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Abstract ; Polymeric foams have become essential items due to their excellent properties. Open-cell
foams are widely used in the fields of sound-absorbing, biomedicine, optics, conduction, etc. In
particular, polymer nanocomposites offer modern medicine new opportunities for generating products
for antibacterial treatment, tissues engineering, cancer therapy, medical imaging, dental applications
and drug delivery, etc. In this paper, the preparation methods, foaming mechanism and application
fields of open-cell foams were described, as well as new developments in recent years. Finally, the
main problems in the process of material preparation and application were summarized and the future
development trend of polymer blending, formation of micro-nano composites, coating of high-barrier
materials and polymer modification for the preparation of high-performance open-cell polymer foams
was forecasted.
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Fig. 1 Schematic illustration of opening mechanism!?*]
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Fig. 2 Measurement results of foaming materialst?2)

(a)rheological measurements in shear and elongation; (b)PS with homogeneous and closed cell structure;

(c)PS-b-P4 VP diblock copolymer generated homogeneous, open-celled foams

1.3 HfttAE

TEAL 2R P 1AL A P B R0 A A 2R
PRI 27 AT 4 T — S At 7 i R i 4 8 T LR 1Y
KUK EL
1.3.1  ZMEARPEEM

Kumar BBV H& T —F08r 19 il %5 PLA JFAL
R 7 % o B2 T BAL & 0 B AR ) 45 B 4 T AL
SERE I IR R L SR I A R A I bk o s B kR AT
UAL B, 28 6 75 5 Ak B S 1 b T AL 26 ) d 2 8, ELX

BB T 2 PEREAS 7 2R W] W) X o 7 35 AT e it
Ao LR T T AL R R B I O O L 2R S W A
PRAL TR LR . Aurelio S5 SR AR K 6 FDRL
Bt AR5 5 19 7 15 W 4 1 B A T FLAN R 14 ) 2R W) i
MR O N R (PCLO BHRE, IF 558 TR T A iR
JRE R o T R L PR AL SR R . 5 R SR Ll
W EZ 80T LIARAT HAT T LI 28 25 F A9 K 3d i
A1 ORL T 9 R RT LAAR G 3t 9 4 bR B AL B R L FL AR R
ANFINEE R LA



4 B R

2020 4 3 A

1.3.2 il Tat

Sabourian ZE5 DL Z 5 BE VR 2R/ B LR
W ot i) T TR ) S HC 9 0K S 6 AR S UL L SR TS O L
2ol e T A B IR R AR IR R AT R
ik S A REGWAKE R ARG TR T . 12
ANE FAAR Al A F A 2= BT i 08 D0 T 38 3 A A O A
HRARE T WL FL A5 K o 7™ 25 1 25 7K P A= 0 AH 25 0 TR A4 L
A L 3 S Y TE O AL S L B IR OK R K fE
71. Gong %V e Tad & op R #AGE Kk A B A
Be I A T R X R W R LR (PET) /2R ik IR g
(POILRYIF LI KM B, BB G R G 280 C
B AL B, 5] ER 2 4 )L 3 in T PET #l PC 22 ]
(6 A7 L [ IR AR T PET BY45 5 8 L 24 CO, SARTE
P RR A Y 1 B2 i 1T T 4R R i 2 7 AR AT R A
F o AL AR A SR RS T R4S PET/PC R M K
AL % BE R 7 X 101 A /em®, e /NI AL RS/ T
2 pm, JFFLER LR 100% .
1.3.3  WhmIHLR ¥

SR FE R WL AR 3G W 1 v A i TS AR
AE A5 E L &2 1Akt LD B 5 R T M AL 0 it
T T RS 7 A LGS A T A TCHLRL I A i #)
TRMAMENER. Wa 5000 A YRR T R
THE(PBS) 5 &I + 40Kk (HND IR E &, I DUl
I - S Ak Bk Sk i B & 9 R0 B B il £ 1 PBS/HNT
Yk EAME. WSS R ERHE HNT 19
A WL BERIR R ik e ¥ 3 K. e S il Y
HNT &0 5 %6 i 3 fL R ST S5/« 70 L 3% A AR B g
MR . AN WA i K B AE AR AT E R 120 C
B PBS/HNT 4K & & bR 1AL B 2 B S5 71 1L 1)
TERCFLEG A8 TF AL 25 40 19 T8 i 32 2 2 B F HNT J50kL
e L% [ 5 A b = 2R 1 R g B 8. Khakhar 280
A0SR R O A B S E A  T R RE
fis (PU) FIW M B A g (PO R k2 A4k, &
b XA SR 37 G B A AT R WL R v 52
B TR AE I AR RL R T P 52 A 7 L A R B
. WIS T REBR-Fh B IR 90K 2 A MOk T L
FRAE & B, 76 W 3 0 R 2 Mk v vk b L B R R A B
(14 AL IF L 70 - B 5 2 vk B % 38 s I LR 3K
[/ e 2 N = e ol | STV LK (71| A WA R
£ g

