b) and c) are the contact time and product distribution, respectively, when the catalyst showed the highest selectivity for propylene in

the activity test.

Table2  Catalytic Performance of ZSM-5 Catalysts Modified with Various Metal Ions for 1-Butanol Conversion ®
W/E® Product Distribution © / C-mol%
Metal ion
g h/mol Cy Cy Cy Cs,Cs C~Cs C~Cy BTX
H 0.14 3.1 213 34.8 233 10.5 4.0 2.9
Mg 1.03 2.6 18.6 26.6 14.8 16.5 11.6 9.4
Ca 1.03 2.1 19.1 31.3 234 7.6 11.8 43
Sr 1.03 1.9 19.5 32.5 25.8 7.5 9.8 2.9
Ba 8.25 1.5 21.5 333 29.0 5.6 8.5 0.6
HY 0.50 3.0 23.1 30.1 22.5 9.0 6.3 6.1
Mg @ 1.03 1.9 23.5 324 25.9 6.1 7.3 2.9
Ba? 4.10 2.0 23.9 32.9 26.3 6.5 6.7 1.8
Cr 1.03 1.5 16.8 384 21.2 6.4 9.6 2.9
Mn 1.03 1.9 16.2 304 20.7 7.5 13.7 2.9
Fe 0.53 2.9 20.3 314 232 10.7 4.6 6.1
Co 1.03 4.1 214 32.0 18.1 12.1 7.1 2.9
Ni 1.03 1.6 17.9 39.5 22.9 5.6 7.7 2.9

a) Reaction conditions: 723 K, Catalyst 0.050g, Flow rate 25ml min’!, 1-Butanol/Ar =73/27, Total pressure 0.1 MPa.

b) and c) are the contact time and product distribution, respectively, when the catalyst showed the highest selectivity

for propylene in the activity test.

d) They were prepared with H-ZSM-5 of SiO,/Al,05 ratio=150, the others were 80.
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Fig. 4 Influence of Reactants in the Propylene Production
Conditions: 723 K, Catalyst 0.033~0.05g, W/F 0.17gh/C-mol.

The value in a parenthesis shows time on stream (h).
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Table 3

Conversion of 1-Butanol Mixed with Ethylene over Modified H-ZSM-5 Catalysts ¥

Time on Stream

Product Distribution / C-mol%

Metal Ion
h C, Cy Cy Cs,Ce  C~Cq C,~Cy  BTX"
W 2.1 10.1 13.8 15.9 14.6 115 93 24.8
7.6 14.9 15.1 17.7 16.0 8.9 9.6 17.7
Y 3.1 10.2 13.8 16.3 13.5 12.4 12.5 21.3
8.2 14.4 15.4 18.5 15.5 9.8 12.5 13.9
H 23 11.7 14.2 17.1 15.5 10.8 115 19.2
9.5 152 15.5 19.5 17.9 8.2 11.7 11.9
La 25 12.5 15.9 17.7 15.7 9.8 10.3 18.0
7.8 16.4 16.7 19.5 17.3 7.7 10.4 11.9
Ni 2.1 12.7 16.7 23.1 15.5 6.6 8.7 16.8
8.5 21.4 13.1 33.9 14.7 3.5 6.8 6.6
Ce 0.5 12.8 11.0 20.2 12.6 10.8 73 253
7.4 16.1 9.8 25.5 12.0 7.8 11.1 17.7
Nd 25 13.8 14.5 17.7 14.6 8.9 13.3 17.1
8.8 18.7 15.9 17.0 17.3 10.5 11.0 9.7
K 2.1 15.2 15.9 19.8 17.3 8.1 10.7 12.8
7.6 20.5 14.8 25.0 18.6 5.5 8.4 7.2
Sr 22 154 15.9 19.6 18.0 8.3 10.8 11.9
73 18.6 16.8 214 19.6 6.6 9.9 73
Cu 22 154 15.9 19.6 18.0 8.3 10.8 11.9
73 18.6 16.8 214 19.6 6.6 9.9 73
Zn 22 15.8 13.5 16.6 12.9 8.9 7.7 24.6
93 20.8 13.9 17.6 13.9 75 7.7 18.5
Co 2.8 16.1 17.0 20.1 16.2 9.6 10.4 10.7
8.2 19.1 17.0 23.9 175 7.2 8.9 6.5
Ba 0.5 16.9 14.2 23.3 17.1 7.8 8.9 11.8
7.4 23.9 13.4 29.3 18.1 42 6.3 47
Fe 23 17.8 17.8 214 15.7 10.7 9.2 7.4
8.4 225 18.1 22.1 16.9 8.0 7.9 45
Mo 2.6 20.2 14.7 233 18.4 6.5 7.9 9.0
8.2 20.2 14.9 25.5 19.1 5.4 7.7 7.0

a) Reaction Conditions: 723 K, Catalyst 0.050g, Flow rate 0.140mol/h (1-Butanol/C,H4/Ar =1.0/1.0/0.80).
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Fig. 5 Product Distribution in the Reaction of 1-Butanol
with Ethylene over ZSM-5 Treated with Various Metal lons

