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Preparation and characterization of corn starch/polyvinyl alcohol
composite foaming material

LIU Yue, TIAN Jing-zhi* , ZHENG Yong-jie
(School of Chemistry and Chemical Engineering, Qiqihar University, Qigihar 161006, China)

Abstract: Using corn starch and polyvinyl alcohol ( PVA) as raw materials, sodium bicarbonate and
azodicarbonamide ( ADC) as foaming agent respectively, and formaldehyde as a crosslinking agent, a biodegradable
composite foam material is prepared by baking-foaming method and solidification through acetalization reaction. The
effects of the synthetic conditions on material properties are explored , including: the effects of the ratio of starch to PVA,
the adding amounts of formaldehyde and foaming agent on water absorption rate,rebound rate and density of the material ;
the effects of the degree of PVA alcoholysis, the types of foaming agent on the heat resistance and cell morphology of the
material ; the effects of the degree of PVA alcoholysis and different foaming agents on the water absorption and
performance of the material ; the influence of the adding amount of starch on the degradation rate of the material. The
results show that the water absorption of the obtained material can reach 3. 84 times when m( corn starch) :m(PVAI17-
99)=1:1,the mass fraction of formaldehyde added is 12% ,and the mass fraction of foaming agent is 1. 5%.The sample
has a density of 0.330 7 g+cm™ >, a rebound rate of 100%,and shows a spatial network structure and an evenly and
densely distributed vesicles.PVA 17-88 has better water absorption than PVA 17-99.The material prepared by using ADC
as foaming agent has a lower density and a lower heat-resistant temperature than the material prepared by using NaHCO,
as foaming agent. The material has good degradation performance with a weight loss rate around 39% when m ( corn
starch) :m(PVA17-99)=1:1.

Key words: corn starch; polyvinyl alcohol; foaming material

HLRIBR 2 T AATAE 6 4 4% ek, D T FR A 24 1 2 €0 T R gt A LA 5 1 A

BHEEN GRG0 F Rk
A FHAN ST FEAS AT 1A B A A BT, i X 2t
DAAEAF W PR 8 e i LR fe 0 IR, DA AT
A ISR ARAS TP AR BT IR JEORL ] 5 A 1 4 ] e fi
HLRPPRERE SCE R, JE A D 2 2 AT A ) e i

%5 B #A.2020-02-28 ; i€ B H #1 : 2020-04-08
E£WA  BIRITA RO 2=BH0 H (YSTSXK201810)

SR FLRR (PLA) 5 HIBIETER (TPS) HHR @
IR I s HA TR SR PR
PEEA RN B4 i T A AT 52 B BRI
IR LU Il S AR 285 , 3 3k A 3 ) 4 PLA/
TEAR SRR T 5 A TR AR 5 R R A

YEBRN I (1997-) , Lo WHWF5EAE TR 5E 07 1) Sy BRE ARl 45 55 0, 2694572193 @ qq.com; IS (1964-) , L, Wi+ ##% Wi +-/E S
Ui, =R AORH 45 5 0 38 I R A 1j26666@ 163.com,



. 108 - A, A L 40556 B
PEREMREIE , DL EAR S AR W) SR i AR 2 e ) BEE AL BRI R AR T,
RO, T B o O TE A B AR 2 K B e A N 8 h, BRI A5 Ve K/ B M 2 A R kL, T
FHECT BT LB EE SR BERER ¥/ R OB R A 20 AR A 1 B

ROMGHE(PVA) W AR o0 i, BA 5K %
PERE , ANAEAE FUIE AR 25 PRI R, AT
TER/ R CARBEIR MR il 25 FEIT T R T
B ALFRRE B HERE AR vt R Ty
¥, Wang %1 LUTERY PVA O JEURE, SR AR 32
il 9 BELEA A2 ) T ST PRI L il B 25 PR 20
BELRAERE Y 5200, 018 SC 4570 3 1o 9 PR M8 1k
KIER , I FHAR T B o 4 T A g 9 e A 0 A
PRI T VEMT A i A5 DR 300 RO 6 A 1 BE A 52
BRAEN B AT SR BLEE 3 AR 5 kXt
TEM AR REI | e BE 4 AR IR IS 1] | 24 v 79
FHEE BT AT e A AR HAHLE A ORI

