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R LM (polyvinyl alcohol, PVA) J&—Fh £ 23k |
KEHEREY, AR LYl R
PERIK Y, 81z 0 TR . 2L A
TAYE R Y {2 PVA B 5 K R T
HAp2erkaeny e, B 7 HYER . B. Ramaraj
S U S L VA O A T 45 T PVA/LDH 40K & A
W, {HRE%E LDH & & MR MR, 1% A Wi
MRS EERER, HAMCKZU M LDH B 2 S, 78
PVA ARG, 520 T PVA/LDH &5 5 )
“EPEREMHE S

AT 7 400 o T AN A I B v ) £ LDH-aCNTs
grkZeib bR, R PVA FI#3%5H1 LDH-aCNTs |
(1) E5 SV BB T ] () s R B4R P i 45 =5 M R PVA/LDH-
aCNTs 24 L i, Jf 43 #r LDH-aCNTs 7 & Xf PVA/
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1) BPRSEGH

PVA1799, Zr#frali, BN 98%~99%, Fifi
THIABR A

FALEE (MgClLe6H,0 ) . SfLHh (AICL+6H,0 ) ,
Bk ot e, KRR RGRHA BRA A 5

BRIREN (Na,CO;) . Z & ALEN (NaOH ) FITE/K
CTE, Bk orpral, AR A BRA F

iz 1k Bk 90 K 48 (acid treated carbon nanotubes,
aCNTs) , Zpiral, SREEFTR M ECH 3.86%, 1 EF
B IR A

EETK, SLEE A

2) Xgs

X 4} £ fi7 4§t 1% (X-ray diffraction, XRD) ,
Uitima—TV 2, HARREA R A

hrE A, Senterra B, TEE A& 7/ Al 7

i F %% (scanning electron microscope,
SEM ) , Sigma HD %, ffi[E 2]/ w) A4y,

% %} 5 %% (transmission electron microscope,
TEM) , JEM-1230 %, HASHLF2Sr)tE )™

#Z L & M K L (differential scanning
calorimeter, DSC ), Q-20 %!, SE[F TA {X#8/\ w4 77

AL 7 gl ge L, ETM-C 4, IRIITT

W SE 5 28 A PR A R A ™
1.2 LDH-aCNTs Z{t#Ela5 &

1) # aCNTs 4 8 T 50 mL % & 1 7K it i
aCNTs 238U, #A 60 min, —IRMENIAS N #%.

2) #% n(Mg™"): n(A=2:1 ¥5HiFriE MgCl,*6H,0
Fl AICL,6H,0, P EAER W -

3) % NaOH Fll Na,CO; YEE/R LA 3.2:1 fit B 5
LRV VRO [ AR FR ATR A Il TR o

4) FEER NI 3 8 S 15 min J5, DAAH
[F] TR R AR SO e N, JF b, Halad

PETTER AR TR N R A A AR R pH B H A
1 10+£0.2,

5) WREINSEER R, R G IIHRZE 70 C,
a1k 8 he

6) FTJC/K BRI B T oK sk AL fa 9 2
PR, vk, BT 24 h, BIA753] LDH-aCNTs,
1.3 PVA/LDH-aCNTs Z 4k BB M5 &

PVA FE52 45 T RRER 7 B 1) 05 VR L TR 8 7 1 o
%o ¥ —E B i LDH-aCNTs 23 83 100 mL %% 1
KHr, EAALEE 30 min LAJE B — RO H0R; Bl S
A 10 g PVA, ZEt8hiit, £f PVA E2ikE, J+
T2 90 CIH M FEH R, dhSehidt: 2.5 ho NS
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2, A 2 bR 100 wm, KA T
K es 45 . K LDH-aCNTs F %8I3 220 55003 591
0, 0.5%, 1.0%, 1.5%, 2.0%, 3.0%, 5.0% (X PVA/LDH-
aCNTs b, 435l bR i3 4 PFO~PF6. 3 ZM SN
i 534 1% LDHs ) PVA/LDHs & 4 W A7 N
JF /280N 1% aCNTs Y PVA/aCNTs & 45 v it %
FHAH TR 7 v 48, X0 SEBGFF 5 43 AR 1A PF7
1 PFS.,

1.4 WikAH &

1) HEAPERE . PVA KR LA 10 °C/min 1
THEHFM 30 CTHRZE 245 °C, IR 5 min i H
FEAT RSB ATE BRI s WS LA 10 °C /min (4R IR
FRAHIZE 30 °C, FELL10°C /min BTHEEE R M 30 C
FHELZE 245 CHFATHE IR I ReEdE 2R —
IR SR, 55 (X)) M EARE
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2.1 LDH-aCNTs B R B M5 26
[ 1 2/ aCNTs. LDHs fl LDH-aCNTs /) XRD &l