The value on the symbol of element shows time on stream.
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Fig. 6 Time-Course of the Reaction of 1-Butanol with
Ethylene over H-ZSM-5(A) and Fe-ZSM-5(B)

Reaction conditions : 723 K, Catalyst 0.050g, Flow rate 0.14
mol/h (1-Butanol:C,H,: Ar=1.0:1.0:0.8).
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Fig. 7 NH;-TPD Profile of Fe-ZSM-5 Catalyst
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Microwave assisted digestion of soil using home use microwave oven for analysis of heavy metals in soil
Takeshi SUDA and Manami KIRYU
Abstract: Microwave assisted acid digestion technique was studied to obtain a simple, rapid and safe method for the determination of
trace heavy metal elements in soil. In this work, Cr and V were targeted for analysis elements. For analysis of Cr and V, several

microwave assisted acid digestion procedures were tested in order to obtain an optimum digestion condition. In obtained optimum

digestion procedure various inorganic acids (HNO;,H,SO,,HCI, and H3PO,) and various concentrations of acid were evaluated for the

microwave assisted acid digestion efficiency.

The Certified Reference Material (CRM JSAC 0401) was used as a soil sample and

used to verify the accuracy of the microwave assisted digestion method. In recommended digestion procedure, H,SO4 or H;PO,4 was

suitable digestion acid for Cr analysis and H,SO,4 or HCI or H3;PO, was suitable digestion acid for V analysis and the obtained results

for Cr and V were in good agreement with the certified values of CRM JSAC 0401, respectively.
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Fig-1 Microwave assisted digestion vessel”

Table-1 Certified value of Cr and V in CRM JSAC0401

Elements Certified value (mg/kg dry-soil)
Cr 50.4+5.1
\% 65.0£2.6
SHEBLUER

31 AU REMEBRTRT S LDRE

~ A 7 B PENBS R OB L, FREHE R e IR O h D
TRNEE L Lo~ A 7 a0 B R AR N O
FES AU T, PFA B OIMMEIRE & AT 2 <URDET)
(KD PFA BEROERE LOBEIC SRR DIBEN D 5.,
ZFDI, REHEO~A 7 0l ORKIT0T 2 0ER D 5,
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BOIRLT, EORMREIT O LWERND D, ZD2H, ~
A 7 a7 <A 7 v R, AR, YR L
B 70 & DI RSN A 2 25 2T SR D Rl S SR
Ligptatiofz, MEho 4z -> T, HEEERHT 0.1g, /0 fiE
Mol L LT 6mol/l ilk 2ml % Hv iz, B ifts. 755
IR O Cr O FE % ICP-OES % WV CHIE L., H384%
WSRO PRGEME &l L CRICE AR L, ZORE? 5
He 7 INEGR AR 2 SR D 7,

~A 7 a . v A 7 RN AR, HRD
W U7 & DR 8 D DR — v G LI
% Table-2 |27~ L 7=, procedure-1 Tl k— & /LD IEAREH
D353 Do T T2 | [BIUGERITH 60% & AKX -T2, 4 430
EADOYE 121X procedure-2 12351 5 67%. procedure-3 D54
IZ1F 73%. procedure-4 DFHITIT 2% Th o7, ZOHA
1 B % 4 [E1# 0 R U 72 7 08 i W FRZD =R D35 B ATz,
procedure-3, 4 & L2 L RANINBREHI 2 L < §2 KV
B, 2B 2 I L 72 R Rz m <. 261
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Table - 2 Effect of microwave assisted digestion procedure on Cr recovery

