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NGHIEN CU'U HIEU SUAT LOAI BO KHi ETHYLENE
BANG VAT LIEU XUC TAC QUANG TiO:

STUDY ON THE PERFORMANCE OF ETHYLENE GAS REMOVAL

USING TiO2 PHOTOCATALYST MATERIAL
Nguyén Thi Mai Huong
Khoa Cong nghé thiec pham, Trueong Pai hoc Kinh té - Ky thudt Cong nghiép
Dén Toa soan ngay 18/01/2025, chap nhan ding ngay 10/02/2025

Trong nghién ctru nay, vat liéu cé cu trdc nano TiO, dwoc ché tao theo phwong phap
sol-gel nung bang khi N, & 500°C trong 3 gi¢&» ¢ hinh thai, ciu tric dwoc xac dinh bang
kinh hién vi dién t&r quét (SEM), phan tich phd EDS cho thdy do ddng nhat khéng chira
thanh phan la (ham lwgng Ti chiém 59,89%, ham lwgng oxy chiém 40,7%), nhiéu xa tia X
(XRD) twong ng v&i pha anatase, khd nang hap thu anh sang UV va danh gia kha nang
phan tach dién t&-16 trdng PL cho thdy da cai thién tinh chat quang hoc va kha nang hap
thu anh sang cla chat xuc tac quang TiO, trong viing anh sang kha kién. Ngoai ra, TiO, c6
thé loai bd 57,6% khi ethylene véi liéu lwong 0,5 gam, d6 &m twong dbi 50% va tdc d6 khi
la 10 mL/phat trong théi gian 60 phit. Két qua nay cung cap mét phwong phép tiém nang
dé phat trién cac chét xic tac quang trong bdo quan thwc pham kéo dai thdi han st dung

In this study, nano-structured TiO, material was synthesized by using the sol-gel method,
annealed in N, gas at 500°C for 3 hours. Its morphology and structure were characterized
by scanning electron microscopy (SEM), and EDS spectrum analysis indicated uniformity
without foreign components (Ti content: 59.89%, oxygen content: 40.7%), X-ray diffraction
(XRD) analysis confirmed the anatase phase. UV light absorption and photoluminescence
(PL) analysis of electron-hole pair separation demonstrated improved optical properties
and enhanced light absorption of the TiO, photocatalyst in the visible light region. In
addition, TiO2 was able to remove 57.6% of ethylene gas under conditions of 0.5 g dosage,
50% relative humidity, and a gas flow rate of 10 mL/min over 60 minutes. This results
provide a potential method for developing photocatalysts to preserve food and extend the

Tom tat:
cua trai cay.
Tw khoa: TiO,, ethylene, chét xtc tac quang, &nh sang kha kién.
Abstract:
shelf life of fruits.
Keywords: TiO,, ethylene, photocatalysis, visible light.
1. MO DAU

Hau hét trai cay, rau qua tuoi 1a nhitng mat
hang d& hu hong va dé san pham dén tay
ngudi tieu dung véi chéat lugng tét, thuong
can phai lam cham qua trinh chin. Ethylene
duoc biét dén 1a dong vai tro quan trong trong
viéc ddy nhanh qua trinh chin va lam mém

qua muc, doi mau, héa nau, ting téc do 130
hoa va thdi rira ¢ san pham tuoi. Do d6, dé
tranh sy ton that cua rau qua trong qua trinh
bao quan, viéc kiém soat hoic loai bo cua
ethylene 1a mot yéu té quan trong va can thiét.
Nhin chung, hau hét cac co sé ché bién va bao
quan trai cay déu dya vao nhiéu phuong phap
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truyén théng nhu théng gié khong khi, sir
dung chat hap phu/hap thu va chat oxy héa
ethylene... [2]. Tuy nhién cac phuong phap
d6 c6 han ché vé kha ning hap thu/hap phu vi
theo thoi gian ching cé thé bi bdo hoa va can
thay thé, diéu nay c6 thé khong 1y twdng trong
truong hop luu trir 1au dai va van chuyén xa
[4]. Dé loai bo ethylene lién tuc trong qué
trinh luu trit can c6 cac vat liéu, thiét bi nhu
méy tao ozone hay céc thiét bi loc dya trén
qué trinh oxy hoa quang xuc tac. Keller va
cong su (2013) chi ra rang chit xuc tac quang
c6 thé dugc coi la mot cong nghé co trién
vong cao va dang tin cdy cho viéc loai bo
ethylene véi mac tiéu thu ning luong thap
chang han nhu titanium dioxide TiO; [1]. Vé
nguyén tic, ky thuat nay dugc mo ta la mot ky
thuat “xanh” vi né khong tao ra chat phu
pham doc hai. Co ché 1a chuyén ethylene
thanh carbon dioxide va nuéc théng qua qua
trinh oxy hda xuc tac quang [4]. So voi cac
phuong phap khac, xic tac quang noi bat &
tinh than thién vai moi truong, kha nang hoat
dong lién tuc va hiéu suat loai bo cao ngay ca
& noéng do ethylene thap, mang lai hiéu qua
bao quan vuot troi.

