€1 % % 4§ PACKAGING JOURNAL

2017 FE £ 9% 5 2 HI VOL. 9No. 2 Mar. 2017

K il Tio, B

fEfrRe L N

4

doi:10.3969/j.i1ssn.1674-7100.2017.02.005

FEAR HRER
B RERE
XXiE REW
KK
GRARCRE

# KX 430079

W OE. QKRR TEARM, KRR RACER ST EAKSLELE
VR BLAR T A 2 R — B A4 TiO,, i it XRD. TEM *+H & A BT T
FAE, B Z5A 4 — T L% BA R A 45 7 ) B 09 R IR G M AR AT T BRE
Lk kAR, FIARG BB AT, Ak 55 Bl K ok ) &4 B 89 B AR AT
SHERE R R, MARERKREIE, K &9 8L4K0 B S R = R ALSRAE A 18
A, HaEAEE TR, TP RBEMSASARMTRBELEM, ATHERTHE
HAhEYTFTHEMM, AETRAKFABE, Lo ERE RN,
ZhE L3 min A TH UVA BB R ARG, RBEETATEHAAERE 30
min W R AR A ME ., RiZaf ek LERE L 10 KRG T RS
HLRAZFMN, Ak, MEBITPERG T 2440, AT A ET5

KPR RBRARE G W T KN B AR S @R AT AR KA A FT %,
KERIR . BRI KA R E; A4 BAEAL; FaRa K AAIETA

HhESZES . TP383

MRS A

XEHE: 1674-7100(2017)02-0030-09

1 RE=

N T ABIER B MR, 28R
A2 (modified atmosphere packaging, MAP )
PREERAR M, AR N, CO, fil 0, ERMAKFTA
LN, LU A 2 PN A SO AR SR, 3
TRA AT ReTE I S B TP R, MAP A5 Tovk R
LRI e R PE DRI £ il ) 2 AN BB AT BIAR L (1Y)
TRIE. AR R A doc A RO AR PR AG I 5 =X
HBE 7 5 #2540 (ultraviolet, UV ) S i M
0, AN B ARHE S 207 AR B E AR
B R A TR ANE e e A A A s
Tt 308 AT B R S I 1% B i 2 A R SR 1 T
AE B EAN IR B B SR R R R B S

AL I e R (W B i ( methylene blue, MB
45y 45 L T IR (sacrificial electron donor, SED )
CHean ., =2 mERE (tris(2-hydroxyethyl)amine,
TEOA) %) , P 5 IR i 1k 7] 44 K kL SC (UV-
sensitive semiconducting photocatalys ) ( Ft4ll TiO, 45 )
MEREREY (N LI 4EZE (hydroxyethyl
cellulose, HEC) %) B
P E S AR R FIAR R © i JEEL I 1 R, RD
Wi UVA (K 320~420 nm) 4@ 88 TiO,, 7L
A TR A, A AR iR i MB
Jurh, 1530 A BUR M o @ L EE LMB (leuco-
methylene blue ) . 445 A SAAER, JoEARY LMB 37
ZIRAA AR, IRERIIR IR, IRRFE R e R
PEREFIE M E2FERMER. HA Y Tio, 9 UVA

s A 2016-09-18

EERE N 2EN (1991-) , &, WP A, sOURSH A, 57 0 o R,

E-mail: 2010301750015@whu.edu.cn

BEMEE: X240 (1978-) , 5, WHEEMA, RO, WL, BRI S,

E-mail: liuxh@whu.edu.cn



WORARBK I % T10, REFEE A L% M0 L B

WE R A BRI BIHE /R OR, T TiO, B i 740
JEERRE T2 KR TIO, JEHEA IR A
TERZUA R 2R R RS . RAR RS | JBebelilaE |
LRI ARDEBEOLR S T AR SCHE A o B K 4
WL AR TIO,,  FFKE HLN A T 4 B Y A B
s, DA E R AR IR 2%

