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Research Progress on Cellulose Modified Bioplastic Polyhydroxyalkanoates

LI Junran, MA Xiaojun
( College of Packaging & Printing Engineering, Tianjin University of Science & Technology, Tianjin 300222, China )

Abstract : Based on current researches, the modification methods of bioplastic polyhydroxyalkanoates (PHAs) and
the preparation technology of cellulose modified bioplastic PHAs composites were summarized. For each of the preparation
process with cellulose modified bioplastic PHAs composites, the changes of different preparation methods on cellulose
modified bioplastic PHAs composites structure and performance were analyzed in detail with the indication of the advan-
tages and disadvantages of each preparation technology. Cellulose modified bioplastic PHAs composite packaging mate-
rials would be the focus of future research in the field of packaging. The realization of green production and further
improving the performance of the composite material would be the key to achieving industrial production.

Key words : polyhydroxyalkanoates(PHAs) ; cellulose ; modification method ; biodegradation

| s JE 107 B2 R 14 5 B 1R AR W & G AR 22 6 U -
I PHAs REBUET & Sk, B R A TR R M R R T4 5K
R¥ILILNENBRME ( polyhydroxyalkanoates, PHAs ) 77 T M BHE AU IR 2 —, HEEEH A
FEFLFEBRNITR (hydroxyalkanoic acid, HA ) B A 1A, J?Vﬁiﬁi%fﬁﬁl REFRREREOT , VR
& HaE A R E Y o TR SRR RETRIEAA T A ) — S I PE R BR . R, %

KFEHE . 2016-04-24
BT : FEARPFIESRITE (31270607 ), EEHERZF=AQH DN RIZEE BT HE (201510057007 )
EZEITT « FFHR (1991-), %, RHESCN, RKEBPHRSA LA, L7 bR SR,
E-mail: lijunran999@126.com
BEEE . DIRE (1975-), Y, PO RN, RERH RS2, L, M AERI, FRNFIRet e By mm 2
22 50015F, E-mail: 48251747 @qq.com



55 4 FER, F

ET Y RV A W R SRR S T R TR O DS 79

FENRIWIRRBRZE 0 Z ootk WAt R L 4k &
ok R A5 1 AT e 7 SR R B T 7 R IR ) AL, T 2
G Z ARV R 1 Pk il 2 FE AR B A5 I AE LR o
HA R AHRE . RFIEIRRESA{EA S5k
TA B AT AMEHIE B At RE, [WEF A A
ATREARME . AR YE . R L JEiEE L UK
FH P SEOE RS, iz &R it =4 CO, Fil
H,0, X AMBARIVERS, HmfEsk@miepiel, 25
ar . ARFAE asociEoboe . Y EFHA TR
GG ) Z R TR R O R R R R R
NG ViR R SRR L b, AT (A5 SR R S AR 1D R TR
mn PR RERR S 2T 4E . DR MR . P IS5 AN R
W, (R AY& i RN N IR IR A AE A TR . $t
bt ZE . INCE % @il T AEREERE TR M
M b AR m s, T E REAS T O TR

LR R A R R W 4 AL, HOR Ok
BFeE, HEAREM, WomEE S . mREm SR,
PRITR Tz W R SRR 80 DR SENR
VTR TR Jy HE b, FI 2R 2 3= ek A= ) SRR R R S
TR TR , ANEAT LA & B A5 55 B OREI g 24 PERE AN
HCE A YRR I A RE R I8 R DA R I A
WA, DREFE G AR R R R, e 20
ZR A0 AL BB R USSR B TR TE R . L, A&
SCHGE A B A STHk, AT EF 4R K et Ay SRR
SRR iR e AN TRl 28 ik AR B AL, IF EXT 4R R /
R ENR Wi BRBR S G bR 1 FA A S8 AR R 1 7 S 4
5530, VIR R A 5 21 45 R ootk A= Uy SR R R 5L R
05 R i 52 5 A R A €56, 206 4000 110 K e AR Atk — i 1Y
L

HHET, V6 RrRAEIENRID RN 2 . R 3-
FRILTERMR (poly-3-hydroxybut, PHB ), % 3-#23L/k,
I2HE ( polyhydroxyvalerate, PHV ), & 3—F3& TR /
3- BILLIREE (poly(3-hydroxybutyrate-co-3-
hydroxyvalerate, PHBV ), ¥ 3- FIE TR /3- F3EC
FR 5 ( poly(3-hydroxybutyrate-co-3- hydroxyhexanoate ),
PHBH ). ¥ 3- ZILTRAS 4- I TIRES (poly(3-
hydroxybutyrate-co-4- hydroxybutyrate, P3/-4HB ), ¥
2R 7 R R A0 Ak b B 5k 32 AT I 9 S AR ek
P feE et R B e 3 201