Muc tiéu caa nghién ciu nay la nhim danh
gia hiéu suat loai bo khi ethylene khi bi anh
hudng bai cac thong sé nhu lidu luong cua
ham luong TiO,, tc do khi ethylene, d6 am
tuong ddi. Két qua cua nghién ciru 1a co s dé
mé rong pham vi eng dung chét xdc tac quang
trong linh vuc bao quan thyc pham.

2. PHUONG PHAP NGHIEN CcUrU
2.1. Ché tao vat liéu TiO,
Buwéc 1: Chuan bi tién chat va thuy phan

Tién chat s dung:
isopropoxide (TTIP)

Titanium  (1V)

Phan ng thiy phan: Tién chat duoc hoa tan
trong nudc va thuay phan bang nudc, diéu

chinh pH = 3 bang axit va khudy trong 30
phut.

Ti(OCsHy7)4+4H,0—Ti(OH),+4C5H,OH
Ti(OH)a dugc hinh thanh.

Buwdc 2: Rira sach va siy kho

San phé:im tién chat duoc loc, rira sach bang
nudc d¢ loai bo tap chat. Sau d6, say kho &

80°C dé thu duoc san pham dang bot kho
hoac gel.

Buwoéc 3: Nung tao ciu triic tinh thé

Nung tién chat trong 16 ¢ nhiét do thich hop
dé hinh thanh cac pha tinh thé anatase hoac
rutile tuy theo muc tiéu rng dung.

Ti(OH)4—TiO»+2H,0 (Nung & 450-1000°C)

Trong nghién cau nay, nhom chi thuc hién
nhiét do nung tai 450-500-550°C. Hinh thanh
pha anatase, phu hop cho tng dung quang xdc
tac. Toi uu thoi giannung: 1-2-3-4h.

2.2. Xac dinh dac tinh cua vat liéu

Hinh thai bé mat cua vat liéu dugce xac dinh
bing phwong phap hién vi dién tir quét
(Scanning Electron Microscope, SEM) thuc
hién trén may Hitachi S4800.

Phuong phap phan tich phd EDS dé xac dinh
thanh phan va do tinh khiét cua vat liéu.

Phuong phap nhiéu xa tia X (X-ray diffraction,
viét tit XRD) dé xac dinh cau tric cua vat
licu duoc tién hanh trén may Brucker D8
Advance.

Phan tich dac tinh quang hoc cua vat liéu: Kha
nang hap thu 4nh sang cua vt liéu trong ving
séang 200-800 nm dugc khao sat bang phuong
phdp quang phdé phan xa khuéch tan UV
(UV-Vis, UV-2100, Shimadzu), danh gia
kha nang phan tach dién to - 15 tréng
(Photoluminescence-HORIBA Fluoromax-4).
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2.3. Danh gia hiéu suat loai bé khi ethylene
cuavat liéu TiO,

So do thi nghiém danh gia kha ning loai bo
khi ethylene dugc thyc hién theo nghién cuu
cua chung to1 trudc day [3].

