5550 45,55 12 0] T B o ok N Vol.50, No.12
2022 4 12 A ENGINEERING PLASTICS APPLICATION Dec. 2022

doi:10.3969/j.issn.1001-3539.2022.12.002
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2 AR BPRRYE 5 TR FREEAC I DD REBDRHACE 6 TR bl BRI ] 361021)

FE. H SR A REMB D TR, XA FHEAEB T EHET BILR/ZEPLATW) LA, ZRT TW
¥idR R EBR B R d 3G S AR A AT PLA/TW M4t M S ik ey Hrm, SR AW, TW 424 75~180 um i,
S TR 5 AR R G, PR TW A AR ik R 938 e d 38 e s FETW A 238 m, SO a9 dadh 5 w32 2
BB b g 3% JE e W BLAR R FSRATR), T A AR IR BB o PR R e AR AL R EH R A B TW R 4 RO e
F 60%, A A6 ) S AR ILA B T B PLA/TW A4 A — = a9 b at, 3% TW R 8 5408 50% o, 2 at
KAt Ao B B AR 69 30 18 5 - 5 A 1L 99% A7 90% ., JR 8 3 5 ) ALK AB B A (KHS50) = 3 A W b% = 5+ AUBA By
(MDI) &% 2 & 4 82 45 K H i 85 4 PLA(GPLA) 8955 m 7 5 7 PLA/TW £ AMH e R @mAn it 7 5 A #horkqe,
¥ A GPLA ¥ A & 2R S, #& 09 PLA/TW &M A BAT6Y ) oM ak (A Re A Mgl , T A B R &4
Feg T EE B RARER B,

KB i RSB MR A A RE g A Ak &

FESES: TQ323.4  XEFRIRED: A  XE4HS:1001-3539(2022)12-0008-06

Preparation and Performances Improvement of the PLLA/Tea Waste Composites
Gong Xinhuai'?, Xiao Feng', Zhao Shengyun', Liu Kai', Ye Jinhui', Jin Fulu', Cai Jiaxu'

(1. Ecology and Resources Engineering College , Wuyi University , Fujian Provincial Key Laboratory of Eco-Inwasterial Green Technology , Wuyishan
354300, China; 2. College of Material Science and Engineering, Huaqiao University , Engineering Research Center of Environment-Friendly
Functional Materials, Ministry of Education, Xiamen 361021, China)

Abstract : In order to make high-valued use of the waste tea waste, the polylactic acid/tea waste ( PLA/TW) composites were
prepared by mixing and injection molding, and the effects of TW diameter, content and different interfacial compatibilization agents
addition on the structures and properties of PLA/TW composites were studied. The results show that the PLA/TW composites show
higher balance torques and material temperatures when the TW diameters is 75-180 pwm, and the balance torques and material tem-
peratures increase with the increase of TW content and mixing rate. The mechanical strength of the PLA/TW composites decrease
while the intensile and flextural modulus increase with the increasement of TW content. The mechanical properties of the PLA/TW
composites deteriorate rapidly when the TW content is more than 60%. The PLA/TW composites show good antibacterial properties
and the antibacterial rates against Escherichia coli and Staphylococcus aureus are more than 99% and 90% respectively when the
content of TW is 50%. The additions of compatibilization agents of KH550,MDI or GPLA improve the interfacial compatibility and
mechanical properties of the PLA/TW composites, and the composites compatibilized with GPLA show the best performances im-
provement. The PLA/TW composites show good mechanical, thermal and antibacterial properties, and this study can provide useful
reference for the development and application of plastic tea composites.

Keywords : tea waste ; polylactic acid ; plastic tea composite ; interfacial compatibilization ; performances improvement
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YRR BRK Z MR RAT AR S, 2R 07
AT G RER e A KESEFERY , T E
SRR RS AR RN SR AR R A
500 J7 t LA (TW) BRI R B2 2 % TW 3E
e A & A G PR, AT R S 0 e A s M

L ol [ 5 4 e, 3 AT AR AR SRR FH o, i/ 9
BEEETE YL R AR A A RS T A
Ykt B AR A O e RS A SRR S
fbICE &Rl BAT )32 N RS 2 D REH A
AREGHE, BRTEAE GBI 2R
LGN R VIE DR R B R A S, 3L
MR (PLA) JCHE IR AT REfiE , EA UL R 12 PERe
SRHIN T, H 2352 BT M EMY, REAECR
FHEF TR T 20045 7 PLA/ZSHE LT 4 A 4K,
FExF L K M 5% R K ) E R RE R AT TS 4y
Mro SBHHRSESIARSE T PLA/TW & A LR 5
T A R 8 450) 4 0 O ) A, HLEE X A R R
TR AR PR ST B R W I, HL A 1 2 A AR
TW [ 20 B A 30%, ME LA 850k 1 35 78 ok 1k
YEH .