1) APt

AV E R R A TR L W, fE PHB ROEEEL |-
FIAFE RN RREE T 500, LACKRARAE Y
SEAnEEFNIG A, HCE AT B P sh P RE AN AR RE
41 PHBV , P3/4HB Fl PHBH i J&: 7 PHB #£E: |43
BIAFILLIR¥IC (hydroxyvalerate, HV ), 4- F3&

TERH¥IC (4-hydroxybutyrate, 4HB ), FHC MR
(hydroxyhexanoate, HH ) HICHZEH EREMAT .

2) {2kt

A 2E B SR R A2 SO, AR I R Bl B
REW. BFRIERNIRREE M tE, RIFER R
BT BRI 3 ¥ Hehili b, i i) RO NG DT RR IR 70 11
THE A R RN, SRHREY, B H sy
] S TE K T, TR ARZSAR R, DT st AR Y 25
GERE . RGN BRI 00 Ak 2 el v Oy vk A
A B Rt B AL SR 4

3) Pkt

Yy Sl i PN R R IR A 03, TR
FASRRBC LG, FURERE . Rk . RS
il T2, WA SR Yy, R ) B
AP B A B 2

2 FHEEMEPHAs WHI &%

2.1 BiWE

VW IR AE W T 4 RN R I NG Wi R R v T
WS4 R 1 RIZIEIR IR IR &2 & MRk ag —Fh
ik, TRE—Rh AR kv PHAS &
T erge X AR LK, AR TK, mE
FRIERR N IR IR & —Fh g K BT, B, DLkl
HHRHAEMER, WEETAFENERNELCEE, A
MBHER IR ARRE TR R, WS R SR
FRILAR Wi R TR 2 (R (O Bh 2548 O, ks i &2 & 4 R
B P RE .

RGN LT G RIE Rk R AW A . B .
PRy, AR R Sy e s X A i 5 g, Wl
FHAR W/ o B R 4T 4 2 IR AR R A5 A ML
FIR R FITCHUIERME R . A HLERIR R 8 1)
I —Fp RER, A VLS 75 Hlsa
MLBH S T2 ARIEBHE TN, BT .
TN 274 2 A LI IR 2 B IR AR R B ds —
PESERKIESS | N- BedEnkiess . ESRMALL, R
RRBEIEBERR IR R . WA IR R EEAFE A A
TRaH 1 AKIRZR . Bl PRE SN / KRR . BRIR R,

RRILNR IR T LIA T =W ke . 2R, =L
B2 N, N- ZHUJEH B S v v
YK HAMRE 0 S22 ERE, a3 9 A

IMARZIERR NI REE s, A Z A ERS, AA
Ui ST RE B J7, 0 7 BRI SRR I 7 R I 5 7
BILFYER b, DT SRR FLNR D AR R A MU
AR SRl iy, ZaRrhamBER. i
TIEEPBER, R FEE SRR A ERE TR,



80 %

L2 2016 4F

FHBE BRI, R 224 E X 5 AT R
WIN. Hosoda 55" 2F 4 R BEfC IR A\ PHBH S5 75
v, A T AT /PHBH AR, Hilid sk
MW, MEAEMBPLAERN TR 5N 32% B, 5
4 PHBH #Htt, EAMEHICRIR | Prokemis . W
ZUR | FIPESHIN 271 MPa, 15 MPa, 20%, 2.2
MI/m® #5732 MPa, 22 MPa, 36%, 7.2 MJ/m®, Cai
Zhijiang 5 R FHHTEER G . £F4ER R PHB FioK,
DI T RS EE SR, HAS%I PHB M/
BRYEREMETS E MR S i AL AE g . Bl2ligr4E R
I 14 255 g A7 8 Bt 5 R 0 B9 388 i s/, 24 0m A
PHB ZJ5, &6 BRMS M ALAL /N ER IR, A
T 2E K T A4k 8 B )