Ist 2nd 3rd 4th
i Cooling Cooling Cooling Cooling Cr found
heating . heating . heating . heating | . ) recovery(%)
n air n air in air in air (mg/kg dry soil)
540W . 540W . 540W .
procedure-1 . Smin . Smin . Smin 30.2+£5.3 59.3+£10.4
Imin Imin Imin
540W . 540W . 540W . 540W .
procedure-2 . Smin . Smin . Smin . Smin 34.2+3.5 67.1£6.9
1min 1min 1min 1min
540W . 540W . 540W .
procedure-3 . Smin . Smin ) Smin 37.5+7.1 73.6£13.9
1min 2min Imin
540W . 540W . 540W .
procedure-4 . Smin . Smin ) Smin 31.4+1.1 61.7+2.1
2min 1min Imin
540W . 540W . 540W . 540W .
procedure-5 . Smin . Smin ) Smin ) Smin 35.7+4.3 70.2+8.4
Imin 2min Imin Imin
540W . 540W . 540W . 540W .
procedure-6 . Smin . Smin . Smin . Smin 39.3+£2.6 77.245.1
2min 2min Imin 2min
540W . 540W . 540W . 540W .
procedure-7 . Smin . Smin . Smin . Smin 43.94+2.6 86.2+5.1
2min Imin 2min 2min
540W . 540W . 540W . 540W .
procedure-8 . Smin . Smin . Smin . Smin 51.0+4.1 100.2+8.0
min 2min 2min 2min
Sample : CRM JSAC0401, weight:0.1g, Digestion acid: H,SO4 Acid concentration :6mol/l ,

Acid volume : 2ml, Data number : n=3
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Table -3 Effect of Acid variety on Cr recovery

No. Acid (volume) recovery(%)
1 Conc. HNO; (2ml) 55.2%9.0
2 3mol/l HCI(2ml) 68.5+10.7
3 6mol/l  H,SO4(2ml) 100.2+8.0
4 3moll H,S0,(2ml) 62.4+12.9
5 4mol/l H,SO4 (2ml) 90.6+5.13
6 Smol/l  H,SO4 (2ml) 96.2+5.7

7 3mol/l  H,SO4 (2ml) + 5mol/l HCI(1ml) 91.7+4.5

8 3mol/l  H,SO; (1.5ml) + Smol/l HCI(1.5ml) 55.4+8.1

9 3mol/l  H,SO4 (2ml) + 6mol/l HNO;(1ml) 65.4+11.3
10 Conc. H;PO; (2ml) 102.5+£7.6
11 Conc. H3PO, (2ml) + Conc.HCIO, (0.3ml) 94.743.1

12 Conc. H;PO4 (2ml) + Conc.HCIO4 (0.1ml) 86.5£7.4
13 Conc. H;PO4( 2ml) + Conc. HC1O4(0.2ml) 82.5+7.8
14 Conc. H;PO4 (Iml) + Conc.H,SOy4 (Iml) 110.4£12.0
15  Conc. H;PO4 (Iml) + Conc.HNO;s(1ml) 104.9+2.1
16 Conc. H;PO, (1ml) + Conc. H,SO4 (1ml) + 78.943.8

Conc.HCIO, (0.1ml)

Conc. H;PO, (1ml) + Conc. HCI (1ml) +
17 87.6£14.0
Conc.HCIO4 (0.1ml)

Sample : CRM  JSACO0401 ,

Microwave assisted digestion procedure :procedure-8(table-1) ,

weight :0.1g,
Data number :n=3 ,

rrecovery(%) = (Found value / Certified value) X 100

Flo. UV UmE R L LERE, mERRE Nz -
& X3k & L7z procedure-8 D NIRRTl /3 MiF FH PFA /)5
REOEFENH BT B 2 D72 < LT HRIE
W&o HDMEETT D72 INENRRH 4 AT U oy fig 4 5l 72 3
N0.20-21 IZA B35 & 912 No.18-19 12k LT 10%EA DA
IR AT VN ARV IE Y 5 M e € N S A/ B sy gAY
T ERHIBI LT,

3.4 F&B

H A M b 282 TR HER) ' (CRM JSAC0401 2501 505 4y
Wram@ ek Z2RE s LT P07 v A8 XUV
U LDERDIZDIT, FEHEF LT L7 RER
YRR E R\~ A 7 a OB Y RS & et U T
H0.1g OFEFE 2ml OERIZK LT 540W2 S5 NER, 5 432
WO A 7 V% 4R D RS Z & TR TI U —>
e B OBERSEITZ D Z L BNbhoTe, ZOSM TR L
LCH#Y VUBEEMA L, &5Nh 0 RIRIE% ICP-OES 5T

