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it FeEe 4 EEHE) PHA ISREELCR EERIERE — » AyTFeEfea
MR - DAEBUE E BEEAT AR PHA RUTBIERIRGHE -

AREERLARAEEM PHA BRI REBRIA R RS M4 EE K PHA i
R iflER » TR 5 R RS S G IR EE('H-NMR) - BRI
HIRFR(C-NMR) ~ BEBIHTE(TGCA) ~ BERIREHDSC) » 157
frBFE & PHA HURSHE  FHHE L PHA TR S F 5T
BERFA  HEBURRBREF R  IEEMTTET » ISR
BT HE(H-NMR K "C-NMR)EFS /5 B PR » {ERaE el LAST
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Abstract

Poly(hydroxyalkanoate), PHA, produced from the microbial organisms has
many advantages and meets all the requirements of the “environmentally
friendly materials” and “green process”. Compared with the conventional
commodity plastics, there are many advantages for the polymers produced by
the microorganisms. Firstly, the manufacturing process is simple, where the only
reactor needed is the fermentator with mostly the glucose as the carbon source.
Secondly, there is no environmental pollution during the production of PHA,
which is claimed to be environmentally friendly process. Thirdly, PHAs are
biodegradable and biocompatible. After waste, they can be degraded completely
into CO; and H,;O by the microorganisms in the soil or in the stream. Therefore,
it would be beneficial to the environment. In addition, their biocompatibility is
advantageous in their use in the biomedical materials. Fourthly, the structures of
polymers can be manipulated by the adjustment of the fermentative conditions.

Nowadays, three hundred kinds of bacterial have been found that can
product PHA and 90 different compositions are identified in the structure unit of
PHA. Therefore, it is important to establish a standard procedure to characterize
the structures and compositions of PHA. In addition, this would also help
understand the metabolism path of bacterial and the relationship between the
structures of PHA with the carbon source. The instrumental methods, including
nuclear magnetic resonance ("H-NMR,*C-NMR) and thermal analysis methods
(DSC,TGA) are used to analyze the structures, compositions as well as the
thermal properties of the PHA materials. In this research, reagent grades PHB
and its copolymers with known compositions are used for the construction of

calibration curves. Then, the PHA raw materials from the Fu-Jen Catholic



University and Tatung University were analyzed for their structures and
compositions. It is found that NMR is a very convenient and fast method, not
only in the determination of PHA structures, but also its compositions. From the
characteristic resonance peaks of various carbons in “C-NMR spectrum, the
structures of PHA are determined immediately. From the area ratio of the proton
absorption peak in HV unit relative to that in HB unit, the molar percentage of
HV unit in PHBV copolymers can be determined.

After NMR analysis, it is known that the PHA produced from
photosynthetic bacteria-3 by Fu-Jen Catholic University is a pure PHB
homopolymer. And the PHA from Haloferax mediterranei bacterial by Tatung
University is a PHBV copolymer with 10.4 mol% of HV unit. From DSC results,
the PHA produced from photosynthetic bacteria-2 is a PHBV copolymer
containing 11.6 mol% of HV unit. It is also known from DSC results that the
glass transition temperature (T,) and melting point (Ty,) of PHBV decrease as
the content of HV unit increases. The decrease of Tm improves the flexibility

and toughness of PHA material.
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AR ENERABRERNIRE LR AR
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(1998/06/10) 5+ BHZ Bio Industry : T HATRISEEAEH A HY - 28R4
VISR BESHAE 2000 SERTTHIBSIG TR — TR > 2010 443
SPEFHE TR A TREER (1997/10), -

FLL BT TEAEACE - W R A T A K
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HREREELE YT MR I T S R B R A
ERFEE T LR E AR IR AW G I8 YRRl
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FfE P RER MR - SRR ERE BRI T RIS
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PITIR EEREEBRAE « TR FRRIRASRENIA 30% L0 Ty H Bt
1R PHB RE& T - RIRTEAESL M - AR Tl - WA
Btk ARSI TR EE -

(2) LBERES TR

(a) %3[E (polylactic acid , PLA)

BRI S RE EBIES TEWRIE  BFAES
BIRHES T RRILBR SR RE RIFSMYE S S F BRI
B - JEPLERE glocolic acid HRAZREH - TLUMESBOKES
FIHRE SR - RIREA AR RAfEA 1A - IR LA fESE Ry
L BUERBEAANBANZESTE - 5% -

(b) RCAEENE (polycaprolactone , PCL)

