5542 B 9 W) o owm L T Vol.42, No.9
2025 4 9 A FINE CHEMICALS Sept. 2025

TheEAH
TIO, R EREME FRETE R EW PRI H

x%%fﬁﬁ% 1,2,3’ igh’% 1,2,3’ £ & 1,2,3, )%7?}’1-‘ 4’ 2 i 1,2,3%
(1. BEVERME K2 BT RS TR, BRVE V% 7100215 2. BRVERMG K2 BT RERH LR
R P, BEFE FE4E 7100215 3. FEETISk@b22 M SIOREM R B A 0=, BeFE P9 710021;
4. HAvEEYE, B 23 430077)

FEE: A AP X R SO R I, S B SRR, LAAK TiO, . p-4i /K H-i Bk 420D 22 = Y 4 ik
Bt (KHS60 ) FIIREEE (M2070) SAJsUkL, i€ 705 Tio, 49K 2EiR (C-TiO, nfs ); LAGAK TiO,, I3
T L [3-(= UL RE S N L1401k s% (DC5700) AT I R 4A LM BERR RSN (NPES) NEHR, #I%&T
BT TiO, YR ISFAR (1-TiOy nfs o SR FMEIARIR B PR TiO, PR IS A (TiOynfs ) AT B0
ffRdr . it FTIR. TEM. WA TiO, nfs #E47 7 3RAE, SRAERSAL . R E 00 R T A filkd
il AR TR S RIS ERAP-RT WL LT YGRS AL fe B PEREIEA T TR, JF%2R T HER IR e
451, C-TiO, nsf F1 I-TiO, nfs B AR, X F RGBS, H C-TiO, nfs WzMEEL; &4
TiO, nfs bBf5, HAE FENBI OSSR, 2=ERe . PUERIMERRAPUE B 24T, FHAL
FRJE 4 B A A KR E k. C-TiO, nfs AbHS Ak K X KIGHTF I (E. coli ) M EHEERE (S. aureus )
FIINTE 23035 61.3%F1 69.9%; 1-TiO, nfs ZbFR &M B S W B AN 3500% | 12t se b, s
ZAL R B | PRSI AR B R AT 3K 3.32 mm, 17.32 MPa 1 81.71%, X} E. coli F1 S. aureus H)
BRI AT 1K 97.0%7H01 98.2%

KRR YUORTAEAER; QORI BESCYr; SRS bunate; Dhnestet

FESZES: TS56; TB383.1 XEAFRIRES: A XEHS: 1003-5214 (2025) 09-1924-09

Preparation of TiO, nanofluids and their application in leather artifacts

GAO Dangge'**, WANG Xinwei'??, ZUO Tong'??, ZHOU Songluan®, LYU Bin'**"

(1. College of Bioresources Chemistry and Materials Engineering, Shaanxi University of Science & Technology, Xi'an

710021, Shaanxi, China; 2. National Demonstration Center for Experimental Light Chemistry Engineering Education,
Shaanxi University of Science & Technology, Xi'an 710021, Shaanxi, China; 3. Xi'an Key Laboratory of Green
Chemicals and Functional Materials, Xi'an 710021, Shaanxi, China; 4. Hubei Provincial Museum, Wuhan 430077,

Hubei, China )

Abstract: To inhibit bacterial corrosion on leather artifacts and extend their storage lifespan, covalent TiO,
nanofluids (C-TiO, nfs) were prepared using nano-TiO,, p-glycidyl ether oxypropyl trimethoxy-silane
(KH560) and polyether amine (M2070) as raw materials, while ionic TiO, nanofluids (I-TiO, nfs) were
prepared using nano-TiO,, dimethyloctadecyl[3-(trimethoxysilyl)propyl]Jammonium chloride (DC5700) and
sodium nonylphenol polyoxyethylene ether sulfate (NPES). Both TiO, nfs were characterized by FTIR,
TEM, as well as rheometer, and applied to aged leather via cyclic brushing method. The aged leather after
TiO, nfs treatment were analyzed by digital camera, color matching spectrophotometer, servo controlled
high and low temperature tensile testing machine, and ultraviolet-vision-near-infrared spectrophotometer,
with its long-term stability also evaluated. The results showed that both C-TiO, nfs and I-TiO, nfs were
white liquids with good fluidity at room temperature, with C-TiO, nfs exhibiting better fluidity. After TiO,
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nfs treatment, the color and structure of aged leather remained unchanged, while its mechanical properties,

UV resistance, and antibacterial performance improved significantly, demonstrating long-term stability. The
aged leather treated by C-TiO, nfs achieved inhibition rates of 61.3% and 69.9% against E. coli and
S. aureus, respectively. The aged leather treated by I-TiO, nfs exhibited superior softness, mechanical

properties, and antibacterial performance, with softness, tensile strength, and elongation at break reaching

3.32 mm, 17.32 MPa, and 81.71%, respectively. The inhibition rates against E. coli and S. aureus achieved

97.0% and 98.2%, respectively.