FURT, M2 505 £ a4 TP I VL TR 2 4 e A A
BN R A AT AT R, EL A AR A1 i
k22, B LATORTER (PVA D JEURE, SR T AL 1%
KL TT I8, AT SO0 [ A B R ] 2 — b A2 5 A
HARL, TR S PVA BCLLE, 72250 5 N3 b
P BT B AR A, SO e 3R IR 7 . Y
FAR BN AT AR S B A5 S IR TR, ol A4 A AT e 42
i, SCATAE A [ R A AR B T F T2

1 LIEEH

1.1 FEFEM

PVA 17-99 PVA 17-88, Kt Uik T.) 4
77 U KRBT R BRAE 2R R A AE7 #h
PR, 3077 SR a0 AT BR A B AR 77 5 WA A 0 0 R U
TR A AR AT B J AR 7™ s iR &40 , R L
AL SRR A BR A w AR oS bk = R B
KEETOCE R AL TSR AR 7 WAk, R e i 4
FEM AR PR wl A7 AR — H mERE , WL o% 48
BIBRME A BR A R A FORTEM , KIA T &AW
TRERABRAFAE™,
1.2 KEFHE

4 PVA FIZERIBRACMA BB A B PEAS 258K &
T = FUR T NI S0°CER 2 h, FHE 2
90°C LA L AHE 1 h J5 P i & | If (i g bl e &
RO TERAR A 1, By 1 A, FRIR B R R
B

FRECPVA W R 7 G H bl Sl i
TR =FR i, RE IR BT 2 55, A oK TE#
VW, VAT pHL, m A H A Bl ) B 314k 590 Ji5 5 7

e
sez.amm 2 PR (ot | st

BAKE

4 RN — P ) PR
W1 wEh/ ROEELZ BN ST RE

1.3 RIESWRFE
13,1 AR ERALE 0y ml X

RIS GB/T 6343—1995 , J 145 6 WL 35 %

p=m/V

K HRWE L ;m HHESL B BT V RS Y
LN
1.3.2  #AHRK el

AR SG-232-81, 1AM K .

X = (G, -6,)/G,

K. X HWIKE 6, oK ATRES T G, )
IKJERE S T i
1.3.3 A rw g X

FHFBF RS 7= i, WLEE 7™ OB R Y 0] 52 4%
FrAese A BIFR LM a1 52 225 100%
1.3.4  Hotat o gt a9 ml X

RIS [E NETZSCH 2 ] 42 7= /) STA 449 F3
Jupiter Y [F]25H 3 B SO B4 204 7 $A ) 4K, 5 45¢
MR il 25 18 T A3 ff A6 00, 4R 58 PVA B2 fif
FE VEM ACHRARR L | R U Fh X b4 ettt HA Mt e 7 1
=AU
1.3.5 A4 A e mX

FIHZEE PE A R4 1 Spotlight 400 BT 5k
LT MU AR R GEXT M R AT R4 T RAE AT
1.3.6  #HaILTH &M eml X

A H A H L8 /A 77 1) s—3400 BU4T 4 HL -
WM EIE
1.3.7 MAEEFegnK

AR R R RE G B R w0 2w MR PR
JEHA L5810 em DAF AL, IFRERE 15 d HU, H S
PP P e S R T 2 TS AR, A L3 JF:
AR,

w=[(my —m;)/m,] x 100%

K w SRR m, FFE A g8 T T m,
SRR A 4 B B



2020 6 B

2 HR5HE

2.1 PVA S5ig#RELL #9200

PVA 55 3E k3 B L X AR i 35 1 BT,
Hi 1 TP T LU Y BEAE PVA 5080 BT i e s i,
T ISOK AR B L | BTG R AT 2 AR
o TER T G B BRI EIA SRR . IS
3 AR IR I FL AL 2] A BRI AL IR B 1 B
G U RE A S LN A B AL A 392 R
DRI WL 2,