2 FIzEEMERIIIE

TF AL & M B 2 48 10 AL 22 18] AR . 538 kR 4 k)
LA FLBE I8 OB SR A AE . 7T AL A M B 1) 75 i

P o AR R AN B O R TE BT FL A5 # i FEAEIRAS
1L F A% B T 6 20 A R R e, 28 5 R A R
FERASARNT . XFTFFLBRIE BT 55 BE 9 0 5 A 1
TSR R A ™,
2.1 FAERERRE

H OG0 i BT L A1 R B B 5T, 2 3
7 32 B4R T AR G A B L T L R T R A AR | P O
VRIS M B AL B DL RO VR B R (E e 4R
Rodeheaver &5 ¥F 28 B4 £1L % 900 B3 1 SE Al I & e
THRIFFL A WIS X B A T WA B IF AL
S5 RS A RL, B 96 LA R S A LRI EE . T
FLEE A 1T B — e 2 28 I 3 A A R i 4 R 3 AL
RE AR A K LA 5 3R L Y AL AE K A [ B B s 22
N T ) B SR A R K T L R TR ARk ) o 4 K0 40 7
A B BE s R LR AZ A R B A48 [ B A0 3 L B AR 1 )
AT FLIY B . 70 FL S L A K B Al 43 B B L 1R
T FL A% AR I 141 5 43 A1 A B R B R v T HLE
LA LR RE A S A BRAR . AR A AT ) Y )& )
] 2 K I B R AE — R A 0 R I A% A BT
DUFRAE — I S BOA% 0 % B . AR 48 0 0 B8 AR
A% 98 e B B () 5 S A% 8 1Y) o 5 o ot S I 50 i
22 B M F R B % AR 5 2 b A B v AL A% L AR K BT R
Tilf 455 7 B 1 AL P 5 7 96 FL R AR 9 o B T AL B L el T
FUBESZ AL AR ) B AR Ty R 7 3 BUE 1Y
YRR S A KRB e, S N 7 82 L BE G
JEE) A5 I e & %4 Rodeheaver £2 1 i 36 FL & O 3
VOS2 AR VHE T 2 11 )y g 2 A AL L R A O A 2
JT 5 A B ]
2.2 IZSHMNHmE
2.2.1 MR 5 R IR R

R4 Rodeheaver 55 £ H 19 0] B FL & 9 i &5 T
FLR AR A BEIE BT FE AN B Briz AN [ 9 3 e
RRA S T ] 45 TF AL & 1R T I 0 B A R S
B, I 38 1 L & W RO S S AR DUIESE . 7R —
BB, SR 1 TR B 3 BOR B - R i Wb B A%
HOAZ % B AT 28 A% B 0 2Ok F

167y’
Nuw = fiCe(=grcapys) D

s Noow N B SR; f0 R IR 5 Co kST
7 TR R 3 58 6 W 1) YA A% L s R B 25 2
WA T A s APLARME T sy WA EH R
PRI 5 P M R T 5K 7 o A B T AR P A T %
e LA AZ i 1] e 3L B

0= Niom * L (2)
e ee S AZ I ). pl T 3 LRGSR B B 2 R N 14



a8 3

TFFLBY S & W A LR R B9 WF 5 S oL 3t 5

T2 HEZ5 4 o B A S B E S B B B AL Y 2
H & AH 55 1 R8T DL pR B AN 0 AL RS 3 5 A %
B oo IS TN T RO B R W A 1 R ) Rk I TR
J3E 0 T v T HG I, O e VA% R ) TR A9 L
2.2.2  RILEFA] R 2