E FiEE Union Carbide /A FAESSE » PCL BAE 1975 RS
SR M R R B RS » ST P PR R N T kit
PCL MHEABEZE K » #F PCL A1 LLDPE #RHR &% Bl HE
A RIFRIBIESIM: - Clendinning & A4 PCL - PE - %{Hi8
RN BB IS RN — iR S SR T i
KBS AR P -

(3) RAR=TFH
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HEEFEYSEYE - R EY AT RITRE -
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1926 BT HTEHFLATHY Lemoigne Bt B A HASE

(Bacillus megatherium)#flffgH$2EVE] PHB 58K » {¢f73485 T PHB %
REVHEIELE -

T SREERERIR RO B R R (B - % - FES)
B EETIERIE » poly(hydroxyalkanoate)(PHA) - {ESfETFAER
BRIV - SSEEE B8 BIFSUR RS RS - PHA SH
EVIEIRARRE T AT AR BER /K R 2 B3R & 8 (depolymerase )5 M i
BUNTT > BRBEBIREMIFTRI - PHA B— R FEOR »
& REFEHR:  AlIF Poly(hydroxybutyrate)(PHB) » 5425 BRAHEI A4
FEHY PHA T8 » UL rI LIFEE OO I5aE 45 S PHB HUZEIR &8 -
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AT PHB BIGTEAP R RIS ER BB TR A - SEBIFY) Grace R H:
NEIFFH/MLEES PHB » Y EE] T PHB 78RBS SR 5 TR TE
A (BRHRERAEREEE - 28 - I TSRS LA -
MR AR - CHERERERRZE G2 PHB -
N FRLIRIHTERTR - 5FSMEYRT BG4 PHB HIRES
PV TEE R T 1 LA EL PHB #SASSAMIR E M PHA B¢
PHB Hy3L5RY) - fEmif#E PHA {’Eﬁé%ﬁfﬁ}ﬁ?lﬁﬁﬂﬂ’ﬂ%@‘l&ﬁ I
PRIERESE] THEE -

TR ICT AF]EE 15 SFA9%5 )7 1990 S 5RHIR T PHA HIE
RAEE - Bdh R Biopol” « i1 A.eutrophus H16 #Ze#ik
A.eutrophus NCIB11599 - FER7EJPE-IE 82 b RSB 4L 78 PHB A1
PHBV L5497 » HFEE 500 ME(Yoo S and Kim W S, 1994) «

B A FREEEAE 1980 AR Bt SRR - F R
H AR REBR AN SR iR EERET R0 R E
Ko RILERBR AR AR EBRLAT A - HESE LA
AJLASERIT R » (BRAIT R TR E#Y - TERARELME
HUER R — A o R EEERE - IR - 5 AR I s BTGy
TR 2R AR E 43 AR &% - 1996 £E PHB K PLA [ERS B SHE45
$25.00 USD » 5K PLA EEFEA  EEEEEEEES.50~3.00
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USD ZfH] - i PHB 1549 $4.00 USD - BESRIT AR 4 BE LT it -
AR T R RYERS - (ERERIL A IR NS
(Biby G. D.,2001) »

B RIS L m] DA R £ R] 53f8% 5> T LA PHB F{ PHBV £
¥ » B Zeneca AT ICI AFBILHA » %3 #% Monsanto
HT) Y Biopol “ZE LU B RS R R A RS B B P A B (B
R FI#G45HE) - Biopol HYAEMIHATE HIAHE Alcaligenes eutrophus £4
FEISF R RERTE P 4 7 3-hydroxybutyric acids FII 3-hydroxyvaleric
acids ATAHAAIAR1E3RES - Biopol BRETEZREE RN NIRRT E
FFEREN  BEYEERSYEEEEMEYBRE D A1+ )5
8 » MIEEFIHAR AR CERE T » oo SRR -

PRI A D0 R B R AR R B R A B R B « By e
#E5%R Biopol #RT#ith 19 % - MEEMRN FTEERL T 30% ; &
SR TEREDT 80% - Biopol FYEH ESFARIT F OB BT »
MEIEE B A 480 (Kim, S. H. and Y. H. Kim., 1999) » Biopol
R HEAR B R0 T 5 i p & R T 2 BB o » BN RSt
HOTIERIER © KH9 1994 S5 —E X EE LB A YW ORI Y EERE
BT - #RT » B Biopol [EAS#TE $4~6 USD » EhEfh AT MR MRS S
R ERESS  RIELETS LIRS NEERBINE R T e ke
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WAV SRR KRR R SR e YR R e
fn » FTEABKIN B B 453 Biopol Y FZETiH3 - ERTEESEBEBMNE
ET#955 300 M (Kim, S. H. and Y. H. Kim.,1999 ) -