AR A MR AR T R A AR I T
AR RIS i DL RSO 5 BE AR R] 174 5 1w A 2
PEOE R FLOCHE, HATRARE B o] UL — 23 T
ARSI A MR B ST 1 75 oS A AT G E
SRS AR T AP DL K TW SR KRl i i i
FIRFESE , AR ILRIE . IEAh, TW & & 2B A5a Th 4l
41, X AT BEMK T 52 G AR BT R DD AAE A O
5 fif DLATGE .

PR 0 28 74 R FH 6 k- TE 98 T 2446 T PLA/TW
YR SRR, ST T TW HEDRPRAS 8
SRR HI TMERE R R, 5 5 TR A v
BN A ABHERE R BRI, A1, 5 O PLA/
TW &AM BT R TERESEA T T 0I5, LIR
IMERB MR — e 2% .

1 IERS
1.1 E&RMF

TW : F R TW HTKIE T 2 bR, )T 5k
T, By BRI 65, FH s o 536 7 4 531 s LA
F)<75,75~125, 125~180 wm £ 180~600 wm 4 Fi ki
R TW , W Bl R A AT BR 2 5

PLA: ¥ 1K ¥i ) # % (MFR) ¥ 22 g/10 min
(190°C, 2.16 kg) , RHIDEAEFRME S A PR F 5

TORFEE — R R R (MDI) s E R L T AR
R AT BR A W

Tk Jot 1 B 59 - KHSS0, ) M 2% i 387 A RE A BR
N

Y I R 4 /K H I B R FLIR (GPLA) -
TRFER R Ty 4.88% , IR TP 5

KIGATF A | 4 B A A BR A - v B Tl it A 9
PP B o
1.2 EBMNEREEL

AR AR AN - XSS-300 2, i RFEIRE B ML %
HABRA ]

HYAHL : SA600/150 Y, 7 ¥ R YR LAR AL A1

HRAF
TR 7 BB I HL : ETM104B AU, ZEHI 7 3k
IR BRAF

ST AR IR BE D 22 X : XRW-300HA 2, 5]
ARFET KM AFA R A F]

4 B F 2 738 (SEM) : SUS000 #Y | H A% H 37
NCIE
1.3 XAEH &

# PLA,TW,KH550,MDI, GPLA %83 1 [ fic
TTPRBE, e AU AR A TR 2 U i), B 28
BLAA R 3 A, R e FH I B ML 38 R AR R 55
PrEHE R EE  180°C , TR MR 40 /min, TR
7 min, TFEIIREE K 165~190°C, [T 114 55~80 MPa,
PRHEERTE] R 5 s, BEZRVE HIIHEI A 10~30 s

#®1 PLA/TW EAMRIEH g

EERS PLA W KH550 MDI GPLA

1" 180

2 162 18

3 144 36

4 126 54

5* 108 72

6" 90 90

7 72 108

8" 126 54 0.27

9" 126 54 0.54

10" 126 54 1.08

1" 126 54 0.54

12 126 54 1.08

13" 126 54 2.16

147 117 54 9

15" 108 54 18

16" 99 54 27

1.4 MgemX 5 A
(DA EREI.
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P PEBESR GB/T 1040.2—-2006 32t , 47 {1 8 Jir
A 5 mm/min, AL ] 5F 2 150.0 mmx10.0 mmx4.0
mm;
25 i PEREE GB/T 9341-2008 14k, 25 i1 i o0
2 mm/min, X AE 100.0 mmx10.0 mmx4.0 mm, % {5
60 mm, £4/F 6 mm;

] 32 9 i 01 w5 44 GB/T 1043.1-2008 30l
W, B2 B AL B R E 0.8 mm, 3R SF R
80.0 mmx10.0 mmx4.0 mm, XEEIE 5~6 I
¥l

Q)4E-R A (VSP)

VSP #% GB/T 1633-2000 il % , & <) 30.0
mmx10.0 mmx4.0 mm, P41 3 UK, K1

()T T IO I S 5%

PLA/TW W 1 1% 43 4k BE 5, I SEM M 28 HL
AL, R mE A 3 kv,

(O PEREMNA

B T B PR QB/T 20912003 35, 14 vk Ji
3x10°~3.5x10° cfu/mL. LA PLA W5 S M i1 58
PLA/TW B AR KA AT B RN 4 0 8 2 BR el 11 1)
2 HBR5ITE
2.1 TWHERRELENESMAERGH

