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Biomanufactured polyhydroxyalkanoates (PHA)
modification: a review

Yingxin Zhou, Nan Yang, Xiyuan Wang, Yunxuan Weng, Xiaogian Diao, Min Zhang,
and Yujuan Jin

Materials Science and Engineering Department, Beijing Technology and Business University, Beijing 100048, China

Abstract: In this review, we presented the industrial status of biomanufactured polyhydroxyalkanoates (PHA), including
poly (3-hydroxybutyrate) (PHB), poly (3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV), poly (3-hydroxybutyrate-co-
4-hydroxybutyrate) (P3/4HB)), and poly (3-hydroxybutyrate-3-hydroxycaproate) (PHBH). A lot of modification studies,
aimed at solving problems of poor thermal stability, narrow processing window and other drawbacks of PHA, are discussed.

The properties of PHA can be optimized by using proper modification method, in order to expand its applications.
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(PHBV)!"] (3- -3- )
(PHBHP) (3- -4- )
(P3/4HB)!"'! (3- -3- )
(PHBH)''¥  PHB  PHA
(PHA)
[ PHBV
PHBH
21 PHBH PHB
Bl PHB PHBH
PHA PHB ,
(4] [5] [6] PHBH
(7]
o 2 PHA b ibkBIE
PHA PHA
[13] PHA
PHA ( )
[14]
1 PHA M FX
100 1]
PHA!®! PHA 1925 PHB
PHA (scl-PHA short chain length Lemoigne 3-
PHA) 3-5 C PHA (3HB) PHB!"® 20 70
(mcl-PHA: medium chain length PHA) ICI
6-16C PHA PHA
(scl-mcl-PHA)
PHA
PHA (Homopolymer) PHA (Random PHA
copolymer) PHA (Block copolymer) PHA
PHA 3- PHB PHBV P3/4HB
(PHB)" (3- -3- ) 1
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Table 1 PHA manufacturers and capacity thereof
in China and abroad™"**
. .. Proposed
Types Productivity .
Manufacturers of PHA (t/a) projects PHA
(t/a)
Biocycle, Brazil PHB 100 PHA
Biomers, Germany PHB / 1 000 e
Ningbo Tianan Biologic
Material Co. Ltd PHBY 2000 10,000
Procter & Gamble Co. PHBH 5000 / 2.1 E4¥peats
Kaneka Corporation, PHBH 5000 20 000 PHA
Japan
Metabolix Inc. P3/4HB 350 50 000 PHA
Archer Daniels P3/4HB / 50 000
Midland Company PHA
Tianjin GreenBio
Materials Co., Ltd P3/4HB 10000 PHA
Shenzhen Ecomann [20]
Biotechnology Co. Ltd P3/4HB 5000 / PHA
PHA 21]
1 PHA PHB
Biocycle 100 t/ PHB
Biomers 1 000 t/ 180 C
Metabolix 350 t/ ( 190-200 C
ICI (Zeneca)
Metilabox PHB
) 50 000 t/ PHB
P&G Kaneka PHB
PHBH 5000t/ U7 Kaneka
20 000 t/
PHBV 2 000 t/ ICI
10 000 t/ ADM Metabolix PHBV
(18] 50 000 t/ [22] Biopol PHB
2 P3/4HB
10 000 t/ 5000t/ PHA PHBV PHBV (HV)
PHA
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HV

(HB) HV

Tanadchangsaeng  *)

[P(3HB-co-3HV-co-4HV)]

Ishida ¥ 4HBA
4HB P3/4HB 3HB
4HB
4HB 4HB
4HB
231 4HB P3/4HB
4HB
(6] PHBH
PHBH 3HH
(Aeromonas hydrophila 4AK4)
PHBH PHBH 3HH
PHBH 3H
3H
BT 4. hydrophila
4AK4 PHBH
A.
hydrophila 4AK4 PHBH 3H
15% 3%—12% PHBH
PHA

® 010-64807509

PHA
22 EMH
PHA
2.2.1
PHA
(28] 60Coy
(MA) PHB
MA PHB
422 C
(29] (DCP)
(GMA)
PHBV
GMA  PHBV
PHBV
2.2.2
PHA
[30]
PHB (PCL)
PHB-co-PCL
PHB-co-PCL
PCL
2.3 NI
PHA
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PHA 2.3.4 - (PBAT)
2.3.1 (PEO) - (PBAT)
(PEO)
[37]
Na B p (3HB) P[(3HB)-co-(3HP)] [32]
PEO (Mn=3x10°) PHBV/PBAT PBAT
PEO PHBV
PHBV PBAT 50%
B2 PHB  PEO PHBV 19
PEO PHB 22.6
PHB 2.35 (PLA)
2.3.2 (PBS) (PLA)
(PBS)
[39]
331 PLA
Ma B4 PHB PHBV  PBS PHA
PBS PHBV PLA
PBS 20% (1) PHB/PLA
41 pHB (PLLA)
PHB/PBS
400%
2.3.3 (PPC) 11 pPLLA PEO PHB
(PPC) PHB
(PO) PHB/PLLA/PEO 50°C 110C
[35] 2
361 (GMA) (2) PHBV/PLA
PHBV PHBV-GMA (421
PHBV/PLA PLA PHBV
(MA-PPC) PHBV/PPC PHBV
MA-PPC PHBV
Zhao ¥ PHBV  PLA
PHBV/PLA
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PHBV 15% 30%

441 pLA PPC PHBV
PLA/PPC/PHBV PPC  PLA
PPC 60%

170% PLA/PPC/PHBV (40/40/20)

(3) PHBH/PLA
Zhao 4
PHBH/PLA

[46]

PLA/PHBH
PLA/PHBH

PHBH

PLA/PHBH (W/W)=20/80

1471 PLA/PHBH
PHBH PLA
PHBH
PLA/PHBH
PLA/PHBH (80/20)

3.2 MPa 68.7 MPa
[48]

PLA

PLLA/PHBH PLLA PHBH
PLLA
PLLA
PLLA/PHBH (W/W)=70/30

PHBH PLLA

® 010-64807509

PHBH
(
)
PLA
PHBH PLA PHBH
[49-501  TGA
PHBH/PLA
PHBH/PLA (80/20 wt%)
PHBH
38% 15.7%
2.3.6
PHA
Grillo P! PHB
PEG200
PHB PHB
PHB
PHB
Bibers %! PEG
LaPorl503 Laprol5003 PHB
5%—-20%
PHB
Janigova 1
PHB PHB
PHB
Wang Y PHB PHBH ATBC
ATBC
PHB
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