AR LM, LR EKES PHBV M5
IKPERE AR Z A A e 22, ST BE B AR,
SYECPERERL 25, I T AN RE A 0 D 3R I g D7 7R T
LB RN L, RAFHEAMENER TR, T
A X R AR T A 8 TR IR 7 1R g Sk A R A e
SCEGIABE NS RN, PR AR AT
RS MG, TWltaE . FEl . W5
2", BEEAEMERE. 41T, D. D. Melo %57 4
A DO A Y ) L € O o1 B A N U €
LTYE R /PHB A Mk, HMNKSE L, S elotk2r
43R /PHB KGR RHBHL Ao B A A i 1 T R ek
PELT4E % /PHB EAMRHE . Hp, Rt sk ast
PRAYEF4E 2 /PHB & A bR R A5 FE A 2S5 i s i 22
BT LAy AR PR AT 4 /PHB B A MR, 4T
4:R 5 PHB Z I ZERT 3G, H2E SR he
{1 B 02 gl BRI T4 PHB Y, 2F4E 525 MR
() ST 2 B 0T s i — 2 . AR R
P X Henequen £F 4k AT 1ok, HAFE 45 R %
B, oAb R A5 2T 4 1) 2% T FRUSORURE R,
HEFYEY; PHBV (A0 AL HAH ELAE RGN SR &tk
i) Henequen -4 /PHBV E G M EMHLL, 20t
PR AL PR Henequen £F4E /PHBV & & BB HL1H
BRI T 89%

212 3 AT LUATE by mUR% 790 B8 w8 2R KR R M7 1R I 1Y
PR, /N SR RSE, TS R R 2
PERE RN, (HRLF4ER & MRt
TRAHIEE . 4141 Yu Houyong 250t 2, JE4T 4t 2 5
PHBV DIAEBOEFA AL, 138 THNE G M
Bho HMNEE R, GRS ST
4 PHBV 1, /&M TAEMAS O ILLF g Z 0] . i
KT PHBV 45 541X . Yu Houyong 257 PHBV Rl
ANLFYER DO BR, B SEF Y 2 40K b IR 11 7 4

R, AR A PR I Bl Ak b TR I X RS
B, I HHG &R T2l PHBV LA 4E R 4K LR
FRARME AR, FUMBAE R B A 25
W, X —2EREW, BERAYERINKBIAE &M
BRI G 250, AR 90K RIRE R, R
TEAMEHSE FE A . N, Hameed 252V LAV BE K
H/ TR /PHBY EEMEL, I RIMALF4ER A
PR EEAS IR, WHEE PHBV S atAgme N, £r4e R
5 PHBV 7EiA AN R M EIR G, (R G M8
HA THRb AR RS . PHBY WIS EE, BAH
LR B B A5 A0 I R BRAIG,  [RIRSE, A R I R T
H. S. Barud SFP DI RIL T 45 T AL 4E %R /PHB &
G, HSLI AR, HE G PHB BT 45
BALT 50% B, LI ml i B R0 o ik o B v T i A o
LFYEZ M2 PHB 15 4G PHB BYJ5 AL 73805
F50% b, ARG EEREAE IriEIt. (F
B R g R AT 4 MR- G. w
Jiang Long %% LI BIL G5 T 4F 4 R 98K S /
PHBV &G0k, HAGRNM 2R A& 1% R
WARME S — A R I LA SUA L, i A LT 4
RYOK S RE LG I M 140 CREMLE] 135 ¢, H
WERGTIN, XS5 R, AU R4S R
Bl , HEI& S AR

YRR 5 PHBV WYL & M AT 2 25 AN IR 26t
AR BE R 1 g AR SR SE A . 4 M.D.Sanchez-
Garcia 5P LAERIE R4 T LR 47 4E / PHBV 26
MRk, HFREIRERN, 540 PHBV AL, HFLF4E
KRR R BHIRYERE, (A2 P A T4 R 47
A S BEIN, MORH BH R REREAR, MLF4ERLF
RIS BN 1% S5 E] 10% B, FrfdE &
BRI KB 3 R (0.038 + 0.000 2 ) e kgm/sm*Pa
Hahn#) (0.067 + 0.0005) e kgm/sm’Pa. RAFIIALF
AR LY PHBV BYZ5anERRAL, (B TLr4ERLr
A AR BB R B ZE O R R, R AR 5 G A R
AOBHBEEEBERS AN, Cai Zhijiang 25 W5 40 i £T 4k 25
ZwiF PHB =@ beimil b il 4 17 et S, H
W25 SRR, 9Kk RS PHB GBI & A M R
JCHUR, BEIILEEE . Y PHB ME AR 4T 4k R
L, SS8EARAENER THHTAER
P BERE , D2 RE v o .