TE A% B BE 2 5 WL R IR R L (H L&
FEIF A B I AAE XA B B Y028 3 5 1A% 5 3 A
S o B A 0L R AR Y6 FLRE R A T A A Y L A
WAL A IR — A g FLAR R G K. IR R AR Ak T 7
FE R AT R R
Zﬁv@wm{mﬁ
Viy 2 V6kT
2 BRI ] (A 2 06 T 3R 2% 28 1 (o) L IR
JECT) JF IR R IR BE Cho) IRA -SR03 1 5K g
Cy) 03 FLBE A 0 56 (V) 1) o 8K, ph ab 3 455 780 ] i
N0 ) 2 FEFL B RE T 5 2 1Y) & L B[R]
2.3 EREKEBENNA

Enayati 8" 78 U HE SR IL ity b 1R 1T ok
JE PS/scCO, [A1# & AR & b JF L & i 1 3 72 2 50
T 3 2 R PR e T A RO B TR AR % DT
HEWT L R s g R A MR B SR IR IR L 7R PS/scCO,
R ZH TR E /) 13 MPa, AR 150 C, &b
RULEFE S 6 s 2k B2 55 4 F A g 45 2T L & 1 44
R 5 FE TN AW A . DL IF AL S L S8R
BB AR 3 A v AT Al R A TR RN AU A IR AR L 1Y 43 AT
AR, R 18 T FLBEIR 4R S SC B AR P I 00 2002 T R
FIR T AN R B0 2 T 5K A . 3 T 5K 0 B R %
R PR P T T B AR RN R T B R A B R e
W Z4 A B8] L N UL P g T BT 1 R I ]

At = (3)

3 FAlxigw e M AR E R

T FLIRE G W A Y b ek L A 1 AR L 2 3l 1 3 £L
45 BA ) Z PR RE L 15 TR 2 BFL R R N
XARITFLAE MY FRVFRL 5 IR MR P A b R
By AT AR & ARE o 0 A e 28 R A R L A 7R 2K
TR 25 ik bR
3.1 BEMH

FE H R AR TG AR A T BRI AT RO R R A S
R o P I T IR R A% i R 2 R R A AR
JE T AN Rl SR B 7R T B« RO R R o 1 A
AR 22 SMS Z0 il T E I BELE AL
L AE AN FL A R A0 PR R B AR O Ll
X Y6 L 45 R4 F) 2 1) RO A R LA G 42 T3 OR 44 R
AP PERE . R0 A AT R PR BE Y 2 B A 2 5L

A WA LR/ ALIF RS . Park -5l i 2 R
JE FL B P 2 AL S0 T R AR R M LR IR R
PR MIE A T B B A LR SF 9 3R R UK A
b gl S BB L I FE R 6L VR A PN S AL &5 R R
Eb oA i BRI AL TR AR /N 40 90 28 47 BT AR 10 SF- 35 1 FL B 42
5 B ASE AU rb I ) T AL I R 1) e PR B 3, WT A K
P2 = MBI M A PR . TR — B g /A A 224
BRADL T  %F O0E A J5 1 36 L T 0 a0E AT B B O A
AT N B 38 RS 56 R TS IE T 3R 2 R I TR A i LT
JBCRE 55 W 7R M RE TR G AR . 3 I R N R R R Y
LR PE BT A SR R 0 UK SRR 1 3 L O R A o A
FRACYE [ P 6T A B R TR IR TR BB ORI L 45 1
FrOEE . I F BEK RYBH P45 % 3 W 75 1k BE o A7
L 25 5L R I A R R B B A 1 AL T
L TE T SER A 0T S 9 LY RO R 15 Y0 I, W
PR B AT

TiAb S G UL IR R I ] A L A B v R PR RE Y
Jy—Fh AW . Sung SN AR AL EE 1 R SR, G 0
J N 28 1 1 & IR A R 2 G M R B Rk DA st L TR 2
AE . JEURH 0 FH ORI i 7 BHELJE 4% 2l 5 ifi L3 m T R
BF NI FLZ5 9 Y B0 T B 8 T R AR . SR
GER L, EHR B R R 1 0% B, 3815 B AL R
(0. 63) Fll e K P 2240 (0. 53) . AR Gk E Akt
4 il 3 SR W L OG E AA Rk BY) BEL @ SRR L T IR I R
A P 4 2 BEHLIE, Youn BEBIZH 58 5 78 FF AL B
ST I TR S RE ik A DA AL SRR 0 i R B O R
BT —FE S AR SR (SHE) . 2R FH ] 1 5
AL LR 2 7 TR B8R 11 ol O 45 4, o L W RS 1k B
HEAT BB, . (5 FL 25 R R W, SHF s (1 75 B JE M fg
B8 T B, LIS # 4y BT B, SHEs A
e F ORIl 1R BE AN LB B L TE T R B A R
P B B R AL AR IR Y S E R R O A ER