{E%8EY - PHB MIERYRYZ E M5 ETT RN LY S8
2B - 7£ 1990 £ Kohap Ltd. 3§52 7 PHB B - TR HBEH
HOBRRE » 20HE - FOKTRIGRYIFO O TR B B2 4 7 PHB -

1991 4F Kohap Ltd /| FE#i4)4 2 PHB F[1 PHA - & Kohap Ltd. 1
S e ELAA TR A EIZERREE - 20 KAIST (Korea Advanced
Institute of Science and Technology)Z Chang #Z B STHARRSEIE [ HH
35> BLSME7E Sang Yup Lee FUFH 1995 4ERRTHHIF] FHEE M EE R
#¢ Alcaligenes eutrophus tHEEY PHA 4 ¥4 5 ELEREAEE E. Coil %
24 PHB Jt PHBV - 3t B FI| SRS B KRE PHB fZR - (Kim,
S.H. and Y. H. Kim.,1999 ) -

PHBV g B MR B Monsanto /A F]( Zeneca)4: Y
PHB J #5485 PHBV s poly(hydroxybutyrate-co-hydroxyvalerate) o

PHB #1 PHBV —fi&72 LA Alcaligenes eutrophus Eff/EEREAREE
T AVERR SRS TS EIR0IRER - T EIR SRR S » BT DAk
H HV/HB BJLLEIRI>F 8RN - PHBV ) BEE— M SR AE A E »
HJ#5F Valerate 2 S BIEHIEAENISHR LR > 180 Valerate FLELE]
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AIABERM R RRE (P B SR - S ETEER R SR 2 100°C £
A AT
(2) REER

#h H R FEASREUR - BETURL PHA MATE B R - X A
FTZRCHT PHA (5REANEEZE LL RS 30%ZE 80% » Hirh [l Alcaligenes B
HIE BHR R 96% - # L Alcaligenes eutropus BJE 5 PHA
HUMHERAIFR - RURIHE PHA B9 G RB RAE (LABHERE » E—
T RIS PHA B4 - TEEIIEH] PHA S RE—EYL
i acetyl-CoA  acyltransferase o

EMEAETEAERRIT - MR CoA BERNIREEN >
AT acetyl-CoA  acyltransferase BERIAE R o fEARZTHTHI 4 BRI
' MifEy NADH RyIRE SR NTHIGI T CoA BERMIAR - FIHE
B DAL BOTTAEEL PHA RS - [ROTEREHBUETT - EWERS
R S PHA B FEGE 1L - it S PERIEr BadAsEErT -

PHA TEERIRIRT » BERU BT R B R - 251
FEATE} PHA FEERYF EFRZ — - M H S HREE T RiEas
RS2 LR RRUE - ThRIEHREEE pH B85
MR - Si—TERIEREE A YRIBER R PHA - EHEIS L »
HEAE PHA BEZRARSBERILEZR » 43 3127k i EE(hydrolase)
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TEEE - FrRAE A e B L B0 ATEE - S RIS -
HRIFES - BAMERTE - IREATR -

PHB HJLAZHE A TR BB A AL - ME— SRR Wi
Ji%iE PHB =B - ERESUAREMIMRE » AHE £ EEES
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1~

1.1 PHB : Poly(3-hydroxybutyric acid)

1.2 PHBV 5 * Poly(3-hydrobutyric acid-co-3-hydroxyvaleric acid) » PHV
content 5 wt.%

1.3 PHBV 8 : Poly(3-hydrobutyric acid-co-3-hydroxyvaleric acid) * PHV
content & wt.%

1.4 PHBV 12 * Poly(3-hydrobutyric acid-co-3-hydroxyvaleric acid) » PHV

content 12 wt.%
DA EEER BB E Aldrich Chemical Co.

1.5 D-chloroform(CDCl3) » 1v/v % : #&E ACROS

1.6 Acetone - BH ACROS

1.7 PHA-f1 f1 PHA-f2 * 8{CREBF AN S ERIMBBEAT A -

1.8 PHA-d1 * PHA-d2 ~ PHA-d3 - PHA-d4 * PHA-dS @ K[EIAEF| g

BB BB SR B R -



2~ HEREE

2.1 NMR : BRUKER : BZH300/52 » 300MHz -
2.2 TGA - Perkin Elmer ; Pyris 1 TGA -

2.3 DSC * Perkin Elmer ; Pyris 1 DSC -

—ERF ik
CYRN NN Ay
1 ~ NMR 2347
4AEY SOmg 22 PHB~PHBVS~PHBVS-PHB12 ##* 1ml &2 CDCls
o RS EREES AT - R IIRAmE R 2 VAR
% FHENR NMR sample tubes IS » #E1T 'H-NMR(300MHz)