DLV WL 45 2 A M RE, e 0 £ 2 R I R
2 Al D7 R Wi A LA R AV M RE RV R B OCH
B, HAXFEA B INLR 2 K 5 R 205 i R e
Z B AHEAER, BRSO, e el
A5y I PERE



55 4 FER, F

ET Y RV A W R SRR S T R TR O DS 81

2.2 IBELE

75 Rl T i T Ao o Al A A TR0 RD R R S 0 R
FEUEATH . RS H A TP & A MR i,
2 ] A SRR it 22 o R B — O ik

B2 B G2 R AT Y N IR PR R 7 IR 18R A
SERET L TS A A AR HLAR P R4S T
WFFE. 4N S. Singh FEPMEARLFYE PHBV MG, —
EHE U, RIILN JI N PHBV 585 B R 21 4
b, H4i PHBV M, ALFLEG N a4 5 38 n
10%, ZAMRHRLEIREIN 28% , Wil B2 AH 1 14
e i TAEARL 4 PHBY JE R A, 1 S
TR R, SRS, YR
M, AREFYES PHBV 2 [A] S1h BLA A™ ,
R 52 A AR R SR BE AR . FRAN S. Singh FFP7E
BT REE LTYE R SRR b, 248 /PHBV & &4
BHH T 22 PERE L phdiPERE LA R A RS i A X T4l
PHBYV WA /NG, A2 hrsk O vp o B
fikc M. A. Gunning & LI Rl I 4 T 421 4E /PHB
EAMEL, HEIM Ta4ERERE LT LKE T
Jo s T A AR A A A R o i IS T 4k
PHB. {HZR P4 g S A0 RN, A5 A
IR AT 591%.

A —FF S AL ) 45 26 MR I A Bl
PR B4R R 41 4R R 5 R SLNR T B IR 2 1] () Bt 1fi
YEF 71, 4N Alireza Javadi 257 B a i ke X) 2T e 4 T
et PSS PHBV IRG il TR AAEN,
SERLRNT, BTk B A o T Ak B G 2T 2 5 R b B
MILFAERAEL, AR RMEIEM ), 5 PHBV Z
[A]RETE B E SR (A/EFH /1. Scott Anderson ZEPOiliFH 4
o TR P I PHB/ AR M &G A REEAT T el PEE
8. FLAFTREE SRR, oot R fe kst 47 4 i W &
HAMBHWOKE, BEIRE GBI S .
SEBE R S B RS AT 4 /P34HB-PLA YRR 2 S48
BF, TR B S A 4, B RE AR
(AR R AR PR B RN A R R AR EE 43 R 55 T 6.64 C
F110.7 °C 5 EEHRA60 CHRUETFEOdG, BH
WA AR R B Ty il 1 RO e P 3 5 T 32.47%
M33.70% . XISEHCRIFBPERRS TH4ERY
P34HB Z[AIAHZME, IF BRI — & i i ATEF 4E e
P34HB HRER AL AIVER, $&m P34HB 945 s TERE,
HMiE—EFL R b AErks P34HB PG ETERE, B2
WATEF Y R — G REE, ZAMRH ARR E E
Al ST AT BT T R

MORF LB S R AR, AR BR i RS R OR H
Warbiok, Al AL 4 Ko . 474 R4k

R FA] DASR S PR B, At 52 21 45 2 0 0 it 1Y
S, WAL M. El-Hadi™ 38 2 i 6 i Use e, 78
PHB A /D ) ol fi T 4 R 2T 24 vT DA i L 46 oy
B, UK RS, (BRI 2 i AR 4R R
LR HYE LM 2 PEAIRES fh% . S. Singh &8P LG Rl il
7T ARLYE IPHBY A MK, HBFRE R RN, K
YRR AL L, FEE S B, E e
P45 &t BE A BT RGN, T 45 5 B 3G I DL BOR 21 4k 1)
ResR AR S R T AMRHAS T R s n . R3E R &
MR IR R ZE AT A, MBHE 250 CZafn R A FEfE,
TE 390 CREMRZEA . AL AES RN, T ARLE
Y5 Hopth oo DA B BRI R RAE T, B A MR
HIAFEEEREFRAC. E. Ten ST TEF4E R 40K i
Zi0%f PHBV ARIRZERIREM . HOFRREE KW, 214
RAUKAIZNT PHBV 258 A 0« BERT AR
S PHBV (A%, RIS 22X PHBV 45 it A= 3 il
YRR SaffE A S B E R, ZSFE(IK PHBV (1)
S bR, DRUTTR R R B A 45 A R I AN ) 22
FEHARAE

