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PEAEL, SRTT, LY 3- BRI (3-hydroxyvaleric
acid, 3HV) 45 i {k Ay LR, w DI 3 H A 8
R s P B G RO BE 1 SR RS R TR R ik IR i

( polyhydroxybutyrate hydroxyvalerate, PHBV ) ,
HAEA B~ AP S5 s JRe B T e 1 2
A, DHERBL, Wiz PHBV o 3HV & RN,
PHBV (& s 2B WikeA% (g 1 s ) o

1 PHBV #13HV S E¥ PHBV & S HI7 08
Table 1 The effects of 3HV content in PHBV on the
melting temperature of PHBV

3HV BEIROHL /% T,/ SHV BERGH /% T,/C
0 164/173 584 75/86
9.0 153/169 73.9 85
15.0 151/161 88.6 92
21.0 159 100.0 118
28.8 100

PHA 5 R A BRI e il 1 B AR TT 29 S 2
% 5% PHA (short chain length PHA, Scl-PHA ) Fl
£4% PHA ( medium chain length PHA, Mcl-PHA ) .
Scl-PHA H BRIk S5 80k 3~5, HikRE 5 #
PESIRIEAL, BB R EEAIRERE, (HE PR A
Ao Mcl-PHA PSRBT BOh 6~14, HLZ5 &
B AR, AT Scl-PHA, Mcl-PHA [5i & Fifse

AL, HEPEECRES P, PHA MBI 2E
e S AL A LS B UIRIDC, REWIN T RK/N ., 3
PR RS B HES ) U 2 52 ) PHA I R
SEANEE . PLAGEREESEPERE. G, W ETE PHA 1
feafbitly, wT LS LR R R R fL Ak, I
J U 2 B R e PERE RN FH R 89 PHA B
1.2 PHA BB R

PHA J2—Ffr f 2 1 1 B A 18 i e 1 T A 40
R, HAERR DI ERPERE, EUNHKE . B
BERS AL AR TR s S, ST AR gk
% 2 NARFIBAARZE Y PHA B9 ERE . 83 ) b ]
L& B, [0 PHB &Y g ASLRBIR S S EOUE
Tl A P R B A T A I B AT, X PR A R
FAER ARSI T PHB A % 5 48 Ko
e, MARTE Y A IR SE A AR X AN e, SRR T
FAaEEE M IR, RN S| ALK N T PHB
Sy FHRERTIRANE , (A5 5 A A TR Bt A R AR
XA AR T PHA BIPS22ERE, 38 HAE
AR RAR AR RE S5 T UEA I T T rlRE. 25 1,
PHA PR G st i 2 hetE, Wy 7 H
L FURPERE, AnRTER R SEbERE L SR AR
BRI YR ARE, DRI PHA 7E888F . 25, &l
G ATz B R AT 5

x2 FRPEEHEE PHA MIEHRELL R

Table 2 Comparison of the physical properties of PHAs with different monomer structures

REW ALY SERIELRE /°C BEEEALEEARIRE /°C $PEREL /GPa PR /MPa WU /%
P(3HB) 175 9 3.8 45 4
P(4HB) 53 -50 149 104 1000
3HV (3%) 170 2.9 40
3HV (11%) 157 2 3.7 38 5
P(3HB-co-
3HV (20%) 114 -5 1.9 26 27
3HV)
3HV (28% ) 102 -8 1.5 21 700
3HV (34%) 97 -9 1.2 18 970
P(3HB-co- 4HB (64% ) 50 -35 30 17 591
4HB) 4HB (90% ) 50 -42 100 65 1080
3HB (10% ). 3HV (40% ). 4HB (50% ) 87.6 -13.7 0.5 9 4
puB- B (11%). 3HV (34%). 4HB (55%) 99.9 -15.9 0.6 10 3
co-3HV-co- 3HB (12% ). 3HV (12%). 4HB (76% ) 87.3 -21.1 0.1 4 9
4HB)  3HB (10%). 3HV (6% ). 4HB (84%) 54.3 -47.1 0.1 9 300
3HB (4% ). 3HV (3%). 4HB (93%) 548 -51.6 0.1 14 430