Table- 4 Effect of Acid variety on V recovery

No. Acid (volume) recovery(%)
1 3mol/l H,SO4(2ml) 67.3+4.3

2 6mol/l H,SO4(2ml) 70.8+5.5

3 8mol/l H,SO4(2ml) 107.9+£5.8
4 10mol/l H,SO4(2ml) 105.542.0
5 12mol/l H,SO4(2ml) 110.0+£1.2
6 3mol/l H,SO4(2ml)) + Smol/l HCI(1ml) 63.3+2.8

7 6mol/l H,SO4(2ml) + 5mol /1 HCI(1ml) 66.8+1.9

8 6mol/l H,SO4(2ml) + 3mol HNO;(1ml) 58.6+3.0

9 3mol/l HCI(2ml) 104.7+4.6
10 Smol/l HCI(2ml) 103.9+1.8
11 6mol/l HCI(2ml) 97.9+5.1

12 8mol /IHCI(2ml) 96.6+8.4

13 10mol/l HC1(2ml) 105.5+2.0
14 Conc. HCI(2ml) 106.3+14.9
15 Smol/l HCI(1.5ml) + 6.5mol HNO;(1.5ml) 57.0+4.3

16 Smol/l HCI(1ml) + 6.5mol HNO;(2ml) 57.8+4.7

17 Conc.HCI(1ml) + Conc.HNO;(1ml) 61.0+£2.9

18 Conc.H3;PO4 93.3+1.6

19 Conc.H;PO4 (2ml)+ Conc. HCIO4(0.3ml) 97.7+4.7

20 Conc.H;PO4(2ml)+ Conc.HCIO4(0.1ml) 98.4+2.5

21 Conc.H;PO4(2ml)+ Conc.HClIO4(0.2ml) 85.6+2.7 *)
22 Conc.H;PO4 (2ml)+ Conc.HCIO4(0.05ml) 82.24+16.8%)
23 Conc.H;PO4(1ml) + Conc. HNO;(1ml) 103.7+2.7
24 Conc.H;PO4(1ml)+ Conc. H,SO4(2ml) 82.4+3 .4

Sample : CRM  JSAC0401 ,
Microwave assisted digestion procedure : procedure-8(table-1) ,
*) procedure-5(table-1) ,

Data number : n=3

= (Found value / Certified value) X100

weight :0.1g,

recovery(%)
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Synthesis and characterization of cellulose acetate-graft-poly(lactic acid)

Yoshiharu MIYASHITA, Natsumi SATO, Yoshikuni TERAMOTO, and Yoshiyuki NISHIO

Abstract:

Cellulose acetate-graft-poly(lactic acid) (CA-g-PLA) copolymers were successfully synthesized by

ring-opening graft copolymerization of L-lactide onto CA backbone with LiCl as catalist, in several different reaction

conditions.

introduced lactyl units per glucopyranose residue of CA, were estimated.
copolymers varied with changes in reaction conditions.

On the basis of '"H NMR spectral data, the values of molar substitution (MS), an avarage number of

It was found that MS values of graft
Thermal transition behavior of CA-g-PLA was also

investigated by differential scanning calorimetry. All CA-g-PLAs gave single glass transition temperature, which was

depressed sharply from that of the original CA.
1. #&

VAR, HIERBREREA~OBLORmED & & bio, ZHE
B NI EH I EORRAEIE, WD) DA F v RE
Wz _R—2 & LI o RO BRI B3 IS F8 IS BB & 1
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* KRR B

FIEELT, 797 MUC LB FHEMIADTH D Y,
LV bIF, CA ZdHE L, CA & [RERIC AN MREIEC AR
A3 5K AW (PLA ; K2) 7 EOlENERY =
AT NET T T Mgy (B8 L LTEATLIOE, CA
OFAIMNT. EORBEEfEE L, 2o, A - BRESE AT
B 2557200, B B T ETh S D,

ZDXEI RS ENRIFEAR Y = AT VNGB 7T 7 h
LEAEIZOVTOMZRIT, BRICB SN TG 9, FH
LD N—T"1 CA DIFLE T, 2-TF /L~H ik 2 Z(1D)
ERBEE LT, L-7 7 F RRFMT 7 NV HOBR Y 7 7
NEGH#ITH 2 & T, CA Z@pH, IBIGER Y =27 L%
B#HE 45777 MEBIOARICEIH L TNWD Y, —J5,
Btz e - T, MISHICIEREOKEEEE 2 ©OR ) v~ — DIFTE
T HEEVF YA (LIC) Z2FMLTT727F ROBBRES
AT 9 & LiCl 2l (BRAGAD) MIIZHER L. PLA A3E(8H
ELTEAINTZT T 7 MeZGRATRE CH H 2 & DVl
Hanz >0 ZoFEE, 8 ECKEE AR TS CA
L LI AICbEHATRETH D LB B D,