R 1 PVA 5iMpRE L3 AR EERIE
m(PVA) :m (M) BOKFAE B/ (grem™)  [IFR/%

1.0:2.0 4.36 TG RBERFT 100
I, A
Tk N ik 2 B

1.5:2.0 4.54 0.3221 100

1.0:1.0 3.84 0.3307 100

2.0:1.5 3.25 0. 3807 100

2.0:1.0 3.78 0. 3559 100

(a)m(PVA) :m(JEH) =
1.0:2.0 1.0:1.0
B2 &2 A A

(b)m(PVA) :m(FEH}) =

BEE PVA STEh e L A8, A i 0] A
[] , AR T AR B2 8, {ELR S B 58 42 /Y PVA Jo
SRR, 2 B BN, LR AR
BB/ WK ASAR DA
2.2 HERESEXTEIEERRKENRNT

PR I 3 JBOG AP RHE B IR R B R M A ] 3

6f 1 035 &
€ g
¥ st 3 0.34 2
s =
at — 033 &
3 10 12 14 032
VR I A B %

15 2— KR
W3 FEE 2B R AR B

MR%E . EXEY RIGEE S B HIEVHISE 5RIE - 109 -

Firon . WS40 80N 11.98% 2 13. 92% B i 4
FRA AL T E I 4 BT

=
(a) PP 0 40Ch 11.98%

W4 #METHEHA

(b) FEE BT R0 13. 92%

Hi & 3 FTLLE L, B P o o B B, g
IKREFRBEAIG 33X S PR hy it Y T8 S 43 5 34 o, 4
PR AR BE 0K, 27Kk A8 F2 3k 2, DT 5 8507
B KGR IAR . B 4 AT LA, B T 4 8
B, Z2 AT WS TCIRR RE S5, 4 T4 AZ B RE s
55, FEGPRT SR RN
2.3 kA7 REN A B R R KRN

2 ) 5 A 43 5O WA e B K SR A 5 M A
B S iR, HE S TR M, i NaHCO, JitH 4
BRI, WK A R 25 BN M %
TR T 73 BN 1. 5% B, WK 58 T %% B #0 38 Bk
B, {24 360 590 1) Jo o 43 A0 K 3 2. 0% B, AL
FETE A, B R e, ARl 6 s, H el A
D, B2 2 0390 Jo s o R R 36 o, = A S M 3
DRl e K A %6 5 8 A A Ak, (AR R i kR s
T PVA SRR, B 75 7 VB2 B AR 24, 224 & 0 59 o o

6.0 0.34

5.5F 0.32 ~

S g

5.0 °

) 030 &

Hys i

’ 0.28 &
40t

10 35 70 0%
KBTI RSB %

1—5J  2— KR
B 5 KM FTE 2 B AR B

B6 a3k m KB E



- 110 - A AL T

SR SERE TN | 7 A SRR ALK , S B R
eI BUE R LAY
2.4 PVA BERfREXIHENERE R R
S5 th % ] PVAL7 — 99, PVAL7 - 88, % %%
PVA17-99 PVA17-88 Bfi & Xt A4 P BE 1 5% 1,
ZERER 2 PR,
*F 2 PVA BEfFE @XM RE 0
PVA  [EfREE/ %  WOKE/AE  FE/(grem™)  [IFER/%
17-99 99 3.84 0. 3307 100

