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it 855, Y PBS Y& RN 15% FHRIEE N 230 C  FIRES ]y 90 s MEAFFEH N 150 v/min B, Sk et
IR 28 S5, BURT A A IR A, A B8 R A, ool oA RN i B SR O, ol SR EE AR X 4l PEF 4255 T 6 £,
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Wi R R 2B R, BRI E U ) ST 2 B A TR T, ey )P T A W o 4 B
5 43 TR TS RIS M ERIAE 22 3 2, 5-Wk I — FF R (FDCA ) & 56 1 1] FAE W50 — 1R, e
GEAE 500 4 IR, W 2E E AR S SR A Ty 12 PR 2 LA
3 FDCA 52 —FE(EG) EURHE R A SR 2,5-wkms — R 2 — 15 (PEF) 7 45 LR A A i ) 46—
FAR (PTA) S JEURH A B SR 6 — R 2 — I (PET) (R fU A ) o PEF HLA {57 i B Mk i, 3 4
MR 88 °C 4 A 211 °C AR FF IR E BEIAF 380 °C, Jy 24Pk fig R 47, hr s B 56. 5 MPa , {H 2 #) ML
2 P PERE R I, T EL PEF 45 iU A S 85 , AR ACHRE ERR T & BT S . RS T PEF Bictk
LA K 7 7 T (O RF S 3 A T

WT R T AR (PBS) VR BUAS 1 TT A R A b Fpo I Tk B SR BB, M AR X 51 A 1,
e 1P RE R B P AT LA R A (R B B, ek fE LA Tz I B AR
SR AT LAAS RO A ) 2L 4 B s 205 1 — e R0 B S B R P R B4R 755

FIRG IR WFFE 46 vh7E PEF B4 S 2R AE, LA S LB EE 7T, % T J1 24P BE 7 T B e PERF I 42
B ARSCEYGES PEF 1A PBS Bl R 9 75 B RS B0 rE PEF , JR000 160 T35 8 LR i ] BT
I SO N T S8, TN 4% T PEF/PBS 3R, 37 X IR MR 25 PEREIEAT THIFSY

1K

1.1 {UEEFiks
PEF( [ #17  AHXT 3 TRt 4.3 x 10°) 3 PBS (4 PERISAL T AT FRAS 6], T8 4% (HX-Z201 ) , A0 X 43
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T 1 x107)

DSM xplane BIGEARDSIEATHF AL SR BEHL (A 22 2l JE S 28 7] ) 5 Instron5544 R+ 7 R i 5L
(S ESR A ) 5 1120 AP SRS A i AL b B R F TR R s e A IR A A 5
DZF-6050% F.25 T 146 (v 1 oG 2 52 4 A IR W] ) s XL-30ESEM-FEG #U37) % S 34 45 471 4 v 7
R (=2 FEL A F]) s PL303 HL K-, Q2000 79 2 $A4 4 i P Q500 HY AT 43t S ( it - 1 e 49 -
SRS RAT) .
1.2 PEF/PBS W4i%&

J6% PEF 1 PBS 7E 60 °C 1Y FL25 T 140 N T4 24 b, S8 5 H BREC T POk o FERBBUEATBF th L e
R TAT IR RE MR S, (RSB ALIR BE 215 °C, BEERJE 60 °C ., 4% 107 Hutil, S A PEF #5560 s, SK 5 f
A PBS IR SRS, BT T DU v 3 9 s h A iR 2% bt op i i 4%
1.3 (gt 5 R

PSR FEHE ASTMDA12a FL AT, B A2 1 mm/min, MEAREE Ky 25 °C 5 ohds 3R B2 4% GB/T
1043.1-2008 A7, & SR TCH 1, e KIBREERE I 4 T, tp i 338 2. 9 m/s; SEM 437, FA i #E == 1l
TCE 48 h DL b, R AR i T, R R T 4 S TR Bk SEM LR Ky 1 5 -4 IR DSC 43
Br, = 2 /AL AR AR e A - 50 C RS 250 °C L fEE 1 min J5, P4 S °C/min B SRS 7ELA S °C/min
A THR 3 250 °CBCR R THERY DSC {12k s TGA 43#7 , =2l N, U5, THE 10 C/min, i &
Y 30 ~600 C