Wl
3.2 WER
5.2.1 47Ul MR

b 1ok R R i Y HE R R T I AR 2SI
SR 1)L, A7 1 Al — B2 4 BR B 05 AR 47 P AT 5 2 ki
H TSRS AT A5 R B B i B AR R A
SR A W A A it 20 BRI Rl R B R . A X
S5 3% A i IR B 5 e R A TR X — fR]
AR A BRI 55 T B o A0 i 0 BR300 g T 9K % B 5510 M 5
JCE B 580 ol T O AR W R 5 ) TR S A D AR L AS RE T1 i
HIF - PRI« %2 58 118 TR 2R VR R 70 3 2 o B I 5] i BB
. Wang S0 LUB I A SRR R R %
ST A o T FLIY R N U /R A e B AR (PP



6 BRI 72

2020 4 3 A

POE) R 16 PR 00k, il £ AT 20 52 (50 FH Wb R . Jd ot
FH B AR T PR P LA A . 3 e e i A
I S G Y TR A R 3R TR K R ER © b 1 W B L R
CCly FIFRCBETE 7K Y W B 3 7K J 18 55 52 36, 48 7
T PP/POE FFFL 0 UK 48 6} 9 B3 /K 4 R 55 ol 1 o % B
LI F W], PP/POE ¥ UK ¥R 09 W i P RE AL T 26 3R TN
WL IR RE A O PR R 4 S5 30 R B L 5 4l R Y A6
KB EHAE E PP/POE JF L iR 3R B A [ 4 1Y) 4 i
PEFD & B AT RSP o TR B R B A 0 S B v DAAS
e FARL RN B (8] P 5 I BF 58 T PP/POE 3K 1 W [ 2l
715 B R EK WL PP/POE iR AE 10 NG PR 55 T
BER I W B BB 7 o LA A KA W R R R 4 R] R
M. BN /POE JF AL K R A7 L% & L o
PR AN & - i N NV (€ SN B e N
Rt P BB O R S5 A A8 A ik R VA B B R A
18 07 FH I 5%
3.2.2  JREIKALEEAL R

TRV S R h N 28k 45 1 % J A ™ B W
J5E 7K 1l ISR F )R A A e Tl X IR R R TR K T R
0 Foe A SR s 0, R BR KA AR T Y ol A BE
HEL A B S R R K AL B R H R
Inik . REFEW R C R IR R (PUFs) i1 T H A K
PRI A AR AR PR LA L b e T AR L TR R L 2 LA A
R PR AR BB 5 B AR S S AR L R S BR KA
JoE Hh A% Bl TS G 1 P R TR B A4 B, Dorraji S55Y 41 T
— B A B8 A T L TR SR S U K SR Y B
tE RN RN U U R = R T e ]
(CAS) 9K i+, H04R 25+ [ 2 76 T FL 2R BRIk 2
B b A B CAS 40K UL ) T L 78S 3 20 7 K 48 kL
(PUF-CAS) ., 494 B3 Ba 45 SR L W1, A W] 7 240 90 ok 98
B 2 G R IIURE I SR 20T U R SR B AT T M o AL 2
Fyo DATEPERS 122 (RO122) R R 135 Ye ), R 58 T
PUF-CAS 1MW B 2R . 5 40 5 2 R 90 0K 98 B4 LE
PUF-CdS i T HA FF L4584 . b m Lok, %
AR I B0 W2 B RE L 7R W B S 8 h FE I 75 min, 4
BEEBRFRIRF T 90 %, X BN 602 . XFF 5L b
N7 KU, W] EE B G R AR . X PUF-
CdS Gk G MR BE T3 34T T 3 MER M E L
i S5 SRR e 20t 3 AR = M G . ok
X5 Y W 1) 23 BR AT 3k 80 %0 .
3.3 Hfttthggsr

AR (Il v/ = N PSS R g 15 B Y IS B 1
TR AL T R AF I AR DL AL R WA R S A
(0 T BE 2 43 1 A1 RE 2R 0 B B 628 MR A I 2
FAARFE G bR A R AR, B B B R A

