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Preparation of aluminium doped zinc oxide nanopowder and its antistatic modification of PET
YANG Xinyue', GUAN Litao', YANG Chongling’
(1. South China Agricultural University, School of Materials and Energy , Guangzhou 510642, China;
2. Guangdong Industry Polytechnic, Department of Light and Chemical Engineering, Guangzhou 510300, China)

Abstract : Aluminium (Al) unit doped zinc oxide (AZO) nanopowders with different contents were prepared by chemical co-
precipitation method and the homemade AZO nanopowders were used for polyester preparation in order to improve the antistatic
properties of polyethylene terephthalate (PET). The effects of Al unit doping on the structure, morphology and electrical properties
of AZO powders were investigated by using X-ray radiography, scanning electron microscopy, thermogravimetric analysis, surface
resistance tester and other testing methods. In the next step, AZO was added in the process of PET polyester preparation to investi-
gate the effect of AZO on the antistatic properties of PET polyester. The results show that the prepared AZO nanopowders are hexag-
onal zinc oxide with good crystallinity ,and the Al doping concentration affects the morphology, crystal structure and electrical prop-
erties of ZnO nanopowders. With the increase of Al doping concentration, the crystalline quality of the powder decreases, the electri-
cal properties become better and then worse, the size of the powder becomes larger, and the phenomenon of agglomeration and
agglomeration occurs. Moderate Al doping can make the zinc oxide resistivity to reach the lowest, improve the electrical conductivi-
ty of zinc oxide. At Al doping concentration of 2%, the nanopowder has the best electrical properties with resistivity of 5.3x10* 0/
m’. The produced AZO powder is used as a conductive filler to prepare PET/AZO nanocomposites, and the lowest surface resistivity
of the composites is observed at 0.005 wt% of AZO filler, which is 1.16x10" Q/m’.

Keywords : chemical co-precipitation ; dopant modification ; zinc oxide nanoparticle ; polyethylene terephthalate compos-
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Tab.1 Composition design of aluminium doped zinc oxide powder

Sample Acronyms Zn0/% Al/%

ZnO ZnO 100 0
Zn0—-1%Al,0, A, 99 1
Zn0—-2%A1,0, A, 98 2
Zn0-3%Al,0, A, 97 3
Zn0—-4%A1,0, A, 96 4
Zn0—-5%Al1,0, A 95 5
Zn0—-6%A1,0, A 94 6

‘ZnCl2 solution ‘ L’\l(N 0,), solution‘

1

Mixed solution

60°C, pH=8 | 2.5h

AZO precursor

BSNEY v Drving at 100°C

‘AZO hydrothermal product ‘

Calcinei 800°C, 2h

P A= IITE R 5 AZO AR B R T 2 R
Fig. 1 Process flow diagram for the preparation of AZO nanopowders

by chemical co-precipitation method

(2) PET/AZO B A M KMl %
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Wb 22, PTAMEGY) Ryl 1: 1.4, 75
Fis Ak 1t B2 R AERT 111K BG 4% & S 8UR N AN BEIE 5 1F
A7, IR ORAIE S B A AE ] 17 T o

PET/AZO 5 & M BH A8 I HAR By 3 o
AZO KSR NNA 250 mL EG H, i £ I i A M 75 D%
PRASCHEA 768 7R R AL 3L, PR R 60% , 875 Ff[B] 5 miin,
il f5 AZO B EG IF -

W N2 TS , A EG, BiJ5 /D& 2 A
PTA, W35 Bt HE4E 3 K 50 Hz, 54 5 ~ 10 min, 112
N ZE B8 FEA RS E 150 kPa, 10 s 5 itk , B4
PV, FRRFEAAE 100 kPaff 1, 2 v 28 e 251 i
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BERE K 260 °C,

Y35 I v 28 K 1 360 ~ 400 kPa, FEIE Ak 7K ik 5
PRIEAH Y 80% , H K J7 % 2 300 kPa LA F B, BEAL Y
BUASH g . B N1 05, CHIER T
WAE  FT P4 RIEE , D E 2 0N A AZO % EG %
W \TPP J%2 Sb,0,. JZJV 5 ~ 10 min Ji5 , P4 35 fi EL.25 i1
2 -100 kPa, [ W 48 Je 2= BE e o 270 °C. #53k
TR E S 260 °C, N 28 DRk 51 90 W B i 17 4%
WM 25 Hz, D3R T [ 28 80 W I SE b X 2%
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*z2 ERHEALE