YR 5 PHBV W25 Aot & A bR B PR
REF A ARRIBISEM . V. P. Cyras 558 RN, TELT
Y RN FIRE — 2 PHB W2 bR K P fiE
R, 3T PHB MBUKMERE R TP 4ER 4NN,
R IR 7 K M T R 47 4 B K ik i 42
PR YRR bR 52 48P, 1. T. Seoane %577 FI
PEIE R AR BEEBTL T 25 T 4P 4R /PHB E & 4K
HAPE R, BT PHB HAGUKMRE, ST%ERE
BIRREAR T ARG K E, % PHB S fsm, &
BRI K R KETBE R, HEBEL G &
M A MR A AR K, XN PHB 435
PR B, WK TFBENHBRER, A
& T IL G 1 2 G Ak PHB R 58 4 55 5]
LR L, RIS PHB 58 4 55 B 2F 4
R L, B, SRR SRR SRR T
MK ZEBIE R

AR G RZILNRNIRRBRR 2] 2 K R A
ARG AR, AR 222 3 % S AT R e AT T B
5%, E.F. Gémez S5 "R F 385 B LA T T W] R Atk
WESE, A& IR 22 B0 Rk B R RS AR 25 52 i 3L
16T HEP R TTRRARIE , 2T R 40 PHA AR 2 %
1E 660 d J5nlik(74.2 + 4.5)%, (69.2 + 6.4)% . TLET
SAHEREI A, 2F 4 AV BRI R AE 88 d SR Ak
(78.4 = 3.5)% . TEPREASAFMIAH, 254 Z 40 m
JeHAE 30 d J5AliK(74.1 + 4.8)%. N. M. Barkoula 252
XPLIRE /PHBV 56 M RFEEA T A W ] Bk A A 58 45



82 %

L2 2016 4F

REKW, ZEAMEIATLE 140 d NZHIFEG . MORHE
TEUR B B R M O AR BE R R, (FL L ol B AR i 8
RGEREL, FTREE T MORIIR S B, R A
AR i J3E R e AR A Ak ) 5 ) R 3K 2 BN b
B M. Avella SN & 1 Z B 4E /PHBV &
BARE, PRI A ) A IR P A T A S
B, G5RRW, A ZZE FELR RN SE  AR A A
R AFRTEHEAE BRI, 23 AR LA N
B LE 10% B, 525 MR A HR G

M TR IR N ERER (0 T8 4%, BT LA
fl A T e 2R 1 RIRILNG T R TR & A MR O
RO B RAEE], By 1k R RN 15 R e 0 S
Gyff, TRIEE, Ol B2 0 e fuff SR KL R I R e 5 21 4
R AT o
2.3 #®IEE

PR 7 2 SR P hm A s s R 5 A — ol
&AM H T

SKRI O AR AT 4E R PHBV S4B A, 7TERVE
SAFTHIA T ETYE /)PHBYV BA MR, HBFIT L,
Wy £ i g b PR w45 0 2 A AR . B i i
SR ST K Z BT R IE, SRR L AL BT £
AT A T IR R . BOR R R AL B R g
ARBCENTER 4 /PHBY A M EHY J124PERE . E. Zini
NG LT YRR Y PHBH IR A TEA0 Us LT 4 A M KL
W eF 45 PHBH BEANETE AL 5 J2 KA 4= S8
L4l PHBH MLL, Bl & iR & A bR AR R Y
i, AR A KA e A R BEAR DI, T
LT Y S A MR B B SR B A, X EEE TR
B TFHRKEMRTAAENRARKE, SEGHES
PHBH Z A& 1K, [RIEE, ORI, fhk
PELFLEnT LAMGSR LT 4E 2 55 PHBH Z AR 1, I
BN A AR SR

W2 W R R ) 2T 4 PR A T A A R A R
FRIENG IR R / R E BB —F k. C.
Bourban ZE"W L 4E IR A PHBV #y AR b, il besdh
HA PHBV £F4Ed, FFLL0° B 90° FIER: ff 4 Le
F| PHBV # BAS 2GSk, FLSCIAS M jie s M B
HO0° | FFAERBIAT SRR 27 % B, £F4ER XS
PHBYV $HU5Ko® AL | S A s O R e i o RIS,
WIS 38 1 0 T A e 1 274k 55 PHBV 35 22 7] 43
MRS BN R, (ALY PHBY 2
[F] Fry % T 86 B 0 AR R R e

V21 4 22 5 R TENR D7 R e MLATR & 1 B 3R
JE, WO H s 2 AR R —Fh 5 ik . R A
AR, BRI, LABGA R SO

PEBEFEAR o

3 FEHEEASEZRRE

B A P05 T R 1 S DA R A I B DR A L,
AT G S (o B B0 2 RS 12 I K SR
Hoo T YRR RENRVIREER 2, TS
TG IRARL, S YEZORIRT I, HRAEIR, P
LT Ak 3R B AR ) SR SRS i 17 PR i 5 45 e 4
HRRE 1 2 i A 2 U A BIF S B A