SF I PR UL [ PR o R T R SR A AT I I AR
B2 R 5 A 4 T AR AR | A A 35 57 9 3 J e R A
P25 I A DG I RE S o) R, R T kB B EE MR
REE, MR AR W AT R S W 2 A b R
FUZ N T A LR 2 AL 9K SRR 1
£ AT A Ay W S R R 2 0 R FL IR (PLAD
FCELATRRSR A 7 L R A 0 T M B RN ) 2 R R I A A2
RVE B E TR E | a2y 5 B R (FDA) By it
W, FERUEH T HAEAY EFE N AT H/ER. Jasna
TSR A A AR Al B R A A
BEZnO) I L BRI i 45 1 R FLER (PLA) F1 5
FLER-B O WS (PLA-PCL) & 3258, ¥ 47 1F N A AL 57
B4 RITBIR AR o [ 2 7R & i s CR I 7 30 MPa & 1 i
110 O Z LAY RERFEAR L H s AR 3 K%
P IR (DRI SRS R EWEERIR G (i
T A e i IR W R s () B A A AL A . T
HL AR 2T A0 R IE SE T R AR AR AR AR RS A
B A B E R EA MR R MWL (Y
20 pm) AR B B HF LR (69 %6 ~ 77 Y0) FilA& 22 1 BT HE ik
BE{E (2. 8~8.3 MPa), PLA 5 PCL i %8 241
B4 O 25 i S5 R B e 5 B 389 7 AR S i 38 B
TR FLR % ORURE B R A . SRR A
T PLA B SCH0 H 4i PE AE  (H0 $A R0 P I i &5
Me) o 3 38 % AR ) SR AL R B SR Y A5 A L P R R
JIFPERE S AT D] TR R A ORHE N B R E
K1,

4 LHRIE

F L35 W b ek LG R (1 PR 3 3
YR IRAE A BT N T AR A i R B A
B K G KA B RL OGS AR R P R 25 4R 3
HUBERE I DR AR SR DT T . RE R R R A ANKRE
FULIRATRE BB 24 A2 7 SU AT VAL DA
REIRST VB AR A BE I L 25 W A% 3 55 ik SR 3t T
HHIHLE . E AT FL AR ] #id 2 LAY
fifp 35 RLARE AR 23 B 0k MR P 0k SR AL L T B AR T
I %A FEIR IR R TR E A A B 5% 45 n)
R M F AR A g — o 0 O 284 9 B2 59 A o 45 T AL
AR SUSA IR 1 AR RS WA By (4 SRR
L SCHRBE E R YR AN T TS MOkl
JEE A Y IR E] A Ay T LR 4D AR 23 5 e I AL TP
A T LA BEAE 5200 5 15 L B B RN I AL R L AL AR
T 5 B Gl U T e IR 9 AR s 9 Ah AR T LB R B
W AN R T 2 P BE A HL 3 RO BN B2 A B I A A%



548

5% 3 3

T LR 5 W0 bk B IF 5 % o 3 7

T o B o PRk A 9 L ) g 2 K 3R ) 9 R BT
RAFTE—LE PRI, 75 AR AR TS - il 3 T 58 2 Fh 2R
E PR TSN R 5 BERE TR B LR R R AR
PR S T B A B R R RE T AL LR A W K i
kB ) 5 FSE T RE BT B HLIE

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

9]

(10]

[11]

[12]