F1 PC-NMR(75.5MHz) 4

2 ~ TGA M7

Y 3~10mg 2 PHB ~ PHBVS - PHBVS ~ PHBV12 B H & | -
TERR B 100°CHERF 10 4348 - FFLL 20°C /min BYFHESERERE 600
‘C » HEFTEE - $I%2 PHB - PHBVS - PHBVS * PHBVI12 fyE &8

BN RERE -
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3+ DSC 437

EN#9 3~10mg ;2 PHB - PHBVS * PHBVS * PHBV12 EfA4a#gt »
FREFRFEE S0ml/min T » LL 20°C/min Z AR HENEL » #5H22 PHB -
PHBVS ~ PHBVS - PHBV12 Z BBEERIRE (Te) KIEES (Tm) B4k, »

HAEE BEHEEE-30°C ~200°C -

[(LURSEA « KFEI4ZEZ PHA B9547) -
1 BARALEZ PHA
PHA-f1 : B Acetone FtaF -
PHA-f2 © —RECFEER » BER Acctone B3 -

2 KD PHA - TERAWEUIT -

(1) T4 250ml 2 Haloferax mediterranei SeRE B (RTE ST ERE
SRR BRIS) » BELB000mm > Thr o 4°C) KR B -

(2) 9 250ml ZEBETK » EBISTEEREL -

(3) B4 250ml 2 ZBT/K BB ME T B - 13-80C 1
HATE -

(4) v SRS TRUZ IR 48 /INKFR » 1B HRTSABAY 4g » SRISHA
RS -
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(5) B 2g B7HEEHS » LA chloroform ZEEY 6.5 7]\ -
(6) R ZERUR GO AL ) U R A R R e — T IR R -
(7) Ep—/Nakr BB ARG #ERE A Hexane » REHTHY)
EREI - 1SEZE RS 0.02g
(8) EEREIRERHEA Hexane 1 2 K TERZRFFES 0.807g -
(9) EERE 41% (g PHA/g DCW) -
PHA-d1 : £ Falt R b BE 8 FriG 2 EY)
PHA-d2 : % Bt BB ER 7 PR EY -
PHA-d3 : R bt B BT ER 2 e RRET7K - EHIES 10%
B K - PR A Hexane RFTSZ EY) > B
SES 50%(g PHA/g DCW) ©
PHA-d4 © Rl HIE M -
PHA-dS * KFEEBFEAEM °
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B TRmEXR

SRR B FAZRS3AT PHA MELEREY T iR SRARREIT IR (GC) » B
Braunegg T A (1978 )EL EHEFIF GC 25347 poly( B -hydroxybutric
acid) » HARWRERIKIE S EFIA Carlo Erba GC6000
gas-chromatography (Carlo Erba, Milan Italy) @& Cp-Sil 50CB
column (25 m by 0.32 mn) 5347 methyl-3-hydroxy acids » Hf2
WERERS 70°C THEST 2min AR - WERER 10°C /min » #2280
C T4 6min » FELLBRAET » methyl-3-hydroxy acids 72 2.2min T
GHEFGHLIR - Huijberts A (1994) FHRESIERNERE 4
/NEF o REE T E5E 2L methyl -3-hydroxy fatty acids @ Fith
TR R AR @R R L VT EERTER B — © A — (RS
GC T NAE AR EYIRMB R RS EE & E
R A FEE R E T BARER T T o B IRE(NR) B>
P - —or BRI SRR - RN B K AR H Bl
PR ORI IRER - AT EITERE NR (ER 1T
PHA SERERY A » 36 B RAFHHH-NMR B PC-NMR Y2 - (/1
BT PHA FSHE AR & i -

B EE K PHA(PHB ~ PHBVS ~ PHBVS « PHBVI2)# &3 Bl

17 'H-NMR B°C-NMR 7347 » Bl wi e — = [0 & @ S = @ LAy
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w0 RIS YR\ o HrPELUH-NMR B 2SR R LG
(ESHHR S BRIBRIAT ARG E -

PHB & #%

B4 CH,

B3 B2

=

el S
O—0O
5\_,/

PHBV 4%

O
| |\ / R
/VO_T;? S A N Y §
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RS RIEI RS 1 -

