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Study on Thermal Property of Poly(lactic acid) /

Nickel-Containing LDHs Nanocomposites
SHAN Xueying' , HU Yuan’,CHEN Haiqun'
(1. School of Environmental &. Safety Engineering, Changzhou University, Changzhou 213164, China;
2.State Key Laboratory of Fire Science, University of Science and Technology of China, Hefei 230027, Chi-

na)

Abstract; Three different nickel-containing layered double hydroxides (NiFe, NiAl and NiCr LDHs) were
synthesized by one-step co-precipitation method. The structure, morphology and property of these LDHs
were investigated. They were used to prepare PLA/LDHs nanocomposites. The thermal property of PLA/
LDHs composites was researched and compared. TGA results showed that PLA/LDHs composites had
higher char residue. DSC suggested that the glass transition temperature of composites had no obvious
change. SEM presented that the PLA/NiFe composite char residue was densest, and the largest ratio of the
ordered carbon was presented in LRS. TEM images of PLA composites illustrated that all the LDHs had a
good dispersion in PLA matrix, and exhibited intercalation or exfoliation. Owing to trivalent cations
effect, NiFe, NiAl and NiCr LDHs played different roles in improving the char residue quality of PLA
composites.
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Je— R E IR Z R B, LDHs i BEAH 25 49 X
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BHLELTEHLE B 1. LDHs H A MU iy 2R 451
FERA W AT DL BN K R 24 50 43 B, R )2 B
B 1 HH R 08 BEL A% 4 L 19 4% B A% ot ol 7% 5 3 8 4 )R 1k
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) LDHs j7ht &, fENSESE TR GY. X
LDHs HA R4 ML iR MRe. Frf i LDHs 46
THEMEEF H LR LDHs h =M & @&
TP HAEBER M . | b IR BRI B T AR L
BRI VAT LDHs 2 B otk 97 R 2 MR,
XRD,IR fil SEM J] 7" fE LDHs Y45 ¥ 6E
Pl 2519 3 v LDHs 230l 5 PLA #4715 Ril46 )2 &
4 il % PLA/LDHs & & Mk WF 58 52 A bR 34
MEfE B 5k B o 2 & LDHs f£ PLA & o
4 53 HUI DL

1 SCIGER 4

1.1 LHEBRRIEE

SIS R PLA (2002D, #5344 F 8 40 J7, 3%
AL EEAR IR 63°C M 4 180°C . ek K%k 5d1L/g.
B UNIC REWHEAFRAE R #4E, NiCl,
« 6H,0.,FeCl, » 6H,0,AICl, ,CrCl, » 6H, 0, SDS
M NaOH Y30 B i 1 25 48 AL 250 A R 2
U A . I VEHL (KH3200DE) 1y F [
Bl &R BRA R . B 2% AL T b = 5 N R
FRMEARGRAE, E AL (YX-25D) 1y
BT I AR AR LA S R IR (SX2-4-
10) WgFrE LG Eacmises) .

1.2 #MRR LR MR NIK

TR R F k6 (ICP, Atomscan
Advantage, Thermo Jarrell Ash Corp. , USA) #1 X
SFEHAERE Y (XPS, Thermo-VG ScientificCo) ]
i LDHs 9 70 2 & & 1 40t X 3 4 A7 454X
(H A Rigaku D/Max-Ra) , it £ 28 B4, Cu-Ka fi7 5
2 (1 = 0.154 18nm, 40kV/200mA), ¥ i ¥ K
0.01°, f& HL {21 78 56 3% (FTIR, Nicolet 6700 FT-
IR) T RE OB K 5 KBr By R IR &, ¥ T i 4
WHYRE . Al 7 B8 (SEM, Czech 3t H1 D)
FHRAEFE LDHs F5% 83 s i) O 35 . 3 99 il 7
W (TEM, 200KV, JEM-2010, Japan) FH3E#F5E
LDHs 7E PLA JE{R P 70 HUE O . 7304 (TGA,
FE TA A F] Q5000IR M 4 HTALES) « FRAEM B
PR ERE N, A M THE R 10°C /min, 2878
H o B (DSC, NETZSCH DSC % #%. 204
Flphoenix) : N, 40, A E % 10°C /min, Z IR,
PR B TR BV BRI 38 20~190°C, 8 — R I
SE RS S IR AR E] 20°C , BRIk R T N BR
FEG AT S . B AL S SRR (2, . V2 45 IR
(e TSR FE (e B B(E 1 58 IR s .
J6H 2t (LRS, SPEX-1403, £ ) % ., %M
514nm MY & FHOGL FHEF 900~2 000em ™',