LDH-aCNTSs
s
2 J LDHs
5 o
E
N aCNTs
1 1 | | 1 1
0 10 20 30 40 50 60 70

20/(°)
1 aCNTs. LDHs #1 LDH-aCNTs £ XRD
Fig. 1 The XRD patterns of aCNTs, LDHs and

LDH-aCNTs

i 1 0] % aCNTs (19 fix 38 A7 5 0% H B 1
20=25.9° 4b, XFN T ZRERR UK E Y2 AR A B0 25
¥y, JZIAEE d {87 0.342 nm; LDHs 7F 260=11.7, 23.5,
60.9° AbH BUIK A PRHEAT S, X T (003 )
(006) FI (110) i 1A 717 4 W55 1fii £ LDH-aCNTs
B XRD K, [AAE s 20 80 B FR ey (003 )
(006) 1 (009) fhIHATHIE, F34ME 20=25.9° [
i B BERR AR AE S5 FFIEIE . X 3R] LDHs i
A aCNTs J&, #FREWE AT o o B T R, (HA7 g
B E AT A% 5, X UER LDH-aCNTs 224kt kM
HAKEARZIREER, (R8s st MR

[ 2 >k aCNTs Fil LDH-aCNTs (57 S 6iE A .

1573
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LDH-aCNTs

1333
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intensity/ (a.u.)
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1 1 1
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2 aCNTs 1 LDH-aCNTs Hihi 8 it E
Fig.2 The Raman spectra of aCNTs and LDH-aCNTs

i 2 8] 1. 1) aCNTs 7E 1333 Fi1 1 570 cm™
FRFIE B T A SRR R M e, Al I T o
AUt 25 R BIEE I D AT C—C hgaPR3hd G 165 2)
AT aCNTs, LDH-aCNTs H B FRE 6 7] 155 I Bk
g, XFHW LDHs L3R IEH aCNTs AR I &
A THEAER, BT S5, EEIEN T, H D
5 G AR EE FUAERD 1,/1 RFAEM B A1 SRR
B R & s bR T TR S S A b i 2 T
A%, aCNTs By /1 {0 1.18, 244k LDH-aCNTs
I/l EFEAR R 0.52, XK 2105 aCNTs FZ 1 1)
B

/% 3 5y LDH-aCNTs fJ SEM &,

E] 3 LDH-aCNTs K SEM P
Fig.3 The SEM images of LDH-aCNTs
1 3 A1, LDH-aCNTs ELA7 $LR K 1 47 (1)
JEARGE R SRR, 2R 19 LDHs W5 B 76 5
QKA SN EE, LDHs bR HEH aCNTs E R

N =

FEAE AR HDE U B, ARG
Gif 38
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S
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4 & PVA #1PVA Z{LEEH XRD 1 TEM
Fig. 4 The XRD and TEM images of PVA and
PVA hybrid films

& 4a My 4li PVA 1 PVA Z% 1k ¥ 55 i XRD &,
PVA 73 F-55 b & A s MRt Har e A
B AR, R R A R 3 PVA RESS S i
XRD #1 DSC ( differential scanning calorimetry ) il iz
CIEGEST - S 1S BIP IR

1)PFO7E 26=19.5° BT H B0 8 iy ITRFAE AT 5906,
SRR R IR RS, X R PFO KA R Y
S5, WA T LDH-aCNTs 44 Kk 1) PVA 24
AT RSE A 2R G P 45 i iR B B B AIG, 3 R W] PVA 2%
Al R ) &5 B2 AR, DSC Rt &S R E L T X —
ML

2) ¥/ LDH-aCNTs /4 PF1 1 PF2 () (003 )
i T RFAE AT ST IEAR X85/, EES LDH-aCNTs £ &
PR 235 RS

3) PF7 ANUH B T PVA fOEFAE AT 5 i, 616
260=11.6 ° BT HBUKIEAY (003 ) FEAEAT ST

4) PF8 BT Y BB A KA B RPAE DG, FLJ PR —
J5 T AT B R D BB XRD Rl ik, 55
—J5 T AT BEJE Kk aCNTs 55 PVA & A= 5 S A A ELAE

A, il aCNTs B35 50 H0F PVA Sk,

5) Xf kt PFO. PF7 fil PFS, PF1~PF6 4 H #{
PVA 45 diyAH 1) i T AR AT S i A 444 LDH-aCNTs J2
Me&5FY (003 ) FHTAAFEATIE, H (003) A
HEATT S0 () 518 132 it LDH-aCN'Ts 73 011 484 o i . 355
B

Kl 4b > PF2 43 5 (% V) - TEM K], H &
A%, PF2 o' LDH-aCNTs /bl 176 PVA ik
HPRLRGE, S PVA 4 FEEM G 24540, Xl
5 XRD g5 —F,