(O TimAsPERE

HFALIFFEIR R | [F 5 PLA/TW BBt H b 70/

=

g

30, %58 T TW R AR AR R X PLA/TW & & 44
BN T AV S0, 45585 T4 2, R 2 mIHl,
BETE MR R (1 0, AS [FDRLAR il 45 19 PLA/TW 2 &
AR TP R R R AR 2 4 R A, X
S DR Ay B YRR 2 S P 3 0, 27— s O A 2 it o 1)
STYIE TR, 3% 52 B EHA 2 i BEL 7 sk i
K, T B A A 3 K [ e e s 4
ORGP RHRY BT UIVE FHG 38 |, PR 482 35 PRy ik P
W, FECRA AR B . R 238 W, B
TW R 3G I, YRS Rk P 0 26 2 1 R Dl
JIN ) REST- A R R B O/ IN IR HEFI AR IR S TW
(125~180 pm)> TW (75~125 pm)> TW (180~600
pum)> TW (<75 pm), & TW R i Kalid /M),
PLA/TW & & ARG in TS LA 42 /08, 1 TW L
AT 75~180 wm B i) PLA/TW &2 4 41 RHK Jin T
SPAFHAR R . X AT R T RIS TW RS K
fF, PLA T TW AL A 7853, T 2 ME LIPS LA 45 55
ISR, TCVE TR U EE 462 RE g 5 1T TW kAR
b /NI TRIRE TG P AR ORI BE 45 B, E 45
R, FE I PR A RS A R

LA % 18, MARIE PLA 5 TW A B i1
HREAERT, R B4 58 TW JFUBER IR, o TW (125~
180 wm) Al TW (75~125 wm)iR 4], 15 2Pk A% H 75~
180 wm HJ TW, H T J5 £ PLA/TW & & M B 1Y
il

K2 AR TWHZE PLA/TW £ &4 B0 T 43R

T /(romin™")
™
¥if%/um 10 20 30 40 50
HA/(N-m) BHE/SC  H4E/(N-m) BHE/SC  HH/(N-m) BHE/CC  HHAE/(N-m)  RHE/SC /(N -m) HHiE/,C
180~600 2.5 169.9 3.8 171.1 5.1 171.7 5.4 173.2 6.1 173.9
125~180 29 169.8 42 170.4 5.4 171.2 6.6 173.7 6.8 174.2
75~125 3.1 169.3 43 169.8 52 171.7 6 173.1 6.5 174.9
<75 2.5 170.1 3.8 171.1 4.6 171.4 5.3 172.1 5.9 1735

H:TW BTt 3400 30%.

i 5 TW Ri 458 75~180 wm, BIF5E T 1R 4 % ikt
FITW T 70506 PLA/TW &SR TAHERER 5%
Wi, 25 581 F 26 3. PR 3 T, Bl TR R S A 14
PLA/TW 5 BRI fIN T HH R Ak il #8 2
Rk s RS Rk AR . R TW F = 3
B, PLA/TW 5245 BRI TP R R0 -k
W) 52 A 8 RS s/ N B X B T TW F 4
I, EABEINES TW 5 PLA Z 6] \TW 7 B 2 [i] 7=
A R EEREEAE FH S B 1 , A I P TR LR R n T
BHERE K. (HY TW it 73 BUiE i 50% i}, PLA/

TW & AR RN TP FURHE A B T B, 31X
ATREEH T TW & 2, F8E &R 4 8o
TW JCiE B SRR B PLA 7243028 T8 A TW A1 3
&, TW 5 PLA Z [al 45 & 5 EESE A Sk /b, 3801
AR AR 22 S I T AL A SRR R

() 124 1ERE

Bl IFDRE TW 5 S (938 0, PLA/TW & & 4 BHP)
T3 2 BRI P R 0/ D T A (R ) D) 2 34
HEF IR 4, X5 Almgren™ 1 Li" 58 45 550
X FEEE R TR TW R Z LUK BORCR GBS
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#3 AETWIHRMER PLA/TW I TR EHE

B3/ (r-min")