17-88 88 5.26 0. 2685 100

5 PVA17-99 # [, PVA17-88 Fir il £ i 4 k)
WRKAR TR 2% BT /N, PVALT -88 R A FEAE
1700 Ze 45 BEEA FE AE 88% 2247, BEfRANSE 4, 0 T
WIS — s S R IR 5L, b L2 (R 7 BRLAS K ,
T PVA RYRUAE B I 55 53 F [l 5l 4+ N A T,
i PVA R T: i, PRI T 266 13 A1 B
BUNEIE ALY, PVAIT-99 5 PVA17-88 HYE
B, (N BRI 99% Fe Ay | BEMR IEAR 58 4, 4y
TN BRI BETR TR SEAR /D LK W 1 66 A BT kg
hn., Bk, 5 PVA17-88 AH H & b REISS , B L%
FERR KA/ N 3 5 U BT T A 3 A 2518
—5,

2.5 AREFEZ BT RIERE RN
P NaHCO, 5 ADC Jhy & 3 700 JU il 4 1) #4

FESUNE 7 TR,

(b) ADC N & a5

(a) NaHCO, g %33
B 7 A R A R A R

AN ARG A B EBE RS M ane 3 R
£3 RBFFEI AR

S BRI % WOKFRAR EE/ (grem™) IR/ %
NaHCO;  1.40 3. 84 0.3307 100

ADC 1. 41 3.70 0.2736 100

3 WTLLAE 1, 5 NaHCO, i & W3 i 1k
FHEE , ADC Sl &% H 750 (5 4R B 28 B 35 /08 X 2 TRl
ADC 32 4 3 fi# 77 A= N, CO Il €O, % <Ak, i

B40EE 6 H

NaHCO, 73 7= £ Na,CO, . H,0 & CO, Ak, i1t
A VLB W I BB ADC & L) BT 77 A S A
Z I BN
2.6 SEM/PVA IV BE B

KA RHPERE MR A 8 s, &l 8 2k
1 AJLLE Y, 4l PVA17-99 il 4544 B Ao AL 46 43 firt
MEEN 276. 47°C , 5 Ul N 373, 47°C, 5% H i i
PN 10.05%; KL 8 ik 2 AT LAt JER/
PVA17-99 ALY L 4 43 A T BE A 279. 87°C, 3 ki
IR 388. 87°C , 5% BA i it 43 B0CH 10.09% ., Hi itk
AL, S A Y A IS 7 A R R s it T o v
T it P R A A IO A 1 i AR e ) i TR
ERAMHTEA, mE S ik 3 LA H, L
ADC Ay J2 590 A BA 4 0 Ti A B T g 22, Hole i
SYRTEBE N 207.94°C , 5 5500 220. 94°C | 5% B4 it
BN 8. 03% , 226. 94°C I T F a3 T
VG BT 220°C 24 R AR SR R 2% X R F
ADC 5243t IS SRR (HNCO) A1 N, RIIE R 5E 4
HE

0 200 400 600
REE/C

1—PVA17-99 & HHHL;2—PVA1799/ FEH#) & AT KL
3—Lh ADC N & 357 0 & it kAR

K8 FRWTG %
2.7 LIAMIES T
PR LT AN A 9 Bk

T4

1731.74

3
332768 172553 70235 63533

A R AN BN
124245 \/aalm 79536
1

341918 1358.6
1240.45 ggéh& P

1067.06 |

2000 3000 2000 1000 0
WeH/em!

1—4 PVA17-99;2—PVA17-99/3E85 ; 3—ADC 1E R &5
4—PVA17-88/FEH)

B9 &R A K 21 50 o 1

&9 drhk 1 af AF 1,3 419. 18 em 'Ab K
FRELAP4E IR B I ) 1 358 em ™! &b Ry 3R A T P AL



