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Abstract : The biodegradable plastic poly(butylene'adipate-co-terephthalate)(PBAT) was used as the continuous phase matrix,

and the tourmaline powder was used as the dispersed phase. Then the tourmaline powder was modified with sorbitan monostearate.

The PBAT /tourmaline powder composites were prepared by wet process melt-blending, and the dispersion of modified tourmaline

powder in the PBAT under different process conditions and mechanical properties were investigated. The results indicate that the

modified tourmaline powder could improve the mechanical properties of PBAT, and both the tensile strength and breaking elongation

of PBAT / tourmaline powder composites reached maximum value 30.9 MPa and 844% when adding amount for 3% of the PBAT

quality tourmaline powder. Additionally, DSC analysis indicates that tourmaline powder has a role to be heterogenous nucleation for

PBAT, and improves the crystallization peak temperature and crystallinity. The PBAT / tourmaline powder composites have an excel-

lent negative ions releasing function, and the amount of negative ions released from the composites reaches 460 /cm’ when adding

amount for 7% of the PBAT quality tourmaline powder.

Keywords : poly(butylene adipate-co-terephthalate) ; tourmaline powder ; composite ; mechanical property ; negative ion

A W [ A R A8 RETE A SR FUAETE B LR
PN wEw (HE ) MR, A
CO, I H,0 45X FREETCH BT, I e [ml )9 2]
SRIG Rl o> F AP IR IS R e AR B
BP0 A= W RE (B VR R 22 , MELLTH 2
FEFZER B, D5 IR 1 R L 5 (EAE e
fiptk g 2E Y, ETR BT RRI AR O R / X R
HIR T 1 (PBAT) Ay A= ¥R i vERE AL 7 ) 7
PERES R AN Z MG . PBAT 20 R T B
PR AT — R T AR A LR Y, B T I A
WIS AARL ), e BRI AR H B (PBA) AR A%

THWERT FR (PBT) AR U B EA R R A
REAE , SR B (0 S R P AN 24 A R e ) A A
LA iR AT o P R ), R A A R A S
g% H AR TR R AN TN SR i R b ek 2 — 1
Bl AR KR8, B — & R g

14 AT R AR AL RE A% Tt JE AT v A 5 oK, A AT
BRI E AR HAAAR AR i e 1Y 2

* E K ARG H (51372233)

R BRI, 22, 2B S, 3 B A 0 ) e el v
BEEMAHIF

Wk H 2 2016-04-13



杨超


XA, 55+ 678 TR PBAT TIREE A bRHRIESE 69

— RGN RERR SR 1, B B
SHELT MR ST RE Y ARSI A T A
| PBAT 7, il % th HA PR AT R i AT B i 52 5 44
FhEEA R RS 1Y

HL A SR B K M R, R BE 5 PBAT
AT RGPS R G o 283 1 S0 R LU A et - 2.
B i 12 15 o) FEL A R AT SR A ALk T e S
PBAT #4756 & il & BA 11 2 Bl D BE i) vl A
FARRE, F0T T2 %A% A A K 7E PBAT 4y
ka2 PRS2, 3T X PBAT / HLS A 52 & F RH
Pk Re K i B R REEA T T
1 ZWES
1.1 £ZRM#

HLASATR : RiARN 1.3 wom, Tt R A5 e
BrEImLT

L1 L i PR RS R TG - Span60, 2 B4k, AL 5t 25
FPkGdRAb 2= AT B F

PBAT : Ecoflex-F-Blend-C1200, 1% [ [ i K A
BT

N, N- —H L EEE (DMF) « S0Heai, e A T
JBeA A PR )

1.2 EZEZNELHEL

SERRALHL: QLB-7 KU, |- ¥ AU AR IB NI A
FRAT]

4 o 7 B 3B (SEM) + S—450 4, H A H 57
NGIF

T HEIR I ML CTM-2500 &, |- V63 P 5 AL 1hil
A BR AT

ZER A E(DSC) 1L : DSC-214 #Y, 74 [ fiif
S AR E A PR A F]

TR TR . AIC-1000 %Y, S5 [H AlphaLab 2%
iR
1.3 ©aBhe)i@mst

FREL10 g AAMIIMAR] 34 mL H 255,
HE R 20 min J5 ELA DU OV BERE IR KIS
JIE 60°C, M A 0.3 g Mtk 1L AL e i e fii g i
B, FEESERE 1 h JF GRS FHJCK Bk =k
FrAhuE M, & H .