% TR TIX, CA OWEtE % B L7z CA-PLA
FT 57 MW E BT D, Fiiz AL — N OB %
Higl L, #8H L 70D CA, I PLA OJREITH D L-F 7
F R (R3), it 725 LiCl, BL O E 72D NN-Y
AFNLTE RTI R (DMAc) % Flix DHEHETIAA T,
757 MU s ERA Tz, £, Bohi=r 77 Memic
DWT, ZOMME LT HREERF, FFIZ CA O Dk

LHANL 1 DY ic8ASNT=T 7 FEMN (R212R/0
72< VK UHANL) O A KT /VERRE (MS) OfRHT
{ToT-, B, HFons

57 MEic T, BUshiA Oj:OICH3

e 7= = 5 23

1T TH T A S 27 L. .C o o)

75 7 MUIZ X - T CA OEL
BIpE ) EXw 5 2 LSl RED
EHFRET LTz,
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2. EE

2—1 CAPLARY ST MEYIDER

CA JFEHZ X Aldrich Chemical Company, Inc.$ o> i i i
(7 & F VB 2.45 B0TF-H5 78 3.0 X 10%) & iz,
£, L-7 27 F MITHF bR O 2. DMAc 38 X O
LiCl It s oo Tl & L 7=,

L-7 7 F K 5.0g % 100°CIZEVL Tia@l L, 2 TAEL
TR D L-F 7 F RIZ CA 2RI E12%., HOE20UH
FHELL TH\ 72 LiCl O DMAc IR & Il 2 2R FHEA T
125CCTH#E L, L-7 7 F RORR Y 7 7 MuziT-o72, 72
B, KISOEME T ra—REEHIcR1TIORT (E
T MS LR SN TV D2, 22 W TE%R T
%)o PTEDKILRERFRHEZ ., DMAc, LiCl, RGO CA
BLOL-Z77F RELZRY R 2o, UFIOR T Bk
ExEAT T2, EPTRIGEHICT & M2z, T OWik4e
THBMPEEDO A X /) —VIZH F L, WM EH, 61
PR LTV AR 2B B 72dis, WwEmE 7= v
IR S, A X ) — IR S5 &0 ) #ifE% 2 AT
Sl ZH L THELNZIEEYEZ . 40°C TR | HEZEm )
L. R E S,

2—2 HIE

BONTAERDIZONT, RO (IR) HIER L O
BE& 4L ("HNMR) BIE %217 - T, 4 FHSE 238 ~7-, IR
BECE, BARSYE () ® 7 — U =B R4 065
FT/IR-230 % AV /=, 43fiFHE 4.0cm™, BRI 64 A1 & L,
AASYEDR-81 7 & o F A 2 b % AV THRHR B I E 24T
577, 'HNMR EZE, HS28WERT (BR) 52 R-1900 % H
VN T VB B 90.015MHz, FEFLRI%EL 256 (1], =8

RTITo7e, WIHITIZEARSFLZ madkv sz o, 3k
TEEERY 2wt% DVAIE 2 TR L CHlE It Uiz, FRMEmE I
X, T R IT AT T U ERHWE,

Fio, BRI OWTREEERENE (DSC H{IE) %
TR ZEE) 2 374l L7z, BERR S LT, AT A T A -
F T av— () il DSC6220/EXSTAR6000 % fHu»
7o WETETEREMR T TITo7, £, FUEHY Smg
Z—H-50CE THAI L=, 260°CE T 20°C/min THIE L
7= (1st heating) , RN T 32 L C-50C £ TRAG L,
Z D 20°C/min T 260°C F TH-E L 7= (2nd heating) . 7233,
Ist heating D7 — X (ZI%, BN LN FE TICZ T 2 BVEE
Tk BB BLUORETICE S TLE - e Emic
135 LTeK 378 EORENRKBINT W, £ 2T, At
ZEIZFBUNTIE 2nd heating T H N2 T — X IZHSN T, &K
BEOBRRE 25 %) 2 374 L 72,