2020 FE 6 B

PRz, e FR A AR 30 V7R 3 670 ~ 3 230
em™ Z 18] HAIE S A0 e L A I 1 AT Hh R A i ) {1
WS sl L AR 5 LR R IE 22 [ R AR 46, A
SR R 1 067. 06 em™" Ay Tk S ) AS X FR A
EYRENIE 1 240. 45 836.70 cm™' 5 796.58 cm™' Ny
WAL A WRRIE G | U BHZ A B & A 40 1 Ak B g
BT R I AR, T E— 2R B T e b D 2

i 9 Wik 2 T LUE SR 1 SEARHL,
{HH 1240 836 em ™ Fil 795 em™' 22 A7 1) W WA UG 53R
JEE B Sl ek 557 , 100 HH B S A B W 1 A R kb (L H
i VAR MU 16 B 3850 F SR E By T
FERE T ACHE

H I 9 Hrgk 3 T LAE L, LA ADC Sk & a5 fir
HFSARIAE 3 327. 88 em ™ Ak H B 1 MRS A W U
U, A PR A AR R R Bl 0, 1 725. 53 em™ AR
O P T 1 3¢ 35 v 4 41 8 0, 635. 33 em ™' AT 702. 35
em  HELBEIEIV | VHF, BAHI LR ADC 43 1R
WK, A HNCO 1L,

HE 9 ik 4 WTLIE W, 5 1 ML, PVA
17-88/FEM A RIAE 1 731. 74 em ™" Ab Hy B AY HRAE 14
SRR AR AE B s 2 1 1350 em™ AR
LR N RSN, i<k 4 T 1350 em ™ ZE AT B
Wl 2% Ui PVA17-88 5 PVA 17-99 A b B fi
AGE4s A F N & A — o e B R IR A
2.8 RAWBEIH

MR ER B A 10 Bros, #E 10 o]
DA H, B WS 3 BH fl 9 5 3 BRIDURE , B PV A

SR VEIR L, di& 10 (a) sPal LI Y, 46

(c)TEKS/PVA 17-88 Ik

H10 &FaeyaEHesERE

MR%E . EXEY RIGEE S B HIEVHISE 5RIE - 111 -

PVA17-99 Bl #5 A8 R+ 3 A 1Y) = 4 b g IR 45
¥, L4228 100 pm Z2f5, HIE 10(b) AT LUA Y, H:
WALFLAZR T K, FT3A 150 wm 2247, 1 HAL 54L2 )
BVF LALLM AR 508 |, A MR S BT L5
o ELA A (R IR K P B T 5 RELH 1 4 () R
HRGERE AT PR R AP sk M A2 2 Al 10(c)
AILUE Y, 5E 10(b) A, FLAER B s/ HI3 5],
WAL, S5 10(a) M EL, WK A 3 b,
WEEE, M 10(d) TRLEH, 5 NaHCO, A&
WHIIE 10(b) M EE, LA ADC 4 & 105 B b R FL AR
Y/ B R BRI FL RGBT
2.9 SEMIRMMEX R R AR

AN TR GE A5 S 00 £ X6 A Rk 626 ik 1 1 5 e 4 [
11 s, HE ] LA MR R R BEE
of figt ) ) S A S R L T AE 15~
30 d B, ARk 2GR IG I e, o m (PVA) -
m(JER )= 1.5:2. 0 (2 T RIE e e, 32 H o 7
FR R V8 et [ (R 45 PF SR I A e 2 25 R
SEHRANTE A M BRGS0 AR 4 5 Bk 1Y) U A S Bl A=
Py WA | 4 ik, A 2 R R R bk, 7 3 30 ~
60 d Fif , AN [ 3 K3 U 0 A A4 R I 2K R R TR
Fat, B PR R AR B SR I TE Ry LB 43 o 4 T 5
i e A= sC BRI Ve b, BT 25 5 T IS %,
TR 4353 F POME FE RS R, R e e} 2K B 3R 1 1
TR BT TR,

0 15 30 60 75 90

a5
i) /d

1—m(PVA) :m( &)= 1.5:2.0;

2—m(PVA) :m(JEH)=1.0:1.0;

3—m(PVA) :m(TEM)=2.0:1.5;