1.4 PBAT/ &5 & 5 a-#4tehh &

# PBAT 7t 60°C T T4 12 h, PRI 25 g & T
=B, IR A 30 mL DMF, 7E 150 °CF i £
FEHIA A 1 h, B 5MA Y PBAT Fit 0%, 1%,
3%, 5%, 7% B ElCPE HL A B FT 3% 1 AR e FL AR

A8, BEFE 120 min, 78R DU 2 Mt e, e+,
R S TR A AL b B0 Bl 3 i P-4 HLJRL S
g1 mm R, B R EL R R 45 RSF R 50 mm x
6 mm x 1 mm AW IRF7 AR, DL .

1.5 Mgemlik s e

(1) SEM &5 Fa i 2%

XA A MR R R T AT 4, B SEM ULEE
PBAT / WS A E A AR LS A R 43 U 1O

(2) PrA bR

M4 GB/T 1040.1-2006, 7 J7 fEiR 50 ML [ A
50 mm/min AEEHEL TR REINA

(3) DSC iz,

RS F AT, FREL 10 mg &2 & 44
BHHEIE 2] N A, L 20°C / min THE 2 180°C,
THIR 5 min, JHBRFVD L, AR5 A LA 20°C / min
R 2 —20°C ic R M2k, 485 LA 20°C / min T+
52 180°C, i 5 Th i £ , MR &5 5 iR g
o

(4) TR TR

PG AR EE BT 10 cm x 10 cm BLAE,
iR S iR S DN S YA = R = T
FRE TR I R, 0 s B B R
2 GR5ITE
2.1 BME A BH{E PBAT oy odtk % 5K

(1) oI FRDXS FR A M3 A3 B () 52

1E 130°CF, %51 PBAT it 0.5% Ay ekt B <
AU, MR REE] , ] SEM LB I o S A7 R A
PBAT H {43 BCRE 0 (R 500 4% ), &5 & 1 R

SO0um &

(@) (b)

T PERTA] : a—90 min ; b—120 min ; c—150 min

FI1 ASTRHEFE ] R Btk S A R e PBAT h4rHCIE B4 SEM B -

ML T AT, Bifi 25 0 1 s TR ) S, P L AR
AUBTE PBAT Y 3 BGRB8 &) ZEREFE ]
120 min B, BCHEHL A K3 7E PBAT H 9 23 R 1
A1 (UL 1b), {HLB 2 450 )R] R 4k 2 2 K, ehobE
SAMTE PBAT H Y 43 BT 06 748 2% , FESEFET (] Sy
150 min B, 2otk L SoA B ot (LI 1e) B
Lt 120 min B 22, X AT REZ B TR A Wik 2 5w 55
O3 RGP0 s T) A9 2 R A P X et L S R A


杨超


70 TSR

2016 4F 55 44 45,55 7

FCPE R BB ROR , ROMTER T Z B TR A #4501
Rk B S A R A R A BOSIR AR 2%

(2) I X O L S AR A R 52

S PBAT Jii £ 0.5% 16 2o Ha S 40 #r, 36 B
A 120 min, 272836 52, FH SEMOULEE HL A K
H A ECPE (K 500 4% ), 4558 an &l 2 fis .

@ (b) ©
HREE : a—140°C; b—150°C 5 c—160°C
K2 AR FECHE S KR PBAT MBS BLAY SEM HE A

M 2 BT LLE H BE A IR B T e R
A8 7E PBAT H (1 43 BRI R 80 4, 76 I B
150°C i, 2o L S A K 7E PBAT HP Y 40 HSCR e
( LI 1b), Bl 25 RS A AR 22t i, Bk A R Y
SPHEAR 25 . BORPRUCAIR BRI AR T 20 &
BIBHL, RS AR R, YR AN
BF A AR B ol vy, el L S R TR b 1 e
255 MR B ST SR EE B A N VR AR TR R
Ak BRSNS He LA 2% 1T 150 G i
B, PR A AR B A e A Y

(3) 0P FL A M S X Ll s

TESEFEITE] 9 120 min FEJE N 150°CF, 43
WIER I PBAT Jii & 1%,3%, 5%, 7% BB i S A
KA 3% BYARBPER S A M, fil % PBAT / LS AT K
HAMEL H SEM WSS M LS A B #E PBAT

AL (R 500 4% ), 255N 3 B,

@ (b) ()