3. EREER

3—1 U357 MERBOHER

RIVRLE 13 BYOFRETCTEEMESES Z EMRT
T AN BTN T IR BIE Z1T - I R —
Bl 4128 T, B, FERD DAL MVOBFILE
NHLIFEFRLELTH-=ZDOT, R4 ZITfEMME LT
CA-g-PLA-10 DAY hLERLTh D, £i2iD -0,
FUEFE LTHWE CA DAY MALOFECTRLTEE, 22
THNR=NFEOE—7IZERTDHE. CA DAY L
Tl 1725em™M IZENTW D DTkt L, B o 2227 kL
TIE 1750em™ (I & B TR~ 7 M LCHRZ,
L. CA OT7 v FAHEBKRO I LR= L E— 27 L Kl
CLTHTFICEASNET ZFIVENDO LR L E—

£1 U357 MERIGDEHEERDD MS 1B

Sample code L-lacti'de* 1/ LiCl/ wt.% Reaction time / DMAc / g MS™
CA unit to L-lactide hour
CA-g-PLA-1 16/1 2 1.5 1.15 4.36
CA-g-PLA-2 20/1 2 1.5 1.15 3.99
CA-g-PLA-3 50/1 2 1.5 1.15 4.94
CA-g-PLA-4 80/ 1 2 1.5 1.15 5.41
CA-g-PLA-5 100/1 2 1.5 1.15 7.42
CA-g-PLA-6 20/1 2 1.5 4.9 0.882
CA-g-PLA-7 20/1 5 1.5 4.9 2.21
CA-g-PLA-8 20/1 8 1.5 4.9 3.45
CA-g-PLA-9 20/1 2 3 4.9 3.50
CA-g-PLA-10 20/1 2 4.9 5.24
CA-g-PLA-11 20/1 2 8 4.9 9.48
CA-g-PLA-12 20/1 2 1.5 2.4 2.99
CA-g-PLA-13 50/1 2 6 1.15 20.9

*1 : Molar ratio of L-lactide to pyranose unit of CA in feed.

*#2 : Determined by 'H NMR.
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NELS THE LIz LB BN5, 728, PLA KRER
U= —D AR =V IEOWIIE 1752em™ IZHIN D Z & &5l
BHER L TWA, —J7, 3400~3650cm™ (ZELAL 5 K Fe ik ok
OWRIUCERTD L, EFPOE—271%, CA OFICH
NTEEEMA~Y 7 M T D0, HDHWVER 4R LIEL D
T2 72 B B D v — 7 o T 2 DI L TENTZ,
T, CA OIUKERIEDML B %521, #7212 PLA Bi8H
DRIHNIKBIENAE U272, CA FERY v~ —DHFAIC
T KEBREDOIEAEIERER S+ -+ 437 ELAER Ok
ENEL LIt L TWnbEExLND, LEDZ
E LD, CA OBAFKBEERIGHEEE LT L-Z7F R
DB 7 T 7 MEDBET L2 Z &R Sz,

1750cm™ —

1
3625cm 1725cm’

3523cm’’ Product

Absorbance

CA

4000 3200 2400 1600 800
Wavenumber / cm™
M4 £EMELIUCADIRARY ML
WIZ, B SN ARIC SV T 'TH NMR IE&21T- 72,

BRI O ALY RV, FE LR LAENCHNEIC KV &Rk
L72 CA-PLA %777 Me#hoZn Pe X <HELL Tz,
5 EB & LT CA-g-PLA-2 DAY RV ERT,
1.9~22ppm (20T Tlk, CA DT ®FNLFED AT /L (CH;)
Tu hAZHKT D E =23, F2, 3.5~53ppm (22T T
W, BEN NS KIRIARA S, CA 7 Lars ) —2H
MO AF > (CH) BLUPAF L (CHY v b icH
KT D=7 HENBNTL, 2T, 1.4~1.6ppm fFIZ
X7 7 FNVHEMNOATF T m R ACHET 5 E—27 N8l
Too ZOMEBEYERLIZE Z A, L4dppm TR T T
HEREDO/NS =27 L 1.57ppm fFiEaHLET S, L
IR DR XV — 27 D 2 SOFERICHZ L T, =

lactyl CH; (B)

W

lactyl CH

acetyl CH;

glucopyranose  r A (A)