S &k

LIY, PEI X L, SHEN B, et al. Polyimide/graphene composite
foam sheets with ultrahigh thermostability for electromagnetic in-
terference shielding[ J]. RSC Advances, 2015, 5(31): 24342-
24351.
R IR R, E e . ML R R GRS E SR
W e REl) ], @& . 2017(3) : 33-41.
ZHAO J J, ZHANG X L, WANG X H, et al. Research progress
of microcellular foamed polymer-based conductive composites[ ] ].
Polymer Bulletin, 2017 (3): 33-41.
NOFAR M, AMELI A, PARK C B. Development of polylactide
bead foams with double crystal melting peaks[]J]. Polymer,
2015, 69(1): 83-94.
LEE S T. PARK C B, RAMESH N S. Polymeric foams: science
and technology[ M]. Boca Raton.FL:CRC Press, 2006.
LEE S T, PARK C B. Foam extrusion: principles and practice
[M]. Boca Raton,FL: CRC Press, 2000.
DAWSON R. COOPER A I, ADAMS D J. Nanoporous organic
polymer networks[ J]. Progress in Polymer Science, 2011, 37
(4): 530-563.
CHEN S C, LIAO W H, CHIEN R D. Structure and mechanical
properties of polystyrene foams made through microcellular injec-
tion molding wia control mechanisms of gas counter pressure and
mold temperature[ ] ]. International Communications in Heat &
Mass Transfer, 2012, 39(8): 1125-1131.
SIRIPURAPU S, GAY Y J. ROYER ] R. et al. Generation of
microcellular foams of PVDF and its blends using supercritical
carbon dioxide in a continuous process[]J]. Polymer, 2002, 43
(20): 5511-5520.
KUANG T, CHEN F, CHANG L, et al. Facile preparation of
open-cellular porous poly (l-lactic acid) scaffold by supercritical
carbon dioxide foaming for potential tissue engineering applica-
tions[J]. Chemical Engineering Journal, 2017, 307: 1017-1025.
AGHELINEJAD M, LEUNG S N. Fabrication of open-cell
thermoelectric polymer nanocomposites by template-assisted
multi-walled carbon nanotubes coating[ J]. Composites: Part B,
2018, 145: 100-107.
R R, PRSP RLT]. =Tk, 2018
(3): 1-11.
ZHANG Z J, HAN X J. Recent progress of antibacterial poly-
mers[ J]. Polymer Bulletin, 2018(3);: 1-11.
FBMEZR L R b0 8 R L L 55, FURGIREL EVA S48 K R
il 4 R KU PERELT ). APRE LA, 2016, 44(7):107-112,
ZHENG H D, QIU H F, ZHENG Y Y, et al. Preparation and
antibacterial property of EVA composite foams supported by

nano-silver[J]. Journal of Materials Engineering, 2016, 44(7) .

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

107-112.

PEXGH, ERTE ORI 45, AR/ AW B R AW M 4%
SRR SR SPERELT]. MR TR, 2009€10): 32-35

HUA X Y, WANG Y S, ZHAO P Z, et al. Properties and
structure of semirigid PU/ER interpenetrating polymer networks
foams[J]. Journal of Materials Engineering, 2009(10): 32-35.

MOSANENZADEH S G, PARK C B, ATALLA N, et al. De-
velopment of polylactide open-cell foams with bimodal structure
for high-acoustic absorption[J]. Journal of Applied Polymer Sci-
ence, 2014, 131(7). 2113-2124.

GHASEM N, AL-MARZOUQI M. Effect of polymer extrusion
temperature on poly (vinylidene {luoride) hollow fiber mem-
branes: properties and performance used as gas-liquid membrane
contactor for CO; absorption[ J]. Separation and Purification
Technology, 2012, 99; 91-103

SHEN X, ZHAO Y, CHEN L, et al. Structure and perform-
ance of temperature-sensitive poly(vinylidene fluoride) hollow fi-
ber membrane fabricated at different take-up speeds[J]. Polymer
Engineering & Science, 2013, 53(3): 571-579.

GONG P J. TANIGUCHI T, OHSHIMA M. Nanoporous
structure of the cell walls of polycarbonate foams[J]. Journal of
Materials Science, 2014, 49(6): 2605-2617.

CARTER K R, DIPIETRO R A, SANCHEZ M I, et al. Nano-
porous polyimides derived from highly fluorinated polyimide/poly
(propylene oxide) copolymers [ J]. Chemistry of Materials,
2016, 13(1): 213-221.

GUO G, MA Q, ZHAO B, et al. Ultrasound-assisted permea-
bility improvement and acoustic characterization for solid-state
fabricated PLA foams[]J]. Ultrasonics Sonochemistry, 2013, 20
(1) 137-143.

GANDHI A, ASIJA N, GAUR K K, et al. Ultrasound assisted
cyclic solid-state foaming for fabricating ultra-low density porous
acrylonitrile-butadiene-styrene foams [ J ]. Materials Letters,
2013, 94. 76-78.

TR 36 AN X BH 5%, 36 ARJBORLF X UR T SR T IA 2 & M kR
AT RS e L], R LA, 2017, 45(2) . 80-87.

HE Y, JIANG T H, LIU Y F, et al. Influence of rubber pow-
ders on foaming behavior and mechanical properties of foamed
polypropylene composites[ J]. Journal of Materials Engineering.,
2017, 45(2) . 80-87.

DERRICK T. Processing and analysis of microcellular open-cell
foams[ D|. Massachusetts: Massachusetts Institute of Technol-
ogy, 1994.