Cu thé hé thdng thi nghiém bao gém binh khi
ethylene (E1) duogc tron vai khi nén (E2), st
dung lam khi mang dé pha lodng khi E1. Cac
bo diéu khién luu lugng khéi (B1 va B2) dugc
str dung dé diéu chinh chinh xac luu luong va
nong do khi. Ngoai ra, mot bo didu khién do
am (C) duoc tich hop dé duy tri mac d6 do
am tuwong d6i mong mudn. Khi ethylene véi
nong do6 xac dinh dwoc dan khi vao budng
phan tng quartz (D) noi phan tng quang xuc
tac dién ra, vai su cO mat caa vat liéu xuc tac
quang TiO,. Hai dén huynh quang dugc st
dung dé cung cap ngudn sang cho phan tng
x(c tac quang. Sau khi phan tng dién ra, khi
con lai s& dugc loai bo @6 am (M), trugc khi
dugc phan tich bang may sic ky khi (GC) dé
xac dinh ndng do khi ethylene cubi cing. Dé
dam bao cho quaé trinh hap phy, trude khi kich
hoat ngudn séng, hé thong dugc duy tri trong
diéu kién t6i 60 phat. Hiéu suat loai bo khi
ethylene duoc tinh nhu sau:

Hiéu suat loai bo (%) = (Co - Ct) / Co x 100

Trong d6: Co la ndng do khi ethylene tai thoi
diém bat dau phan @ng (t = 0), Ct la néng do
khi ethylene tai thoi diém phan ang t.

Hiéu suit loai bo khi ethylene cua TiO, dugc
danh gia khi khao sét ba thong sé: liéu lugng
TiO, (0,01; 0,03; 0,05; 0,1; 0,3; 0,5)g, téc do
dong khi (0, 10, 20, 40, 60, 120 mL/phdit) va
d6 am tuong d6i (10, 30, 50, 80%).

3. KET QUA VA THAO LUAN

3.1. Nghién clru cac yéu t6 dé téi wu qua
trinh téng hop vat liéu TiO, anh hwéng dén
hiéu suat loai bé khi ethylene

Pé thu dugc cac vat lieu cd cau trdc, hinh

dang, hinh thai, kich thuéc nano, theo mong
mudn thi can c6 cac phuong phap tong hop
vat liéu thich hop. Do kich thudc va hinh dang
cua hat vat liéu 1a yéu té quyét dinh téi cac
g dung cua vat liéu, vi vay, viéc kiém soat
hinh dang va kich thudc dong nhit cua céc hat
nano trong qué trinh tdng hop vat liéu. Trong
nghién cau nay, chung téi sir dung phuong
phép sol-gel l1a mét trong nhiing phuong phap
don gian, nhanh nhét va it tbn kém vé mat
kinh té, dong thoi vat liéu duoc tao ra c6 tinh
ddng nhat, kiém soat dugc ciu tric cua vat
liéu (kich thuéc hat, d6 x6p, @6 min), nhiét do
cua qué trinh thap, téng hop duogc vt liéu c6
cau tric nano phuc tap va tap trung khao sat 2
yéu t6 anh huong dén kha ning hinh thanh
pha anatase tai nhiét d6 nung 450-500-550°C
va thoi gian 1-2-3-4 h, phu hop cho tng dung
quang xuc tac dé loai bo khi ethylene. Két qua
chi ra hinh 1 va 2 nhu sau:
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Hinh 1. Anh hwéng cuia nhiét dd nung dén hiéu suéat
loai bé khi ethylene cta vat liéu TiO;

T hinh 1, két qua chang t6i chon nhiét do

nung & 500°C thi vat liéu TiO, cho thay hiéu

suit loai bo khi ethylene 1a cao nhat.
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Hinh 2. Anh hwéng cua thei gian nung dén hiéu suét
loai bo khi ethylene ctia vat liéu TiO;
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Tir céc két qua trén ta dwa ra quy trinh tao ra
vat liéu TiO, nhu 6 hinh 3.

Khuiy 30 phiit
udty 5 pa Titanium Isopropoxide + H:0

L 4

Titanium Isopropoxide + H:0

(Control pH = 3.0)
Nung & 500 °C for 3h
N * * (Ti0y)

Hinh 3. Quy trinh téng hop vat liéu TiO,

Khuiy 30 phit
R . S—

SAy & §0 °C; for 48h
DAY T 807C; for 38h

3.2. Xac dinh tinh chéat quang cuta vat liéu
TiO,

Quan sét cau trdc bé mat cua vat lieu TiO, &
hinh 4 thdng qua hinh anh quét dién ti (SEM)
cho thay duogc rang vat liéu c6 hinh dang I
cac hat cau va chiing déu co kich thudc twong
ddng. Piéu nay cho thay tinh dong nhét vé
kich thudc cua ching.