Key words: nano titanium dioxide; nanofluids; leather artifacts; artifacts conservation; antibacterial property;

functional materials
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Fig. 7 Temperature-modulus curves (a) and temperature-
viscosity curves (b) of TiO; nfs

2.2 TiOynfsAbIEE B ERMHRED T
22,1 AEAIEHAKEFGINE E ZE

& 8 241 TiO, nfs AbFRRFT 5 E Ak Kz AN i
H o ME 8 iLIFE Y, C-TiO, nfs Fl I-TiO, nfs AL F 5
([ 8b, d) B E AN A EERT (] 8a, ¢ ) Al
W, JTTREZL, HRERE,

% 17 TiO, nfs AbFHT 5 &4k Kz 55 09 20 € ) 7
ZER . N 1 A RIFEH, C-TiO, nfs &b H §ij & 1k fz 4
B L. a. b{H29 K 62.0. 9.4, 353, 4 C-TiO, nfs
I 5 2 F 0 Loa b {E5T1R 61.2.9.5.36.6,
AEAbPEET, LA FRET 0.8, afd 7T 0.1, b{E I
J+HT 1.3, % C-TiO, nfs ZbFRFTG B2 SR LEA (2%
(AE) F 1.5, i I-TiO, nfs A ¥R )5 A FRRT, L4
AT 02, a i FRET 0.1, bIEFFET 0.7, 724k
HFAH C-TiO, nfs AFRREAE H A . 1-TiO, nfs

REFRFT S ZAL R SEAIAE = 0.7 8/ AE 1.5 F10.7 )
FH, TiO, nfs AR5 19210 B2 S 34 Jd TR s (2
AR R TiO, nfs AN Bz 55 SCH) G A 00 A
3 BN R

K8 C-TiO, nfs ALBERT (a). J& (b) ZALEFEIN KT
MR 5 1-TiO, nfs ZEPRAET (). J5 (d) BB S
WUECHS IR
Digital photographs of the appearance of aged
leather before (a) and after (b) C-TiO, nfs treatment;

Digital photographs of the appearance of aged
leather before (c¢) and after (d) I-TiO, nfs treatment

Fig. 8

# 1 TiO, nfs AbHHT & 1k B 5 10 4 Al .22
Table 1 Chromaticity and chrominance of aged leather before
and after TiO, nfs treatment
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Fig. 9 SEM images of aged leather grains untreated (a,), treated by C-TiO, nfs (b;) and I-TiO, nfs (c;); Pore size distribution
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Fig. 10 FTIR spectra of aged leather before and after TiO,
nfs treatment
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Fig. 12 UV-Vis absorption spectra of aged leather before and
after TiO, nfs treatment
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Fig. 15 Chrominance (a) and antimicrobial activity (b) of
aged leather before and after TiO, nfs treatment

M 15a ATLLE 1, 2003 100 h #B1b)5, K
REBR 24K BEAE N 1.61 3493 2.06, k78K
0.45; C-TiO, nfs ZLBRAZ L L EEIAE M 1.56 B n
] 1.99, A8 5N 0.43; I-TiO, nfs AbFR A4k Bz ¥

HIAE M 1.45 B5m#] 1.95, B+~ 0.50, C-TiO, nfs
H1 1-TiO, nfs AbFRAY AL H 5 R A BRI & b i 5
TE ST A R 5 Rl P (8 25 s A A 25 24 0.05, B2
MR/, W] TIO, nfs FYAH TR 23 50 Bz 3550
YR R v B e 1 AR A

M 156 7] LLE H, 784k 20~100 h P, C-TiO,
nfs Zb B )& Ak Bz B0 KT T 9 300 B FE N 74.2% %
£ 69.2%, X & W OHE IR M E R 65.0%F%
% 60.1%, IHERFEIEL <5%; [-TiO, nfs Kb HHYE
AR HRT R IGAT R AT N 99.4%F% % 96.4%, Xt
L OREERF IR 98.6%F%E % 96.8%, HAM
BRI AR EFE 96.0% L) o W TiO, nfs 7 57 #3C
Y HA KR E BT 7R .

3 #it

AR T FiRh Tio, nfs, HJ C-TiO, nfs
FII-TiO, nfs, FfKe A5 FH F &4k BB I A4

(1) ZhHR B BN, Bt BORTE SR
K 25RO . AR AL .

(2) C-TiO, nfs HABUF 1 sh M Ao ik
A LA THE AL KR BT SRS MR .

(13 )1-TiO, nfs AbBE 1Y % 1k Bz H5 2 AT B0 i 2 5k
JE | TR PEREAPT R, AR Ak R R
Bk i B AN W A 2843 5 P 56 3.32 mm  17.32 MPa
1 81.71%, Xt KT B A 4 o €0 4 2 BRI A4 BT R
A IAT Ik 97.0%H1 98.2%, JFH., I-TiO, nfs ZbFEfY)
LA R EA K IWRRE M, s AL 100 h 5,
RELRFR L S PR 1

A4S BT FP TiO, nfs AT DAHE 25 Bz %5 Se it
AT, IR R SO A IO B B AL TR A B

S E k-

[11 LUO C Q (3%5%3H). The origin and development of ancient leather
shoe accessories[J]. West Leather (Pi#R 7 #), 2004, 26(3): 49-51.

[2] PARK G Y, LEE H B, OH Y, ef al. Innovativeness in tradition: A
study on the physical performance of leather scale armors during the
Joseon Dynasty[J]. Fashion and Textiles, 2023, 10(1): 26-38.

[3] CHIOTASSO L M, SAMELLI C. Preservation and conservation of
archaeological objects in leather and vegetal fibres[J]. Studies in
Conservation, 1996, 41(S1): 27-31.

[4] SPANGENBERG J E, FERRER M, TSCHUDIN P, et al.
Microstructural, chemical and isotopic evidence for the origin of late
neolithic leather recovered from an ice field in the Swiss Alps[J].
Journal of Archaeological Science, 2010, 37(8): 1851-1865.

[5] ZHANG M R, HU Y D, LIU J, et al. Biodeterioration of collagen-
based cultural relics: A review[J]. Fungal Biology Reviews, 2022, 39:
46-59.

[6] JUIJF (#elig), LI C J (ZEER), XU M ({&%), et al. Study of
antibacterial activity of nanometer TiO, composite materials[J]. Fine
Chemicals (F54l1fk T.), 2003, 20(11): 641-643, 681.

( F4% 2070 )