Tﬁ\;;gf 10 20 30 40 50
HAE/(N-m)  BHE/,C HA/(N-m)  RHE/SC  HAE/(N-m)  BHE/SC  HIHE/N-m)  RHE/SC  HIAE/N-m) CBHE/CC
0 2.1 169.5 3.4 169.9 42 171.6 49 172.7 5.4 174.7
10 2.1 170.1 3.3 171.1 4 172.5 45 173 5.1 173.4
20 22 169 3.6 170.7 47 171.8 55 173.2 5.9 175.1
30 2.8 169.8 4 170.4 5.4 171.2 6.6 173.7 6.8 174.2
40 4 169.8 4.8 171.7 6 171.8 6.9 173.1 73 1743
50 5.1 169.8 5.5 171.3 6.5 171.6 7.2 173.5 7.7 174.5
60 3.9 169.3 4.6 171.1 5.3 171.4 6.7 172.8 6.9 174.1
*F4 TWHEX PLA/TW E MBI A1 FHEEERI RN
S TW it 7340 %
0 10 20 30 40 50 60
P i i /MPa 54.5+0.7 47.1£1.3 43.8+0.7 41.240.6 35.840.4 27.2+1.5 18.6£0.2
P AR/ MPa 3307.8£79.7  3571.1%104.7 3 847.3£199.7 4 122.6+64.9 443724357 491344727 4040.9+242.9
Jr i K /% 9.1+0.5 8.24+0.7 7.540.2 6.9+0.3 6.3+0.1 4.6+0.6 3.6%0.5
5 i 5 /MPa 79.1+3.5 71.840.2 65.142.3 62.6+0.4 54.9+3.1 48.6+5.4 28.8+4.7
25 PSS B/ MPa 3099.44272.7 3469.4+96.1  3764.74214.5 3935.8+165.1 4225.4+713  4843.84281.4  5338.4+141.5
O iR /J-m ™) 17.4+1.5 16.9+1.7 16.1£0.5 15.240.8 11.2+0.3 10.5+0.2 6.9+1.1
SETF PLA LR DL $4 £ 4 1 B 5 A/ ™ (P TERE

BEAh, TW i & & B3, Motk K, S5k 3 (R i
PLA JEARFURIAR 2R 22, DR 45 RN B % S 3 TW
ORI 25 5y 7= N 1 B v R 82 40 VR R 25 5 7
RS, I E A MR BER . BE TW Bt )
B, B R R 2 SR PLA/TW B &
AL Ty 24 B R . A, TW SRR A )
b, A 3Rl 52 G bR B W 3 in A b
R, T R 3/ N

(3)iit HAPERE

ANETW B9 PLA/TW &G4 BHK VSP 4
B TR, B LR, B TW T 2 20
PLA/TW & A AR VSP B #2524 TW 3N
HE040% 18 1% 50% LUG , PLA/TW & A& RHE
VSP &1 58K, i (79.3+0.8)°CHE /il 3] (146.6+1.4)°C
PL b XAl RS T R TW DR i f 38,
fifi PLA/TW & 45 B AL AR TR B 4L o8 5 50— D Tl , TW
FHAR B0, 7E45 5 PLA/TW &4 AR P i1 7]
iF, AT A2 AR R AE DN 3 VSP G B | 52 Bt fa] SiE
K23 T PLA M E 45 5, T 3K S Mk VSP
by N

0 10 26 3‘0 4‘0 Sb 60
TW 5340/ %
1 AR TW BN PLA/TW & 45k BH VSP

TW & & 14 2 By VE S —Fh KSR 1T TR Pt 48
F, A5 AW o e 6 R AL A, B AT T
TR AR YT LA AL D REY >, R
WHR T PLA/TW & A AL K FT 1 A0 4 0 1 2
BRI PLEPERE, g SR 2 & 3 Fs LA T3
5. HFRS AT, Bl TW & 8= A3, 26 pEH R
Jo K TR R 4 4 25 K A 4T R R I, 2 TW
T 23 BCh 50% I, PLA/TW & &0 B K AT

B

(c)
a—2" 0k ; b—4"a0FE ; c—6" kR
2 AETW &7 5 PLA/TW & & W RGP TERE R FFE)
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(AP0 T SR B A 99% , Xof 45 e 4] 268 TR T (140410 1 S e ok
90%, 72 B PLA/TW & & # B B A5 — & 09§t &
PERE

