I = 38 PACKAGING JOURNAL

MI 2017 4F % 9 % % 4 HIVOL. 9No. 4 July 2017

RS CO, i 1. X RS LAVKR I SR
TALEE RIS

doi:10.3969/j.issn.1674-7100.2017.04.005

£ E" X iF’ W OE: AARGER COMEAMBEABT, KA GHEERREL LK, F&
NEKE " gk B TR/ RT MR T =88/ 44 (PLA/PBS/ZnO) #3L% K &4
LR #, AT AR CO, MK RIEY, ZLRRE. REENFBFERE
Ty T *F PLA/PBS/ZnO # 3L Kk B & MAH AL L Mg Hra, SREW: RAEE
BRAEEERE SHRILA R L oMA RIS MG ra B F LS WKL SHAHEIRIE E F e
WA AT 361024 X, BAEANE ZHREK, HEIIRRBEMIBEIREE R TIK A G TR F
2. #m Tk RS R EZHNHGFEMGBIL, BIKAMELARBEH 0 CH, ZoMHuAE
I QFAHEHA SLEHAARD, BILEERK, BILRTIAREY; REEH AL
ABAE S FEE H 60 o R I A R CO, 8975 M8 % o 0K R 0 B6JE b, ARJEJE ) AR BT

s kR 412007

0 5|5

FEHBAILTFHRTRRESH RH Y, SREENH 16 MPa i, Z o4
Hagal- Y ammd, BILFERK, BILR TS RET; BEERER
B H R AN B RAZRE, AR ERRFENGI G, LM EILEY
ARBA, BILEERFBKR, BILKBHEARTH A EE P,

FEIE. Bild; BIER COy; MILKE; BRI EAHH; aileh
FESES: TB332 MERARERS: A

XEHS: 1674-7100(2017)04-0040-08

TESR AL . R B 2 G S S SR B T2
I B RN, WiAERREE , IR RSR AR,

EFLMR (polylactic acid, PLA ) J&—Fh#i Rl nf 5¢ TR T4, X — R bR T Eomi ),
RAYIEROIRE, EHUNE . TR BURFIER e e bR, TR T~ T

LR LR AR 2 R a SRR, A28 Fig (poly(butylene succinate), PBS) EA Q%E’JZ,?/E.\

PRI 2] O Il CO,, RANISREORARMM T e e o by g oA T ERE 1, B,

*“'Lﬂﬁﬂﬁﬁﬁﬂﬁhfﬁﬁéﬁf'ﬁiﬁaﬁ%ﬂﬁi%*ﬁ%}f&kﬁb,

Wi BHEA: 2017-05-24

BE€UIH: ERAARFESTIHA (11372108) , HMAPHRARPRIHFESFIME (CX2016B632, CX2016B633) ,
BT 2R m 2R AA FE LB H (YKI14035R )

EEEN: B Ok (1988-) , B, WHLIEVLA, WiR Db R, B0 1R T4 523 i, ST Jy Ia A A R
FBHOH 2 S5ctE, E-mail: maolong0412@163.com

BEMEE: XIBRE (1970-) , 5, BRI, #m Tl RF20%, Wt , NGRS H AT B 50T,

E-mail: yjliu 2005@126.com



m E k=
#BIE R C0, X8 T EXMBABMMANNKESHHEBFLEMH TN

7E PLA HiNAGE S Y PBS BEA /AR IR, wT LR &
PLA (I, [RIFHARELR B I 28 & 00 R PERE B

FIFHTCHLAN KA TSR it PLA, A RE 2|3
SRIEFIAIE R, 0 BEARE = i A (0 iR B R AR S A
¥, X B — PLA & IR e A 2850 2 . Y.
Fujimoto % A U #F 55 K BR, 4K SEURHI R SH /)N,
35 PLA flfLERH A FL & BE k. Di Y. A
WFFE LI, I0AGRAE AT LA B 365 A S ARk &
HPERE, ARGE IS, W/ PLA IR
FLRSE, SEmR NG A M R Tt FL A% RN R X3
TCHLRIE G KR ZnO 2 1 EAT 2R G5 (40K f
ALK fRTA ) , HAFH A ERER, BB PLA
TR IE B A FR AL N, DT AT A5 3 B 25 A g ok
EMEY, AR SR AR, AFT
ALK& i