Tab. 2 Ratio of raw material input

Item PTA EG SbZO3 TPP
Ratio of t of
alio oramoutt o 1 1.4 0.001 0.001
substance
Actual grams/g 1000 525 0.45 0.60

1.4 X5 A4

(1) AZO ¥4 SEM i,
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EDS it 5 FESEM i JH , FH L 4551 [ 2 19 s s
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GYEL, 25 AR BT AR R TR RE . 0
SOB AR R LR, S XA R ER 5 i M A At
RETE BCRZ M, B I TRiA . 1] 2 AN [A] AL 55 i
B2 AZO 9K WK B SEM [EIMG , M4 &% 7T L) i
ZLH), P FH A 25 SR TE 25 1) AZO G R AR AkL
AR S) R Al DGR B 24 B 2, 8
Kb R RS 5 T AR A AR X B & A= ARk . AZO
WOk 2R AR — R ZEERIRBURL , Al 2% 5 1
TR RIAR 5] BORDE AR 428 508, JLF-h
FIERIRZERC, BE ALBA S fa ny3g i, kA kL
G HER, R g2 i T AR L Zn Ji 72042
BN, FIE AR TR Zn I 73 A AR B SIS
AL RO/ IN . AR 2% F ki B (AR 1) /NSR [A]

e g
@A, OA,
[#2  AfE] AlE R AZO ¥R SEM & (<100 k)
Fig. 2 SEM images of AZO powders with different Al contents(x100 k)
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(2) XRD73#7 o

] 3a & fh 2 LT E I i 45 OF TS AR 8 44
SAALEERTIR AR 1Y XRD B, &l 3b S #9442 800 °C
1Bbe I 5 2N AR B 4 AL BE XRD B3 . AT ST iR
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AZO AN RN 45007, Al £ A ZnO /i
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AHOS S, ALFEA S A, DR JE 2 AR A e
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26/(°)
(a) Aluminium-doped zinc oxide precursor

10 20 30 40 50 60 70 80
26/(°)
(b) Aluminium-doped zinc oxide

%3 XRDA
Fig.3 XRD pattern

(3) TG ¥ -

K 4 52 AlIB AR R 2% 1 AZO FTBRAA 1Y TG iHh
2k, T LA H7E 100 ~ 200 °C .400 ~ 500 °C /1 BE
DX o] H B T B A B 3 P T R IR AR 0 il
;e ZnO BBl 25 /0 10 235 i 7K R 3% T R oG K 1R 7%
A B s Z SR R3] 700 °CRIZZ ISR ERY B . L
TEFE 800 CCHEMIBARIR AL , PRUERTIRAR TE 4253 fiF
105,
100}
95|
90}
85t
80t
75t
70t
65t
00200 400 60 80

Temperature/°C
K4  AZORIRAAR TG HhZk

Fig. 4 Thermogravimetric curve of AZO precursor

Weight maintenance rate/%
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WA TA] ALS 1 AZO H53 oA A 2 T e BH SR IRk
BUGVERBEATEC RS, WK 5 s . AR S AT, Al
A XF ZnO YK KA RS2 A H Wi, B AR5 Mk
F1%) 2% THT FEL BH 2R AR e 3R SE08l /N e B R, B P s
TR, 2445 4% 2% IR AR () 2 i fL B R d5e /N
SRR TR AT RE R Y AL B AN T 2%
B, AliEA ZnO f IR T Zn, JE SRR, 4k T
WA SHPERE. X ALRB 2R KT 2%, ZnO
i I TT LA AR ) Zn S8 30082 , 24 AL 40 e
B2 ) T 5 ZnO 45 A LR B A A W R
(ZnALO,), i 7 i HE FE0E i/, T 0B R
Fm BRI, T H P RERE 2 FREAL, PR s B
(B LN N 2% 2E 40 -

537 539 5,

lg(p)
S = N W B N o

Zn0 A, A, A; A, A5 A
Sample

Fl5 TR AL AZO MR 19 210 FiL B 3004
Fig. 5 Surface resistivity logarithm of AZO powders with different

Al contents

(5) EDS 1 XPS 4347

H T B AZO B AT WA A il it EDS K
M T Al#BZ4HEH 3% ) AZO KEf . 8] 6 2 EDS fig
T, 7E % T AR B AR E] O, Zn, ALTG K [ I
AEHAbA TR . ER6h WEEE] AT R (15
T EH R 3.17% , B SEI0 R E 1B 4% 5 & 3%,