2.3 PVA/LDH-aCNTs BRI ML D

% 1}y 4l PVA 1 PVA/LDH-aCNTs 2% {1k, 18 Ji5% i)
DSC A% R . Frh B G SRR T, . 3231k
FEARURE T, FIZE S X,

F1 &k PVA F1 PF ZLERER DSC #iiE
Table 1 The DSC results of PVA and PF hybrid films

T T,/°C T,/°C X%
PFO 76.1 221.7 334
PF1 75.2 2182 30.1
PF2 69.3 214.2 19.8
PF3 68.5 2155 23.7
PF4 70.5 215.7 26.4
PF5 69.4 216.8 275
PF6 75.7 219.2 329
PE7 76.7 216.5 36.6
PF8 78.6 222.8 34.0
H2 1 ATl

1) PVA/LDH-aCNTs %% fb i Jii (1 T, $5{% F &b
PVA i, HFfi#E 2 b LDH-aCNTs % A3,
T, EISEI NG A, PF2 (1 T, ik,
JE R R i LDH-aCNTs 78 PVA A& v 43 8 |4,
XA FFREWE GBI R, 5 AR 1Y
TEM B3 2458 —3.

2) PVA/LDH-aCNTs 7% b i 5 X, i) 728 fb Bt f
HH T, WA AR A 5, R E A LDH-
aCNTs Ji, PVA 4r T 25 R PR Tk, 4 7 HE
SIETCFARTS, 3 304s SRR

3) PF7 I PF8 114 T, {EL#S Lt PFO Y T, fEi i,
JE PR SRR A 9 KR T 5 PVA SHRTE il e, 3
T o FEERRIE, RS R, WSS T, b
Fto 1 PF1~PF6 1) T, fE 4R L PFO 19 T, {EAK, FJ5
DRI 200 P A ) Bt ) — e (B, ARk S AT ]
(L R B W g D, R R BRI O, AT
SHT, TR
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5 SHEs AT 4350 LDH-aCNTs X PVA/

LDH-aCNTs 221k j o7 A sis B R S R i i

110
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90

elongation at break/%
tensile strength/MPa

80

0 "
LDH-aCNTs contents/%
5 FMARBESE LDH-aCNTs 3 PVA/LDH-
aCNTs F4b ZEREH (e 35 fE Faf R E ph 220

Fig. 5 The tensile strength and elongation at break of
PVA/LDH-aCNTs hybrid films with
mass fraction of LDH-aCNTs

EIEIICIESIP

1) Ffi & LDH-aCNTs 7 & 19 3 i, PVA 4% 1k
TR JBE P 7 e e I IR SR HE IS AR R AR AR . Y
LDH-aCNTs [ %8 il JiT 2 53 800 3% B, PVA Z=fb i
FEE () L i B R B e AEL, A EL 46 PVA, Hififiag
AR T 41%, XIEEHNIPER ARk T 5 PVA
A3 5B 6] A 5 AH BAE RS PVA Z Ak T 0 588 13 I 25
$E . 24 LDH- aCNTs Y s il 5 2 20 B0 5% B,
PVA 7% Ak T8 J5E 1 P A i 5 s 1 B AIG, P RB O R
LDH-aCNTs 7E 3 /A&t 41 5, 53 LDH-aCNTs (1) [t
F A AR T, LDH-aCNTs Y AR 1 /14
i

2) Bi% LDH-aCNTs % i B34 i, PVA 2=k
ISP Wi e o3 B B R i 5 B AR AR Tl a3, HLR
R R AR, 24 LDH-aCNTs AUESIINE & 2%0h 0.5%
1 1.0% B, PVA Z2 1k vl JIE % W 24 fif < o5 3 1 1 4
PVA 11, XK ARIERF LDH-aCNTs 7E 4 H 43
AT, WA 5 I SR B ) i A RAF
WG A1, REEEIER.
2.5 PVA/LDH-aCNTs £ EBEMEEmLE RS

[ 6 & PFO. PF1 Al PF2 K7 241/ /Y SEM &, il
RETXHAFE A T4 A0 FE . AL 1) PFO A9 BT
AR, KA T #YEAEIE; 2) PFL A1 PF2 [ W
4T AR AR RS, AR A D A B ST
LDH-aCNTs Z&fb 44Kk F; 3) 4 LDH-aCNTs A 7%

SRS, LDH-aCNTs 2 H A R4 (WA 6c
Frickt ) .