UVA
hv
(aq) LMB Tiozr\
step2 stepl TiO,(e7, e*)
SED
O MB

) TiO,(e)
Oxidised SED
1 RREFHOAFTERNRAGKERE
Fig.1 Mechanism of photobleaching and

it
o) O

H

color restoration of oxygen indicator

2 IR R ALES

21 EERH
BRIR T g . TOKOBE, 20K . WeEhig . JoK 2T
Tl W . RS, BN EZ A RA
A A
22 EEXEMNEF
TR, MDS-6 B4, FIEHLA Rl A7
P thghdt, TF10-10 Y, Jbat B bl A

B S w7

fH IR ML, XMTD-8222 %, | X 251% 32
HBRA A A7

HL PV ELZS T4, DZF-6020 %Y, Ryt FRrg
BRI

HLF K-, BSA224S #I, BZEH{YAR ( i)
A BRA R A

WEFIERE, SXIQ-1 AL, FBMEINAL T H AR
Cilechaah

DAL, H1650 B, TR BRI & AT BR
INEAE

HEF RS, KQ-S0E Y, BRIl (LA A
BRI

X SR, D8 By, fH[E Bruker /A ] 4257

S BB, JEM-2100 &Y, HASH FREX
2x%t (Japan electron optics laboratory, JEOL ) 4:7=;

4 B 7 5B 7% 8%, FEI Sirion IMP %, 2% [¥ FEI

ONEVAETE

AT LT R OB BT, UV=3600 %,
H A By HE A w) A2 75

AR MY, ZF-20D &, I T T AEAY
A PRA A A7,

3 LIGFEIE

BXT FRTANK TiO, SEHEAL R 3 Hh A7 AE 1) 5
R P EUEBESE RIS, AN S TR AR B K Bk
LT AR TiO, SEHEALT, JFR 5 Bk #AL
frxtite AR LIKBGEL A WA Tio, HAT 4wy | i
FEAR . FIRA . SIS ™, ERAE R R
RAPIEARTIR], REREEOR, e A phiAe s S TR
2 BRI . A DU A5 N U7 SR A e Aol B 7K A
TEWTR B 9AK TiO, M0kE, HATRIAR N - 0K
U SRR AR, RN, RS B n] LAY
K TiO, By AT HEAT Y . SERRUESE, DA A Bk
P BAA AT AR R A e i s e e], i ELAg o 17
PN AR A7 14 LB B e A AR5 RS 3 A1 5
PSR B ™ E A

SRJTVERIR T IR A A9k ) TAR BN F

Ti(OC,H,),+2H,0— TiO,+4C,H,0H, (1)
Hid 0
Ti(OC,Hy), + xH,0 —
Ti(OC,H,),_.(OH),+xC,H,OH ; (2)

Ti(OC,H,),(OH),+ Ti(OC,Hy), —
(OC,H,),_, Ti(OC,H,),_,+xC,H,OH, (3)

4 TEHRSRIG

AW b 0 W R S B 2 BEOCHR [11] #E 4T, A
BRI . FRI 1 g = eIt 8 THEIE
FIA 10 mL Z&48K, A 73 H 5 ming FRIC—E &
(4 TiO,, ®FEEZ 5 A FiR% i, 4k8L5r 8 15
min; R MA 0.5 mL i /350 0.1% /9 MB, &
Fire S T TR I BERE 30 ming BEREIE R O
ABDE T, FCETE UVA SEIR R AT E RS2
FE 130 CARHASIN 3 h AT, FR UK R
TR % B 7K 3R i A5 B 409K THO, X7 FR L 5 1)
TEIVHCR VLK 2 A 3,

HT P 2 BT B8 R TR AT AASE AT, SR B K
Pk, 16 130 CKIN 3 h AT, LIk

-31 -



1 %= = #§ PACKAGING JOURNAL
2017 £ £ 9% & 2 B VOL. 9No. 2 Mar. 2017

TiO, 5 = O WehE . WH ILHE . 28 Tk il sl i) A<
FERFIEWL, 28 UVA JEIRER IR 10 min J5, R
SRR, BB W TiO, 7 AR Y
HROY B TFIRR, YIRS, RWiEEsh
O 30 s, DM S A S BuE R, WA
SR 2, "S5 LMB f4h MB, iR
N2 R