ERFAE L I PR AF. RN /L RARE R LRI LB R
il 4 e mERELT ). o> TR 5 TR, 2016, 32(12) .
133-138.

WANG S S, WANG K, PANG Y Y, et al. Preparation of open-
cell polypropylene/linear low density polyethylene blend foams
and the oil sorption performance[J]. Polymer Materials Science
&. Engineering, 2016, 32(12); 133-138.

YU P, MI H Y, HUANG A, et al. Effect of poly(butylenes
succinate) on poly (lactic acid) foaming behavior: formation of

open cell structure[J]. Industrial & Engineering Chemistry Re-



BRI 72

2020 4 3 A

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

search, 2015, 54(23): 6199-6207.

LEE J K, HAN C D. Evolution of polymer blend morphology
during compounding in an internal mixer[ J]. Polymer, 1999, 40
(23): 6277-6296.

RAVATI S, FAVIS B D. Morphological states for a ternary
polymer blend demonstrating complete wetting [ J]. Polymer,
2010, 51(€20): 4547-4561.

KONG W L, BAO J B, WANG ], et al. Preparation of open-
cell polymer foams by CO; assisted foaming of polymer blends
[J]. Polymer, 2016, 90 331-341.

ABETZ V, SIMON P F W. Phase behaviour and morphologies
of block copolymers M. Berlin, Heidelberg: Springer, 2005.
MACOSKO C W, JEON H K. HOYE T R. Reactions at poly-
mer-polymer interfaces for blend compatibilization[ J]. Progress
in Polymer Science, 2005, 30(8): 939-947.

SHINKAI T, ITO M, SUGIYAMA K, et al. Ordered and foam
structures of semifluorinated block copolymers in supercritical
carbon dioxide[ J]. Soft Matter, 2012, 8(21): 5811-5817.
ZHANG R, YOKOYAMA H. Fabrication of nanoporous struc-
tures in block copolymer using selective solvent assisted with
compressed carbon dioxide[ J]. Macromolecules, 2009, 42(10) ;
3559-3564.

SCHULZE M, HANDGE U A, ABETZ V. Preparation and
characterisation of open-celled foams using polystyrene-b-poly(4-
vinylpyridine) and poly (4-methylstyrene)-b-poly ( 4-vinylpyri-
dine) diblock copolymers[J]. Polymer, 2017, 108: 400-412.
WANG X X, LI W, KUMAR V. A method for solvent-free fab-
rication of porous polymer using solid-state foaming and ultra-
sound for tissue engineering applications [ ] ]. Biomaterials,
2006, 27(9): 1924-1929.

AURELIO S, SALVATORE I, NETTI P A. Open-pore biode-
gradable foams prepared via gas foaming and microparticulate
templating[ J]. Macromolecular Bioscience, 2010, 8(7): 655-
664.

SABOURIAN P, FROUNCHI M, DADBIN S. Polyvinyl alco-
hol and polyvinyl alcohol/polyvinyl pyrrolidone biomedical foams
crosslinked by gamma irradiation[ J]. Journal of Cellular Plas-
tics, 2017, 53(4): 359-372.
GONG P, OHSHIMA M. Open-—cell foams of polyethylene
terephthalate/bisphenol a polycarbonate blend[J]. Polymer En-
gineering &. Science, 2015, 55(2): 375-385.

WU W, CAO X W, LIN H, et al. Preparation of biodegradable
poly ( butylene succinate)/halloysite nanotube nanocomposite
foams using supercritical CO, as blowing agent[ J]. Springer
Netherlands, 2015, 22(9) . 177-187.

HARIKRISHNAN G, PATRO T U, KHAKHAR D V. Polyu-
rethane foam-clay nanocomposites: nanoclays as cell openers[ ] ].
Industrial & Engineering Chemistry Research, 2006, 45(21):
7126-7134.

RODEHEAVER B A,COLTON J S. Open-celled microcellular
thermoplastic foam[J]. Polymer Engineering and Science, 2001,
41(3): 380-400.

COLTON J S, SUH N P. Nucleation of microcellular foam: the-

[41]

[42]

[43]

[44]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

ory and practice[J]. Polymer Engineering &. Science, 1987, 27
(7): 500-503.

ENAYATI M, FAMILI M H N, JANANI H. Open-celled mi-
crocellular foaming and the formation of cellular structure by a
theoretical pattern in polystyrene[ J]. Iranian Polymer Journal,
2013, 22(6): 417-428.