AL LR A Y IEAEHFLR T AT 1~100 pm K
ZILREUM L. HBETREBREGY, MILLHE
REYHA TR WS vk ge i S5 8,
[ei) 5 S JIR T A% G T R SR 2k BB 25 1 il i 1
LA A R HA S IR | el AL SR,
FEZE e | BT R MR G S S LA A Y
NS, L, K TR AR AR S L &
BARMEES .t T AL R I E G M RZ 21
BTz 2 M, ABF5RF CO, I AL 1A &
WHA, W& TR/ RT R T W,/ A bk
(PLA/PBS/ZnO ) LYK E AR, 5T AU |
PR VR PR %6 45 2 0 T S 45 2 A b ki
FLEERE 52

1 SLIWES

1.1 ERERSEE

1) Ukl

PLA, 2003D, Z£[E Natureworks 2\ ;

PBS, 3001MD, H AR T4t

Nano—ZnO (30 + 10 nm ) , B[ T 50045 BRAA F;

WEA T FHIK (dicumyl peroxide, DCP) , 43
Bral, i AR A R A

CO,, Th%, 4ifERT 99.5%, JEI1ZE0HS
SOl A FRAH]

2) &

LS TR, 4041 RS, FISEIER ) 4G R Al

THIR FEIR S ML, SHR-10A A, 3K ZEHEM% 22 AL

WA BRA A 5

X2 FF BF H L, Brabender PLD-651 %Y, 7 [+
Brabender /\ ) ;

HF R, PL6000-S KI, HMpERhitH| 2N H];

PURE AR BRALHL, 15-315T AU, B A6
ARAF]

A R ZE L, I1SCO-500D Y, % [ Teledyne
NGIF

FES, YZ-GSHMSOML B!, i A RS2 56 1Y
A BRAFL

P T 25458 (scanning electron microscope,
SEM) , EVO 18 i, fH[E Zeiss /A Fl.
1.2 HmidlE
121 SR ASMHHGHNE

¥ PLA. PBS Hl ZnO 4l & F 80 CHZS T4
TR 120, BRE/ADNVFEREIAUK Y. R)E, KT
fid PLA . PBS 5 ZnO LUK DCP #4345 Lt
975525 20.5 1 0.1 A E A3 o 1E I SR TR A LR A
B5), FEIMABUEFTE L s mlas o, il &
FAF: BrHALES IR 2000 145, 150, 185, 185, 185,
165 °C, W25 K 30 r/min. fclm, Bl iS Rk
BT, FTFRIERE S
122 HMIAHKRESHHYHE

T, B ERHIAS ARk AR R AT
RSFA 40 mm x 10 mm x 4 mm FES%; R, K
FEZ MRS IR, FrE R e R RE SR A R R
N, R A2 NS ] R e,
SEPATHEAI , A8 T ARG Bt CO, BB E I T 1E,
TR 1 hm, PRERE, BWHEERIHALE SR
1.3 HEaE 5 R
1.3.1 SEM #L®

W B R A R A IR 10 min, 5,
BUBREZCIET TIEWT, 8% 45 F SEM X FLAS AT E

R L E AR R Image-Pro Plus K443
Brg il SEM B 5 a3 friiis, o, AL
S AR B A R LI ALIE D o L, AR
2° JrNAS EAR R KR AL B . B
RUFE T EEFLEAR d FALEE N, DU A
AR