PHB BZRSHEHY'H-NMR SLELAIE —Fw » Ho R Rk (B4)
RULZESE 1.2ppm @ TREFREE (B2) FIREE (B3) AR Ki&Rs 5]
F£2.5 & 5.20pm © F2F PHBV 3R &8 - AldM HV BETifEs
GEIHEII— LR - AIRSEBERTR o Hrb V2 F1 B2 I6EE - V3
A1 B3 g ES - VS FEIERNRISE] 0.9ppm > ZRIMEIN T V4 TR EE »
HIRAIETLE 1.6ppm © EIHA BAHV BEIT)R1 V4 ~ VSHV BT )R i
£ B%IL - FIA NMR RUEIEERELLNESRE TS EEE - &
TR LAR R EERELL AR (ST HY 7E PHBV ARG AR - HiE
T

(1) FUF B4 B V4 Bk

HY (%)

ek (AB%J ......................................................... (1)
TR 2Aj":§’;; 4 (01 % Of HV in PHBV) v+ (2)
(2) FIF B4 B V5 ok
H . (AV%) ......................................................... (3)
HB (AB%)
B %ot (ol % of HV in PHBV)-+-ssseevsseenee (4)

HV+HB A, +k 4,
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TEEAEEAR PHBV(S wt%) + PHBV(8 wt%) 52 PHBV(12 wt%)BY B2 FrEN
HIR K B ko E 0 A0EE—2R - IR AT LA B b, B b, {H » h5E8RE
4= PHBV HIXSHRYFERL -
(a) PHBVS

FHfR HB BT8R 86 - ifi HV BIT/FE5 100 0 KL 5 wiv
Z14 4.33 mol%  5%(wt HV/PHBV) = 4.33%(mol HV/mol HB)>PHBVS
HY'H-NMR SEREE - 208 —Frs - HHAE 1.6ppm GEHY V4 81 R ER il
RS 0.2145°7E 1.2ppm K B4 BF BRSO FIRE RS 2.9304 7€ 0.9ppm
BEHY VS BRERINIEES 0.1624 « KT (1) ~ (4) > 153 :

{02145 o
HV 4 ( é) = B 1098k =k =0412
! HB : :

HB (2.930%)

AV _p 21024 HV 4 ossar, =k, =0817
HB * 2.9304 HB

(b) PHBVS

PHBVS LR &8 » HV BLIEENEE SR 6.9% - H
'H-NMR St3EE - 208 =Fw - E7E 1.6ppm FRAY V4 BEERELIR KL
IETETER 0.1853 » 7€ 1.2ppm Y B4 FEIR KIS TIRRES 2.8332 ; 75
0.9ppm BERY V5 FREIR IKIEES 0.3085 -

24



. (o 1853/)

ﬁ=k, & 8332/) =0.0981 k, = k, =0.762
AV, Q308 AV g 088 &, = &, = 0.688
HB 2.8332  HB

(c) PHBVI12

PHBVI12 #FR&8EH  HV (5 ENERSERE 105% - &

'H-NMR >EEEHE - @ PYATR - EAPAE 1.6ppm BEHY V4 BrFEIRIK
EEREE 04922 ¢ 7£ 1.2ppm B B4 FFER IS EREES 2.8484 © 7
0.9ppm BEHY V5 BRI 0.2131 -

(0 4922 /)

kl’ﬂ = . " lﬂz .
(2 8484/) 0.2592 &k"= k"= 0.453
" _ k) 0.2131 = zid = 0.0748 k,;'= k, =1.568
HB 2.8484 HB
i REEHEII T RATR
B =ETIE - "ILASE]
ko= 0542 » s=0.191
k,=1024 - $=0.475
PHBVS5 | PHBVS | PHBV12 | Average
k, 0.412 0.762 0.453 0.542
k, 0.817 0.688 1.568 1.024
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KFIFEE4: 7E PHA-d] BY'H-NMR Bz (7)) - REIEER AT
BHIZZERN PHBV R &M » KEHE HV BETARKIE - B4 Bk
IEETEIAR R 2.8328 » T V4 K V5 TRMUETETRI IR 0.3743 K 0.3469 © 4
R GRS SR £ ER PHA-AD H HV BTS2 2E 104 mol%-
B 7~ 2 B .53 55 8K PHB -PHBVS-PHBVS & PHBV12 By**C-NMR
JEREE - HEREL SRS B - W LUAEPIETE S S PHB BIR
SHEE PHBV £ RE&H - REZENSHERERT S BEEHE
# ] AT BT HZR » 8240 PHBV12 2 PC-NMR B H[EH  Erha&
MERME - ELEMERAME - AlG 3 PHBV S5yt 8
B NE#RY DSC K TGA BIFEHIZK -
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AR R
WA 284 PHB * PHBVS ~ PHBVS K PHBV12 54 RI3#7T DSC

