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Abstract: Polyhydroxyalkanoates are polyesters of hydroxyalkanoates synthesized by many bacteria and haloarchaea as
carbon and energy storage materials. There are more than 150 types of polyhydroxyalkanoate monomers reported, resulting in
a variety of Polyhydroxyalkanoates with diverse properties. The material variability, nonlinear optical properties, piezoelectric
properties, gas barrier properties, thermoplasticity, biodegradability, and biocompatibility allow polyhydroxyalkanoates to be
used for plastic packaging, chiral chemicals generation, medicine, agriculture and bio-energy fields. This review introduces the
current applications and future development of polyhydroxyalkanoates.
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m=1, R=hydrogen Poly(3-hydroxypropionate)(P3HP)
R=methyl Poly(3-hydroxybutyrate)(P3HB)

R=ethyl Poly(3-hydroxyvalerate)(P3HV)
R=propyl  Poly(3-hydroxyhexanoate)(P3HHx)
R=pentyl  Poly(3-hydroxyoctanoate)(P3HO)
R=nonyl Poly(3-hydroxydodecanoate)(P3HDD)

m=2, R=hydrogen Poly(4-hydroxybutyrate)(P4HB)

m=3, R=hydrogen Poly(5-hydroxyvalerate)(PSHV)
J

1 PHA #y£E ™
Fig. 1 Structure of PHA!,
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Table 1 Comparisons of physical properties of various PHA with conventional plasticst

Melting Glass transition Tensile Elongation at break
PHA temper?ture temper?ture strength (%)
(Tm, C) (Tg, C) (MPa)

PHB 177 4 43 5
PHO 61 =35 10 300
P(3HB-c0-3mol% 3HV) 170 - 38 -
P(3HB-c0-9mol% 3HV) 162 - 37 -
P(3HB-co-14mol% 3HV) 150 - 35 -
P(3HB-co0-20mol% 3HV) 145 - 32 -
P(3HB-c0-25mol% 3HV) 137 - 30 -
P(3HB-co-3mol% 4HB) 166 - 28 45
P(3HB-co-10mol% 4HB) 159 - 24 242
P(3HB-co-16mol% 4HB) - - 26 444
P(3HB-co-64mol%4HB) 50 - 17 591
P(3HB-c0-90mol% 4HB) 50 - 65 1080
P(3HB-co-10mol%HHX) 151 0 21 400
P(3HB-co-17mol%HHX) 120 -2 20 850
P(3HB-co-25mol%HHXx) 52 -4 - -
PP 186 -10 38 400
PET 262 - 56 8 300
HDPE 135 - 29 -

PP(Polypropylene); PET(Polyethylene terephthalate); HDPE(High density polyethylene).

Tissue Drug
engineering delivery
P § ' ) _ il
Packaging PHA Implants
et applications
\\ -
~ .
Agriculture Medicine

2 PHAWRAGUB(EARATIIE. YRR EAH
Bl BB, RilFne )™
Fig. 2 Applications of PHA in the areas of tissue
engineering, drug delivery, implant materials, medicines,
agriculture and packaging!.
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Fig. 3 Applications of PHA as medical implant materials. (A) Cartilage repair. (B) Artificial blood vessels. (C, D)

Artificial esophagus™™!.
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Fig. 4 Application of PHA in agriculture. (A) PHA film.
(B) Fish fed with PHA.
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Hrp, FRERFICREFE . ATHAE . AR,
A A AR SRR SRR, Wbk 2 1P o A
W) e 2y K R S A b FE Y. Sara Malmir
SER FVE W R 1 7 ik £ PHBV FIZE 4 R 400K 1
i (CNC) ME A K, LB CNC v LU 5
PHBV M i %, 1 H.24 CNC iR 4%
OB , B2 A AR A SRR R BE R 2832 5 4 £i%
Yu 14T PHBV F PHBV 42k £ BERR YN KAS
(PHBV-g-MWCNTs) & & # %}, PHBV-g-MWCNTs
B 53 BE PHBY BB AS, $2m bR AR
FEVE, BHFREPEREFN )22 P fE . 4 PHBV-g-MWCNTS
USSRy 7% B, 52 -G AR R BE A
B2 592 5 T 88% 7 172967

Fig. 5 Applications in materials industry. (A) PHA pellets. (B) tableware made by PHA composites. (C) 3D printing

materials. (D) PHA textiles.
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5 AXRZ

MBI LR PHA LSRR, 4 R br
PHA Bl PHB. PHBV. PHBHHx #l P3HB4HB,
MEEEE PHA 1 LR 50 7 2 Jr Ay i B 0 v i
ALY, FETMEIL TR (HB) H5BREL¥R
(HO) iR IL%%MR (HD) LY LL— & Ho it
REPESRAFWALERE LT 1Y PHA, X7 E
FEIEECT, SRR, BRI E 0B T A
RE UL S5 1 i B L R Wy Ry A T BB SE A (An i fsk XX
M, ZHEAE) M) PHA, Ead bR, A
ZYife PHA, PHA ZHIERH 258, PHA 1Y
I FH ST SR R B FEBR 2RI, BR T AR
BN LT AR LA, BB OB — o
R o] v g i X Z L% Bk (Open porous
microsphere, OPM), A]{E A 4 if A K Fliz i i sk
#/& (Microcarrier), PHA-OPM H.45 T PHA R {F
AR AR PE | SR Y AT T G P R 4 TR S AR
M TF I = e [ 25 ) = A3, & —FhRegk
PIERIR G = de R TR 8k . LR IR I T it 2 AL 55
P RETE RSN IR 0 5 Bh A M 1) AR s FETEGTE
o ok AR PR B SR, ORIk P % 24 i A
THF BRI 6 2B Bl 4 R P TR Tl 200 e An 21
LUEE BN, AR F AR KT 4G yr i
PE—BIHT A T H o BR T 5 B £ 2B R R 2 4R
IEFH , WF9E % & B PHA 0] U b SRR R T K
I K 1 S A IO R0 R AR L I, R B e R v
PHA N HRHE T 3% 25 1) BE A A 1 A W IS B
FERA A, R RLAFIO R AT, PHA Bk
FASE = b AL A0 Rl A — B2 30 AR 7= AR (1 i 24
FE— R b R TR L B R . AT
EWE AR R, BRZNA P RERE IR A Fh 2k
PHA B = iiAs, #fEiE PHA BN H . 56F PHA 1Y
YIRS PR RN AT R AR, PHA A BRI P E L
SRR 5 N, i HL SR SR AR S e 5 114 0
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TEZ5H), WA Sy PHA B0 IFR T O U (7]
IF, PHA R B4 3 Rt 5 2 A [R] AU ) o 35 3 )
PME, FB—AS IR B AR
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