—-41 -



m €1 %= = #§ PACKAGING JOURNAL
2017 E £ 9% F 4 HHVOL. 9No. 4 July 2017

112 3/2
A

PLE&RH . d A5 AL ER
n ) SEM B& Fr P £ L 4K
A R SEM HE R [ THIFH 5
M > SEM BE R I CRASEL
132 BAFEEQHNZE
FEAE a2 T R D1 R B— 2 RN b, T
AN B K 25 mL [EER Y, R H Rl A
dn A HEERRU A S5 G Ef S E i 1 AR b AR [
W, mEZETREZ L, Fit, ASCRAZML
AsTMD792 %5 B i1k
Ws Oq
wotw —w,
K py FKIE R
w, AR T
wy SR TR K ) B R R o
w, SRR S K B G LAY BB
133 #ARBERHNZ
RBUZ AR B 5502 h

L v BRI
v NIRRT ;
v AR A AT 5
p R RUIRE I Y 5
P N R ILRITRE i R L

2 HR5TR

21 RBREMBILEHHEZMW

B 1R MR 1R 16 MPa FR H Ry
160 MPa/s I}, A[RI&HIRE (80, 90, 100, 110 °C )
AT PLA/PBS/ZnO THALAN K E & 4 KHH) SEM ]
Fo B2 B AR &R B PLA/PBS/ZnO AL
Yk B MBI ER SR, d5AE T E 2
ALE N, EIREEN 80 CH, &AFHR™4: sl
R HR/MEARE], WAL ERS AT 7590 C
100 CHE, EAEME™ 4 TH%E . WAL
HJCH B sl A, L ERSmREY; 7FiR
FER 110 CH, LA IF ™8, WfL BRI AT,
i H 24

- 42 -

a) 80 C

b) 90 °C

c) 100 C

d) 110 C

B1 FRAXARETEAWENSEM BA
Fig.1 The SEM pictures at the different

foaming temperatures
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Fig.2 Distribution of the microcellular diameter at

different foaming temperatures
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Fig. 3 Curves of average microcellular diameter and
density at different foaming temperatures
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c) 16 MPa
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Fig. 4 SEM pictures at the different holding pressures
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Fig. 5 Distribution of the microcellular diameter at
different holding pressures
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Fig. 6 Curves of average microcellular diameter and

density at different holding pressures
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Fig.7 The SEM pictures at the different

depressurization rates
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Fig. 8 Distribution of the microcellular diameter at

different depressurization rates
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Fig. 9 Curves of average microcellular diameter and

density at different depressurization rate
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Effects of Supercritical Carbon Dioxide Foaming Process on the Microcellular

Morphology of Polylactic Acid Microcellular Nanocomposites

MAO Long"?, WEN Tao’, LIU Yuejun"*, YAO Jin’

( 1. Fujian Provincial Key Laboratory of Functional Materials and Applications, Xiamen University of Technology, Xiamen
Fujian 361024, China; 2. Key Laboratory of Advanced Packaging Materials and Technology of Hunan Province, Hunan
University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Using supercritical carbon dioxide (CO,) as the physical foaming agent, polylactic acid/poly(butylene
succinate)/zinc oxide (PLA/PBS/Zn0O) microcellular nanocomposites were prepared by batch foaming method. The
effects of foaming temperature, holding pressure and depressurization rate on the microcellular morphology of PLA/
PBS/ZnO microcellular nanocomposites during the supercritical CO, microcellular foaming process were investigated.
The results showed that the influence of foaming temperature on the microcellular morphology was mainly reflected
in the melt strength. With the foaming temperature being too high or too low, well-distributed and dense microcellular
could not be formed due to the change of the melt viscosity and surface tension. With the foaming temperature at
around 90 °C , the minimum average cell diameter, the maximum cell density, and the most concentrated distribution
of microcellular were achieved. The effect of holding pressure on the microcellular morphology was confined to the
solubility of the supercritical CO, and the viscosity of foaming system. When holding pressure was too low, the large
size and uneven distribution in microcellular were resulted. With the holding pressure being around 16 MPa, the
maximum cell density, and the most concentrated distribution in microcellular were achieved. Depressurization rate
determined the nucleation efficiency at the initial stage of foaming process. With the increase in depressurization rate,
the average cell diameter decreased, while the cell density increased, with the increase in the number of cells, and more
concentrated size distribution.

Keywords: polylactic acid; supercritical carbon dioxide; microcellular foaming; nanocomposites;

microcellular morphology
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