ST+ RGBSR EE (Te) RJIGEE (Tm) SSREMFAFT
o RN E] - B PHV S EAVEIN > Te » Tm IBEFTEZ T »
YEEEER PHB B9 175.6°C#{E= PHBVI12 £ 157.9°C » H PHBRV 5%
Z Tm W B €745 — shoulder IR ik PHB RISEILIRS:  EHf M PHB
HYREEREEE 175.6°C - EREHME » FIt5 % HV BEirps PHBV H#HE
S ATLAR(EIEES - SN - BRI S Rl Tk -
i% PHBV 1 HB S HV SR E R EEUE AIAEESY - Hi
A AR Fox Equation ZRHERHIR SRS AV IREIL IR - 1§ PHB K
NEIFE R PHBY $L5R & Rery it i s s B fuh - FHA PHV
BEREEN T SEALE - FILAEHTA PHBYV HREHEHY Te #iEK
PHV BEREHERY Te - USSR ZRETE PHBV MRHIIRIR - AU0F ¢

1 W, + W,

e T S, FOX Eq_
g Tg, Tg,

Tg : PHBV Z Tg
Tg : PHB &2 Tg
Tg: : PHV &2 Tg
Wi PHB &2 wt%
W2 ! PHV 2 wt%

(a) PHBVS

1 __095 005
27645K  278.55K  Tg,

. Tg, =241.81K
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(b) PHBVS

1 _ 092 +0'08
275.05K 278.55K Tg,

FTLARTHERE PHV i Tg #97E 241.0TK(RE B —F39E) -

.. Tg=240.32K

FHMEE LIRSS PHB EA AR RHMEERN] HV BT8R T
bt BMERESRIFI HY BT BE — i ERE T, =a 0, +b » H
TniE HB SEEZAE SHHUEES » onv i HV 7E PHBV WIEEF 433K - AT
DIF AR SRR 28 a Kb e

#% PHB - PHBVS ~ PHBVS K PHBV12 A BRI S B ARA LR
FFIA Excel fEE @ IRBE+— - EMB/—HE

y =- 1.4922x + 173.45 » Bl Tm =-1.4922*(onv) +173.45

B AREBFIRRIREFT A R PHA ZRESH Tg 1 Tm EFIHESRT - H
FH410E PHA-f1-PHA-f2+PHA-d1 K PHA-d2 # Tg f1 Tm #RELA PHB
HHERRHE » TEZ KR4 ER PHA - EIEBEFERHMEE 144°C K 140.6
C - /1 DSC #& R AT LAKZEHIEELE PHA #YBH PHBV HREH -
FIFH Fox  Equation #ESRHEEA R KR 4£ER PHBV RS F HY
& - T
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A4 EZ PHAA] ¢

L wm
270.75K ~ 278.55K  241.07K

w,=1-W, S w,=18.5 wt% =15.9 mol%

B4 PHA-2 ¢

L w7
27285K  278.55K  241.07K

W, =1-W, o W,=13.5 wit% =11.6 mol%

KFE4EEZ PHA-A] -

Lo w
271.94K ~ 278.55K  241.07K

w,=1-W, S W, =15.6 wt% =13.4 mol%

KR4 EE < PHA-A2

L _m W
271.15K  278.55K ~ 241.07K

w,=1-W, oW, =17.6 wt% =15.1 mol%
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FAEHE T
iisaseil PHB » PHBVS * PHBVS J PHBVI2 #&43BIEST TGA

ST FEFRAE+ AR - HE B PHA Z B IATE S
#9155 270°C » PHB ~ PHBVS K PHBVS 5 —MEES - #57F 330°CHEHE
M PHBV12 ©HE _BAfE » ¥97E 400CHEH - FrESLE 600TH)
BERERT - TR PHV SEEEN 8% FEHEERIE _EREE -

IR ~ KB4 EZ PHA (PHA-f1 ~ PHA-f2 ~ PHA-d] * PHA-d2 -
PHA-d3) & BIETT TGA 747 BRAE =R - BREKFER
BHH2 PHA EY) (PHA-d4 ~ PHA-dS) 34T TGA 2347 » &5 40E 10
Ffr7 o 5544 PHA-f] ~ PHA-d] B2 PHA Z TGA S #r BRI E]
+5. » AIEH PHA-d]  ZHFRERT » H PHAl - PHA-dl &%
BEES  TRIETSBERTREER G IRERE—SH
ST
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15 ~ &
1~ AR PR LB CH-NMR B2 C-NMR) BB
(DSC . TGA) Z&43477 PHA SRESHIREHS - AR RBAEH - 48
235 NMR B— BRI A - RBEIE S MRS,
(~50mg) B IERATIRISMTIERT » ARTLUREE L PHA BRI
B - 2o PHBV StIRAHEIIE R EL(E (17, JEELRA V4 BRI
e (1.6ppm ) F1 B4 FER U (1.20pm) HITEIRELLE © 3%
FEEERY V5 REIRIKE (0.9ppm ) 1 B4 FRERME (1.2ppm) By
ETRRELAE o SCTERT £ Fk, 435I 0.542 F1 1024 -