2 ZRH5THE

2.1 30 PEF/PBS #iB¥M N FHREM LA B ER

2,11 FRBEA ) FRAEG Y PEF 5 PBS JHREN TR PEF B 1k, (P rp i i R
—ERE EUGE PEF 1 22 PERE. 3R 1 AT LA ) IHRIR L O 240 °C i, s oy g A EE oK, R
12.6 kJ/m’ AH RS SR AR, AT AR I 14 2 TR SR B A L% 00 , VR AR 1A 452
SRAGBUE™ T, A TN 4 s IR E y 230 CR, i TR BAF, ol s 12,3 k)/m?, Rifif
SRPE 29. 4 MPa, #ERLE )y 871 MPa, whilisit BEAHXS 26 PEF 4@ 1 5 Al Zc A7, L o J32 0 g5 A5 A
XIT PBS HECRER R o ZRG SLPR NG BL5 J1"#PERE L AL, PEF/PBS-50% LR Wy ] 45 1L o 230 C
N e[ R 8

%1 3HRIREX PEF/PBS -50% 3B M S HEAER B0
Table 1 Effect of the blending temperature on mechanical properties of PEF/PBS-50% blends

Sample Blending Impact strength/ Tensile Flastic Elongation at
temperature/ °C (kJ-m~2) strength/MPa modulus/MPa break/ %
PEF 230 2.5 56.5 1715 3.3
PEF/PBS-50% 220 11.0 26.4 863 3.8
PEF/PBS-50% 225 9.7 41.5 1 090 3.8
PEF/PBS-50% 230 12.3 29.4 871 4.1
PEF/PBS-50% 235 10.7 25.1 808 3.9
PEF/PBS-50% 240 12.6 26.3 780 4.2
PBS 230 38.6 2.5 3.4 970

Note ; blending time is 60 s, screw speed is 150 r/min.

2,12 RRarE A FRat e Yon RIER L IR BN 230 °C, SR AN [R] JE iR N [E] ) A
PEF/PBS-50% 384y, W3 2 JLIR I E) 2 90 s I, JL IR P 1 i i S8 BE O 11,9 KJ/m®, B b SiR 2 Ok
26.2 MPa, 5Py 818 MPa, vl 5 B L 21 1) PEF $2 i 7R3 5 A B AR L 1 i 2 RIS &2 X T 28
PEF 47— & BIFEAR, (EXT T4l PBS AR KRR o 285 80K )2 sE , SR Y PEF/PBS-50% i 3LiR
il IS 18] 2 90 s I}, 3] PEF ZOURE LT
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x2 HiERER PEF/PBS-50 % LR 4 J1 F 4 R Y 22 0
Table 2 Effect of blending time on mechanical properties of PEF/PBS-50% blends

Sample Blending Impact strength/ Tensile Elastic Elongation at
time/s (kJ-m~?) strength/MPa modulus/MPa break/ %

PEF 150 2.5 56.5 1715 3.3
PEF/PBS-50% 30 11.7 24.6 811 3.8
PEF/PBS-50% 60 10.7 25.1 808 3.9
PEF/PBS-50% 90 11.9 26.2 818 4.0
PEF/PBS-50% 120 10.1 26.2 892 3.7
PEF/PBS-50% 150 6.1 31.2 924 4.2
PEF/PBS-50% 180 9.8 31.6 940 4.0

PBS 90 38.6 2.5 3.4 970

Note : blending temperature is 230 °C ,screw speed is 150 r/min.

2.1.3 BAFsR T A FRAEPa  JHREE A 230 C LRI I A 90 s, SR FHAS [ (1 B854 5
4 PEF/PBS-50% SR 4, W3 3. FLIRMEFT 44 240 v/min [}, Fp i di 5 e ok, 13.8 kJ/m*  {H i
T 5 S Y A B R, TR AR AR, B LA T B R R, ST A LA SR
TR LA SR 12V RE SR BEAT 43 150 v/ min, S PEF (38 ) MO R By, Hob
SEFE R 11.9 k)/m? e N 26. 2 MPa, P4 )y 818 MPa,

*3 TEEFTFEERT PEF/PBS-50 % iR F1 5 4 B RO 500
Table 3 Effect of different screw speeds on mechanical properties of PEF/PBS-50% blends

Sample Screw speed/ Impact strength/ Tensile Elastic Elongation at
(remin~") (kJ-m~?) strength/MPa modulus/MPa break/ %

PEF 150 2.5 56.5 1715 3.3
PEF/PBS-50% 60 10.7 36.3 1213 4.0
PEF/PBS-50% 90 6.3 31.3 1220 3.1
PEF/PBS-50% 120 9.7 28.7 1046 3.6
PEF/PBS-50% 150 11.9 26.2 818 4.0
PEF/PBS-50% 180 11.8 32.9 1163 3.8
PEF/PBS-50% 210 9.0 26.5 1053 3.3
PEF/PBS-50% 240 13.8 35.8 1117 4.3

PBS 150 38.6 2.5 3.4 970

Note : blending temperature is 230 °C, blending time is 90 s.