Weight Percent Atomic percent
20 40 60 80

Zn 0 20 0 20 4 60
o 2.1 o 5797
2 é Al ]24 é Al ]3.17
= & 5
g = =
8 Zn ‘7”9 Zn ‘3&&5
Zn
o
Al C1 Zn
Ao A
Il Il Il Il Il

Il Il Il Il Il Il
10 12 14 16 18 20
Energy/keV

K6 AZO WK EDS 4347
Fig. 6 EDS analysis of AZO powder

K7 24524 5N 2% ) AZO ¥ K 1Y XPS 4 i
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S, AL B AR AR D, H AL A0 U
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BN, I T3 AT R RIS . 455K 3,
TE XRD SZ5 1, AZO By AR 7R 1 J& ZnO [ 75 J7 £F
BER SR TSR, R ) A2 BT 0 X UIERH S
Bt 5 R 47 T 1844, AL R 22t A T ZnO
g

L 1 1 1 1 1
1200 1000 800 600 400 200 0
Binding energy/eV

7 AZO KA XPS 4 /4T
Fig. 7 XPS full spectrum analysis of AZO powder

2.2 PET/AZO %h K & FHan# o 85 50

PEHLALB 24 50 2% 1Y AZO By A AE R G HL 3
BE 5T AZO EREE i X T PET 26 1 H L% A9 5
M, Z5FAnPE 8 s A 17,27,3%,47, 57, 6" AZO
¥ oK 78 = 4 W b 0.001%, 0.002%, 0.003%,
0.005%,0.01%, 0.05%. % I F, L & (% 10 et 2% S
B FE LT /N T 0.005% s 3 11 FEL B 2 B SEURE 25
(ARG T /) | LTS AR AL 0.005% Ji , 2% 1T A B %
HER . MIFE TR 0.005% B 52 AR Rk %) 2 1T A BHL
FIAL, K5 1.16x10° Q/m?, B ARRH) 2 1 L BH.
FTE 0~0.005% Y AZO & it N 2818/, R AZO
1£0.005% 7 LA F RS OV 2B i 1 il 454 , PET/
AZO A MR HLE I S E ) BAE 0.005% 7 i LA
T, I LA R R 2 AR AR R AR LA . S
AT 0.005% i WS 20 B4 kL2 11 HL B4 — 1Y
BN, X AT RE S T PET JE 5+ AZO TR HIUR Y
SIal ARG . ROTRE/IN R 25 5 A1 2R
YER FHBUEHYT AZO My AR RSTIB SN 40KR G, A B
RN PR . I SEER 25 SRR W AZO iy K

14l 1400

ot 1t 2¢ 3
Sample
K8 ARlal AZOHFE I Y PET/AZO YUK &Ry 2 10T H B X4
Fig. 8 Surface resistivity logarithm of PET/AZO nanocomposites with
different AZO fillings
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AREE KN Zn JFF(0.074 nm).,

(2) ALJCE BT AZO By RS A K
B TR B2 BN, AZO Byt A A i HE T
BRIE (1) JURLIR 1 5 Sk AR sl iR

(3) XRD il it 7~ S 5 i) #5119 AZO ¥3 A A ZnO
IS T EFEERT SRR S5 # , EDS F XPS IR RN T4
ARHAFAEZn, Al,OJLER . XRD,EDS HIXPS (925G
3T BN T AR RSB 2.

(4) Wi ALB L HE N, AZO H R 1) 2 T
RHSEI NG 2SR, R L ZRAE ALUTR B A E N
2% ik B f /N Ky 5.3%10° Q/m’. IZHE T BY AZO
Ky A ELA ZnO WIS AR REm 450, HLAR B2 A0 ,
IR (ZnALO,), EHH Al (B 24 Tk FETE 2% /2
A RIAT{E AZO M A Y S HL SRR B fe £

(5) il & PET/AZO YK A A Rl R vp | 24 3H
Fe /T 0.005% B 2 1 A BH 2R B 3EORE & 45 19 385 in
TIE/)N , 3 7 I 0.005% Ji , 2 1 Ha B 28 1 B3
KIS . MR AE 0.005% I 5 4k R 2
F BH R AR, S5 3 1.16x 10" Q/sq, A4}l 4 2 1A s
AR R R FE R . (] AZO 1 R 5 B R RE AT 5K
M0 PET BT sl PERE , (ELIEDRE A0 T8 0 AN S e
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