(c)
a—2" 0B s b—4" A o —6" A
K3 A TW &1 PLA/TW & A MR P P (4 T A AT 5K
£R5 FETWESERPLA/TW S & EHTE

TW i X R MAAT I X 4 A AT ER AT
BU% K% /%
10 24.8+0.7 11.840.9
30 32.443.1 23.1+1.9
50 99.943.3 90.9+4.4

2.2 R@¥AE 3T PLA/TW A &4 4H6h AL ik &

() 124 1RE

Sy HGsE PLA/TW A AR AR 2V, 5857
KAETW I e /e -, ik H KHS550, MDI Al
GPLA Bt R, 43 B 17 Foas i v 52 6 44k
() AL A IR R AR L 25 81 Tk 6. R 6
AT, 3 Fh ST e RS I #R BE £ PLA/TW & A #F
R T2 PERE A AN R RR FE A4 . Hoh A GPLA
1) S T 14 25 OR B A , MDIL YR =2, KH550 5 18 etk
RO B 25, I AE GPLA I i it & 4 55k 10% B,
PLA/TW & & MR 14 Re fedd: | Ui &2 &5 44k
(A A A e R B 1T ok 5 R 0 93] Eb 4 PLAY/
TW 2 55 43.7%, 42.1% F1 24.1% , 7 i sope Ak g | 25
fH B A 4 S 1 26.5% A1 10.4% , W7 24K %
P 26.1%,

(2)FHHAHAE

x6 TEFEEEARXTPLATWEEMBIE AR

e I e wae s w20
BT \p, PLEMPa K% JE/MPa BLh/MPa (J.;l)
4 4(1)? 42241& 6.9+0.3 62.6+0.4 319255‘?* 15.2£0.8
g 4(2)1? 411361;)& 71402 64.7+1.4 4123756‘5* 153£1.0
9 43;* 42;;? 72:0.1 70.442.2 43633"51 15.6£1.3
10° 43? 415;5623* 74501 66405 23;7;* 15.550.4
1 4(1)? 412192"93i 6.340.1 64.8+1.8 423862"31 15.6£1.0
12/ 432* 465‘:;& 6902 T3.6£14 ° 51391‘;’* 16.241.7
13 42? 41%;& 6.8£02 68.8+1.3 45395"21 15.6£13
147 Sff 4f5729"fi 8.1£0.9 81.7+15 4;‘:55"19* 17.6£0.2
15" S?ﬁi 3 222165? 87402 88.9+2.1 413;‘55"291 18.940.8
16" Sgigi 455322& 0.0:0.4 87.442.2 42953201 19.3£0.6

B 25 W5 PLA/TW & & B4 RH A7 W7 i SEM
FanE 4 iR, R dan] i, RIEA PLA/TW HZ &
PR TW 5 PLA ST A0 A B B 25 B (1] 4a) , KB
TH RS SERE . 4 KH550 (& 4b) . MDI (I
4¢) & GPLA (Kl 4d) A w5 )5 , B A e TW 5
PLA (1) S AHZ A5 20 B & 2l 3%, TW 5 PLA [
T 25 B AR /N B 9 2, TW Bl S4B i fu 2 B
TE9% , 1 GPLA #425 s BB

(c) (d)
a—4" I ; b—9"A s c—12%HE ; d—15"0kE
El4  PLA/TW &Z ARG 2T PR KT SEM (UK 400 £%)

)M FAPERE

ANE AL 4577 0 PLA/TW 524 41 FH VSP
) FF7, HFETAIH, KHS50, MDI K GPLA %t
WIS AR VSP S EI8E =, L GPLA MG 25 ek
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ORI . 1 GPLA YNG40 50h 10% i,
PLA/TW % 4 #1 BL i) VSP Hi (71.5£0.4)°C 14 finn 3|
(148.3£0.7)°C , 485 1 107.4%.

x®7 TERMERFHRTPLA/TWESH#H IR VSP

S VSP/°C
4 71.5+0.4
8" 72.6+1.1
9" 78.242.5
10* 76.1+0.6
11" 75.2+1.2
12* 81.5+1.1
13* 76.3£2.4
147 87.9+0.2
15* 148.3+0.7
16" 147.1£2.9

3 #Hig

(1) PLA/TW & & 48 - i 5 5 57 i e il
B8 TW 55 5 FITE J9 803 18 H T i 15, -7 TW KL
124 75~180 wm B 5 7

(Q)FHETW & & BRI, 525 B R g 2 B A
TV R, i D B T A 0 SRR A, EL R R
Jiga A TR R <5 4 K TR )T TR R B TR, 7R TW
S I3 H0CA 50% I, 525 BRGS0 A TR A <65 4
IER B 520 S 99% H190%.

(3) 3 25 %) KH550, MDI 2 GPLA #8 Ik 3% T
PLA/TW &5 R E5H 5 PERE , L GPLA M7k
HEROR A, 7T EON 10% I, 25 BRI 23
AR,

£ % Lk
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