(d)
HLAA VR I AL : a— 1% BUMERL A s b—3% B S AR
5% BPEHR AR d—T% BCPEHR S AR
e—3% KRtk A8
B3 OR[AS i SO R R et S AR 76 PBAT
JrHEDLRY SEM HR

M 3a~ K 3d /T LLE e tE A
15 PBAT JE R 1%,3%, 5%, 7% I, Uik S 4
Wy FEAS GBS 5 5] M oy BUAE SL AR PBAT h, H itk
HL S A K3 % 5o PBAT Jit & 1Y 3% W, 43wl i3
5o B A YRt L S AR S 0 A e el
HL A A B R A A A ALIE A, B 2Rk, 53R
PBAT HHZPE R 47, REN5 345 b /3 HIAE PBAT L1k
o E S O A R S R R R A A R A
RAER it AE 22, Il 3e ATLAFE H, Rk
PR S AHTE PBAT AR L™ B, XN
MRS A R AR 25858 I BOR , AR
KM, AR PBAT JE 251 TERY , E AT
25, oy RS Gk REAILSE R RS AR
T AT M PE S A, REAS 5 PBAT 40y HuAH 25 17,
et JS Y RS A R 2 20 M 4 BOTE JE 1R PBAT
.

2.2 Jafbikge

FEIRE N 150 °C AR R 2 h T, 4R TR
PR S A B S B PBAT / LS A B 2 S AR
PrPEREIR, 25 W E 4 s
1 860
4 840
4 820
4 800
+4 780
4760
1740
0 1 2 3 4 5 6 7 8

RS A B AR /%

PR / MPa
W / %

26

B4 RIS STB &R PBAT/ /7B S bR R R

M 4 AT LUE Y B SOt s S B 3
fn, PBAT / HL S A M 52 G W BHAY ois 22 b7 24
R IR WA, e S A Bl 3% I,
B2 AR T (e i J R 7 28 o 3R 438 38 e KA
43512 30.9 MPa il 844% , 9K J Bl 25 B E B S A K
T P ARSERE N, A MR R B R 2 A
RGBT, R A H A A 48 e R R T
APSME)E , BEE T A A B S PBAT A, 78
PBAT / WA AKE GAP RN, stk i A kgt 1y
A4y HFE PBAT wf U S T A Z [ R L 24
2 BRI, 50N 7 X85 43 A TR B HE SR AR
WOV s 2 % i % e i S R e v e, PR b
HL S A R RIS 220 2 A A 3R, T T B 22
Z JIWHE R AR G SRR 2 e A B R R T


杨超


XA, 55+ 678 TR PBAT TIREE A bRHRIESE 71

B B, NN S Pk BRI 0
2.3 DSC a4,

AR A B B PBAT / A MR
ARG DSC #hZ AN 5 R, DSC BdE W4 1.

ﬁfﬁm)

it 5%
EL

‘ 3%

ﬁ/ﬁl%
ﬁ/\ﬂ%

0 20 40 60 80 100 120 140 160

HE /T
@

w’____,_,,__,/k 7%
\,/—/\ 5%

‘ \,_,_/—/—/\ 3%

%

4 M 1%
\,/«/‘A 0%
6 26 46 66 86 160 150 140 160

W/ G
(b)
a—WEIN AL ; b—— kT ek
E5 ORRIMCHER S A & BT PBAT / A A K
A FEHR DSC 2k
R1 BRERIMTXIER PBAT/ BESAME S #EIR DSC #iE

OCPER AT KT RN SRR SR 4R

wma /% W/ C B/a-gh E/C B/agh) E/%
0 122.24 12.21 54.53 20.57 10.71
1 123.15 12.9 54.86 21.28 11.42
3 123.47 13.73 55.66 19.52 12.4
5 124.14 12.56 58.6 18.21 11.56
7 12297  12.97 60.6 19.14  12.17

e 1) B ASA ) PBAT it A9 E 43

MKl 5a F13 1 a] LI i, 20 PBAT [ 45 & 1§
T R 54.53 °C, Bifi & SCPE HLASCA M B 0 B,
PBAT / LS A Ky 5265 MBI 45 i DA IR B S 1 R
YU A A RS N PBAT JiTE 9 7% K,
PBAT / HLS A1 Ky B A MR 45 i 06 1 32 B 1k 3]
60.6°C. X2 F A HL S AKX PBAT A {2 iF Ho45 i
MIVER , i PBAT MR S0 2, DN (i 45 el A
AIPER R EE T i 7. AT 5b AR 1 ATRAAE T
ISR IG B A RRHR 25 B 5040 PBAT IS
PEi o R DA LS AR B IR G5 48 LA B AR =i 11