1.3 &M &R LDHs

K — 25 LU0 3E B A L SDS i 2 ok M
LDHs, 4% % B Manzi-Nshuti % 4#E" . & W
SR AE N, A #E1T, DLHERR A ki iy T8, 3
M"/ M™ G JE B R W (M MM ) B Y
ZHH2,M'=Ni*" ,M"= Fe'* , A" ,Cr*") mA
B, MAISIIG L BN R A AT R
SR P R K BB 30min, R R A EEHR.
KA SDS, fii ¥ B 21 % 2% . &EWIEA
IR 1mol/L By NaOH ¥ # [A] i 22 18 fin A )
IETEREHERY SDS W b #E i LDHs il 48 T 5 2 1
pH. XIF NiFe.NiAl #l NiCr LDHs, # [ i pH
A 10.9.8, FEAE M B M AE 70°C £k 24h,
L UE KEE IR 65°C Eas MR P T, X s
LDHs b5 % B A 2L L0y 4 55 25 44, L1 NiAl
LDH J#l, TG &5 8 :29. 2% Ni, 7.4 % Al,
2.8%8S, 19. 0% C,5.0% H, i b3+ 5 H 4 7 41 1
H: NiLg Al COH ) (Cig Hyo SO; Doy
1.73H, 0%, BR T KM H SDS 4. Ktk LDHs



EEH.F R/ SBRERRXAAAN DRI SHA G AR + 15 -

il #7715 5 %t LDHs 264,

1.4 #l#% PLA/LDHs E&##

BES S S L W 1, BT A ROREAE 1
T 60°C S AT B4 T 120 Br LK 4y, DL fsg
Ml A M RE . PRER— € it fE IE L 1) PLA #il LDHs,
FHXURE F 2% MR HLAE 175°C L 40r/min %% W8 20 F
R 10min, i JFEHE G315,
%1 PLA/LDHs 8&#EHIE

Table 1 Formations of PLA/LDHs composites %
Samples PLA NiFe NiAl NiCr

PLAI 100 0 — —
PLA2 97 3 — —
PLA3 95 5 — —
PLA4 90 10

PLAS 90 — 10 —
PLA6 90 — — 10
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Fig.3 SEM images of SDS modified LDHs
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®2 PLAEAMBE TGAER
Table 2 TGA summary results for PLA composites

Samples t oy /C tmax/C Char residue at
A CAD 700 °C/%
PLA1 348 388 0
PLA2 306(—42) 345(—43) 2.8
PLA3 299(—49) 333(—55) 4.2
PLA4 286(—62) 319(—69) 5.4
PLA5S 293(—55) 338(—50) 5.1
PLA6 309(—39) 353(—35) 5.5

VAT 2« A H PLA B4 BHRVRIAERE 2 18] ¢ B £ ORI 22

K 5 s PLA/LDHs & & # R — Wk in #4405 38
) DSC i £, 3R Ak 5% 2 R (o L 45 fn il 2
(O MR E (D8 F 32 3, 4 PLA B ¢ MH
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B ot et B 2 AR SR ¢ BO(E T W 00 A0 7EE
VLB PLA JERFNER N Z B2 AN, 12
] EL A4y F ), gl PLA WA Mo B ..
R % NiFe LDH ¥ i & /9 3% hn i 28 /. M+
NiFe LDH, NiCr #il NiAl LDHs X ¢ { #4 5 Wi £ Fir
ANTR] . AR ¢ AE R S T DLW S L B R 2 Y
MESy ot AEBE KX N T fE LL&S f . IR, LDHs 7R
IR AE T PLA JE kS5 Fok & E L5 S RE ).
PLAS5 1 PLA6 1 ¢, .t ¢, 501 K T PLA4, 1.,
AR, LDHs i A KN RE 30 Ik PLA 1) 28 1% 25 &
Xl T PLA A& & &N DM, 24
AN TR] B i AR 45 T BOBLUE Rl 0 Y s B AR R R
8 975 0 2 P R 4R 45 R Y TE TR R B,
PSS S W v s el s T NI U
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Fig.5 DSC thermograms of PLA composites

®3 PLAE&EMBE DSC AR
Table 3 DSC summary results for PLA composites C

Samples ty te tm1 tm2
PLA1 63 — — —
PLA2 60 110 148 156
PLA3 60 107 147 155
PLA4 60 99 145 155
PLAS 61 107 147 155
PLAS6 61 109 147 155

2.3 LDHs 7£ PLA EH 2B E/ERN
EiTie

TEM & 0] DLW R #4E LDHs £ PLA 3
AR DL, B 6 s PLA4PLAS fil PLA6
) TEM Kl F. PLA JE{k iy LDHs ¥ &t 4
10 Yo Bt A 1 PR 1% 35 W 7n LDHs 19 20 8 B 4, B
KREFFERT RS, R 080H Z2 &4
%, UlBl LDHs #% PLA B D45 )2 5 2 290 3 85 4,
PLA/LDHs (K& 9K E 5K

6 PLA E&#HH TEM BK
Fig.6 TEM images of PLA composites
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Fig.7 SEM images of char residue
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