4
AV 15k, 2
HB Agy
HY Ays
— =k,

HB Aps

2 HI NMR M7 5 RAAREREEEFETEEN T PHA-A &
PHBV R &4 » Hrb HV BETAIEER 104 mol% ° i NMR
FENRAE{AEEEE 3 5T EZ PHA Bl PHB EREG
ﬁ% 0

3+ {& DSC 734t 4iE PHBV L3RG HERY Tg B Tm #R8% PHB R &
ERE » BMERVLLAIREE HV BTSSR Inmien -

4~ BRI R MY ST ] DARIE K B K 22 A 4 EERY PHA-d]
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HIZ 8 13.4 mol% » PHA-d2 HIES 15.1 mol% o B{= KBB4 A
PHA-fl 275 15.9 mol%#) HV B3T - 1] PHA-f2 B4 11.6 mol%#y
HV BT -

© REESTEEEER PHA ¥ BEIFEIAE B R 270°C » & PHBV
HERGHET HV BX R8T 12 W%l EEF - A DUREes| el
HIPARBEITES -

» MEAHFE B » BN FRAERE H k% - e Yk
LB W RAMER BRI TGS PHA ZASRERIMEY - HE
LRSI WIN = §oZ 2 i o=
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M~ RRBRE
R ERREBETE - BRI ERRESIWESER K
A5 RERB W9 - A% PHB 14 8B K B FCRIE BT
0 ORI T BRI TR i BB E S E R -
CERYER RS S, - (B FEE H R R SEES - ik
B AR ELLZEEER + PS 8 PVC SRR sEE R Sy
& B EEMERIRETEER - A DIBIKAIEFI S ERR -
B AT AR 2R E AT ERN S BRI 20% A4 YT i
BRAE > HRENTRERESERTEM (Chang HN,1994) - (B2
PHB AR TRAEARER A —ERFENEEREEE
PHB HURABA L TEIRS/ S - RRY - 4 E—WH PHA FTiR
Y ZA$800~2000 (¥ THZHERE,1990) » i B4 RV Biopol HIEM
8 40 / kg AHESHLA L T4 EERY S B EBRIAIMECHAS 1/ ke( Schubert P,
Kruger N and Steinbuchel A,1991) - [Fllf » =¥y e 3R EERB AR I46E
WZD%E%&E% » R A V)R] o R BB R Z B E & B B R S Y
BEJT » HAEEHERIZ B ARIIRA] -
AT R EIEE IR PHB BRI TR » FOERER 4 B R AN
WEYHECEEERWE > &) PHB £ ERASW T ERERRZEER
FRANFIZEEREAL, - IR - 7RI - RO T - TR ST

KX



1t

HIRRE -

AP EY I BRI BUFERGERECE L
RERCE ERERFEYINIEI SRS TR A R Y
HEARMLREEE - IR AT BN S FARIINREARMEY R 5
BB EIE - ARFEENRES - BN Re R B B R R
R o RILHREY I eSS T MR - DR —5
BBV EFEERREATERAREE -

BEE o LR - R R B R FE S B BRI » 7
HEME DINVERR A B ST HRREE A SRk 4 R
R B TR EREEN—ERR T - ARESTEEN
HIRFBER > DIEER AR  FIRERE TR eE e
PRREER - WIEAA MRS EENEREEUBTEASHHRAELE
B BEARIESREE A -
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|

I (2000)* BHTAVIBEEES L Sl - AR
BT ERAR RN - SRS BRI -
SERSR (2001) + FIFE p Hestat HUGISERS AT A58 Halofer-
ax mediterranei 7 poly- 8 -hydroxybutyrate 7 » KA
WA AR -
SRR S IS @RS (2001) » T
REEET P REREE YRGS « REDY
BEa - &t -

s A T SRR @ @ - B (2001)
2000 BRIERORL B 2 2ENE FE RIRERAET & (2000) » BRISZVEEE K2R M
VRV o 0 ©

TS A AT SR T R R
(1997) » MR T35 -

SR SR AP T TR SRS PHB BYFTACIER
AR (1998 48 3 81) » Jb3t -

BSOS B LR SRS B VIR R
T A TER (1999 4 12 HEAR) » 463 -
ARG T - TR B R R e T
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FEd MRS | BRI T R (%)
i 1989 5.3
AR | 1989 6.0
i 1991 6.8
- 1990 7.2
28 | 1992 7.2
F4 1991 7.3
R 1989 7.8
S 1996 17.68
1999 19.85