LR AN PBAT 2 HBTHES A EZAEH , fEf%
755 PBAT SEAHAUAZ , fiE ik PBAT 45 & 2,
2.4 (BTHRE
SRR F R E, — o LR EUL T
FOARAE, IF HAL T —F R 28 R W= A (1 1 72
o I, 0O B e — A S A (e, XEASIR]
OPE LS AR o B PBAT / S A M E A Mk
25 HOME L SR AR O F SR B R R
R TIR H A, 45 SR L3 2.
®2 AETEMENLER

A /em’

o RHECPE  Bebe EAMERPEMR AR R /%
.l el 1 35 7
160 350 650 230 330 380 460

e 1) B S i PBAT i 43 L.

FZ 2 BT LU Y AR OPE B S B B TR
JCE R 350 4/ om® R L S A R G B R T R
KENT 650 4%/ cm’ s etk B A A MR AY T B
BT SR I T 85.7% 0 XSRS
W2 ik 2 A MRS 2 1 BB AR D30/ )N , DI 5
BRI ATRR , HFEEARI n, PR 6
BRI kst P2 & S rp B PR AR
160 4~ /cm’, AN S A K G, PBAT/ LS,
AR AR B PR S R I s R
RIS, PBAT / WA A A BRI 1
BRI B A St R A R B R i R
X R R A B SO S R 2, S B A
TR THT A FL S A By R 22, U £ B Rk e Bl
R, Mt A BN 7% B, PBAT / B,
AR A REBE G 078 Tk 460 4~ /em®, 40
ZRPREFER 2.8 f5.

3 it

38 6T e LSRR 5 PBAT B A T2 R
T, i PBAT/ WA M E S MBI RAE T 2%
P2 I EE R 150°C, P FET ] 2 120 min, 2Pk HL
S A RIS A PBAT B Y 3%, LA Rl <
AIHITE PBAT H HA B /- BiRa 2 1, PBAT / HL
S A MTE AR A5 BRI S R 1A B i
KAE, 43514 30.9 MPa £l 844% ; DSC 43 #r W,
P LS A R X PBAT e 21 S AH iR VR, 328 5
T PBAT (145 &t W L B RN 445 i B2 5 il 4% 1) PBAT /
A A E SRR 7 0 7 s R 6E, Y
M B S A B B IR O PBAT JR R4 7% I, 52 4
R 5B PR A S 460 4~ / em’, % SLH 45


杨超


72

TSR

2016 4F 55 44 45,55 7

XEET R DI RENE ] AR W S A AR IR 4 R T
AR PR

(1]

[2]

(3]

(4]

(6]

(7]

(8]

[9]

[10]

(11]

5 % 3 W
Li Shouhai, Xia Jianling, Xu Yuzhi, et al. Preparation and charac-
terization of acorn starch / poly(lactic acid) composites modified
with functionalized vegetable oil derivates[J]. Carbohydrate Poly-
mers,2016,142:250-258.
ke, TR AR, G AR R o TR S N R
[7]. fE T AR, 2011, 39(7):17-20.
Zhang Aidi, Ding Derun, Zhu Xiangli, et al. Research status and
application process of biodegradable polymer materials[J]. New
Chemical Materials,2011,39(7):17-20.
Mohanty S, Nayak S K. Biodegradable nanocomposites of
poly(butylene adipate-co-terephthalate) (PBAT) and organically
modified layered silicates[J]. Journal of Polymers and the Environ-
ment,2012,20(1):195-207.
Guo Gaiping, Zhang Chen, Du Zhongjie, et al. Structure and prop-
erty of biodegradable soy protein isolate / PBAT blends[J]. Indus-
trial Crops and Products,2015,74:731-736.
Shirai M A, Olivato J B, Garcia P S, et al. Thermoplastic starch /
polyester films:Effects of extrusion process and poly(lactic
acid) addition[J]. Materials Science and Engineering:C,2013,
33(7):4 112-4117.
Olivato J B, Marini J, Pollet E, et al. Elaboration, morphology and
properties of starch / polyester nano-biocomposites based on sepi-
olite clay[J]. Carbohydrate Polymers,2015,118:250-256.
Fukushima K, Rasyida A, Yang M C. Biocompatibility of organi-
cally modified nanocomposites based on PBAT[J]. Journal of Poly-
mer Research,2013,20(11):1-12.
Wei Dafu, Wang Hao, Xiao Huining, et al. Morphology and me-
chanical properties of poly(butylene adipate-co-terephthalate) /
potato starch blends in the presence of synthesized reactive com-
patibilizer or modified poly(butylene adipate-co-terephthalate)[J].
Carbohydrate Polymers,2015,123:275-282.
Kashi S, Gupta R K, Kao N, et al. Electrical, thermal, and vis-
coelastic properties of graphene nanoplatelet / poly(butylene adi-
pate -co -terephthalate) biodegradable nanocomposites[J]. Journal of
Applied Polymer Science, 2016, 133(27). doi:10.1002 / app.43620.
Fukushima K, Rasyida A, Yang Ming-Chien. Characterization,
degradation and biocompatibility of PBAT based nocomposites[J].
Applied Clay Science,2013,80-81:291-298.
Zhang Hanmin, Zhang Rong, Zhang Guangyi, et al. Modified
graphite electrode by polyaniline / tourmaline improves the perfor-
mance of bio-cathode microbial fuel cell[J]. International Journal