CH, CH,

ppm
M5 4O 'HNMRXRY kL

DX DR T D DR, B DR & £ LS OF
TIEBECEAOREEN R 5720 TH Y | Bl 7 & Rk
12, BN EREORBIH DT 7 FAEOATF LT R
ke, IR & RIS ORSENIC D T 7 FL IO
AFTa b A, ERENRRE LT, £, 4.4ppm (213
KR D T 7 FNEDAF T o kD E— 27 H,
EHIZ 52ppm (ZIXRIBUSDHSENICH D A F > 7 v k
YOE—=I RN, TIVFNANEDAF TS0 b=
NZOEHZ228brnTHET A DH, AFv7 e b
YOBEITFE L0 L FROBEBIZE B, Mk, 'H NMR
OFERB G, ABFFE T L= 51T, CA ~D L-7 7
F RO 7 7 7 MEBIGAEIT L TWAD Z ERH BN E
ol

3—2 45357 MO BEBRERF

777 MeoptEix, B~ OB OE NEIS ITKAT
T5, £Z T, 'HNMR JIliEfERE S L1, CADL Wil
7 1 2M 7012, EHLTWL DD T 7 FILHEALREA
SN ERTEAEBRE (MS) ZRDi-, 7. MS %
BT 57200XEE BRI, CA OT BFVEDAF L
7'a b =7 ORI E AL BASHBEHICE F
N5 7 FNEOAF VT8 kB —7 OMAREEE B
EBLzlizTs (B53H),
ATFFETHWZ CA DT T /VEMRFEIL 245 72D T, 7
TFNRICEEND AT VEIT, CA O VIR L)L 1 5
WM VIR T 245 BFET D, £, AF NI Db
DIZHIE3 2EZENTWD, LR ->T, A (2.45%3)
2 CA DL VIRLUHEMNOEIHYS T 5 L2 bd, —H,
i LTEASNET VFABMOAF LS f o —
7 OFFESEILZ B THHDT, B3 NEASNTT
FIVENLOMRENTHY D 2 Ltk D, LoT, MS IHLL
ToOXLVEHTE S,

_MAShETsFA MoK BY o4sxs
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T A
CAD K VK L%k /é%x@ A

Z ORIV RDI-AER O MS 5%, BIROME Y K
S L blcR VI LI, "R1E2HD & SEMELE
MS L DfIZ, W< OnDBmAERMT I ENTES, £
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FTHHARD L-T 7 F KOBOEINIE> T, MS bl
M 2@micH D 2 ENbooTz, WIC, CA-g-PLA-6
~CA-g-PLA-8 I[ZF#£H L CTH D &, LiCl OEFRMEOHEIIZ
fEoT, MS IEREL RDMEMIZH D Z Ehbrodz, fil
BEDOBRNPIEA L Z LIZH D BSEUS DR Z 2 B A M
L., 777 MeERIEBRESNTZEEZ DN D,
CA-g-PLA-6 3 X (8 CA-g-PLA-9~CA-g-PLA-11 % Ltz L C
F% & RORRERI O > T MS I 2 Z &b
Mole, SHIZ, CA-g-PLA-2, CA-g-PLA-6, CA-g-PLA-12
WIZHEB LTHD E, DMAc OIRMEN D72 7851 E MS
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DREL RBHMEMNH LN, W EN Db T
MISFENDE ) ~— (F7F R) BENEL Y, EEK

JEBHEIT LT KR Z e XML TV D EERALND,

3—38 437 Mozt

FEH BN CA-PLAKRY 7 7 MW OARRICET 58898 %
SER LT RICIE. CA O T RGBS A T, BEii:
EHESEEZVEOERN™ -T2, T T, BonEH
CA-PLA %7 57 MEMIZOWCEWIEZ G L=, E6
IZ1%. CA-PLA %277 7 MEIZ-DOWT DSC JIEZ1T - 72
fEREFIRT 5, 2 2 THEARERT & LT MS 28 0.882,2.21,
4.36,9.48 5 X 18209 D 54> 7 (FE 4 CA-g-PLA-6,
7.1, INBEWI13) 20, 00, @B
ELTHWE CA B XOHIRD PLA ARER Y ~— CHE
BAFE 3.6X10Y O —FEZ T AL THELTH D,
7B, P ORANIR—AT A v OEZEO PR BIRE
LB B DT T 2458 8 (T) OffEEZRLTWD