WD19.8mm 15.0kV x20k

Hinh 4. Anh SEM cta TiO-

Panh gia ti 1€ pha tap khi nung ¢ nhiét do
500°C trong thoi gian 3 gio bang phan tich
phd EDS cua vat liéu TiO, cho thdy cac mau
c6 d6 dong nhat khong chta thanh phan la
(hinh 5).

Thanh phan cua vat liéu TiO, tinh theo ti 1&
phan trim khéi luwong thi ham lugng oxy
chiém 40,07% va ham lwong titanium chiém
59,89%.

Hinh 5. Phan tich phé EDS vat liéu TiO;

Phan tich XRD cua TiO, dugc thé hién trong
hinh 6.

Cuong do (a.u)

N N

I'O 1‘5 2'0 2'5 3'0 3'5 4'0 4'5 50 5'5 60
20 (degree)
Hinh 6. Két qua XRD cua TiO;

Qua viéc quan sat hinh 6, ¢ thé d& dang nhan
thay dinh & cac goc 20 1a 25,1; 37,5; 47,3 va
52.3°, twong ting Vi c&c pha rutile va anatase
trong TiO,. Diéu nay ra céc trién vong vé hoat
tinh va kha nang tuong tac trong cac tng dung
quang hoa.

Phé hap thu UV-Vis caa TiO, duogc sir dung
dé xac dinh do hap thu quang hoc cua TiO,.
Két qua thu duoc trén hinh 7.

TiO, thé hién mot dai hap thu &nh sang rong
hon trong khoang budc song 300-350 nm. Su
m& rong nay cua dai hap thy anh sang cho
thiy rang TiO, khdng chi giit lai kha ning hap
thu anh sang UV cua TiO, ma con mo rong
kha ning hap thu vao vung kha kién. Biéu nay
tao ra tiém nang str dung trong cac ung dung
quang hoa.
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TiO,

Cuomng do hap thu(a.u)

T T T T T T T T T

200 250 300 350 400 450 500 550 600 650 700 750 800
Budc song(nm)

Hinh 7. Phan tich UV - Vis cua TiO>
Nhiam khang dinh hiéu suat phan tach cac hat
dién tir cia vat liéu da dugc danh gia bang
phuong phép phd phét quang (PL). Két qua do
phd PL duoc biéu dién trén hinh 8.

Cudng do (au)

300 320 340 360 380 400 420 440 460 480 500
Bude song(nm)

Hinh 8: Phan tich PL cta TiO2

Két qua cho thay chat xtc tac TiO, thé hién
cudng do PL thap, chiing to rang téc do tach
dién cua cac hat mang dién trong hé TiO, da
dugc cai thién dang ké. Tuy nhién dé ting
cudng hiéu suat x(c tac quang cua vat liéu
xUc tc quang can nghién ciu cai tién thém.
3.3. Nghién ctru cac yéu té dén hiéu suat
loai bé khi ethylene cuia vat liéu TiO,

3.3.1. Anh hwéng cda liéu Iwong TiO, dén
hiéu suét loai bé khi ethylene.

Hinh 9, két qua cho thdy mdi quan hé ti 18
thuan gitra hiéu suit loai bo khi ethylene va
liu lwong vat liéu xuc tac quang. Khi ting

lidu lugng xdc tac, dién tich bé mit xdc tac
cling tang, tao ra nhiéu vi tri hoat dong lam
tang cuong cac phan ang oxy hoa, giup pha
v nhanh chéng céu tric phan tir ethylene.
Tuy nhién khi liéu luong tang 1én 0,5 gam,
hiéu suét loai bo khi ethylene giam nhe. Diéu
nay c6 thé Ia do su tan xa 4nh sang boi cac hat
xuc tac (& liéu lwong cao) c6 thé 1am giam kha
ning truyén qua anh sang, khién hiéu suat
phan hay giam. Do dé, viéc xac dinh lidu
lwong xuc tac phu hop 1a yéu té quan trong dé
dat hiéu qua phan huy t6i wu.
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Hinh 9. Anh hwéng cia néng dé ban dau

den hiéu suat loai bé khi ethylene ctaa TiO;
3.3.2. Anh hwéng cda téc dé khi dén hiéu
suét loai bé khi ethylene cda vét liéu TiO,