<

SEI 10 kV WD13-mm SS49 X1,000 10 pm s

SEI 10 kV WD13 mm SS49 X1,000 10 Hm s

c) PF2

6 PFO0. PF1#1 PF2 EEMAER SEM
Fig. 6 The SEM images showing the fracture surface for
PF0, PF1 and PF2 films

2.6 PVA/LDH-aCNTs Z:4b #5081 IR K 14 A 5 47
T AWK B, HOKIE R B B2,
A iR 7K Pk REBR LT . ] 7 7 PVA/LDH-aCNTs 4%4k i
JEEE K 8 W, FIK Vg2 W, Bl LDH-aCNTs ¥8 il (1)
AR 2RI . RIS, B LDH-aCNTs 75 i (13
I, 2 A RS IR K SRR, B T
FHEE 46 PVA AT K 3 (649% ) , PF6 HYIEIK
RAFRET 58%, X J&:[H N LDH-aCNTs /b 44 Kk
TS AT RERBE S PVA BErP iR 5E i
HRRER 1 K LA >, S BORKR TR, A HAl
PVA HIKVEMEEE (56% ) , PF6 [I/KIEMREL) T
62%, XJEP NBEE LDH-aCNTs & (93471, LDH-
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aCNTs 7 FEAAR i) 43 HICHOR B RIE, 5 380 70038 1o
TR AR PTER AR 3G N, LDH-aCNTs 5 PVA Fe{A 0] i1
PR A PRI, DI 2 Ah RS 1) A A FE FAEAIK
PVA JH IR 7K 1 B Fr) B T A 1) 4 oo TS 194 7 e i
J¥, PIFHTE PVA SR AY 0 HE FL

\?\E‘.\‘
2 3 4 5

B 7 PVA/LDH-aCNTs Z:4¥ERE RO NG K ZEFNEAEE th &

Fig. 7 The water absorption and solubility curves of
PVA/LDH-aCNTs hybrid films
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3 #ig

A 55 K aCNTs 5] A %] LDHs H il %5 = 4 24
ft. LDH-aCNTs 4K K7 ¥, - o FH 2] PVA i
Hr, il % 2 5 BE PVA/LDH-aCNTs 2% b M5, # )5
¥ LDH-aCNTs Jit i 73 50531 0 0, 0.5%, 1.0%, 1.5%,
2.0%, 3.0%, 5.0% ] PVA/LDH-aCNTs #5171 /)
SEPEREMN AWK PEREIR, AT BT N 4518 .

1) J12REs 48], LDH-aCNTs 473 i1 ot &
S H0H 0.5% ) PVA/LDH-aCNTs 2% 4k, 38 JI5 1t by 24 i
KM P, PSR B R 25 G ;. LDH-aCNTs
FIER IR 00 3.0% B PVA 24k R AR Ao i
RENRRME, 34l PVA RPLIR 2435 T 41%.
LDHs A A 24cib i 7 aCNTs Fl PVA Z [1] (/) 4
7%, i PVA/LDH-aCNTs 241k I8 HAT 804 53 59 )
“EVERE.

2) WK PEREMAZE R, FHLL T46 PVA (1]
KK 649% ) , LDH-aCNTs HIAS T 2350 5.0%
) PVA Z LR K R 2 R FE T 58%. X JE
LDH-aCNTs Z¢fb 4 Kb+ i i) & AUE gl g 5 PVA
BErh AR EDE U, ERRER AR BRI, AT
SR A KR T
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Preparation and Performance Study of PVA/LDH-aCNTs Hybrid Film

YANG Wei, LIU Yuejun

( Key Laboratory of Advanced Packaging Materials and Technology of Hunan Province, Hunan University of
Technology, Zhuzhou Hunan 412007, China )

Abstract: Hybrid film based on layered double hydroxides (LDHs) and acidified carbon nanotubes (aCNTs) was
synthesized by constant pH coprecipitation method and was used as the novel nanofiller for poly(vinyl alcohol) (PVA)

films. The obtained LDH-aCNTs hybrid materials were characterized by X-ray diffraction, Raman spectroscopy, and

scanning electron microscopy. The microstructure and mechanical properties of the PVA/LDH-aCNTs hybrid film were

investigated. The mechanical tests suggested that the tensile strength of the PVA hybrid film containing 3 wt % LDH-

aCNTs reached a maximum value. Compared to pure PVA, the tensile strength of PVA hybrid film was increased by

41%. The compatibility between aCNTs and PVA was effectively improved by LDHs, which enhanced the mechanical
properties of the film. The water absorbency test showed that the water absorption of 5 wt % PVA/LDH-aCNTs hybrid

film declined by 58% compared with the pure PVA (water absorption rate being 649%). The hydrogen bonding formed

between oxygenic functional groups on the LDH-aCNTs hybrid nanoparticles and hydroxyl in the chain of PVA, which

reduced the bare hydrophilic group and declined the water absorption. The mechanical properties and water resistance

of the PVA/LDH-aCNTs hybrid film were also improved, which could hopefully broaden its application domain.
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