HOANG M T, BONNET G, LUU H T et al. Linear elastic
properties derivation from microstructures representative of
transport parameters[ J]. Journal of the Acoustical Society of
America, 2014, 135(6): 3172-3185.

SAGARTZAZU X, HERVELLA-NIETO L, PAGALDAY ]
M. Review in sound absorbing materials[ J]. Archives of Com-
putational Methods in Engineering, 2008, 15(3): 311-342.
PARK J H, YANG S H, LEE H R, et al. Optimization of low
frequency sound absorption by cell size control and multiscale po-
roacoustics modeling[ J]. Journal of Sound and Vibration, 2017,
397. 17-30.

JU H P, MINN K S, LEE H R, et al. Cell openness manipula-
tion of low density polyurethane foam for efficient sound absorp-
tion[J7. Journal of Sound & Vibration, 2017, 406; 224-236.
SUNG G, KIM J] W, KIM J H. Fabrication of polyurethane
composite foams with magnesium hydroxide filler for improved
sound absorption [ J]. Journal of Industrial and Engineering
Chemistry, 2016, 44 99-104.

PARK J, YANG S H, MINN K S, et al. Design and numerical
analysis of syntactic hybrid foam for superiorsound absorption
[J]. Materials & Design, 2018, 142, 212-220.

WEI Q F, MATHER R R, FOTHERINGHAM A F, et al.
Evaluation of nonwoven polypropylene oil sorbents in marine oil-
spill recovery[ J]. Marine Pollution Bulletin, 2003, 46(6): 780-
783.

WANG S S, WANG K, PANG Y Y, et al. Open-cell polypro-
pylene/polyolefin elastomer blend foams fabricated for reusable
oil-sorption materials[J]. Journal of Applied Polymer Science,
2016, 133(33): 43812-43822.

ZHANG Q H, YANG W N, NGO H H, et al. Current status
of urban wastewater treatment plants in China[ J]. Environment
International, 2016, 92. 11-22.

DORRAJI M S S, ASHJARI H R. RASOULIFARD M H. et
al. Polyurethane foam-cadmium sulfide nanocomposite with open
cell structure; dye removal and antibacterial applications[]].
Korean Journal of Chemical Engineering, 2017, 34 (2). 547-
554.

DEHGHANI Z, NADAFAN M, MALEKFAR R, et al. Meas-
urement of third order nonlinear optical susceptibility of polyure-
thane-containing silica nanocomposites by Z-scan method[J]. In-
organic and Nano-Metal Chemistry, 2017, 47(9) . 1342-1347.
STIPNIECE L. NARKEVICA I, SOKOLOVA M, et al. Novel
scaffolds based on hydroxyapatite/poly(vinyl alcohol) nanocom-
posite coated porous TiO, ceramics for bone tissue engineering
[J]. Ceramic International, 2016, 42(1); 1530-1537.

JING X, MI H Y, TURNG L S. Comparison between PCL/
hydroxyapatite ( HA) and PCL/halloysite nanotube ( HNT)



Fas B3 TFFLBY S & W A LR R B9 WF 5 S oL 3t 9

composite scaffolds prepared by co-extrusion and gas foaming

[J]. Materials Science & Engineering: C, 2017, 72: 53-61. ESTE :ERARFE SR BIE (50772131 5 B & w5 B B AR B 5
[55] JEDDIJ, KATBAB A A. The electrical conductivity and EMI RV RIBUH (2011AA322100) 3 7 #6 T4 T H (106086) 5 4 2 4%

shielding properties of polyurethane foam/silicone rubber/carbon FLARBLI AL 5 3% & 509 By 5 B (2010YJ05)

black/nanographite hybrid composites[J]. Polymer Composites, W im HH:2019-04-03;f8iT HEF:2019-11-11

2018, 39(10): 3452-3460. WIS KRR Q965 —), 5 b RS A B AR R
[56] FELDMAN D. Polymer nanocomposites in medicine[J]. Journal W 5 & B R Mk b BT AT e X 24 Be i T 11 S E 5k K2 (b

of Macromolecular Science; Part A, 2016, 53(1);: 55-62. FO 4B HEM B FE T (100083) , E-mail : z. zengzhi@163. com

[57] IVANOVIC J, REZWAN K, KROLL S. Supercritical CO; dep-
osition and foaming process for fabrication of biopolyester-ZnO

bone scaffolds[ J]. Journal of Applied Polymer Science, 2018,
135(7) 1-11. (KL% . %)