TERF . AN TP 4E R 1 BRRIENR TR R S 5 b1k
M AR, SEBLAR AR 2 LUR BB ST AP B
IR . AW AT A £ R A A MR T ST A A
TR SF YRG5 0, 1R (5
BER AL L) Ry eth, NIy 220
K. B2, HAESRTRZRIENRNIIRE 5 25 4k K 1)
WEFEARR D, I F RS B, ot — 2D e —
HEAIRHMRERE, SEB AL

2% Xk

[1] ENDRES HJ, SIEBERT-RATHS A. Basics of PHA[J].
Bioplastric Magazine, 2011, 6: 42-45.

[21 PANW, PERROTTAJA, STIPANOVIC AJ, etal.
Production of Polyhydroxyalkanoates by Burkholderia
Cepacia ATCC 17759 Using a Detoxified Sugar Maple
Hemicellulosic Hydrolysate[J]. Journal of Industrial
Microbiology, 2011, 39(3) : 459-469.

(31 W AR bR —— RO IR R BR 19 2 T
[D]. Kit: RHEAY TRPUEHAYBE, 2007.
YANG Xuejing. Biodegradable Material: The Production
Technology of Polyhydroxyalkanoates[D]. Tianjin: Tianjin

Vocational College of Bioenginering, 2007.

(4] BRAoR. AR ARG R SR SR 0], T e T
Ak, 2006(4) = 72-75.

CHEN Xirong. Packaging Materials & Trends of the Bio-
Project[J]. China Packaging Industry, 2006(4) : 72-75.

[5] PREETHI R, SASIKALA P, ARAVIND J. Microbial
Production of Polyhydroxyalkanoate(PHA) Utilizing Fruit
Waste as a Substrate[J]. Research in Biotechnology, 2012,
3(1): 61-69.

[6] DU CHENYU, SABIROVA JULIA, SOETAERT WIM,
et al. Polyhydroxyalkanoates Production from Low-Cost
Sustainable Raw Materials[J]. Current Chemical Biology,
2012, 6(1) : 14-25.

[7] LIU Lillian. Bioplastics in Food Packaging: Innovative
Technologies for Biodegradable Packaging[D]. San Jose:
San Jose State University, 2006: 1-13.



>

44 FER, F

LUK U W R SRR IR s R TR (5 ki 83

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

WEI Liqging. Grafting of Lodgepole Pine-Cellulose and Poly
(3-Hydroxybutyrate-co-3-Hydroxyvalerate) Initiated by
Peroxide Using Reactive Extrusion Process[D]. Idaho:
University of Idaho, 2014.

BOCHE, SRR, sRHENE, 5. SRR IR otk
WECHEIELT]. TARMENIT, 2015, 43(4) : 143-147.
QUAN Wenqi, ZHANG Yongqin, ZHANG Yanhui, et
al. Advance on Modification of Polyhydroxyalkanoates by
Blending Methods[J]. Engineering Plastics Application,
2015, 43(4) : 143-147.

EOK, A KR, BINEZE, SRR LRI VIR
SIRMITTEUERE (], L 4ERBY A5 HOR, 2014, 22(3) -
66-70.

WANG Fei, LI Te, WEI Xiaoyi, et al. Review of
Biodegradable Plastics Based on Natural Cellulose[J]. Journal
of Cellulose Science and Technology, 2014, 22(3) : 66—
70.

XK. LF AR AR M. bRt BREA R, 1985:
160.

LIU Renging. Cellulose Chemistry[M]. Beijing: Science
Press, 1985: 160.

PR ST A BN S A AR ) B S T RER
WFSEID). MA/REE: AdEpl R, 2014,

LU Yun. Research of Aerogel-Like Functional Materials via
Hierarchical Assembly of Biopolymer Micro-/Nano- Building
Blocks[D]. Harbin: Northeast Forestry University, 2014.
AWk, B U, SIZIE. LR YRR ISR RGBTSR
[7]. LFAERFLFSEOR, 2009, 17(2) : 69-75.

LI Lin,ZHAO Shuai, HU Hongqi. Development in Solvent
System of Cellulose[J]. Journal of Cellulose Science and
Technology, 2009, 17(2) : 69-75.