4—m(PVA) :m(FEH)=2.0:1.0

A1l ERAmExE s K EmrR#
M fE By 5

FE L3 60~75 d B, BPRFR SR LT
HOH m(PVA) tm (FERY) = 1. 0:1. 0 Uil 1544 4
% T AR HG I AR5 A BT A LA AR A HeE
PR RFRIRE] 39% , X A& KM LS /DN, il
FLE S 0, ARG T T 50 A= W R 5 9 He R AR, 4



112 - A AL T

i P, X5 PVA 5 5K o L Xt b L 4 B 11
SR TS 2 10 45 LR — B .
2.10 BHEREXMN

TEK (CH,,05),(n=800~3 000) & —Fh LI a—
D—7S IR IR Ry FEAR S A I 22 B2 R
TFRRAKACY) , BLAT ELBE AN B 2 Bl oy T e,
mE 12 frs,

CH,0H CH,0H CH,0H
Q 0 (0}
" 4w H |Hh
HOH

OH H OH H

HO o-\oH H/0
H H OH H OH

n

(a) EHEEVER

CHOH  CH,OH
0
0 0

CHOH  CH, CH,OH CHOH CH,0H
) ﬁ JC/I ) D
0 0] 0} (0] 0

|
CH,OH CHOH CH
0 0

2

0 0 0 0-
(b) S HEVE R
B 12 B A XA B F A

HITEA A AT, RARTEN AT AE R R
(A 731 PN Lo o1 [l A7 A 2 56 2 00 S B T
P BORIRVER Y FRIBPE 22 R Sy I R4k, i
Gy RAE AT B, 7 X R AR E R BEAT B
P, LAY G L2

LAV DRy 52500, FERRE 25 1F R 5 3k 70 1 b
AR IE S NE o8 22198 i 1 S M AR TE 1) = 2 44
ARG, BRI IEFL BRI e T ) B 2R S, LU
H TSI BONE ) A2 2R BE R TR 5 R AR, e o
TN KT T R T 0 W S0, A R e T BE A
A A | DA 7 i B T R R L e 5 U0 ) A M e
PVA ZRA5 A ORI AR [ A R, 16 48 5 10 o 7
HRIE 5 2 AR O, IR A KA O AN 13
JIes , W RIS IR, S IG5, A 2 e 1 e
IR

VIV CH—CH,—CH—CH, V\/\® + HCHO L
OH OH
VAV CH—CH—CH—CH N + RO
0 0
\CHZ/

W13 58 KM 7 2

B40EE 6 H

3 &g

SR FMERE 1 e WAL R 1) vk 4 T UE R/
PVA AR R & &k, FIH IR . SEM K& TG
GRIEFBXTE A M B EITE5 JE 5 e %
fE, FEAFH LA oe s 3

(1)@ IR DA RN E fig A, U BTE K 28 3k
IV K PVA 45 FEA S N S & A JH v R JREE D2 i £k
FISGRACERF . M SEM 20t & B, JE R 5 PVA 1Y
FHAPEARLT , Pl 48 (0 52 65 Ao bR R+ 20 B Y
=Y EIREE

(2) 2 m(PVA) :m (TR )= 1:1 PR /34K
F12% KK BN 1. 5%, il 2 &
RAMRH AL AT A0 35T, KR h 3. 84 A, [n] 3
A 100% , B EN 0.330 7 g/em’,

(3) B4 PVA B B A5 A ORE A IROK P A
7,5 PVA 17-99 #H ., PVA 17-88 Tl #544 K} i
IR A T 5 TR, & 50 b 28 B AN [ 6 A ) 5 i
W4y, 5 NaHCO, Mk, LI ADC % 0 5) fir
TS B R} 2 B2 TN AR TR AR 22

(4)Z m(PVA) :m(JE#Y) = 1:1 HEERY BT )
B 12% K HFN B 43 80N 1. 5%, Br il #5152
G R MAPRLEB T 0 ff M RE 2 H18 75 d B,
KRN IRE] 39% 447,

S 3k

[1] Soykeabkaew N, Thanomsilp C, Suwantong O. A review: Starch-
based composite foams| J]. Composites Part A Applied Science &
Manufacturing,2015,78 :246-263.