T A5 AR L
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Fig. 2 Biodegradation process of PHA
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Fig.3 Functional modification method of PHA
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RHBREME . J12E R DL R AR s SRR LR
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Ah, KA BRI . RANKE LA 4 SR AR R S ) K b
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SHUPERE, R 1 R e B AT VT Y L A
{E P, R8T PHA Z Al ] AT 4R, 4
PHB 5 R T MAFLCIRER (polyhydroxybutyrate
hydroxyhexanoate, PHBHHx ) A9 $2 5 1 Wi 244
KR, A T4l PHA, PHA MR8 % 8 JE B H
FER A= P fte B SRR T AR, 205,
HRTRESZ 2R G Z MAHZSPE R BR T, Btk i)
A, T SIS MBI B SRS Z A AR
212 EAsxH
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FIAVERE R SE . BFSE R BN, S md o (I 500 ek P 1
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= WA
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K. Komiyama %5 P7 i i A (b 75 i . K S A1 3
HUBE S A B, T RO ) 3 0 PHBYV 25 i
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22 EUHEFE
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PE. Bian Y. J. 45 Pin A EESCERRIR A T — R4 K
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Al DL R A U R, YR T R
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I F M RER O E YR B AL B 5 P34HB 22 7] (1 A8 Bk S
N, BRPEGRR A EE AT 1R A U R A 0 N i
FBR AR RST, (LD AT S50 S T L AR ) P W A A
T T P34HB B FIRIE:
223 BE®EHR

TR O AR LS B TR B A PHA RE W)
F, AISCHEL PHA my4kctE. Bl ACK AR B RE
sERL, AT PHA BTAGTERE, o] Ai&HEY)Ba]
PI#R 7 PHA B9FTETE. H. E. Salama 25 ¥ i@ i+ PHB
IR I 55 50 OB MU ER R £k ) S S 48 6 S 1 75 5
KLYy, PHB (5] ARESE T 58 RSN FR R 1
PR, [RIHER R Y X I R BEBREA . AR 2R
FEER . KA BRI B B . I T SR R Y
AN RAFIPTRTE R, 2R AT AR R AE s
MR A Tz N RS, 51 AT AR B B U
AT T PHA FPRRI LA | BEF B0 MERE. Wu C.
S. %5 PSR 5y sk FR T ( maleic anhydride, MA ) $%
e TR S Aot TR T 1 T2 AU 1) 22 BE Bl 4 K £ 4 55
( multi-walled carbon nanotubes, MWCNTs ) 3 i 3%
MWCNTSs 7£ PHA JET P AR 2R oo, 19805
A MWCNTSs [ PHA & & B BFE AT 507 40 1 16 1
FIPLErrtERE. 5 5ok BRI AR BB R & PHA
IeH R E i, A )R, PHA I HERL i pf
VAN IREE: AR S RISV R AYONE ik s a RN
HE,
23 EYMERE
231 Bikah

PHA ) il S0P 125 2 — iR FH A Ak S R % PHA
PEAFEE R I D RE i (9 5 0. #E PHA il it
AR, T R A IS AL X e
FIREAS IR A PHA e 450, JR7ERRE 1Y SV 45
PN AL R A 25k A b, Bn, HESefs e AT L
Ak PHA BRAE 4 N, 51 AR DRSS, M
TP A B A A AR 254 B, S. K. Bhatia % 7
I B3 19 K FE T YI101 2B 77 T PHBV, SR )5 H)
FH B W A 22 T LR R T B A5 A TS Ak Sz vy 4 H 5 4t
Wi ohgefb. WXk, 5 PHBV ML, PHBV-
UK MR ISR P HA AR A 25 A L v O AR g UL
JE R = K

it O PR VAR B AR e i fb 2 it i AT B
RS FIIR AN, RESS SRS 6 R 3 PHA (995 5t
AN FHPERE o S 3 1 B I 2%l b AT A, —