2.1.4 PEF/PBS b st A st ag#em  HRIREE 230 °C, LR HTR] 90 s, B8 4T4%4 3 150 r/min,
il & ¥ — R L PEF/PBS MR Yy, JF X0 HAR YR Sy 2 PERE HEAT T HFSE, &5 R Ik 4 B, A
A rPRES A R B AT DUA 2 PBS B3 RN 15% i) B PBS i AR, HHR YA i o
BEWSIN ;24 PBS [ £ itk 15% B, wh i 5 B 3K 51 15,5 kI/m?, J& 400 PEF (1 6 £%, B f 45 J3F 3% K %)
73.0 MPa; Z )5 B PBS 5 5 (O ARSE N, by oi BE -S54 (i BE R 7T [ o ool i B2 AL A0 5 B2 S 1 5
U, X BT RIVERF Y PBS AR PEF HE 2] 1 HEBIE T, 0 (9 PBS I PEF A —& R A A, il PEF
PITEISE . (H24 PBS (3% S 20, PEF 5 PBS RAHA ML 22, PBS I3 UM UKL K/ NAN B, il 52 5]
i T I St BE , AT S BCHR P 0 i 5 B [
*®4 PBS &= PEF/PBS YK /1 F 16k
Table 4 Effect of PBS contents on mechanical property of PEF/PBS blends

Sample Tmpact strength/ (kJ-m~2) Tensile strength/MPa Elastic modulus/MPa Elongation at break/%
PEF 2.5 56.5 1715 3.3
PEF/PBS- 5% 7.2 57.2 1687 3.5
PEF/PBS-10% 9.5 70.1 1 605 5.6
PEF/PBS-15% 15.5 73.0 1523 6.6

Continued on next page
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continued from previous page

Sample Impact strength/ (kJ+m~?) Tensile strength/MPa Elastic modulus/MPa Elongation at break/%
PEF/PBS-20% 13.6 67.2 1450 6.1
PEF/PBS-25% 13.7 61.7 1403 6.2
PEF/PBS-30% 13.5 53.4 1183 5.6
PEF/PBS40% 10.4 39.4 1036 4.2
PEF/PBS-50% 11.9 26.2 813 4.0

PBS 38.6 2.5 3.4 970

Note : blending temperature is 230 °C, blending time is 90 s, screw speed is 150 r/min.

MK 4B W] LU, B PBS & & 193 i, PEF/PBS JRY) i s PR & R [, (HAE PBS & KT
15% IR/, B PBS &5 i iy — 2P0, S i A W A R [, (HRI(E PBS A9 48 50% I,
SRR S REIR ] 813 MPa, SRR AR B BB m AR, L SR B A J 9 T REE 2 PBS
EEBURI, SR Y PEF B 3 S AEH], SHRY AR T PEF [y 3R, MY PBS S B, i
T PBS By 5 A BEALA, S 1R B0 ) E TR RE , JUHUE 2 PBS & & £, PEF 5 PBS
FHAIEAS 25 , AH ST AL AH LA 05 , vl REAL S R Ay A o B2 R 93 PR SR ) T
2.2 HEWRIE
2.2.1 Herfesdr MK LA ATLIE 26 PEF B L e AR IR (T,) O 79.2 °C, 3% 15 4y PBS 3k
RYIH T, 75.0 °CRWBLRIG PR T A R FS s Al 4 PBS (9 T, ( - 16.6 C) FE s, X
UiH PEF 1 PBS JE B AHAR 04 5 55— 7 i S lIRLEE (T,,) RO AZ Aty vl DAUE S 9 25 (] A7 AR . 40 PEF
B T,20208.7 C,1mEM T PBS J53IEYRg T, 113.4 °C ,206.6 C , [m)FEF 2L PBS(T, A 114.2 C) T
6] %3l , LAl LABEN] PEF F1 PBS JZ8 0 AHZ A . N B IRE5 R AT LA, 450 PBS )5, JHRWH 7,70 T,
AR AR I B2 AN K, ik I A 2 BRI R B B o

100
B
80
=
£ PEF
: = oo
= ~
5 2
o [+
g = 40k
=
5
o=
201
PBS\ 85/15
1 1 1 1 1 0 1 1 1
0 50 100 150 200 250 200 300 400 500 600
Temperature/ °C Temperature/°C

K1 4 PEF PBS il PEF/PBS-15% 3841 DSC(A) F1 TGA( B) i 2k
Fig.1 DSC(A) and thermogravimetric analysis(B) curves of pure PEF, PBS and PEF/PBS-15% blend