(2] BT, EE, ZRRELE, 25 JER FE A W T W A AR B T 50 08 g
(0] B 24, 2019,19(5) : 1-7.

[3] Nai,Zill-i-Huma, Khalid Mahmood et al. A review on versatile ap-
plications of blends and composites of pullulan with natural and
synthetic polymers [ J 1. International Journal of Biological Macro-
molecules ; Structure, Function and Interactions, 2018, 120 603~
632.

(4] fof FAE, 2202 T, T3 WM, 5. T8 b0 T80 1 5 3 B o P 0F 5 0 e
[J7. 36,2014 ,34(12) :25-28.

[5] Ohn J S,Kim H K,Kim S W et al.Biodegradable foam cushions as
ecofriendly packaging materials [ J ]. Sustainability, 2019, 11 (6) :
1-13.

(6] FakTE, HRORIR, TR, 4F. 15 3R K A E TR/ PVA A F ]
MG RS HEREL T ] BARIE T, 2019,39(4) :81-84.

[7] Feri ] M, Garcia-Garcia D, Sanchez-Nacher L, et al.The effection
of maleinized linseed oil(MLO) on mechanical performance of poly

(lacticacid ) -thermoplastic starch ( PLA-TPS) blends[ J ].Carbohy-



2020 6 B

[8

[

[9]

[10]

—
—_
—_

[

[15]

[16]

[14]

[15]

[16]

drate Polmers,2016,147(8) :60-68.

ILBER, A, TR, 45 R ILRR/ VE Ry R A A ) 2 S
RELT]. TREHRLIN T, 2016,44(9) :13-17,

Rodriguez M A, Simoes R D, Roman S, et al. Foaming of EVA/
starch blends ; Characterization of the structure , physical properties,
and biodegradability [ J ].Polymer Engineering and Science,2012,
52(1) :62-70.

Chen L,Wang Y F,Yu L,et al.Thermal degradation and stability of
starch under different processing conditions [ J ]. Starch/Stirke,
2013,65(1/2) :48-60.

AR, P55 WRI 3C, 5 SRy ST i i e E s BRAR [ ] 4
FEEINT., 2019, (8) :78-80.

T2 A, e 5 0 By B Y0 R SR 67 98 7K bR
B S PERE( D). m 2 T AL RRLE 5 T2 ,2017,33(6) : 105-
112.

Cut JF,LiFY,LiJY,et al.Effects of magnesium hydroxide on the
properties of starch/plant fiber composites with foam structure[ J].
RSC Advances,2019,9:17405-17413.

Mendes J F, Paschoalin R T, Carmona V B, et al. Biodegradable
polymer blends based on corn starch and thermoplastic chitosan
processed by extrusion [ ] ]. Carbohydrate Polymers: Scientific and
Technological Aspects of Industrially Important Polysaccharides,
2016,137.:452-458.

Vargas-Torres A, Palma-Rodriguez H M, Berrios J D J, et al.Biode-
gradable baked foam made with chayotextle starch mixed with plan-
tain flour and wood fiber: ARTICLE[ J ] .Journal of Applied Polymer
Science ,2017,134(48) :45565.

Wang Y,Su Q, Wang H, et al.Molded environment-friendly flame-

(E#% 106 W)

Yang Z,Zhu X, Wang K, et al.Preparation of NiCo,S, flaky arrays
on Ni foam as binder-free supercapacitor electrode[ J].Applied Sur-
face Science,2015,347.690-695.

Kumar M S, Bhagavath N, Batabyal S K, et al.Glycine-assisted hy-
drothermal synthesis of NiCo, S, as an active electrode material for
supercapacitors| J].Journal of Science ; Advanced Materials and De-
vices,2019,4:376-380.