FECAE R IR R T, HANT Zf FA A A A7
FVHAEF, X EA B B —Fh IR . RTHFLERY
PHA 2tk 53 B,
232 MAHEEERR

PHA LA W) A el A% O A T RIS &
FeE MU s R, R R B, HUEY
RERS A A RRE 45 F AT ARG PHARY, 78 PHA )
TR e TR R R v, 1 e T SO o ik £ R
% = A B PHA Y RIpR, 8 5 TR skt
TR TB, AL S R AT i — 2 Ak
DA PHA A7~ s Al v s i @ ol i i v s v
. pHAA. EFRYRERA, sl e B K m
R, MR PHA A B pg s . i,
PERE B FR LAY AL AT LR IR PHA (943 T e AL,
AT B AR L BURAL 2 P i ZE AR R4 2 5 pH
{EXF PHA A=Y BRI A 2 A& B, 76 H Pk sk 2% 14
T, REWBBRANICEAE B ERT, AEaHT
PHA MR . WEY R SR PHA HLAT S nml 45
AL, (A58t PHA 7ELEM R kiRl
ARl ANt i S U LA ) N A S SR,
PHA 6l 4 & el th T I — S Bk i, an &k gt
FEAES M S P B R (R R M AR P ORI
%, WA YRR R JEMAIET, PHA MRE
Wy B P A B 22 4TS 21 07 AN

3 PHA MMFZEBIN A

3.1 PHA Bttt 75 B 25 s i B

A WIABZS VRN AR W R e DAk ot ff PHA 3
YA, W T AR BB
AR R AR R 2 16 2 5 A5 T
3- REET RN 4- FRBE T IRIX R ERARTE Je Ik AE 2 rh
I, AMUBBARUARITHAE, ABEHG TR K R A 1M
BAERAE S, AIE G O A M sk, PHA AR
PTG FEIT,  FORS R 1) AR 20 M 2 T Y i )k
FEAMIESE . BEF PHA 1) 3D 4K 2T 2 5L Joi 78 4 i 51
g Rt R T, IF AR/ NRBR bR AR
TEATR RS, A AR, FRER A T4 1 345 ™ [l
BF, BRI AE AR PR i PHA BUH ZH 2T FR O,
AFEAE RS R, L. R. Lizarraga-Valderrama %5 9 4T
PHO/PHB 1R 255, pfi oo M i sE L & 2
HET BB IRES . T, Avossa 25 T I 45 T PHB/ B2
R / 200K TiO, MR GOk, YG5R 7 MR A BT
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P ) Fib—2%, (e EBB R OK & S e
ABJT, TES/KEB IR IR EE AR (AR B
SRR ) BA — RN S B, S, Muiznice-
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Research Progress on Functionalization Modification of Polyhydroxyalkanoate

WEI Fengjun', YANG Xue', JIA Qiuli’

(1. School of Art and Design, Henan University of Science and Technology, Luoyang Henan 471023, China;

2. School of Mathematics and Statistics, Henan University of Science and Technology, Luoyang Henan 471023, China )

Abstract: Polyhydroxyalkanoate (PHA), as a biosynthesised intracellular polyester, has attracted much attention

due to its excellent biocompatibility, biodegradability, and physical and chemical properties similar to those of synthetic

plastics. However, there are still limitations in the comprehensive performance of PHA as a single polymer. The

structural diversity of PHA offers the possibility of its modification by physical, chemical, and biological modification

methods to enhance its properties for a wider range of applications. PHA-modified materials showed promising

applications in the fields of medicine, agriculture and packaging. The modification methods of bio-based biodegradable

material PHA and its application studies are reviewed, aiming at providing new ideas and theoretical guidance for the

industrial application of PHA.

Keywords: polyhydroxyalkanoate; bio-based degradable material; active packaging