of Hydrogen Energy,2014,39(21):11 250-11 257.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

TR, TS WA . RO I REE A AR RIS B ]
Rk ERIE2,2012,31(6):1 518-1522.

Mo Zunli , Wang Yawen, Hu Rere. Research progress of func-
tional tourmaline composites[J]. Bulletin of the Chinese Ceramic
Society,2012,31(6):1 518-1522.

BB, SIRCRE, i Wi, 4 . AL SA O RS T SR B R I AF
FEHEIR [7]. TEHLER T, 2013,45(5):5-8.

Chen Xubo, Hu Yingmo, Tang Mingru, et al. Research progress
in surface modification of tourmaline powder and its application[J].
Inorganic Chemicals Industry,2013,45(5):5-8.

RESCA, EFWE VTELW . A B0 TR R R TE ik
J& [J]. iR ERE R ,2013,32(3):409-413.

Kang Wenjie, Wang Xiufeng, Jiang Hongtao. Research develop-
ment on anion releasing functional materials of tourmaline[J]. Bul-
letin of the Chinese Ceramic Society,2013,32(3):409-413.

Hu Yingmo, Yang Xue. The surface organic modification of tour-
maline powder by span-60 and its composite[J]. Applied Surface
Science,2012,258(19):7 5407 545.

Socher R, Krause B, Boldt R, et al. Melt mixed nano composites
of PA12 with MWNTs:Influence of MWNT and matrix properties
on macrodispersion and electrical properties[J]. Composites Sci-
ence & Technology,2011,71(3):306-314.

B, AR, A2 R . A S RO ST [0, PR PH B TR
2F41%,2013,32(1):1-3.

Mu Rui, Wang Meng, Deng Aimin. Research on the surface modi-
fication of tourmaline[J]. Journal of Shenyang Ligong University,
2013,32(1):1-3.

Li Yunhua, Hu Yingmo, Liu Yuhang, et al. Preparation of tourma-
line-containing functional copolymer p(TUC /BA /MMA) and its
performances[J]. Soft Materials, 2016, 14(2):57-63.

Luo Caisong, Cai Xuefeng, Bi Xianshun. Influence of silaned
nano-SiO, on impact properties of carbon fibre-reinforced polyeth-
ylene composites[J]. Journal of Thermoplastic Composite Materi-
als,2014,27(9):1 1571 166.

Balaguer M P, Aliaga C, Fito C, et al. Compostability assessment
of nano-reinforced poly(lactic acid) films[J]. Waste Management,
2016,48:143-155.

SRTFAR, KT A, 4 RELR / 4K Sio, BAFTEIRYIE
RUAIVR AT [J]. L #BIFSE, 2013,23(6):79-85.

Zhang Yudong, Zhang Erqin, Guo Yougang, et al. Melting be-
havior and cold crystallization of poly(L-lactic acid) / nano-silica
composite[J]. Chemical Research,2013,23(6):79-85.

Li Mengcan, Hu Yingmo, Li Yunhua, et al. Synthesis and charac-
terization of polymerizable tourmaline methacrylate[J]. e-Journal

of Surface Science and Nanotechnology, 2015, 13:422-425.

AT —EFIXFEMNIL . www.epal1973.com


杨超