Hiéu suat quang xuc tac cua TiO, trong diéu
kién céc toc do dong khi ethylene khac nhau
(0-10-20-40-60-120 mL/phut) duoc trinh bay
trong hinh 10.
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§ oo o o
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= - e — —
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@ /
£ owd
0 20 40 60 80 100 120 140

Tée dd khi (mL/phiit)

—6— 5mi/phit 0O 10mU/phit —A— 50mU/phit —x— 100 mL/phit

Hinh 10. Anh hwéng cua téc dd khi dén hiéu suéat
loai bé khi ethylene ctia TiO;

Hiéu suit quang xdc tac cao nhat dugc ghi
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nhan ¢ tc do dong khi thip nhat 5 mL/phut
thi hiéu suat phan hity ethylene dat 71%. Diéu
nay cho thiy ring tai tc do dong khi thap, su
tuong tac giita khi ethylene va bé mat chat
xtc tac quang dugc toi wu hoa, cho phép cac
phan ing quang x(c tac dién ra hiéu qua hon.
Tuy nhién, khi téc d6 dong khi ting 1én, hiéu
suit quang xUc tac giam do thoi gian twong
tac ngdn ciing han ché kha ning cac gbc tu do
tao ra tir qué trinh quang xGc tac tiép xdc va
phan huy ethylene [6].

3.3.3. Anh hwéng dé am twong ddi dén hiéu
suat loai bé khi ethylene cda vat liéu TiO,

en
=1

£ a5 .’_.___\.
2 a0
2
> 35
2 a0
K=
o
o 25
2
‘w20
]
o 15
3
@ 10
@
I 5

0

0 20 40 60 80 100
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Hinh 11: Anp hwéng cua dé 4m twong déi dén hiéu
suat loai bé khi ethylene cua TiO;

Két qua hinh 11 anh huéng cua d6 4m twong

dbi cho thay hiéu suat loai bo khi ethylene

tang 1én khi ting cac gia tri RH tir 10 dén 50%,

sau d6 giam nhe khi RH trén 50%. Viéc ting

d6 am twong ddi cai thién hiéu suat quang xdc

tac nho su gia ting s6 luong cac goc hydroxyl
(+OH), 1a nhitng thanh phan chu yéu chiju
trach nhiém cho qué trinh quang phan huy
ethylene. Cac gbc hydroxyl nay duogc hinh
thanh tir sy twong tac gitra nudc va cac vat
liéu xtc tac quang, giup tang cuong kha nang
phan hay ethylene. Tuy nhién, khi ting do am
vuot qua 50% s& anh huong tiéu cuc dén hoat
dong quang xuc tac cua vat liéu, do xu hudng
tich tu nhiéu hoi nudc qua muc, 1am giam su
tuong tac gitra ethylene va vat liéu xdc tac
quang, do d6 lam giam hiéu suit phan hay
quang [1, 5].

4. KET LUAN

Két qua nghién cau nay cho thay viéc tong
hop vat liéu x0c tdc quang TiO, & nhiét do
500°C trong thoi gian 3 gid bang phuwong
phép sol-gel da cai thién dang ké hiéu suat
quang xuc tac loai bo khi ethylene. Duéi vung
anh sang kha kién TiO, cd thé loai bo 57,6%
khi ethylene véi liéu lugng 0,5 gam, do am
tuong dbi 50% va téc do khi 1a 10 mL/phit
trong thoi gian 60 phat.

Két qua nay s& 1a co sé khoa hoc cho nhung
nghién ctu tiép theo dé cai thién kha nang xtc
tdc quang cua TiO; trong viéc loai bo khi
ethylene giam qua trinh chin, kéo dai thoi
gian st dung va ung dung trong bao quan
ndng san sau thu hoach.
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