HOSODA N, TSUJIMOTO T, UYAMA H. Green
Composite of Poly(3-Hydroxybutyrate-co-3-Hydro-
xyhexanoate) Reinforced with Porous Cellulose[J]. ACS
Sustainable Chemical Engineering, 2013, 2(2) : 248-253.
CAI Zhijiang, HOU Chengwei, YANG Guang.
Characteristics and Bending Performance of Electroactive
Polymer Blend Made with Cellulose and Poly(3-Hydro-
xybutyrate)[J]. Carbohydrate Polymers, 2012, 87(1) :
650-657.

RIRIC, AL, 5K 5. A YR PHBV/ KIMEHILT
YES A RPRH SR EOT TSR (0], AL T kRS, 2009,
28(5) : 828-831, 846.

GUAN Qingwen, WANG Shifeng, ZHANG Yong.
Interface Modification of PHBV/Natural Botanic Fiber
Degradable Biocomposite[J]. Chemical Industry and
Engineering Progress, 2009, 28(5) : 828-831, 846.
MELOJD D, CARVALHO LFM, MEDEIROS A M,
et al. A Biodegradable Composite Material Based on
Polyhydroxybutyrate (PHB) and Carnauba Fibers[J].
Composites Part B Engineering, 2012, 43(7) : 2827-2835.

[18] #:1L175. Henequen £F- 4 /PHBV #} IR 1T A= W it 2 54 el

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

FURRGEEVERERIDTIEL]. 7 58
30.
XU Shangqing. Effect of Alkaline Treatment on the Interfacial

Properties of Biodegradable Composites Made from

2002(12) = 27—

Henequen Fibres and Poly(Hydroxybutyrate-co-Valerate)
Resin[J]. Technical Textiles, 2002(12) : 27-30.

YU Houyong, QIN Zongyi, WANG Lingfeng, et al.
Crystallization Behavior and Hydrophobic Properties of
Biodegradable Ethyl Cellulose-g-Poly(3- Hydroxybutyrate-
co-3-Hydroxyvalerate) : The Influence of the Side-Chain
Length and Grafting Density[J]. Carbohydrate Polymers,
2012, 87(4) : 2447-2454.

YU Houyong, QIN Zongyi, ZHOU Zhe. Cellulose
Nanocrystals as Green Fillers to Improve Crystallization
and Hydrophilic Property of Poly(3-Hydroxybutyrate-co-
3-Hydroxyvalerate)[J]. Progress in Natural Science:
Materials International, 2011, 21(6) : 478-484.
HAMEED N, GUO Q, TAY F H, et al. Blends of
Cellulose and Poly(3-Hydroxybutyrate-co-3-Hydroxy-
valerate) Prepared from the Ionic Liquid 1-Butyl-3-
Methylimidazolium Chloride[J]. Carbohydrate Polymers,
2011, 86(1) : 94-104.

BARUD HS, SOUZA JL, SANTOS D B, et al. Bacterial
Cellulose/Poly(3-Hydroxybutyrate) Composite Membranes
[J]. Carbohydrate Polymers, 2011, 83(3) : 1279-1284.
JIANG Long, MORELIUS Erving, ZHANG Jinwen, et
al. Study of the Poly(3-Hydroxybutyrate-co-3-Hydro-
xyvalerate)/Cellulose Nanowhisker Composites Prepared by
Solution Casting and Melt Processing[J]. Journal of
Composite Materials, 2008, 42(24) : 2629-2645.
SANCHEZ-GARCIAM D, GIMENEZE, LAGARONJ
M. Morphology and Barrier Properties of Solvent Cast
Composites of Thermoplastic Biopolymers and Purified
Cellulose Fibers[J]. Carbohydrate Polymers, 2008, 71(2) :
235-244.

CAI Zhijiang, YANG Guang. Optical Nanocomposites
Prepared by Incorporating Bacterial Cellulose Nanofibrils
into Poly(3-Hydroxybutyrate)[J]. Materials Letters, 2011,
65(2) : 182-184.

SINGH S, MOHANTY A K. Wood Fiber Reinforced
Bacterial Bioplastic Composites: Fabrication and
Performance Evaluation[J]. Composites Science and
Technology, 2007, 67(9) : 1753-1763.

SINGH S, MOHANTY A K, SUGIET, etal. Renewable
Resource Based Biocomposites from Natural Fiber and
Polyhydroxybutyrate-co-Valerate(PHBV) Bioplastic[J].
Composites Part A: Applied Science and Manufacturing,
2008, 39(5) : 875-886.

GUNNINGM A, GEEVERLM, KILLIONJA,
Mechanical and Biodegradation Performance of Short Natural

et al.



84

2016 4F

Fibre Polyhydroxybutyrate Composites[J]. Polymer
Testing, 2013, 32(8) : 1603-1611.