MIE 1B 1) TGA [T LR i, 4l PEF F1 PBS 354 45 & i) #AER 2 1 < 4l PEF (1432 If 2R A 1l 2Ky
397.9 C i KAFEAR IR E S 419.5 °C; 4l PBS (18 4G FA B AR IR E O 378.1 °C, fie KIAFE A L2
405.0 °C, T PEF 5 PBS e E MEAHT , R LIRS PEF/PBS-15% A # R e PR AR LI, e B B
FRIRLIE Ry 378. 1 °C, B KIARR MR E 2 403. 1 °C aRILH — 5 i I =X X SR i PBS 5, JLIE Y
5 B AR E P
2.2.2 wr@EHHRL N T BRI A ISR O ORZE R , #R5E PEF 5 PBS Z R A AR M,
>R SEM X H AR ASHEAT TS, W& 2 s, 24 PBS & AL 15% B, PBS 23 HLT PEF £ 4H
Hi, 24 PBS i 10% B, PBS DUBURCIR 73 H0 T PEF UKL/, A FLEROM s X PBS & &0 15%
i, PBS 55 PEF 430K Bt 5% , JIR P AH FLH V4% , W] PBS F1 PEF f77E S 1B 2R T L5l . 24 PBS
ErgksEg et R A LA A 2C 2D FiR . PBS i 20% K 50% B, T LU A 0L,
PBS fCRi ¥ 5] 58U PEF SR Af | R RO DA BRCK AR, A A I 4, 3 36 W SR vh i b
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PBIAAZEAL 22 o SEM Fr/R3HRY) AT S 4504 5 A M RE A {2 — 8 .

E 2 PEF/PBS dLiE¥nYy SEM B &
Fig.2  SEM micrographs for PEF/PBS blends
A. PEF/PBS-10% ; B. PEF/PBS-15% ; C. PEF/PBS-20% ; D. PEF/PBS-50%

3 45 i

ARSI R IR B 7505 R B & 1T PEF/PBS JURY), I AL BLRER PBS &1 M, SR Y
ety B NI i i B B e b THR R RIS 2 PBS 193580 15% I, J-g PR REIA B A , oy o B2 42
w16 %2 PLAFER AR ¥ 1AL 20% , 1 SR PR AR R 5 4 PEF BEAS fR$F— 2 SEM A A5 R UESE T
PEF/PBS-15% IR Py AR A1 A5 3 4r AR S 1fT , 2 W] PEF 55 PBS JUIRAF e IR AR A LE 91, D LR
Py R TR 5 e Ah , R A U5 i 4 PEF/PBS 4 ‘Zﬁ%% i%ﬂﬂﬁlﬁﬁﬁlﬁlﬂﬂ‘,ﬁ%ﬁT PEF (&
BTN TR RAS 34 PEF SRR ER A S AR 85 A T RA 15 = 5 X
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Preparation and Characterization of Poly ( ethylene
2 ,5-furandicarboxylate ) /Poly ( butylene succinate) Blends

CHEN Ying”’, JIANG Min”, SUN Changjiang’, ZHANG Qiang’,
FU Zhipeng’, XU Lei"" , ZHOU Guangyuan”"
(“Chemical and Environmental Engineering ,Changchun University of
Science and Technology , Changchun 130022 , China ;
*Key Laboratory of Polymer Ecomaterials ,Changchun Institute of Applied Chemistry
Chinese Academy of Sciences ,Changchun 130022 , China
“Sino-Japanese Friendship Hospital of Jilin University ,Changchun 130022 , China)

Abstract Poly ( ethylene 2, 5-furandicarboxylate ) ( PEF )/poly ( butylene succinate ) ( PBS) blends were
obtained via melt blending, and the factors, such as the blending temperature, blending time, the screw speed
and blending ratio on mechanical properties of PEF/PBS blends were studied in details. Their compatibility,
thermal property, and mechanical property were investigated by scanning electron microscopy, differential
scanning calorimetry, thermogravimetric analysis, and tensile testing and impact testing. When the content of
PBS is 15% , the optimal blending processing conditions are mixing the blends at 230 °C for 90 s under the
screw rotation speed of 150 r/min. Under the optimal conditions, the compatibility and thermal performance
are good, the impact strength and tensile strength are the largest. Compared to PEF, the impact strength and
the tensile strength of the blend increase 6 times and approximate 20% , respectively. The results in this work
provide a new possibility for the application of biobased polymers.

Keywords poly( ethylene furandicarboxylate ) ; poly ( butylene succinate) ;blend ; toughening

Received 2015-02-10; Revised 2015-04-08 ; Accepted 2015-05-07

Supported by the National Natural Science Foundation of China(No.51103152)

Corresponding author; ZHOU Guangyuan, professor; Tel:0431-85262796; Fax:0431-85685653; E-mail: gyzhou@ ciac. ac. cn; Research
interests ; polyolefin controllable polymerization and biopolyester

Co-corresponding author; XU Lei, professor; Tel/Fax:0431-85583008 ; E-mail;Xul646@ 163. com; Research interests; nanomaterials