B6 Ly, #HLDd CADT, ITH190CTHD Z &
DD, —J. PLA X 60°CHITIC T, /7%/1/%57&(1/\
%, MZ T, PLAKRERY v—DV—E7 7 LML, WE
Iz ke (WkEsab) %ﬁ@%ﬁ‘é%?&t V&N
130~140 CfHam iz, HKidd O fRE 2 = T v — 7 »
160~170°CHFITICHIL TV D, CA-PLA 27 7 7 hEEREAKR
DY —F7Z 2L, WTNb T AERERTX—2F
AV OBZEITHMIZEIL TV D, difidbd KOs o
RRICH KT 2 E— 7 3o, AFETHR LT
5777 MO MS I3 K TH 20 FREECTH D BB E L
TEAINTZ PLA B A ERE T 21213, EE R R +4)
ThHrI-EEEBbhb,

£l I 7 MU T, 7 F ME Wb CA R E
RY=—=0 T, 7TV X DRRMIZEHN T D D03 D)
b, ZAUE, CADOKBEIENFRY (L LIFAY =) g

CA
\*\—/ MS=0.882
\ MS=2.21

MS=4.36
MS=9.48

v MS=20.9
PLA

< Endothermic
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Temperature / °C

K6 CA. PLA, XU CA-PLARY S 7 MEYID
DSCH—E4J 5 LA

FHICERIND Z EICXY, CA 1RO 1R EAE
FADERMr S Av, FREH BB —FE O e[ EEAIICAE L
T, REICBET TELH LR EEXKBL TS
EBEZBND,

M7k, BV —F7 T LG e o727 T 7 MWD
T,Z#MSIZHLTTry FLIELDOTHD, B, 2T
R LT T, D MS RAFIEI, F 3 DS LLRTNICHIRE TapL L7z
CA-PLA 7T 7 MUK BAER D& 1RIER UM %
AL, B7 X0, MS BB EZ 9L FOBAICIE, MS D
HIMZfE> T TN BHFIR T2 2 EBHALNTH D,
ZIE, MS=221 O#4 (CA-g-PLA-7). T, 134 120C L,
CA FRERY = —DZ NIRRT 10CHEL 7> T 5,
IDOZELY, bIDREDOT IV FNHENEEHE L TE
AT DT TYH, CA OBFAM LD LA 45512 fiA
HHEBZEZTEY, —J, MS BB EZ 9 LU LEDGA, 7
77 MO TAE RO (5372 BG4 D) PLA AR E
RV —DZNEIFEFRCME (K9 60C) &7o7z, ZDX
IIFLTIX, 777 Mo 5D 5 7 7 FIVEAL 0%
2, CA DL VIRUBMOHE Y LIEFEINCEL 25720
FER L LT PLA IZBI72ME AT LD f;otk%x%
b,

200
160

120

Ty C

80

40 f

MS

7 CA-PLAZRY S 7 MMEYID T, MS 1KFHE

ULEOBSHRERZ S F 2, W< 20D CA-PLA RV T
7 Mb¥ (MS=221~9.48) 122\ T, ¥ — MRIZBVERL
WTELNEPEM~T, B8IZ1EfI &L LT, CA-g-PLA-8

(MS=3.45) BLUCAKRERY v —ZE T L 2 ThNER
EfE L7z DT E2RT, 22TEVHITRTT7 Me
I s, B8 (a) IchlR Lz & 51z, 160°C TN
DHDHY— MIEATHZ N TE, —J CA Bl
Ak, B8(b) X oIz, 170°CTIMEERE LCTh, FEOD
MARDBDI L OSSN REEL 2 D72 B — MK
ZIEACE e oz, TORRNL, CARBEIZEY (b
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L<IiEZAY ) FLAKSHE LTHa T2 2 8ok, %
BRI TN B 5 2 & 2R T& 12,

(a) CA-g-PLA-8 sample
molded at 160°C.

K8 CAPLARYSI7MEMIEBLUCAZE
BRI TMEERLI-LEDNE

(b) CA homopolymer
molded at 170°C

4. #E

CA-PLA %7 77 MG D 12D OF= /e Gakr— b
DFAtEA B¥E L. LiCl &l (BA%AAD W T, CA #
BHA~DOL-Z7 7 F FORBRY 7 7 MuRIsER AT, B0
7B HOWT IR BEH NMR EA2FT o728 =
A, CA OKBIEAZFRIGHIGE E LT L-77F RO
77 NEAENEITL, BE 75 CA-PLASR T 77 MeW
DAER LTS Z L &2MERTE 7, /2. '"HNMR 5¥—4
IZHAWT MS R LR, CA ICKF 2{HiAZD L-
Z 7 F RO, LICl OUIIE, L0, RIGKREH 238003

HIZE, E-EE L TD DMAC DIRIMENED T 51T Y,
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