[29] JAVADI Alireza, SRITHEP Yottha, PILLA Srikanth, et

(30]

al. Processing and Characterization of Solid and Microcellular
PHBV/Coir Fiber Composites[J]. Materials Science and
Engineering C, 2010, 30(5) : 749-757.

ANDERSON Scott, ZHANG Jinwen, WOLCOTT M P.
Effect of Interfacial Modifiers on Mechanical and Physical
Properties of the PHB Composite with High Wood Flour
Content[J]. Journal of Polymers & the Environment, 2013,
21(3) : 631-639.

[31] 22H, SN, SWEL, % GF/P(3HB-co-4HB)-PLA

(32]

AW SRR A S TERELT]. A RPEE, 2014,
31(1) : 112-117.

LI Weiming, LU Xiuping, JIA Baolei, et al. Preparation
and Properties of GF/P(3HB-co-4HB)-PLA Bio-Based
Composites[J]. Acta Materiae Compositae Sinica, 2014,
31(1) : 112-117.

XY, ATEFYErR P3AHB & &bk P34HB #Ease
PERIWESE(D). )N . AERELTORE, 2014.

LIU Meijun. Study on Bamboo Fiber Reinforced P34HB
Composites and the Thermal Stability of P34HB[D].
Guangzhou: South China University of Technology, 2014.

[33] EL-HADI A M. Influence of Microcrystalline Cellulose Fiber

[34]

[35]

(MCCF) on the Morphology of Poly(3-Hydroxybutyrate)
(PHB)[J]. Colloid & Polymer Science, 2013, 291(1) :
743-756.

SINGH S, MOHANTY A K. Wood Fiber Reinforced
Bacterial Bioplastic Composites: Fabrication and
Performance Evaluation[J]. Composites Science and
Technology, 2007, 67(9) : 1753-1763.

TEN E, JIANG Long, WOLCOTT M P. Crystallization
Kinetics of Poly(3-Hydroxybutyrate-co-3- Hydroxyvale-
rate)/Cellulose Nanowhiskers Composites[J]. Carbohydrate
Polymers, 2012, 90 : 541-550.

[36] CYRAS V P, SOLEDAD CM, ANALIA V. Biocomposites

Based on Renewable Resource: Acetylated and Non Acety-

(37]

(38

[39]

lated Cellulose Cardboard Coated with Polyhydroxybutyrate
[J]. Polymer, 2009, 50(26) : 6274-6280.

SEOANEIT, MANFREDIL B, CYRAS V P. Properties
and Processing Relationship of Polyhydroxybutyrate and
Cellulose Biocomposites[J]. Procedia Materials Science,
2015, 8: 807-813.

GOMEZ E F, MICHEL F C. Biodegradability of
Conventional and Bio-Based Plastics and Natural Fiber
Composites During Composting, Anaerobic Digestion and
Long-Term Soil Incubation[J]. Polymer Degradation and
Stability, 2013, 98(12) : 2583-2591.

BARKOULA N M, GARKHAIL S K, PEIJS T.
Biodegradable Composites Based on Flax/Polyhydroxy-
butyrate and Its Copolymer with Hydroxyvalerate[J].
Industrial Crops and Products, 2010, 31(1) : 34-42.

[40] AVELLA M, ROTA GL, MARTUSCELLIE, et al. Poly

[41]

(3-Hydroxybutyrate-co-3-Hydroxyvalerate) and Wheat
Straw Fibre Composites : Thermal, Mechanical Properties
and Biodegradation Behaviour[J]. Journal of Materials
Science, 2000, 35(4) : 829-836.

5K K. ATET4E /PHBY A RRHI I 2 ERERT R )], 25
4124, 2004, 25(6) : 38-40.

ZHANG Yu. Study on Mechanical Properties of the
Bamboo Fiber PHBV Composites[J]. Journal of Textile
Research, 2004, 25(6) : 38-40.

[42] ZINIE, FOCARETE M L, NODA I, et al. Biocomposite

[43]

of Bacterial Poly(3-Hydroxybutyrate-co-3- Hydroxyhexa-
noate) Reinforced with Vegetable Fibers[J]. Composites
Science and Technology, 2007, 67(10) : 2085-2094.
BOURBAN C, KARAMUK E, FONDAUMIERE M J
D, et al. Processing and Characterization of a New
Biodegradable Composite Made of a PHB/V Matrix and
Regenerated Cellulosic Fibers[J]. Journal of Polymers & the
Environment, 1997, 5(3) : 159-166.

(A% . BAYE)