Chen X, Chen D, Cuo X, et al.Facile growth of caterpillar-like
NiCo, S, nanocrystal arrays on nickle foam for high-performance su-
percapacitors[ J ]. ACS Applied Materials & Interfaces, 2019, 9.
18774-18781.

Liang K, He W, Deng X, et al. Controlled synthesis of NiCo,S,
hollow spheres as high-performance electrode materials for superca-
pacitors[ J ]. Journal of Alloys and Compounds, 2019, 7351395~
1401.

Xiao J, Wan L, Yang S, et al.Design hierarchical electrodes with

highly conductive NiCo,S, nanotube Arrays grown on carbon fiber

MR%E . EXEY RIGEE S B HIEVHISE 5RIE

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[17]

[18]

[19]

[20]

[21]

- 113 -

retardant foaming material with high strength based on comn starch
modified by crosslinking and grafting [ J ]. Journal of Applied
Polymer Science,2018,136(11) :47193.

RIS, ARG, WP, SF. PVAL/BCME SE M &R A & 1 R
il g M AEREL )] TR, 2017, (10) :103-107.

2R AR, TR L, AR T B RN UE B A I 5
[J].98%},2015,44(3) :103-105.

Nonhlanhla M, Yahya C,Pradeep K, et al.A review of the chemical
modification techniques of starch [ J]. Carbohydrate Polymers,
2017,157:1226-1236.

Nazli, Zill-i-Huma , Khalid Mahmood , et al.A review on versatile ap-
plications of blends and composites of pullulan with natural and
synthetic polymers [ J ]. International Journal of Biological Macro-
molecules:; Structure, Function and Interactions, 2018, 120 603
632.

Tabasum S, Younas M, Zaeem M A, et al.A review on blending of
corn starch with natural and synthetic polymers,and inorganic nan-
oparticles with mathematical modeling[ J ]. International Journal of
Biological Macromolecules,2018,122:969-996.

Manuel M A J, Yaiza B G, Rosell C M, et al.Quantifying the surface
properties of enzymatically-made porous starches by using a surface
energy analyzer|[ J].Carbohydrate Polymers,2018,200:543-551.
Gnana P D,Li J S,Chen G B, et al.Prediction of swelling behavior
of crosslinked maize starch suspensions [ J ]. Carbohydrate
Polymers,2018,199:331-340.

Frida, Iselau, Krister, et al.Surface treatment by hydrophobic parti-
cles: Influence of starch and ionic strength[ J]. ACS Sustainable

Chem Eng,2017,5:6107-6115. 1

paper for high-performance pseudocapacitors [ J ]. Nano Letter,
2014,14.831-838.

Yan T,Li R, Li Z.Facile construction of three-dimensional NiCo,S,
with tremella-like morphology for high-performance supercapacitors
[ J].Materials Letters,2016,167:234-237.

Cao C Y,Guo W,Cui Z M,et al.Microwave-assisted gas/liquid in-
terfacial synthesis of flowerlike NiO hollow nanosphere precursors
and their application as supercapacitor electrodes [ J ]. Journal of
Materials Chemistry,2011,21:3204-3209.

Huang Z,Zhang H, Chen Y, et al. Microwave-assisted synthesis of
functionalized graphene on Ni foam as electrodes for supercapacitor
application[ J ] .Electrochimica Acta,2013,108:421-428.

Pu J,Wang T,Wang H et al.Direct growth of NiCo, S, nanotube ar-
rays on nickel foam as high-performance binder-free electrodes for
supercapacitors| J | .Cheminform,2014,79,577-583.

Kong W, Lu C, Zhang W, et al. Homogeneous core-shell NiCo,S,
nanostructures supported on nickel foam for supercapacitors [ J ].

Journal of Materials Chemistry A,2015,3:12452-12460.1