2) LI b)UV{\?rEHﬁ c) #E3hb)
10 min J& 30s )5
B2 #F130°C,=3h RETUERKSEEGHEL
XK TiO, MR EEMFAMRE
Fig.2 Photographs of MB photo-bleached by nano-TiO,
prepared at 7=130°C , /=3 h with hydrothermal method
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Fig. 4 XRD patterns of nano-TiO, prepared at

different temperature for 4 h

X HE PDF 21-1272 iR B, AT TiO, 1Y fi Y
1E 20 i F 2530, 37.7°, 48.0°, 54°, 62°, 68° [T, #£
ai YRR A B WP 2 R BBk, IR — PO A
UKD RYRAENSE . FEE K PRIREE RSG5k ik
SR, REAEEARTRREE, AT 0E TN, RISk
ROPHER, 45 BTt mIUL, et T SO i s,
AT 0 Pl P R e e AR A R

HH I 4 FIAL, Y RONIREE A 160 CHI 170 “CHE,
Wit g, KPTEH XRD EE R IR e B, 5

-32 -



FEN F

ORI RERI & Tio, REESEERPHINA

120 °CH1 130 CHHEWENT BAATR . X 7EIZ /K #i
FERY AR AL N, 40K TiO, 4 S e A s,
BRI BUERT ORI O B, U Rl KR B Y T
{1, XRD 3% B R AEAT S 015 AR B . f Al
WL, KPGEJETE 120~170 CZ 0], MEEIRER TR,
w2 (R EE 2 SR R R , (24 Tio, sbhigksi kK,
AT AR N SE L . Rk, BEARAT PR — ARk A
TiO,, W4l WK BRI A TTE 120 “CLA F

R T B UE SO B K IR R K#: 43 )
FRIX MR, 76 140 °C. KU 4 h (194 15
PR ARAK TiO,o TESLAMT, FH MUK A
Tl Bh /K B i B 40K TiO, Y XRD B L&
5 Fs

D KPR

/

intensity/a.u.

HHUKIATE

ST10 15 20 25 30 33 40 45 30 35 60 65 70 75 80 85
20/(°)
B 5 RikilBk#iESKBEE 140CTRE4h
Fi &R E#K TiO, B9 XRD Ei%
Fig.5 XRD patterns of nano-TiO, prepared by
microwave-assisted hydrothermal method and
hydrothermal method at 7=140°C for 4 h
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Fig.6 XRD patterns of nano-TiO, prepared at
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Fig.9 TEM image of nano-TiO, prepared at 7=130 C ,
t=2 h, pH=9 with hydrothermal method
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Fig.10 Photographs of oxygen indicator ink
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Fig.11 Plot of KM spectra of the oxygen-indicating
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Synthesis of TiO, by Microwave-Assisted Hydrothermal Method and
Its Application in Intelligent Packaging

LI Huijie, XIE Siyuan, ZHAN Zhan, ZHAO Junjie, LIU Xinghai, LI Houbin

(' School of Printing and Packaging, Wuhan University, Wuhan 430079, China )

Abstract: Nano TiO, with high photocatalytic activity was prepared by microwave-assisted hydrothermal method
using butyl titanate as the raw material. It was characterized by XRD, TEM and verified by photobleaching performance
of indicator films through UV-VIS diffuse reflectance spectroscopy. Results showed that TiO, prepared by microwave-
assisted hydrothermal method got more characteristic diffraction peak intensity and grew more regularly compared
with conventional hydrothermal method under the same conditions. Oxygen indicator ink was constituted by using
TiO, as the photocatalyst, glycerol, MB as the oxidation reduction dye and HEC as the encapsulating material, which
was completely bleached by UVA within 3 min and restored within 30 min in the air, retaining its original activity after
repetition of 10 times of photobleaching and color restoration by spectral analysis. With the widespread use of ink jet
printing, the ink oxygen indicator ink or label on the inner layer could be applied in food packaging industry with good
prospect.

Keywords: microwave-assisted hydrothermal method; titanium dioxide; photocatalysis; intelligent
packaging; oxygen indicator
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