Al
82%

R— BEVBASFTRIRLS T ZE
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By ELBl(wt%)
HDPE 24.7
LDPE 40.3

PP 10.7

PP/PE 2.8

PVC 9.1

PS - HIPS - ABS 7.8
PET 4.7

BRIARYE ¢ ITIS » BRI B R ER
1993 £ 7 H

R EHBERTREBHEARESH
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KIE | Ao | RGEE el (20

M4 Y4 E| Biopol | ZEEIICI | PHBV [8.00~10.00(37T/%)

CPPA [EEF(R§ Solvay] PCL 3.00(&IL/85)

TONE | =g UCC | PCL 2.70(3=70/8%)

EcoPLA| 28 Cargill | PLA | 1.00~3.00(Z55T/R%)

255 [LACEA| HA=HEE| PLA 800( H [El’kg)

LACTY HE#® PLA 800( H El/kg)

Bionolle Showa |Aliphatic, 600(H[E/kg)

Polyester,

BN EDTRER
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FEirnd4 B4 HENH {5 I E/F)
EcoPLA PLA KB Cargill 155 00(mid-1996)
Biopol PHBV RECI 5000~10000
TONE PCL £ Union Carbide <4500
pvoH | ToB AirProduct | 0000 50000
Bionolle | Polyester | D Showa 3200
Mater-Bi | D HIE | FAK] Novamont 23000
Planet R Planet 4500
& ] %1 230,00 ME/4E

2w~ REANTHZHECEDTrHER
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Tk el FEAT] {5 R (W/5F)

Biopol PHBV mEICT
Bionolle Polyester HI Showa 3000

Mater-Bi BHIEIE | FAK| Novamont |
LACTY PLA HI7 Shimadzu 100
LACEA PLA R 100

Mitsui Toatsu
=1 B 3200 Mg/

ZE - BATHZHELEYMTHREE
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e A CNS 14433/ CNS 14478/ CNS 14432/
ISO 14851 ISO 14852 ISO 14855
e IR KA M5 FF RAEHERE
N2 R
fERElE LR ST
2. R bk B E ST LA AABCHENE
AR R EHE IR AR R
mgle  BEECRIER 250pm DUT)EIEERE R A 100g #BE - A AR
K 2/600g HEAR
Bk i) AEEPE BRI - BREE6 FEH
REFIREE  [20-25+/-1°C (6 B HE AU SR R e 58+/-2°C ({ERlEL B i
R] DAGE P i g A DA B L)
viy 3L Ea AREFE “SkiELER AR LR
FEEE R HE BT HBMER
(S PERRHERNG K - BRHERML - PHB 55) TRAENITE 20pum DT GRERAR THY
FHE T10% 53 RE L E
R B B FIEE
FIEME  BUERME T - JHE 60% R E
AR 4 HIER I
Rt H RS Rl [Polyethylene

RN~ AT 5 R BB B IRAR B R ER ok
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B2|B3!B4|V2|V3|V4/V5| Bl B2 | B3 | B4| V1 | V2 |V3| V4 V5

PHB |2.5|5.2{1.2 169.7/41.3168.2{20.3

PHBVS 2.55.2|1.2(2.5|5.2{1.6{0.9(169.9141.3|68.2120.3|169.9(38.8/72.4127.4/9.9

PHBVS (2.5]5.2|1.2(2.5|5.2|1.6|0.9{169.2|40.7/67.5(19.7/1169.2|38.7|71.8|26.8/9.3

PHBV12(2.55.2{1.2/2.5(5.2{1.6(0.9|169.340.7/67.6/19.7/169.3(38.8|71.8|26.8(9.3

,ﬁ/\ ~ NMR ﬁ\*ﬁ'éﬁ%
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Tg (C) Tm (C)
PHB 5.4 175.6
PHBV5 3.3 155.3, 163.4
PHBVS 1.9 143.9, 159.6
PHBV12 1.5 151.2, 157.9
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F A~ & PHA 2 DSC 447
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Tg (C) |Tm (C)
PHA-f1 -2.4 147.0, 162.1
PHA-12 -0.3 147.5, 162.1
PHA-d1 -1.21 129.1, 144.0
PHA-d2 -2.0 125.4, 140.6
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~ PHA = DSC %-#%
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